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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 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.

V821 Family and V810 Family are trademarks of NEC Corporation.
UNIX is a registered trademark licensed by X/Open Company Limited in the US and other countries.

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

countries.
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The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

The information in this document is subject to change without notice.

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

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program” for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device 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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.

M7 96.5
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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 Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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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 Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.

Electron Devices Division

Rodovia Presidente Dutra, Km 214
07210-902-Guarulhos-SP Brasil
Tel: 55-11-6465-6810

Fax: 55-11-6465-6829
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Major Changes

Page Description
P. 24 The uPD70741GC-25-7EA has been deleted from Section 1.2 .
P. 25 The nPD70741GC-25-7EA has been deleted from Section 1.3 .
P. 27 Section 1.4.1 has been modified.
P. 123 The description has been added to Section 7.1.5.
P. 151 Figure 8-9 has been modified.
pP. 221 The clock generation function block diagram in Section 13.2 has been modified.
P. 223 The description has been added to Section 13.3.2 (2) .
P. 231 The description has been added to Section 14.5.1 .

The mark *shows major revised points.
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Intended readers

Purpose

Configuration

How to use this manual

PREFACE

. This manual is aimed at those users who wish to become familiar with the

functions of the V821 (uPD70741), and those involved in designing systems
based on the V821.

. The purpose of this manual is to assist users in understanding the hardware

functions of the V821, as listed in "Configuration" below.

: The V821 User's Manual is provided as two volumes, Hardware (this manual)

and Architecture (V810 Family™ User's Manual, Architecture).

Hardware Architecture
¢ Pin functions « Register set
e CPU functions « Data types

« Interrupt functions

« Bus control functions
 Built-in peripheral functions
* Reset functions

Address space
Instruction format and instruction set
Interrupts and exceptions

. Readers are assumed to be familiar with electronics, logic circuits, and micro-

computers.

For an explanation of the CPU functions
-> Read Chapter 3.

For an explanation of the instructions
-> Refer to the V810 Family User's Manual, Architecture  (the companion

volume to this manual).

To gain an overall understanding of the functions of the V821
-> Read this manual in its entirety.

To know the electrical characteristics
-> Refer to the V821 Data Sheet provided separately.

In this manual, 2-byte data is referred to as halfword data, while 4-byte data is
referred to as word data.
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Legend

Related document

. Significance of data representation :

Representation of active low
Memory map address

Note
Caution

Remark

Representation of numbers

Left high, right low

: XxX [bar above a pin or signal name)

: Top upper, bottom lower

. Explanation of Note marked in text

: Note to which particular attention must be

afforded

: Supplementary explanation of text
. XXXX or XxxxxB for a binary number

xxxx for a decimal number
xxxxH for a hexadecimal number

Prefixes indicating powers of two (address space, memory capacity):

K (kilo)

: 210=1 024

M (mega) : 220 = 1,0242

G (giga)

: 230 =1 0243

. Some related documents may be preliminary editions; Note, however, that

whether a related document is preliminary is not indicated in this manual.

O Documents related to devices

Document name

Document number

V821 User's Manual, Hardware This manual
V810 Family User's Manual, Architecture U10082E
uPD70741 Data Sheet Ul11678E

O Documents related to development tools (user's manual)

Document name

Document number

CA732 (C compiler) Operation (UNIXTM-based) U11013E
Operation (WindowsTM-based) U11068E
Assembly language U11016E
C U11010E
Project manager U11991E
RX732 (Real-time OS) Basic U10346E
Technical U10490E
Nucleus installation U10347E

10
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CHAPTER 1 OVERVIEW

The V821 is a 32-/16-bit RISC microprocessor that uses, as its processor core, the high-performance
32-bitV810TM (uPD70732) microprocessor designed for built-in control applications. Itincorporates peripheral
functions such as a DRAM/ROM controller, 2-channel DMA controller, real-time pulse unit, serial interface,
and interrupt controller.

The V821, which offers quick real-time response, high-speed integer instructions, bit string instructions,
and floating-point instructions, is ideally suited to use in OA equipment such as printers and facsimiles, image
processing devices such as those used in navigation units, portable devices, and other devices demanding
excellent cost performance.

1.1 FEATURES

* 32-bit CPU core Compatible with V810 instructions
Built-in 1-Kbyte instruction cache memory
1-clock-pulse pitch pipeline
16-bit data bus
Internal 4-Gbyte linear addresses
General-purpose registers: 32 bits x 32
Instruction group that can be applied to a wide range of fields (floating-
point instructions, bit string manipulation instructions)

Interrupts/exceptions Nonmaskable : 1 external input
Maskable : 8 external inputs
11 types of internal sources
Priorities can be specified in units of four groups.

* Wait control unit Capable of CS control over four blocks in both memory and 1/O spaces.
Linear address space of each block: 16 Mbytes
Automatic insertion of 0-7 waits per block
Bus cycle (page-ROM, DRAM) selection function

* Memory access control functions
Supports DRAM high-speed page mode.
Supports page-ROM page mode.

* DMA controller 2 channels
Maximum transfer count: 65,536
Two transfer types (fly-by (1-cycle) transfer and 2-cycle transfer)
Three transfer modes (single transfer, single-step transfer, and block
transfer)
Programmable wait function
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Serial interfaces Asynchronous serial interface (UART): 1 channel
Synchronous serial interface (CSl): 1 channel
Built-in dedicated baud rate generator

Real-time pulse unit 16-bit timer/event counter: 1 channel
Timer output: 2
16-bit capture/compare register: 4
16-bit interval timer: 1 channel

Watchdog timer functions

Clock generator Multiplication-by-5 function with a PLL clock synthesizer

Standby functions HALT, IDLE, and STOP modes
Clock output control

* 1.2 ORDERING INFORMATION

Part number Package Maximum operating frequency (MHz)
uPD70741GC-25-8EU 100-pin plastic LQFP (fine pitch) 25
(14 x 14 x 1.40 mm)

Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.
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1.3 PIN CONFIGURATION (TOP VIEW)

100-pin plastic LQFP (fine pitch) (14 x 14 mm)

pPD70741GC-25-8EU

'_
0 3
0
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RAS=<—77 49
UMWR~—{78 48
LMWR/WE=—179 47
MRD-—80 46
READY—=|81 45
CSO/REFRQ=—82 44
CS1<—83 43
CS2<—184 42
CS3<—85 41
Al2<—{86 40
Al3<—87 39
Al4<—88 38
Al5<«—89 37
Al6<—90 36
GND—91 35
Vop 92 34
Al7<—193 33
Al18<—{94 32
Al9<—95 31
A20<—96 30
A21<——97 29
A22<—98 28
A23<—99 27
Vob 100 26
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Caution Connect pin IC to GND via a resistor.
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——GND
<—D15
<—D14
<—D13
<—D12
-—D11
<—D10
<«—D9
——GND
Vop
<«—D7
<«—D5
<~>D4
<D0
——IC
<~—RESET
<«—[NTP10
<—INTP11
~<~—INTP12
——GND
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Pin names

A0-A23
BLOCK
CLKOUT
CS0-CS3
D0-D15
DACKO, DACK1
DREQO, DREQ1
HLDAK
HLDRQ
INTPOO-INTPO3, INTP10-INTP13
IORD

IOWR

LCAS

LMWR

MRD

NMI

P00-P09

RAS

READY
REFRQ
RESET

RXD

SCLK

S

SO

TC

TCLR

T

TO00, TOO1
TXD

UBE

UCAS

UMWR
WDTOUT

WE

X1, X2

26

: Address Bus

: Bus Lock

: System Clock Out

: Chip Select

: Data Bus

: DMA Acknowledge

: DMA Request

: Hold Acknowledge

: Hold Request

. Interrupt Request

:1/0 Read

: /O Write

: Lower Column Address Strobe
: Lower Memory Write

: Memory Read

: Non-maskable Interrupt Request
: Port

: Row Address Strobe

: Ready

: Refresh Request

. Reset

: Receive Data

: Serial Clock

: Serial Input

: Serial Output

: Terminal Count

: Timer Clear

: Timer Input

: Timer Output

: Transmit Data

: Upper Byte Enable

: Upper Column Address Strobe
: Upper Memory Write

: Watchdog Timer Output
: Write Enable

: Crystal Oscillator
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1.4 FUNCTIONAL BLOCK CONFIGURATION

1.4.1 Internal Block Diagram

CLKOUT TI
V821
— — TOO00, TOO1
X1
oL K| RPU TCLR
reseT-| €¢ K 4J[ -
CPU < Icu INTPOO-INTPO3,
(v810) INTP10-INTP13
- o
UART
WDTOUT 1 WDT K > RXD
SCLK
O | csi S|
HLDAK ~H o)
HLDRQ | BAU [ < >| PORT |— PORT00-PORT09
DREQO, DREQ1 —}| O
DACKO, DACK1 -+  DMAC DRAMC ROMC WCu/Cs
TC _
BIU NMI
> 0 CclID|IC|BEE BBl gl B 0|
© o w >0 m ‘ < m )
S RIGIGIBIETE 8g 5lg g &
» & bo) ol =zl % 8|
w
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1.4.2 Internal Units

(1)

()

®3)

(4)

()

(6)

()

(8)

(9)

28

Bus interface unit (BIU)
Controls the pins of the address bus, data bus, and control bus. A bus cycle activated by the CPU or
DMAC is controlled via the WCU, DRAMC, and ROMC.

Wait control unit (WCU)
Manages the four blocks corresponding to four chip select signals (CS0-CS3).
This block generates chip select signals, performs wait control, and selects a bus cycle type.

DRAM controller (DRAMC)

Generates the RAS, UCAS, and LCAS signals (2CAS control) and controls access to DRAM.

This block supports DRAM high-speed page mode. Access to DRAM can be of either of two types, each
having a different cycle, normal access (off-page) or high-speed page access (on-page).

ROM controller (ROMC)

Supports access to ROM supporting a page access function.

Performs address comparison relative to the previous bus cycle and performs wait control for normal
access (off-page)/page access (on-page). It supports page widths of 8-64 bytes.

Interrupt controller

Handles maskable interrupt requests (INTPOO-INTPO3, INTPlO-W;) from both the built-in and
external peripheral hardware. Priorities can be specified for these interrupt requests, in units of four
groups. It can apply multiple handling control to the interrupt sources.

DMA controller (DMAC)

Transfers data between memory and I/O, as instructed by the CPU.

There are two address modes, fly-by (1-cycle) transfer and 2-cycle transfer. There are three bus modes,
single transfer, single-step transfer, and block transfer.

Serial interfaces (UART/CSI)

As serial interfaces, the V821 features an asychronous serial interface (UART) and a synchronous serial
interface (CSl), one channel being assigned to each.

The UART transfers data via pins TXD and RXD.

The CSI transfers data via pins SO, Sl, and SCLK.

Either the baud rate generator or the system clock can be selected as the serial clock source.

Real-time pulse unit (RPU)
This block incorporates a 16-bit timer/event counter and a 16-bit interval timer. It can calculate pulse
intervals and frequencies and output programmable pulses.

Watchdog timer (WDT)

This block incorporates an 8-bit watchdog timer to detect a program hanging up or system errors. If the
watchdog timer overflows, the WDTOUT pin becomes active.
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(10)

(11)

(12)

Clock generator (CG)

Supplies clock pulses at a frequency five times greater than that of the oscillator connected to pins X1
and X2 (when the built-in PLL is being used) or at half the frequency (when the built-in PLL is not being
used) of the operating clock pulses for the CPU. Also, instead of connecting an oscillator, external clock
pulses can be input.

Bus arbitration unit (BAU)
Arbitrates any contention over bus mastership between the bus masters (CPU, DRAMC, DMAC,

external bus master). Bus mastership can be switched in each bus cycle and also in the idle state.

Port
Port 0 provides a total of ten input/output port pins. The pins can be used as either port or control pins.
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CHAPTER 2 PIN FUNCTIONS

The pins of the V821 are classed either as port pins or non-port pins, according to their function.
2.1 PIN FUNCTIONS

2.1.1 Port Pins

Pin name Input/output Function Dual-function pin
POO Input/output Port 0 TCLR
POl é(z)i-:ilz;n::tt/fcz)urui)nu;uﬁforttjtput bit. DREQO
P02 DACKO
P03 DREQ1
P04 DACK1
P05 Si
P06 SO
P07 SCLK
P08 TXD/UBE
P09 RXD/TC
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2.1.2 Non-Port Pins

(172)

Pin name Input/output Function Dual-function pin
A0-A23 Tristate output Address bus signal -
D0-D15 Tristate input/output Bidirectional data bus signal -
READY Input Bus cycle termination permit signal -
HLDRQ Input Bus mastership request signal -
HLDAK Output Bus mastership permit signal -
BLOCK Output Bus mastership prohibit signal WDTOUT
MRD Tristate output Read strobe signal to memory -
LMWR Tristate output Write strobe signal to lower data in memory WE
UMWR Tristate output Write strobe signal to upper data in memory -
IORD Tristate output Read strobe signal to I1/O data -
IOWR Tristate output Write strobe signal to 1/0 data -
UBE Tristate output Data bus upper data enable signal TXD/P08
RESET Input System reset input -
X1, X2 Input Crystal connection/external clock input -
CLKOUT Output System clock output -
CSO0 Tristate output Chip select signal REFRQ
CS1 -
Ccs2 _
CS3 _
INTP0OO Input Interrupt request input TO00
INTPO1 -
INTPO2 TOO1
INTPO3 -
INTP10 -
INTP11 -
INTP12 —
INTP13 TI
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(2/2)

Pin name Input/output Function Dual-function pin
NMI Input Nonmaskable interrupt request input -
m Tristate output | Refresh request signal to DRAM CSso
RAS Tristate output | Row address strobe signal to DRAM -
LCAS Tristate output | Column address strobe signal to lower data in DRAM -
UCAS Tristate output | Column address strobe signal to upper data in DRAM -
WE Tristate output | Write strobe signal to DRAM LMWR
DREQO Input DMA request signal (channel 0) PO1
DREQ1 Input DMA request signal (channel 1) P03
DACKO | Output DMA permit signal (channel 0) P02
DACK1 | Output DMA permit signal (channel 1) P04

TC Output DMA end signal RXD/P09
TOO00 Output RPU pulse output INTPOO
TOO01 INTPO2
TCLR Input External clear or start signal input to timer 0 POO

Tl Input External count clock input to timer O INTP13
TXD Output UART serial data output UBE/P08
RXD Input UART serial data input TCI/P0O9
SCLK Input/output CSI serial clock input/output PO7

SO Output CSI serial data output P06

Sl Input CSI serial data input P05
WDTOUT | Output WDT overflow signal BLOCK
IC - Internal connection (must be connected to GND via a resistor) -
Vbb - Supplies positive power. -
GND - Ground potential -
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2.2 PIN STATES

34

The table below indicates the state of each pin in each operating state.

Operating state Reset Bus hold |HALT mode| IDLE mode | STOP mode
Pin
CLKOUT Note 1 Note 1 Note 1 Note 1 1
CSO/REFRQ 1 Hi-Z 1 1 1
cs1 1 Hi-Z 1 1 1
CS2 1 Hi-Z 1 1 1
Ccs3 1 Hi-Z 1 1 1
AO0-A23 X Hi-Z Note 2 Note 2 Note 2
DO0-D15 Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
MRD 1 Hi-Z 1 1 1
LMWR/WE 1 Hi-Z 1 1 1
UMWR 1 Hi-Z 1 1 1
IORD 1 Hi-Z 1 1 1
IOWR 1 Hi-Z 1 1 1
HLDAK 1 0 X X 1
RAS 1 Hi-Z 1 0 0
LCAS 1 Hi-Z 1 0 0
UCAS 1 Hi-Z 1 0 0
BLOCK/WDTOUT 0 0 X X 0
Notes1. Clock output
2. PC of the HALT instruction
Remark Hi-Z: High impedance

0 : Low-level output

1 : High-level output

X : Not defined
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2.3 PIN FUNCTIONS

This section describes the pins according to their functions.

2.3.1 Address Bus

(1)

A0-A23 (Address Bus): tristate output

Output an address signal when the V821 is accessing main external storage or an input/output device.
An address space of up to 224 bytes can be accessed. The states of the pins change in sync with the
rising edge of a clock pulse of the T1 state in a bus cycle.

2.3.2 Data Bus

(1)

D0-D15 (Data Bus): tristate input/output

Pins for inputting and outputting write and read data when the V821 is accessing main external storage
or an input/output device. During a write bus cycle, the user can specify that write data driving start at
the falling edge of a clock pulse in the T1 state or at the rising edge of a clock pulse in the T2 state. The
data is held until the bus hold state and the rising edge of a clock pulse in the next bus cycle. In a read
bus cycle, data is sampled at the rise of the clock pulse following the last T2 state in the cycle.

2.3.3 Bus Control Signals

(1)

(2)

READY (Ready): input

Receives the signal used to prolong a bus cycle to align it with memory or 1/O access time. For DRAM
off-page access and during a CBR refresh cycle, this signal is sampled at the rising edge of the second
clock pulse in the T2 state. In another cycle in which the READY pin is valid, the signal is sampled at
the falling edge of a clock pulse in the T2 state.

The setup/hold time for READY input must always be observed. Otherwise, normal operation cannot be
guaranteed.

HLDRQ (Hold Request): input

Input pin used to issue a request to the CPU to relinquish bus mastership.

The signal is sampled at the falling edge of a clock pulse in the T2, Tl, and TH states. If this pin and the
READY pin are both active at the falling edge of a clock pulse in the T2 state, the CPU changes to the
Tl state. Then, if this signal is active at the falling edge of a clock pulse in the Tl state, the CPU changes
to the TH state, sets the address, data, and control buses to high impedance, makes the HLDAK signal
active, and relinquishes bus mastership.

During a bus clock cycle, the CPU does not change to the TH state.
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®3)

(4)

(%)

(6)

()

(8)

(9)

36

m(Hold Acknowledge): output

Outputs the acknowledge signal for HLDRQ input.

The state of this pin changes at the falling edge of a clock pulse. After relinquishing up bus mastership,
the CPU sets this signal to the active state. If HLDRQ input subsequently becomes inactive, the CPU
sets this signal to the inactive state and regains bus mastership.

If, however, a request is issued for a higher priority cycle during bus hold, the HLDAK signal becomes
inactive.

BLOCK (Bus Lock): output

Outputs the signal prohibiting use of a bus to a bus user other than the V821 itself.

The signal becomes active at the start of the first bus cycle (rising edge of a clock pulse in the T1 state)
and inactive at the rising edge of the clock pulse following the end (last T2 state) of the last bus cycle.

MRD (Memory Read): tristate output

Outputs a strobe signal indicating that the current bus cycle is an external memory read cycle.

The signal always becomes inactive at the rising edge of a clock pulse in the T1 state during a bus cycle.
If the bus cycle is for memory read, it becomes active at the falling edge of a clock pulse in the T1 state.
For the duration of a page-ROM cycle, however, the signal remains active. Also, it remains active for the
duration of a refresh cycle.

LMWR (Lower Memory Write): tristate output

Outputs the strobe signal for writing data to external memory.

The lower bytes on the data bus are valid. If the bus cycle is for lower memory write, the signal becomes
active at the falling edge of a clock pulse in the T1 state, and inactive at the falling edge of a clock pulse
in the last T2 state of the bus cycle.

UMWR (Upper Memory Write): tristate output

Outputs the strobe signal for writing data to external memory.

The upper bytes on the data bus are valid. If the bus cycle is for upper memory write, the signal becomes
active at the falling edge of a clock pulse in the T1 state, and inactive at the falling edge of a clock pulse
in the last T2 state of the bus cycle.

IORD (/O Read): tristate output

Outputs the strobe signal indicating that the current bus cycle is a read cycle for external 1/0O.

This pin always becomes inactive at the rising edge of a clock pulse in the T1 state of a bus cycle. If the
bus cycle is for I/O read, it becomes active at the falling edge of a clock pulse in the T1 state.

IOWR (/O Write): tristate output

Outputs the strobe signal for writing data to external 1/O.

If the bus cycle is for 1/O write, the signal becomes active at the falling edge of a clock pulse in the T1
state, and inactive at the falling edge of a clock pulse in the last T2 state of the bus cycle.
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(10) UBE (Upper Byte Enable): tristate output

Outputs signal indicating access to the upper bytes on the data bus. The state of the pin changes in
sync with the rising edge of a clock pulse in the T1 state.
Control over the lower bytes on the data bus is performed using the A0 signal.

Access UBE A0
Word 0 0
Halfword
Even byte 1 0
Odd byte 0 1

2.3.4 System Control Signals

(1)

(2)

(3)

(4)

RESET (Reset): input

This pin is used to initialize the V821.

To initialize the V821, the signal must remain active for at least 30 clock pulses.

When the RESET signal is accepted, the V821 initializes each signal and internal register and executes
instructions starting from address FFFFFFFOH.

X1, X2 (Crystal Oscillator): input
Used to connect a crystal oscillator when the internal clock generator is to be used. When using external
clock, input its pulses to pin X1.

CLKOUT (System Clock Out): output
Outputs internally generated system clock pulses.

CS0-CS3 (Chip Select): tristate output

Output chip select signals to the address spaces. The address blocks to which the chip select signals
are output are predetermined. When the bus cycle for accessing an address block is activated, the
corresponding signal becomes active at the rising edge of a clock pulse in the T1 state during the bus
cycle.

However, CS3 remains active for the duration of a page-ROM cycle.
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2.3.5 Interrupt Control Signals

(1)

()

®3)

INTPOO-INTPO3 (Interrupt Request): input

Receive an asynchronous interrupt request signal that has been issued to the interrupt control unit (ICU).
Either an edge trigger or level trigger (low level) can be selected.

If the capture/compare register (CCO) of timer 0 (TMO) in the real-time pulse unit (RPU) is specified as
a capture register, the value of TMO is latched using the valid edge (either edge) of this signal as a capture
trigger.

INTP10-INTP13 (Interrupt Request): input
Receive an asynchronous interrupt request signal that has been issued to the interrupt control unit (ICU).
Either an edge trigger or level trigger (low level) can be selected.

NMI (Non-maskable Interrupt Request): input

Receives a nonmaskable interrupt signal that has been issued to the CRU.

This signal indicates an interrupt level to the CPU. Itis sampled at the falling edge of a clock pulse. This
signal must be held at the active level until the CPU starts interrupt handling and posts notification, by
software, that the interrupt has been accepted.

2.3.6 DRAM Control Signals

(1)

()

38

REFRQ (Refresh Request): tristate output

Outputs a refresh request signal to DRAM.

This pin is used for RAS control during a refresh cycle when DRAM is to be expanded by decoding the
addresses in an external circuit.

The signhal becomes active at the rising edge of a clock pulse in the second T2 state of a refresh cycle.
Then, if the cycle is a self-refresh cycle, the signal is held active at the falling edge of a clock pulse. In
the case of a normal refresh cycle, the signal becomes inactive at the falling edge of a clock pulse in the
fourth T2 state.

RAS (Row Address Strobe): tristate output

Outputs a row address strobe signal to DRAM.

For DRAM off-Page access, the signal becomes inactive at the falling edge of a clock pulse in the T1 state
of a bus cycle, and active at the rising edge of a clock pulse in the second T2 state.

The timing differs for a refresh cycle. (See Section 7.1.7 .)
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(3)

(4)

(5)

LCAS (Lower Column Address Strobe): tristate output

Outputs a column address strobe signal to DRAM.

The lower bytes on the data bus are valid.

For read, if the cycle is an off-page cycle, the signal becomes active at the rising edge of a clock pulse
in the third T2 state, and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.
If the cycle is an on-page cycle, the signal becomes active at the falling edge of a clock pulse in the T1
state and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.

For write, the signal becomes active at the rising edge of a clock pulse in the last T2 state of a bus cycle,
and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.

The timing differs for a refresh cycle. (See Section 7.1.7 .)

UCAS (Upper Column Address Strobe): tristate output

Outputs a column address strobe signal to DRAM.

The upper bytes on the data bus are valid.

For read, if the cycle is an off-page cycle, the signal becomes active at the rising edge of a clock pulse
in the third T2 state, and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.
If the cycle is an on-page cycle, the signal becomes active at the falling edge of a clock pulse in the T1
state, and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.

For write, the signal becomes active at the rising edge of a clock pulse in the last T2 state of a bus cycle,
and inactive at the rising edge of a clock pulse in the T1 state of the next bus cycle.

The timing differs for a refresh cycle. (See Section 7.1.7 .)

WE (Write Enable): tristate output

Outputs the signal indicating that the current bus cycle is a DRAM write cycle.

If the bus cycle is for DRAM write, the signal becomes active at the falling edge of a clock pulse in the
T1 state, and inactive at the falling edge of a clock pulse in the last T2 state of the bus cycle.

2.3.7 DMA Control Signals

(1)

(2)

DREQO, DREQ1 (DMA Request): input

Receive a DMA service request signal. The pins correspond to DMA channels 0 and 1, respectively, and
are independent of each other. Priorities are fixed: DREQ1< DREQO.

This signal is sampled at the falling edge of the CLKOUT signal. It must be held at the active level until
the DMA request is accepted.

DACKO, DACK1 (DMA Acknowledge): output

Output a signal indicating that a DMA service request can be accepted. The pins correspond to DMA
channels 0 and 1, respectively, and are independent of each other.

This signal becomes active at the rising edge of a clock pulse in the T1R or T1F state of a DMA cycle
and is held at the active level during DMA transfer.
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®3)

TC (Terminal Count): output

Outputs a signal indicating that DMA transfer using the DMA controller has ended.

This signal becomes active at the rising edge of a clock pulse.

The OR of TC for channel 0 and TC for channel 1 is output. The TC for channel 0 and for channel 1 must,
therefore, be generated by ANDing it with each of the DACKO and DACK1 signals in an external circuit.
(See Chapter 8.)

2.3.8 Real-Time Pulse Control Signals

(1)

()

®3)

TOO00, TOO1 (Timer Output): output

Output the compare match signal of the capture/compare register (CCO) of timer 0 (TMO) in the real-time
pulse unit (RPU). This signal is set upon the detection of a match between the CC00 and CCO02 registers.
Itisresetuponthe detection of a match betweenthe CC01 and CCO3 registers. The output can be reversed
by RPU mode setting.

TCLR (Timer Clear): input
Receives a clear signal for TMO of RPU.

TI (Timer Input): input

Receives the external clock signal used by TMO of RPU. Whether TMO of RPU is to use this external
clock signal or the clock pulses obtained by dividing the internal system clock pulses must be specified
at initialization.

2.3.9 Serial Control Signals

(1)

()

®3)

(4)

(%)
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TXD (Transmit Data): output
Output pin for UART serial transmission data. This signal changes in sync with an internal serial clock
pulse. It is held at the high level while transmission is not being performed.

RXD (Receive Data): input
Input pin for UART serial receive data.

SCLK (Serial Clock): input/output
Input/output pin for CSI serial clock. Can be set to input/output through register setting.

SO (Serial output): output
Output pin for CSI serial transmission data. The state of the pin changes in sync with the fall of the SCLK

signal. It is set to high impedance while transmission is not being performed.

S| (Serial Input): input
Input pin for CSI serial receive data. This signal is sampled at the rising edge of the SCLK signal.

User's Manual U10077EJ5VOUMO00



2.3.10 Watchdog Timer Control Signal

(1) WDTOUT (Watchdog Timer Output): output
Outputs a signal indicating that the watchdog timer (WDT) has overflowed. This signal becomes active
if WDT overflows, again becoming inactive once 32 clock pulses have been issued.

2.3.11 Port Control Signal

(1) POO-P0O9 (Port): tristate input/output
Port signal pins. Can be set to input/output through register setting.
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2.4 PIN I/O CIRCUITS AND PROCESSING OF UNUSED PINS

Pin

1/0 circuit type

Recommended connection

POO/TCLR

PO1/DREQO

P02/DACKO

PO3/DREQ1

P0O4/DACK1

PO5/SI

P06/SO

P0O7/SCLK

PO8/TXD/UBE

PO9/RXD/TC

5

Input status:

Individually connect these pins to the Vob pin or GND
via a resistor.

Output status: Leave these pins open.

D0-D15

AO0-A7, A16-A18

Leave these pins open.

A8-A15, A19-A23

Leave these pins open.

READY

HLDRQ

Connect this pin to GND via a resistor.

Connect this pin to the Voo pin via a resistor.

HLDAK

BLOCK/WDTOUT

MRD

LMWR/WE

UMWR

IORD

IOWR

CLKOUT

CSO/REFRQ

CS1-CS3

Leave these pins open.

INTPOO/TO00

Connect this pin to the Voo pin via a resistor.

INTPO1

Connect this pin to the Voo pin via a resistor.

INTP02/TO01

Connect this pin to the Voo pin via a resistor.

INTPO3

INTP10-INTP12

INTP13/TI

NMI

RESET

N |00 |N |00

Connect these pins to the Voo pin via a resistor.

RAS

LCAS

UCAS

X2

Leave these pins open.

IC

Connect this pin to GND via a resistor.

42
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2.5 PIN I/O CIRCUITS

Type 1

Type 5

Data -
P-ch IN/OUT
—O
Output N-ch

disable

Input :l

enable

Type 2

Schmitt trigger input with hysteresis characteristics

Type 8

Data
IN/OUT

—O

P-ch
Output (= N-ch
disable

Type 4
Vob
Data ——s
j )O—l P-ch
ouT
Output N-ch
disable

Push-pull output which can output high impedance
(Both the positive and negative channels are off.)
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CHAPTER 3 CPU FUNCTIONS

The CPU has functions equivalent to those of the V810 microprocessor, designed for built-in control. It
offers bit string instructions, floating-point instructions, and quick real-time response.

3.1 FEATURES
The features of the CPU are:

® High-performance 32-bit RISC microprocessor

Built-in 1-Kbyte cache memory

1-clock-pulse pitch pipeline structure

16-bit data bus

» 32-bit general-purpose register x 32

4-Gbyte linear address space

® [Instruction groups suitable for a wide range of applications
» Floating-point instructions (conforming to the IEEE754 data format)
 Bit string instructions

®* High-speed interrupt response

® Debug support functions

3.2 ADDRESS SPACE

The V821 supports internal memory and I/O spaces of 4 Gbytes each. The V821 outputs 24-bit addresses
to memory and 1/O, such that the addresses range from 0 to 224-1.

In byte data, bit O is defined as the LSB (Least Significant Bit) and bit 7 as the MSB (Most Significant Bit).
In multiple-byte data, bit 0 of the byte data in the lower address is defined as the LSB and bit 7 of the byte
data in the upper address as the MSB, unless noted otherwise.

In the case of the V821, 2-byte data is referred to as halfword data, and 4-byte data as word data. In this
manual, in representations of multiple-byte memory and I/O data, the right address corresponds to the lower
address and the left address to the upper address, as shown below.

7
Byte of address A -------------- - :O
A (address)
15 8 7 0
Halfword of address A +-----------------c-mmmommmmioo o
A+1 A (address)
31 24 23 16 15 8 7 0
Word of address A/short real --
A+3 A+2 A+1 A (address)
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3.2.1 Memory Map
Figure 3-1 shows the memory map of the V821.
The internal 4-Gbyte memory space is divided into blocks of 1 Gbyte each.
Each block has a linear address space of 16 Mbytes. (The lower 24 bits of a 32-bit address are output.)

Figure 3-1. Memory Map

FFFFFFFFH
Interrupt handler tableN°t®
FFFFFEOOH | ]
FFFFFDFFH
Block 3
C0000000H
BFFFFFFFH
Block 2
80000000H
7FFFFFFFH
Block 1
40000000H
3FFFFFFFH
Block 0
00000000H

Note See Table 4-1 for details.
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3.2.2 1/0 Map
Figure 3-2 shows the 1/O map of the V821.
The internal 4-Gbyte memory space is divided into blocks of 1 Gbyte each.
Each block has a linear address space of 16 Mbytes. (The lower 24 bits of a 32-bit address are output.)
The V821 reserves I/O addresses CO000000H-FFFFFFFFH (1/0 block 3) as an internal I/O space. Each
unit is mapped to this internal I/O space.
See Section 3.4 for details of the configuration of the internal I/O space.

Figure 3-2. 1/O Map

FFFFFFFFH
Block 3
(Internal 1/O)
CO000000H
BFFFFFFFH
Block 2
80000000H
7FFFFFFFH
Block 1
40000000H
3FFFFFFFH
Block 0
00000000H

3.2.3 Images

The 4-Gbyte memory and 1/O spaces are each divided into four blocks of 1 Gbyte each. Each block is
selected with the CS signal. (See Chapter 6.)

Each block has a linear address space of 16 Mbytes. In one block, a 16-Mbyte physical address space
is regarded as being 64 images. Thus, irrespective of the values of bits 29-24 of an address, the same
16-Mbyte physical address space is accessed. Figure 3-3 illustrates images in an address space.

The 32-bit memory address in memory block 0 is used as a 24-bit physical address, the upper 8 bits being
ignored. Thus, physical address xx000000H can be regarded not only as memory address 00000000H but
also as 01000000H, 02000000H, ..., 3EO00000H, and 3FO00000H.
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Figure 3-3. Images in an Address Space

Address space in memory block 0

3FFFFFFFH
Image
3F000000H
3EFFFFFFH
Image
3E000000H Physical address space
3DFFFFFFH XXFFFFFFH
Image
e ~~
N [\
02000000H
01FFFFFFH xx000000H
Image
01000000H
O0OFFFFFFH
Image
00000000H

3.2.4 Differences between the Memory and 1/0O Maps

The memory and I/O maps differ in the control procedure that is applied when access is performed.

If aninterrupt occurs during read access (LD instruction) to the memory map, the interrupt takes precedence
and the data read by executing the LD instruction may be nullified. The LD instruction may, therefore, need
to be reexecuted upon the completion of interrupt handling.

If an interrupt occurs during read access (IN instruction) to the I/O map, the read access takes precedence.
The IN instruction will not, therefore, be executed after the completion of interrupt handling.

For the above reason, any devices that are cleared by read operations (such as the read buffer in the serial
controller) and those that are updated depending on the read count must be placed in the I/O map, not the
memory map.
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3.3 CPU REGISTER SET

The registers of the V821 belong to one of two sets, the general-purpose program register set and the
dedicated system register set. All registers are 32 bits in wide.

31

Program register set

r0

Zero Register

rl

Reserved for Address Generation

r2

Handler Stack Pointer (hp)

r3

Stack Pointer (sp)

r4

Global Pointer (gp)

5

Text Pointer (tp)

r6

7

r8

r9

r10

ril

r12

rl3

rl4

r15

rl6

rl7

rl8

r19

r20

r21

r22

23

124

r25

26

String Destination Bit Offset

r27

String Source Bit Offset

r28

String Length

r29

String Destination

r30

String Source

r31

Link Pointer (Ip)

31

PC

Program Counter
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System register set

31 0
EIPC Exception/Interrupt PC
EIPSW  Exception/Interrupt PSW
31 0
FEPC Fatal Error PC
FEPSW Fatal Error PSW
31 0
| ECR Exception Cause Register |
31 0
| PSW Program Status Word |
31 0
| PIR Processor ID Register |
31 0
| TKCW Task Control Word |
31 0
| CHCW Cache Control Word |
31 0
| ADTRE  Address Trap Register |
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3.3.1 Program Register Set
The program register set includes general-purpose registers and a program counter.

(1) General-purpose registers
The V821 has 32 general-purpose registers, r0-r31. These registers can be used for data or address
variables.
Registers r0 and r26-r30 are used implicitly with instructions. Caution is therefore necessary when using
these registers. Registers rl-r5 and r31 are used implicitly by the assembler and the C compiler. Before
using these registers, therefore, the contents of the registers must be saved to prevent their being
destroyed. After using the registers, their contents must be restored.

Table 3-1. Program Registers

Name Use Explanation

r0 Zero register Always stores zeros.

rl Assembler-reserved register Used as a working register to create 32-bit immediate.

r2 Handler stack pointer Used as a stack pointer for the handler.

r3 Stack pointer Used to create a stack frame at a function call.

r4 Global pointer Used to access a global variable in a data area.

r5 Text pointer Points to the top of a text area

r6-r25 - Register for an address/data variable

r26 String destination start bit offset Used to execute a bit string instruction.

r27 String source start bit offset

r28 String length register

r29 String destination start address register

r30 String start address register

r31 Link pointer Stores a return point address according to the execution of
a JAL instruction.

(2) Program counter
Stores the address of an instruction while a program is running. Bit O of the program counter (PC) is fixed
to 0, thus preventing a branch to an odd address. It is initialized to FFFFFFFOH at reset.
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3.3.2 System Register Set
System registers are used to control the state of the CPU and store interrupt information.

Table 3-2. System Register Numbers

No. | Register name Use Explanation
0 EIPC Registers for saving the current Retain the contents of PC and PSW if an
status upon the occurrence of an exception or interrupt occurs. Note, however,
exception or interrupt that there is only one pair of these registers.
1 EIPSW When multiple interrupts are allowed,
therefore, the contents of the registers must
be saved by the program.
2 FEPC Registers for saving the current Retain the contents of PC and PSW if an
status upon the occurrence of an NMI or double exception occurs.
3 FEPSW NMI or double exception
4 ECR Exception source register Stores the source of an exception, maskable
interrupt, or NMIl. The upper 16 bits of this
register are called "FECC" and set to the
exception code of an NMI/double exception.
The lower 16 bits are called "EICC" and set to
the exception code of an exception/interrupt.
5 PSW Program status word The program status word is a set of flags
indicating the state of the program (result of
executing an instruction) and the state of the
CPU.
6 PIR Processor ID register Used to identify a CPU type number.
7 TKCW Task control word Used to control a floating-point operation.
8-23 | Reserved
24 CHCW Cache control word Used to control the built-in instruction cache.
25 ADTRE Address trap register Stores the address used to detect an address
match with PC, and to generate an address
trap.
26-31| Reserved

Read and write operations made to these system registers can be performed using the system register load/
store instructions (LDSR and STSR) with the system register numbers specified.
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3.4 BUILT-IN PERIPHERAL I/0O REGISTERS

The built-in peripheral I/O registers are allocated to the 256-byte area between CO000000H and COO000FFH
in the 1-Gbyte space between CO000000H and FFFFFFFFH. Starting from address CO000100H, 256-byte
images are created every 256 bytes.

The least significant bit of an address is not decoded. Thus, when byte access is attempted to a register
at an odd address (2n+1), a register at an even address (2n) is actually performed.

When 16-bit access is attempted to an 8-bit I/O register, the upper eight bits are ignored for write, and
become undefined for read.

Table 3-3 lists the built-in peripheral 1/O registers.

Table 3-3. Built-in Peripheral 1/O Registers (1/2)

Address Function register name Abbreviation | Manipulatable bits | Initial value
8-bit 16-bit

C0000010 Port mode control register 0 PMCO o] 0000H
C0000012 Port mode register 0 PMO o] 03FFH
C0000014 Port register 0 PO o] Not defined
C0000020 Bus cycle type control register BCTC 0 01H
C0000022 Programmable wait control register 0 PWCO o] 77H
C0000024 Programmable wait control register 1 PWC1 o] 77H
C0000026 Programmable wait control register 2 PWC2 o] 77H
C0000028 DRAM configuration register DRC o] 81H
C000002A Refresh control register RFC o] 80H
C000002C Page-ROM configuration register PRC o] 80H
C0000040 DMA source address register OH DSAOH o] Not defined
C0000042 DMA source address register OL DSAOL o] Not defined
C0000044 DMA destination address register OH DDAOH o] Not defined
C0000046 DMA destination address register OL DDAOL 0 Not defined
C0000048 DMA source address register 1H DSA1H o] Not defined
C000004A DMA source address register 1L DSA1L o] Not defined
Cc000004C DMA destination address register 1H DDA1H o] Not defined
C000004E DMA destination address register 1L DDA1L 0 Not defined
C0000050 DMA byte count register 0 DBCO o] Not defined
C0000052 DMA byte count register 1 DBC1 o] Not defined
C0000054 DMA channel control register 0 DCHCO o] 0000H
C0000056 DMA channel control register 1 DCHC1 o] 0000H
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Table 3-3. Built-in Peripheral 1/O Registers (2/2)

Address Function register name Abbreviation | Manipulatable bits | Initial value
8-bit 16-bit
C0000060 Timer unit mode register 0 TUMO o] OAOOH
C0000062 Timer control register 0 TMCO o] 00H
C0000064 Timer control register 1 TMC1 o] 00H
C0000066 Timer output control register 0 TOCO o] 03H
C0000068 Timer overflow status register TOVS o] 00H
C0000070 Timer register 0 TMO o] 0000H
C0000072 Capture/compare register 00 CCoo o] Not defined
C0000074 Capture/compare register 01 CCo1 o] Not defined
C0000076 Capture/compare register 02 CCO02 o] Not defined
C0000078 Capture/compare register 03 CCo3 o] Not defined
C000007C Timer register 1 T™M1 o] 0000H
C000007E Compare register 1 CM1 o] Not defined
C0000080 Asynchronous serial interface mode register ASIM o] OOH
C0000082 Asynchronous serial interface status register ASIS o] O00OH
C0000084 Reception buffer RXB o] Not defined
C0000086 Reception buffer L RXBL o] Not defined
C0000088 Transmission shift register TXS o] Not defined
C000008A Transmission shift register L TXSL o] Not defined
C0000090 Synchronous serial interface mode register CSIM o] O00OH
C0000092 Serial 1/0O shift register SIO o] Not defined
C00000A0 Baud rate generator register BRG o] Not defined
CO00000A2 Baud rate generator prescale mode register BPRM o] OOH
C00000BO Interrupt group priority register IGP o] E4H
C00000B2 Interrupt clear register ICR o] 0000H
C00000B4 Interrupt request register IRR o] 0000H
C00000B6 Interrupt request mask register IMR o] FFFFH
C00000B8 ICU mode register IMOD o] AAAAH
C00000CO0 WDT mode register WDTM o] O00OH
C00000D0 Standby control register STBC o] O00H
CO0000EO Clock control register CGC o] 03H
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CHAPTER 4 INTERRUPT/EXCEPTION HANDLING FUNCTIONS

The V821 features an interrupt controller (ICU) that is dedicated to interrupt handling. The V821 thus
supports a powerful interrupt handling function capable of handling interrupt requests issued by up to 16

sources.

As referred to in this manual, an interrupt is an event which occurs independently of program execution
while an exception is an event that depends on program execution. In general, an exception assumes a higher
priority than an interrupt.

The V821 can handle interrupt requests issued by both built-in peripheral hardware and external devices.
Exception handling can be triggered by executing an instruction (TRAP instruction) as well as by the
occurrence of an exception (such as an address trap or invalid instruction code).

4.1 FEATURES

¢ Interrupts

Nonmaskable interrupt : 1 source

Maskable interrupt . 15 sources

Programmable priority control with four groups

Multiple interrupt handling control according to priority

Mask specification for each maskable interrupt request

Valid edge specification for external interrupt requests

The noise eliminator introducing an analog delay (60 to 300 ns) is incorporated into the nonmaskable
interrupt (NMI) pin.

* Exceptions

Software exception : 32 sources
Exception trap . 10 sources

Table 4-1 lists the interrupt and exception sources.
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Table 4-1. Interrupts (1/2)

Type |Category | Group | Priority Interrupt/exception source Exception Handler |Return
in group — | code address |PCNote 1
Name Source Unit
Reset Interrupt - - RESET Reset input - |FFFOH FFFFFFFOH |Undefined
Non- Interrupt - - NMI NMI input - FFDOH FFFFFFDOH [Next
maskable PCNote 2
Software |Exception - - TRAPI1nH |trap instruction - |FFBnH FFFFFFBOH |Next PC
exception ]
- - TRAPONH |trap exception - FFANnH FFFFFFAOH [Next PC
Exception | Exception - - DP-EX Double exception - |Note 3 FFFFFFDOH |Current
tra PC
P - - AD-TR Address trap - FFCOH FFFFFFCOH
- - I-OPC Invalid instruction - |FF90H FFFFFF9O0H
code
- - DIVO Division by zero - |FF80H FFFFFF80H
- - Flz Invalid floating- - FF70H FFFFFF60H
point operation
- - FzD Floating-point - |FF68H FFFFFF60H
division by zero
- - FOvV Floating-point - |FF64H FFFFFF60H
overflow
- - FUD Floating-point - FF62H FFFFFF60H
underflowNote 4
- - FPR Floating-point - |FF61H FFFFFF60H
degraded
precisionNote 4
- - FRO Floating-point - |FF60H FFFFFF60H
reserved operand
Remark n = O0H to FH
Notes1. PC value saved in EIPC or FEPC at the beginning of interrupt/exception handling
2. Return PC = current PC if an interrupt occurred during the execution of an instruction which was
stopped by an interrupt (DIV/DIVU, floating-point, and bit string instructions).
3. The exception code for the exception which occurred first is written into in the 16 low-order bits
of ECR, while and that for the second exception is written into the 16 high-order bits.
4. The V821 is not subject to floating-point underflow or degraded precision exceptions.
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Table 4-1. Interrupts (2/2)

Type |Category | Group | Priority Interrupt/exception source Exception Handler |Return
in group ] code address |PCNote 1
Name Source Unit
Maskable |Interrupt | GR3 |3 RESERVED | Reserved - FEFOH FFFFFEFOH [Next
PCNote 2
2 INTOVO Timer O RPU FEEOH FFFFFEEOH
overflow
1 INTSER UART recep- |UART FEDOH FFFFFEDOH
tion error
0 INTP13 INTP13 pin External | FECOH FFFFFECOH
input
GR2 |3 INTSR UART recep- |UART FEBOH FFFFFEBOH
tion end
2 INTST UART trans- |UART FEAOH FFFFFEAOH
mission end
1 INTCSI CSI transmis- |CSI FE9OH FFFFFE9OH
sion/reception
end
0 INTP12 INTP12 pin External | FES8OH FFFFFE8SOH
input
GR1 |3 INTDMA DMA transfer | DMAC FE70H FFFFFE70H
end
2 INTPOO/ INTPOO pin External/ | FE6OH FFFFFEG6OH
INTCCOO0 input/CCO00 RPU
match
1 INTPO1/ INTPO1 pin External/ | FE50H FFFFFES50H
INTCCO1 input/CCO1 RPU
match
0 INTP11 INTP11 pin  |External [FE40H | FFFFFE40H
input
GRO |3 INTCM1 CM1 match |RPU FE30H | FFFFFE30H
2 INTPO2/ INTPO2 pin External/ | FE20H FFFFFE20H
INTCCO02 input/CC02 RPU
match
1 INTPO3/ INTPO3 pin External/ | FE10H FFFFFE10H
INTCCO3 input/CC03 RPU
match
0 INTP10 INTP10 pin External | FEOOH FFFFFEOOH
input
Notes 1. PC value saved in EIPC or FEPC at the beginning of interrupt/exception handling

2. Return PC = current PC if an interrupt occurred during the execution of an instruction which was
stopped by an interrupt (DIV/DIVU, floating-point, and bit string instructions).
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Caution The exception code and handler address for a maskable interrupt assume the values
existing when the default priority is specified. Table 4-2 lists the values in the order of
their priorities.

4.2 NONMASKABLE INTERRUPTS

A nonmaskable interrupt request is accepted unconditionally, even in the interrupt disabled (DI) state
(PSW.ID = 1). Interrupt priority control is not applied to nonmaskable interrupt requests, which always take
the highest priority.

Nonmaskable interrupt requests are input to the NMI pin. Because NMI is a level-input pin, the input must
be maintained until it can be confirmed that control has branched to the handler and that the request has been
accepted.

During the execution of the service program for a nonmaskable interrupt (PSW.NP = 1), nonmaskable
interrupt requests are not accepted and instead enter pending status. Pending nonmaskable interrupt
requests are accepted only once the execution of the current service program has been completed (after the
execution of the RETI instruction) or by setting PSW.NP to 0 by using the LDSR instruction.

The noise eliminator introducing an analog delay (60 to 300 ns) is used for input of a nonmaskable interrupt
request. Using this noise eliminator prevents the nonmaskable interrupt request from being received
mistakenly when noise having a fine pulse width as shown in Figure 4-1 enters.

Figure 4-1. Noise Elimination of the NMI Pin Introducing an Analog Delay

Wi |

B -~ <
Analog delay Analog delay Analog delay
Internal NMI signal
Processing by the CPU Normal processing Nonmaskable interrupt processing

The CPU causes the interrupt handler to
deactivate the NMI pin after confirming the
reception of the nonmaskable interrupt request.

4.2.1 Operation
Once a nonmaskable interrupt request has been input to the NMI pin, the CPU performs the following
processing, then passes control to the handler routine.

(1) Saves the return PC into FEPC.

(2) Saves the current PSW into FEPSW.

(3) Writes exception code FFDOH into the 16 high-order bits of ECR (FECC).

(4) Sets the NP and ID bits of PSW and clears the AE bit.

(5) Sets the nonmaskable interrupt handler address (FFFFFFDOH) in the PC, thus passing control to the
handler routine.

Figure 4-2 illustrates the nonmaskable interrupt handling procedure.
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Figure 4-2. Nonmaskable Interrupt Handling Procedure

_ NMI input
(nonmaskable interrupt request)

CPU processing

PSW.NP !

0
FEPC — Return PC ( Interrupt request pendmg}
FEPSW -— PSW
ECR.FECC - FFDOH
PSW.INP -1
PSW.ID -1
PSW.AE -0
PC ~ FFFFFFDOH

C Interrupt handling )

Figure 4-3. Accepting a Nonmaskable Interrupt Request

When a new NMI request is input during the execution of the NMI service program

( Main routine )

(PSW.NP = 1)

NMI request — NMI request — | NMI request is pending due to PSW.NP = 1

Handle pending NMI request.
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4.3 MASKABLE INTERRUPTS

An interrupt request for which acceptance can be masked (disabled), by setting the corresponding bit of
the interrupt request mask register, is called a maskable interrupt request. The V821 supports 15 maskable
interrupt sources.

When two or more maskable interrupt requests are issued at the same time, they are handled in the order
of their default priorities. In addition to the default priority, a group interrupt priority can be specified for each
of the four groups, by using the interrupt group priority register (IGP) (the priority of each interrupt within a
group is fixed).

A maskable interrupt is masked according to the logical sum of the NP, EP, and ID bits of PSW. Interrupt
level n for a maskable interrupt is specified by the INTVO to INTV3 signals and sent to the CPU. The maskable
interrupt is not accepted if n is lower than the interrupt enable level specified in PSW (10 to 13). An interrupt
of the highest interrupt level (n = 15), cannot, therefore, be disabled by specifying the interrupt enable level.

Once an interrupt request has been accepted, the system enters the interrupt disabled state (PSW.ID =
1), thus disabling the acceptance of subsequent maskable interrupt requests. Then, the accepted interrupt
level (n) plus one (n + 1) is set in the 10 to 13 bits of PSW.

When enabling multiple interrupts, save the contents of EIPC and EIPSW into memory or registers, then
specify the interrupt enabled state (PSW.ID = 0, EP = 0). After the completion of interrupt handling, specify
the interrupt disabled state (PWS.ID = 1) before executing the RETI instruction, which restores EIPC and
EIPSW.

4.3.1 Block Diagram

Figure 4-4. Maskable Interrupts

N
(CPU side)
INT =——— .
. Priority controller IGP register <:::>
INTVO-INTV3 =——
IMR register <:::>
2]
>3
Q
g
o— <~ ICL register <:::> =
=
O———
Interrupt source o Request controller|<————  IRR register <:::>
Oo——— <— IMOD register <:::>
™/
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4.3.2 Operation
Once a maskable interrupt has been issued by using an INT input, the CPU performs the following

processing, then passes control to the handler routine.

(1) Saves the return PC into EIPC.

(2) Saves the current PSW into EIPSW.

(3) Writes the exception code into the 16 low-order bits of ECR (EICC).

(4) Sets the EP and ID bits of PSW and clears the AE bit.

(5) Setsthe accepted interruptlevel (n) plus one (n + 1) in the | field (10 to 13 bits) of PSW. When the accepted
interrupt level is of the highest level (n = 15), however, sets 15.

(6) Sets the handler address for the interrupt in the PC, thus passing control to the handler routine.

Figure 4-5 shows the maskable interrupt handling procedure.
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Figure 4-5. Maskable Interrupt Handling Procedure

ICU reception

CPU processing

62

— ( INT input )

No

Interrupt requested?

Priority higher No

Interrupt mask canceled?

than other interrupt
requests?

Yes

- . (Maskable interrupt requesD

Clnterrupt request pending)

< Interrupt enable level

Interrupt level

>|nterrupt enable level

EIPC ~<— Return PC
EIPSW  =— PSW
ECR.EICC =— Exception code
PSW.EP —=— 1

PSW.ID 1

PSW.AE 0

PC Handler address

( Interrupt handling )

-~
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-
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4.3.3 Maskable Interrupt Priority

While handling one interrupt, the V821 can accept a second interrupt (multiple interrupt handling). Multiple
interrupt handling is controlled based on the interrupt priorities.

Priority control is classified into either that based on the default priorities (default priority control) or that
based on the settings of the interrupt group priority register (programmable priority control). When default
priority control is applied, the V821 handles two or more simultaneously requested interrupts according to the
default priority of each interrupt request group (a group consists of four interrupt requests) (see Table 4-1).
Programmable priority control is applied by specifying a priority (0, 1, 2, or 3) for each interrupt request group,
using the interrupt group priority control register. The priority of each interrupt request within a group is,
however, fixed.

Once an interrupt request has been accepted, the ID and EP flags of PSW are automatically set to 1.
Therefore, when performing multiple interrupt handling, enable interrupts (by specifying PSW.ID = 0 and
PSW.EP = 0) in the interrupt handling program.

Maskable interrupt or exception service program

e Save EIPC into memory or a register.
« Save EIPSW into memory or a register.
« Enable interrupt acceptance (PSW.ID = 0, PSW.EP = 0).

<- Accept an interrupt, such as an
INTP input.

« Disable interrupt acceptance (PSW.ID = 1, PSW.EP = 1).
Restore EIPSW.

Restore EIPC.

» Execute the RETI instruction.
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4.4 CONTROL REGISTERS

4.4.1 Interrupt Group Priority Register (IGP)

Thisregisteris used to specify the priority of each interrupt request group. Table 4-2 lists the correspondence
between each priority and the exception code and handler address of each interrupt in the group (when the
IGP register is set to 4EH).

This register can be read/written in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
IGP PR3 PR2 PR1 PRO CO0000BOH E4H
Bit position Bit name Description
7-0 PR3-PRO Group Priority

Specifies the priority for interrupt group n (GRn). 0 is the lowest priority, while
3 is the highest.

PRnN Priority
0 0 0
0 1 1
1 0 2
1 1 3

n =0-3

Caution Do not specify the same priority for multiple groups. Otherwise, interrupt handling will
be unpredictable.
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Table 4-2. Correspondence between Priorities, Exception Codes, Handler Addresses,
and Interrupt Levels (When the IGP Register Is Set to 4EH)

IGP register | Group | Priority of Priority within Name of the Exception Handler Interrupt level
setting the group the group interrupt/exception | code address
Bit |Vvalue (fixed) source
PR1 | 11 GR1 3 3 INTDMA FEFOH FFFFFEFOH | 15 (Highest)
2 INTPOO/INTCCO0 FEEOH FFFFFEEOH | 14
1 INTPOL1/INTCCO1 FEDOH FFFFFEDOH | 13
0 INTP11 FECOH FFFFFECOH | 12
PRO | 10 GRO 2 3 INTCM1 FEBOH FFFFFEBOH | 11
2 INTPO2/INTCCO02 FEAOH FFFFFEAOH | 10
1 INTPO3/INTCCO3 FE9OH FFFFFEQOH | 9
0 INTP10 FE80H FFFFFE80H | 8
PR3 | 01 GR3 1 3 RESERVED FE70H FFFFFE70H | 7
2 INTOVO FEG60H FFFFFEGOH | 6
1 INTSER FE50H FFFFFES50H | 5
0 INTP13 FE40H FFFFFE40H | 4
PR2 | 00 GR2 0 3 INTSR FE30H FFFFFE30H | 3
2 INTST FE20H FFFFFE20H | 2
1 INTCSI FE10H FFFFFE10H | 1
0 INTP12 FEOOH FFFFFEOOH | O (Lowest)
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4.4.2 Interrupt Clear Register (ICR)
This register is used to clear interrupt requests. Table 4-3 lists the correspondence between each bit and
interrupt request. This register can be written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0

Address When reset,
ICR | 0 |CLR14|CLRI3[CLRI2 |CLR1L(CLR10[CLRY |CLRS |CLR7|CLR6|CLRS [CLR4| CLRS|CLR2 [CLRL|CLRO[  500000B2H  0O00OH

Bit position Bit name Description

14-0 CLR14-CLRO | Clear interrupt request
Setting a bit of this register to 1 clears the corresponding interrupt request
(the REQn bit of the IRR register). This register, however, cannot be used to
clear interrupt requests in level trigger mode.
This is a write-only register. Attempting to read this register always results in
0 being read, regardless of its actual value.

0: No operation

1: Clears the REQn bit of the IRR register.

4.4.3 Interrupt Request Register (IRR)
This register holds interrupt requests. Table 4-3 indicates the correspondence between each bit and the
interrupt requests. This register can be read in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
IRR 0 |REQ14|REQ13|REQ12|REQ1L1|REQL0|REQY|REQ8|REQ7|REQ6|REQS|REQ4|REQ3|REQ2|REQLREQOl cO0000B4AH  0000H

Bit position Bit name Description

14-0 REQ14-REQO | Interrupt Request
Once an interrupt request has been issued, the corresponding bit of this
register is set, regardless of the mask register setting. For edge-detected
interrupts, manipulating the ICR register resets the relevant bits.

0: The corresponding interrupt request has not been issued.

1: The corresponding interrupt request has been issued.
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4.4.4 Interrupt Request Mask Register (IMR)
This register is used to mask interrupt requests. Table 4-3 indicates the correspondence between each
bit and the interrupt requests. This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
IMR 0 [MSK14 |MSK13 [MSK12 [ MSK11|MSK10 [MSK9|MSK8|MSK7|MSK6|MSK5 [MSK4|MSK3[MSK2[MSK1|MSK0 CO00000B6H FFFFH

Bit position Bit name Description

14-0 MSK14-MSKO | Mask interrupt request
Setting a bit of this register to 1 masks the corresponding interrupt request.
An interrupt request can be masked only before it is issued.

0: Does not mask the corresponding interrupt request.

1: Masks the corresponding interrupt request.

Table 4-3. Correspondence between Interrupt Control Register Bits and Interrupt Request Signals

ICR register bit | IRR register bit | IMR register bit | Interrupt request
signal

CLR14 REQ14 MSK14 INTOVO

CLR13 REQ13 MSK13 INTSER

CLR12 REQ12 MSK12 INTP13

CLR11 REQ11 MSK11 INTSR

CLR10 REQ10 MSK10 INTST

CLR9 REQ9 MSK9 INTCSI

CLRS8 REQS8 MSK8 INTP12

CLR7 REQ7 MSK7 INTDMA

CLR6 REQ6 MSK6 INTPOO/INTCCO0
CLR5 REQS5 MSK5 INTPO1/INTCCO1
CLR4 REQ4 MSK4 INTP11

CLR3 REQ3 MSK3 INTCM1

CLR2 REQ2 MSK2 INTPO2/INTCCO02
CLR1 REQ1 MSK1 INTPO3/INTCCO3
CLRO REQO MSKO INTP10
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4.4.5 1CU Mode Register (IMOD)

This register is used to specify the trigger mode for external interrupt requests INTP0OO to INTPO3 and
INTP10 to INTP13, each of which is input to the pin having the same name. There are two trigger modes:
level trigger and edge trigger.

(1) Level trigger
Interrupts are sampled at each clock. An interrupt request signal must remain at the active level until the
request is recognized by the interrupt handler of the CPU. If an interrupt request is canceled before it
can be recognized, an error may occur, such as an undefined branch destination vector.

(2) Edge trigger
Interrupts are sampled at the rising edge of each clock. When an interrupt request signal changes at a
clock rising edge, as specified with the IMOD register, the request is accepted. If identical interrupt
requests are input consecutively, only one is recognized.
Internal interrupts are also edge-detected. To use external interrupt requests, clear the corresponding
bits of the interrupt request register (IRR) in the interrupt handling routine.

This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
C00000B8H AAAAH

IMOD | ITM13 | ITM12 | ITM11 | ITM10 | ITMO3 | ITMO2 | ITMO1 | ITMOO

Bit position Bit name Description

15-0 ITM13-ITM10 | Interrupt Trigger Mode
ITMO3-ITMOO | Specifies the trigger mode for the INTPn pin. The trigger mode can be
changed only before input of the relevant interrupt request.

ITMn Trigger mode
0 0 Level trigger
0 1 Falling edge trigger
1 0 Rising edge trigger
1 1 Both edge trigger

Do not change the settings of ITMO03 to ITMOO during timer O operation.
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4.5 EXCEPTION HANDLING (SOFTWARE EXCEPTION AND EXCEPTION TRAP)

A software exception occurs when the CPU executes the TRAP instruction. The format of the TRAP
instruction is as follows ("vector" is 0 to 1FH):

TRAP vector

In addition, the following exception traps may occur:

® Double exception : Occurs uponthe occurrence of an exception during the handling
of another exception (PSW.EP = 1).

® Address trap : Occursonce the PC has assumed the address specified with the
address trap register.

® |nvalid instruction code : Occurs when the instruction to be executed next is found to be
invalid.

® Division by zero : Occurs upon the occurrence of a division by zero error.

® Invalid floating-point operation : Occurs if an invalid floating-point operation is performed.

® Floating-point division by zero : Occurs upon the occurrence of a division by zero error during
a floating-point operation.

® Floating-point overflow : Occurs upon the occurrence of an overflow during a floating-
point operation.

® Floating-point underflow : Occurs upon the occurrence of an underflow during a floating-
point operation.

® Floating-point degraded precision : Occurs upon the occurrence of degraded precision during a
floating-point operation.

® Floating-point reserved operand : Occurs uponthe detection of areserved operand (infinity or non-

numeric) during a floating-point operation.

The V821 is not subject to floating-point underflow and degraded precision exceptions.
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4.5.1 Operation
Upon the occurrence of an exception, the CPU performs the following processing, then passes control to
the handler routine.

(1) If NP of PSW has been set, proceeds to step (8).
(2) If EP of PSW has been set, proceeds to step (9).
(3) Saves the return PC into EIPC.
(4) Saves the current PSW into EIPSW.
(5) Writes the exception code into the 16 low-order bits of ECR (EICC).
(6) Sets the EP and ID bits of PSW and clears the AE bit.
(7) Sets the handler address for the exception in the PC, thus passing control to the handler routine.
(8) For a fatal exception
(a) Starts a machine fault cycle, then sequentially outputs the following data to the data bus: cause code
for the fatal exception (logical sum of FFFFO000H and the exception code) to address 00000000H,
the current PSW to address 00000004H, and the current PC to address 00000008H.
(b) Suspends operation until the system is reset.
(9) For a double exception
(a) Saves the return PC into FEPC.
(b) Saves the current PSW into FEPSW.
(c) Writes the exception code for the exception which caused the double exception, into the 16 high-order
bits of ECR (FECC).
(d) Sets the NP and ID bits of PSW and clears the AE bit.
(e) Sets the double exception handler address (FFFFFFDOH) in the PC, thus passing control to the
handler routine.
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Occurrence of
exception

Fatal exception

Machine fault status
Address 00000000H <«— Cause code |—— > Stop
Address 00000004H -=— Current PSW
Address 00000008H =<— Current PC

Double exception

EIPC ~<— Return PC FEPC <— Return PC

EIPSW - PSW
ECR.EICC =— Exception code
PSWEP —=— 1

PSW.ID =1

PSWAE —=— 0

FEPSW  <— PSW
ECR.FECC =— Exception code
PSWINP <—1

PSW.ID -1

PSWAE =—0

Exception handling
(double exception)

{ Exception handling )
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4.5.2 Return from an Exception or Interrupt

The RETI instruction is used to perform return from an exception or interrupt, except in the case of a fatal
exception.

(1) Fetchesthereturn PC and PSW from FEPC and FEPSW (when NP of PSWis setto 1) or EIPC and EIPSW
(when NP is set to 0).

(2) Writes the fetched values into the PC and PSW, thus passing control to the address indicated by the PC.

{ RETI instruction )

1
Q.NP

0
PC —<—EIPC PC =—FEPC
PSW =— EIPSW PSW=——FEPSW

Resume previous
processing
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4.6 PRIORITY CONTROL

4.6.1 Priorities of Interrupts and Exceptions
The following table lists the priorities of interrupts and exceptions. If two or more interrupts and/or
exceptions occur at the same time, they are handled according to their priorities.

Table 4-4. Priorities of Interrupts and Exceptions

RESET NMI INT AD-TR TRAP I-OPC DIVO FLOAT

RESET g g a g g a O
NMI X - - - - - -
INT X 1 - - - - -
AD-TR X t t - - - -
TRAP X 1 1 1 — — _
I-OPC X t 1 1 - - -
DIVO X 1 1 1 - - _
FLOAT X t t f - - -

RESET : Reset

NMI : Nonmaskable interrupt

INT : Maskable interrupt

AD-TR : Address trap

TRAP : Trap instruction

[-OPC : Invalid instruction code

DIVO : Division by zero

FLOAT : Floating-point exception (invalid operation, division by zero, overflow, and reserved operand)

O : The item on the left causes the item at the top to be ignored.

X : The item at the top causes the item on the left to be ignored.

: The item on the left and that at the top cannot occur at the same time.
: The item on the left has a higher priority than the item at the top.
: The item at the top has a higher priority than the item on the left.
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4.6.2 Priorities of Floating-Point Exceptions
The following table lists the priorities of floating-point exceptions:

74

FRO
FIV

FzD
FOV
FUD
FPR

Table 4-5. Priorities of Floating-Point Exceptions

FRO FIV FZD FOV FUD FPR
FRO U U g - -
FIV X U g - -
FzD X X 0 — _
FOV X X X - -
FUD - - - - -
FPR - - - - -

. Floating-point reserved operand

. Invalid floating-point operation

. Floating-point division by zero

. Floating-point overflow

. Floating-point underflow

: Floating-point degraded precision

. The item on the left causes the item at the top to be ignored.

: The item at the top causes the item on the left to be ignored.

. The item on the left and that at the top cannot occur at the same time.

Remark The V821 is not subject to FUD and FPR.

User's Manual U10077EJ5VOUMO00



CHAPTER 5 BUS CONTROL FUNCTION

The V821 interfaces with external memory and external 1/O devices via the external bus.

5.1 CPU BUS STATES

The V821 bus cycles can assume the following eight states:

(1)

(2)

3)

(4)

Tl and TIS states
When no access request has been issued, or when the TH or THS state (hold state) is released, the bus
enters the Tl or TIS state. At the falling edge of the clock signal in the Tl and TIS states, the HLDRQ
signal is sampled.

T1 and T1S states

The bus enters the T1 or T1S state at the start of a bus cycle. In these states, an address is output to
the bus at the rising edge of the clock pulse, and valid data is output to the data bus at the falling edge
of the clock pulse. After entering the T1 or T1S state, the bus invariably enters the T2 or T2S state.

T2 and T2S states

The T2 and T2S states correspond to the final state of a bus cycle or a wait state. At the falling edge
of the clock signal in the T2 and T2S states, the HLDRQ signal is sampled. Atthe rising edge of the clock
pulse that occurs immediately after the last T2 and T2S states, read data is sampled.

TH and THS states

The bus enters the TH or THS state when the hold state is caused by an WRQ input. In these states,
the m signal is sampled at the falling edge of the clock signal. If sampling indicates that the m
signal has become inactive, the bus then enters the Tl or TIS state.

Remark TheTIS, T1S, T2S, and THS states are assumed by additional bus cycles which occur only when

word accesses are performed. The TIS, T1S, T2S, and THS states correspond to the TI, T1,
T2, and TH states of normal bus cycles, respectively.

User's Manual U10077EJ5VOUMO0 75



V821™ USER'S MANUAL

RESET=0&
HLDRQ =0

(W) (19
RESET =0 &
HLDRQ =1 Always
(19

Remark Whenthe RESET input becomes active, the bus enters the Tl or TH state according to the HLDRQ

signal status.

Conditions for bus cycle state transition

<1>
<2>

<3>
<4>

<5>
<6>
<7>
<8>
<9>
<10>
<1l1>
<12>
<13>
<14>
<15>
<16>
<17>

(HLDRQ =1 or hold disable state) and access source present

READY = 0 and (non-word access) and access source present and (HLDRQ = 1 or hold disable
state)

READY =1

READY =0 and (non-word access) and (access source not present or (m =0and hold enable
state))

(WRQ = 1 or hold disable state) and access source not present

HLDRQ = 0 and hold enable state

READY = 0 and (access source not present or (HLDRQ = 0 and hold enable state))
HLDRQ = 0
HLDRQ =1
READY =1

READY = 0 and access source present and (HLDRQ = 1 or hold disable state)

READY = 0 and word access and (HLDRQ = 1 or hold disable state)
READY = 0 and word access and m = 0 and hold enable state
HLDRQ =1
HLDRQ =0
HLDRQ =1
HLDRQ =0

Remark After the BLOCK signal becomes active, the hold disable state continues until the bus enters the
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last bus cycle of the BLOCK cycle (the last T2 state or, when an additional bus cycle exists, the
last T2S state). (During the last bus cycle, the hold enable state exists.)
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5.2 DMAC BUS STATE

The DMAC bus cycles can assume the following 10 states:

(1) TI state

The TI state is the idle state, during which no access request is issued.
The DREQ signal is sampled at the falling edge of the clock pulse.

(2) TO state

DMA transfer ready state. (A DMA transfer request has been issued, causing the bus to be acquired for
the first DMA transfer.)

(3) T1R state

The bus enters the T1R state at the beginning of a read operation in two-cycle transfer mode.
After entering the T1R state, the bus invariably enters the T2R state. Address driving starts.

(4) T2R state

The T2R state corresponds to the last state of a read operation in two-cycle transfer mode, or to a wait
state.

In the last T2R state, read data is sampled. After entering the last T2R state, the bus invariably enters
the T1W state.

(5) T1W state

The bus enters the T1W state at the beginning of a write operation in two-cycle transfer mode.
After entering the T1W state, the bus invariably enters the T2W state. Address driving starts.

(6) T2W state

The T2W state corresponds to the last state of a write operation in two-cycle transfer mode, or to a wait
state.
In the last T2W state, the write strobe signal is made inactive.

(7) T1F state

The bus enters the T1F state at the beginning of a fly-by transfer.
After entering the T1F state, the bus invariably enters the T2F state. Address driving starts.

(8) T2F state

The T2F state corresponds to the last state of a fly-by transfer or a wait state.
In the last T2F state, the write strobe signal is made inactive.

(9) T3 state

The bus enters the T3 state when a DMA transfer has been completed, and the bus has been released.
After entering the T3 state, the bus invariably enters the Tl state.
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(10) TH state
From the TH state, the bus enters the DMA hold state (when a bus request is made by a bus master
having a higher priority during DMA block transfer).

Each time the processing for a DMA service is completed, the bus is released (the bus enters bus release
mode).

Figure 5-2. DMAC Bus Cycle State Transition
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Conditions governing bus cycle state transition

<1>
<2>

<3>
<4>
<5>
<6>
<7>
<8>
<9>
<10>
<11>
<12>
<13>
<14>
<15>
<16>
<17>
<18>
<19>
<20>
<21>
<22>
<23>

NMI =0

(External terminal DREQ = 1 or software DREQ = 1 or internal I/O DREQ = 1), transfer not
terminated, DMA enable and NMI = 1

DHLDAK =1

DHLDAK = 0 and two-cycle transfer NMI = 1

DHLDAK = 1 and fly-by transfer NMI = 1

NMI = 1 and DHLDAK = 0, transfer not terminated and block transfer

DHLDAK =1

NMI = 1 and DREADY = 0 and DHLDAK = 0, transfer not terminated, and block transfer
NMI = 1 and DREADY = 0 and DHLDAK = 1, transfer not terminated and block transfer
NMI =0

DREADY =1
DREADY =0
DREADY =1

DREADY = 0 and (N_I\/H = 0 or transfer terminated or non-block transfer)

NMI = 1 and DREADY = 0 and DHLDAK = 0, transfer not terminated and block transfer
DREADY =1

NMI = 1 and DHLDAK = 0, transfer not terminated and block transfer

DREADY = 0 and (N_I\/H = 0 or transfer terminated or non-block transfer)

NMI = 1 and DREADY = 0, DHLDAK = 1, transfer not terminated and block transfer
DHLDAK =1

DHLDAK = 0
DHLDAK = 1
NMI = 0

Remark DHLDAK : Internal signal from BAU that grants bus mastership to DMAC

DREADY : Internal signal from WCU to indicate the DMAC ready state, and external READY
signal
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5.3 BUS PRIORITY

The bus arbitration unit (BAU) arbitrates bus mastership among the bus masters (those that can acquire
the bus). If a bus master having a certain priority requests the use of the bus while another bus master having
a lower priority is using the bus, the BAU immediately transfers bus mastership from the low-priority bus
master to the high-priority bus master.

Table 5-1 lists the types of the bus masters and their priorities.

Table 5-1. Bus Priority

Bus master Bus cycle Priority
CPU Bus lock 1 (highest)
Fetch 5 (lowest)
Read/write
DRAMC Refresh 2
External bus master Bus cycles driven by external devices 3
DMAC DMA 4

Although the DRAMC takes priority over external bus masters, it cannot acquire the bus forcibly while it
is being used by an external bus master. In response to a refresh request received from the DRAMC, the
BAU makes the HLDAK pin inactive to indicate the presence of the refresh request. When the m pin
is made inactive while the HLDAK is inactive, a refresh cycle is initiated.

Bus mastership is switched during each bus cycle or idle state. In the halt and IDLE modes upon reset,
the HLDRQ signal is accepted. During a halt acknowledge cycle in which halt or IDLE mode is entered, or
during the first six clock cycles of a self-refresh cycle in which IDLE mode is entered, however, the HLDRQ
signal is not accepted.

At power-on reset, the HLDRQ signal must be made inactive.
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5.4 DATA FLOW WHEN USING AN ADDITIONAL BUS CYCLE

A bus cycle is added only when word access is performed.

During read cycles, the low-order 16 bits of word data are sampled during the first bus cycle. The high-
order 16 bits are sampled during the second bus cycle.

During write cycles, the low-order 16 bits of word data are output at the falling edge of the clock signal in
the T1 state of the first bus cycle. The remaining high-order 16 bits are output at the falling edge of the clock
signal in the T1S state of the second bus cycle. Then, the output data is held until the clock signal in the T1
state of the next bus cycle goes low.

Figure 5-3 illustrates read and write operations. In the figure, A is assumed to be the low-order 16 bits of
the word data, while B is assumed to be the high-order 16 bits of the word data.

Figure 5-3. Data Flow When an Additional Bus Cycle Is Used

(a) Read cycle

V821 V821
Read buffer Read buffer
31 ] 31 |
<—|s
Internal 16 | Data bus Internal 16| | Data bus
operation 15 15 operation 15 5
unit unit
AlK=T|Al<—= <—|a <
oL 0 oL_| 0
First bus cycle Second bus cycle
(b) Write cycle
V821 V821
Write buffer Write buffer
31 ] 31|
—>|8 B
Internal 16| | Data bus Internal 16| Data bus
operation 15 15 operation 15 15
unit unit
>Slal—>|al—> A —>
o] 0 o] 0
First bus cycle Second bus cycle
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5.5 RELATIONSHIP BETWEEN EXTERNAL ACCESSES AND THE DATA BUS
This section explains data I/O and the byte enable signal when external access is performed.

5.5.1 Relationship between External Access and Byte Enable Signal
Table 5-2 shows the relationship between external accesses and the byte enable signal (UBE).

Table 5-2. Relationship between Addresses, Data Length, UBE, and Address Pins

Data length | Operand address | UBE | Address pin | Bus cycle sequence
Bit 1 Bit 0 Al A0

Byte 0 0 1 0 0 1
0 1 0 0 1 1
1 0 1 1 0 1
1 1 0 1 1 1
Halfword 0 0 0 0 0 1
1 0 0 1 0 1
Word 0 0 0 0 0 1
0 1 0 2
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5.5.2 Operand Read

Figure 5-4 shows the relationship between external access and data input during an operand read

operation.

In the figure, read buffer "n;Bm" indicates that the mth byte on the external data bus is read during the nth
bus cycle. Bm in the external data bus is illustrated below:

15 8 7 0

External data bus B2 B1

Operand address

Bit 1 Bit 0
0 0
0 1
1 0
1 1

Operand address

Bit 1 Bit 0
0 0
1 0

Operand address
Bit 1 Bit 0

0 0

Figure 5-4. Read Cycle

(a) Data length: Byte

Internal register

31 24 23 16 15 8
1;B1
1;B2
1;B1
1;B2
(b) Data length: Halfword
Internal register
31 24 23 16 15 8
1;B2 1;B1
1;B2 1;B1
(c) Data length: Word
Internal register
31 24 23 16 15 8
2,;,B2 2;B1 1;B2 1;B1
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5.5.3 Operand Write

Figure 5-5 shows the relationship between external access and data output during an operand write
operation.

In the figure, OPm (m = 1 to 4) indicates the byte position in the internal register.

The position of OPm in the internal register is shown below.

31 24 23 16 15 87 0

Internal register OP4 OP3 OoP2 OP1

Figure 5-5. Write Cycle

(a) Data length: Byte

Operand address External data bus

Bit 1 Bit 0 15 8 7 0 Bus cycle sequence
0 0 Note 1 OP1 1
1 OP1 Note 2 1
1 0 Note 1 OP1 1
1 1 OP1 Note 2 1
Notes 1. The undefined data is output from bits D8 to D15.

Operand address

Bit 1 Bit0
0 0
1 0

Operand address

Bit 1 Bit 0
0 0
0 0

84

2. The undefined data is output from bits DO to D7.

(b) Data length: Halfword

External data bus
15 8 7 0

OP2 OP1

OP2 OP1

(c) Data length: Word

External data bus
15 8 7 0

OP2 OP1

OP4 OP3
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5.5.4 Notes on Bit Strings

Bit strings are processed word by word (in blocks of 4 bytes) to speed up operation. If the end of the data
does not correspond to a word boundary when a write operation is performed, that is, if bits 1 and 0 of the
last byte address of the locations that hold the bit string in the destination are other than "11," a maximum
of three extra bytes are written as shown in Figure 5-6. In this case, as the extra data, the original value is
written as is. In this way, the data is not destroyed.

During read operations, up to three extra words subsequent to the last word of the data may be read during
read cycles at both the source and destination. This extra data is discarded.

Figure 5-6. Write Cycles for Bit Strings

Operand address External data bus
Bit 1 Bit 0 15 8 7 0 Bus cycle sequence
0 0 Op2hete OP1 1
0 0 Opghote Op3Note 2
0 1 OoP2 OP1 1
0 1 op4Neee op3Noe 2
1 0 oP2 OP1 1
1 0 Op4hote OP3 2

Note Extra bytes written unnecessarily

User's Manual U10077EJ5VOUMO0 85



V821™ USER'S MANUAL

5.6 EXTERNAL I/O ACCESS

5.6.1 External I/O Read Cycle
The timing for each state is explained below:

T1 state : The output of an address and CSn signal starts. At the falling edge of the clock signal, the
IORD signal becomes active.

T2 state : If the READY signal is active at the falling edge of the clock signal, the bus cycle terminates.
The IORD signal is made inactive, and at the same time, data is sampled.

The wait count set by the WSn bit of the PWCn register is ORed with the wait count controlled by READY.
Therefore, as many wait states as the larger of these wait counts are inserted. (See Chapter 6 .)

Figure 5-7. External I/O Read Cycle

0 wait 2 waits
T1 T2 T1 T2 T2 T2
cwour | | L] | L] | L L | |
A23-A0, UBE
L R S G ) S S A D
CS3-CS0

IORD \

IOWR J

MRD 7

LMWR, UMWR 7
READY \ ¢/ \j__

A
e
AAAANASE

_/
_/

Remarks 1. An arrow indicates a sampling timing when the programmable wait is set to O.
2. A broken line indicates a high impedance.
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5.6.2 External I/O Write Cycle
The timing for each state is explained below:

T1 state : The output of an address and the CSn signal starts. At the falling edge of the clock signal,
the IOWR signal becomes active.

T2 state : If the READY signal is active at the falling edge of the clock signal, the bus cycle terminates,
and the IOWR signal is made inactive. The write data is maintained until the clock signal goes
high in the T1 or Tl state of the next bus cycle.

The wait count set by the WSn bit of the PWCn register is ORed with the wait count controlled by READY.
Therefore, as many wait states as the larger of these wait counts are inserted. (See Chapter 6 .)

Figure 5-8. External 1/O Write Cycle

0 wait 2 waits
| 11| T2 | | T2 | T2 | T2 | T2

cLkout | | |

A23-A0, UBE

o500 %< > >< >

CS3-CS0

IORD

w71\ |_/

MRD

_/
LMWR, UMWRJ | J | |
READY \ | / / \LL

dididid

Remarks 1. An arrow indicates a sampling timing when the programmable wait is set to 0.
2. A broken line indicates a high impedance.
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5.7 INTERNAL I/O ACCESS

Internal 1/O read cycles and internal 1/O write cycles are similar to external 1/O read cycles and external
I/0 write cycles, except in the following points:

* Neither the IORD, IOWR, nor CSn signals become active.
® The number of wait states that can be inserted is always 1 or 2. (Wait control using the READY pin and
PWCn register is impossible.)

5.7.1 Internal /O Read Cycle

Figure 5-9. Internal I/0O Read Cycle

1 wait
| TT | T2 | T2 |
CLKOUT | | | |
A23-A0, UBE
D15-DO } ----------------------- { )
C53-CS0

IOWR /

MRD
LMWR, UMWR /

Remark A broken line indicates a high impedance.

digigiginin
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5.7.2 Internal 1/O Write Cycle

Figure 5-10. Internal /O Write Cycle

CLKOUT |

A23-A0, UBE

D15-D0O

CS3-CS0

IORD

IOWR /

MRD

LMWR, UMWR /

Remark A broken line indicates a high impedance.
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5.8 SRAM (ROM) ACCESS

5.8.1 SRAM (ROM) Read Cycle
The timing in each state is explained below:

T1 state : The output of an address and the CSn signal starts. At the falling edge of the clock signal,
the MRD signal becomes active.

T2 state : If the READY signal is active at the falling edge of the clock signal, the bus cycle terminates.
The MRD signal is made inactive and, at the same time, data is sampled.

The wait count set with the WSn bit of the PWCnh register is ORed with the wait count controlled by READY.
Therefore, as many wait states as the larger of these wait counts are inserted. (See Chapter 6 .)

Figure 5-11. SRAM (ROM) Read Cycle

0 wait 2 waits
T1 | T2 | TW | T2 | T2 | T2
CLKOUT
A23-A0, UBE
D15-DO >- ------------- < >- --------------------------------

D
w7\ ~

LMWR, UMWR J j j \_
o \1/ L

Remarks 1. An arrow indicates a sampling timing when the programmable wait is set to O.
2. A broken line indicates a high impedance.
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5.8.2 SRAM Write Cycle
The timing in each state is explained below:

T1 state : The output of an address and the CSn signal starts. At the falling edge of the clock signal,
the LMWR and UMWR signals become active.

T2 state : If the READY signal is active at the falling edge of the clock signal, the bus cycle terminates,
and the LMWR and UMWR signals are made inactive. The write data is maintained until the
clock signal goes high in the T1 or Tl state of the next bus cycle.

The wait count set by the WSn bit of the PWCn register is ORed with the wait count controlled by READY.
Therefore, as many wait states as the larger of these wait counts are inserted. (See Chapter 6 .)

Figure 5-12. SRAM Write Cycle

0 wait 2 waits
T T2 TL | T2 T ] T2
CLKOUT
A23-A0, UBE
D15-DO >-< < --<
CS3-CS0

wo___/
wwomn 7 \L_/ T\ /

reRo \+/ VI

Remarks 1. An arrow indicates a sampling timing when the programmable wait is set to 0.
2. A broken line indicates a high impedance.
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5.9 PAGE-ROM ACCESS
Page-ROM cycles are selected by setting 1 in the CT3 bit of the BCTC register, a WCU control register.

5.9.1 Page-ROM Read Cycle
The page-ROM read cycle is similar to the SRAM read cycle, except in the following points:

» The wait count for each on-page cycle is specified with the WA bit of the PRC register (0 or 1). The wait
count for the off-page cycles is specified with the WS3 bit of the PWCL1 register (0 to 7).

» Wait control using the READY pin is impossible.

« The MRD signal does not become inactive for the on-page cycles.

Figure 5-13. Page-ROM Read Cycle

off-page (1 wait) on-page WA =0 on-page WA =1
T | T2 | T2 T | T2 T1 | 12 I T2

CLKOUT

A23-A3Nete

A2Nete-AQ, UBE

) S —— GRS gD S D 2 e

Cs3

w7\ ~

Note When MA5 to MA3 of the PRC register are 000 (See Section 7.2.3 .)

Remark A broken line indicates a high impedance.
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5.10 DRAM ACCESS

to

DRAM cycles are selected by setting 01 or 11 in the CTO bits of the BCTC register, a WCU control register.

<1> When CTO bits = 01 : The CSO pin functions as the REFRQ output.
<2> When CTO bits = 11 : The CSO0 pin functions as the CS0 output. (CSO becomes active when I/O
block 0 is accessed.)

During the DRAM cycle, the CSO0 signal becomes active in the case of <2> above.
To generate a cycle forthe DRAM high-speed page mode, setthe PAE bit of the DRAM configuration register
1. (See Section 7.1.4 )

5.10.1 DRAM Read Cycle

(1)

(2)

Off-page

The output of a column address starts in the T1 state. At the falling edge of the clock signal, the RAS
signal becomes inactive (RAS precharge), and the MRD signal becomes active.

During the first clock period of the T2 state that follows T1, RAS precharge is performed. At the falling
edge of the clock cycle, a row address is output.

In a second T2 state, the RAS signal is made active and, at the falling edge of the clock signal, a column
address is output.

In a third T2 state, the LCAS and UCAS signals are made active. If the CWS bit of the DRC register is
1, a wait state is inserted into the next cycle.

At the rising edge of the clock signal in the T1 state of the next cycle, the LCAS, UCAS, and MRD signals
are made inactive, data is sampled, and the cycle is completed.

Wait states can be inserted by inputting the external READY signal.

On-page

In the T1 state, output of a column address starts. At the falling edge of the clock signal, the MRD, LCAS,
and UCAS signals are made active. The RAS signal is held active.

At the rising edge of the clock signal in the T1 state of the next cycle, the LCAS, UCAS, and MRD signals
are made inactive, data is sampled, and the cycle is completed.
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Figure 5-14. DRAM Read Cycle

off-page on-page off-page
(Read) CWS =0 (Read) (Read) CWS =1

|T1|T2|T2|T2|T1|T2|T1|T2|T2|T2|T2|

CLKOUT |_
Al1-A1 T T T T T T

(DAW = 11) coL XrowX |coL coL coL  XRrRowX coL
) S D S D (]

LCAS, UCAS

w_ |/ /

NIRD 7\
we__/
REFRG H

READY \ /| \

L AAAN S

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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5.10.2 DRAM Write Cycle

(1)

(2)

Off-page

In the T1 state, output of a column address starts. At the falling edge of the clock signal, the RAS signal
becomes inactive (RAS precharge), and the WE signal becomes active.

During the first clock period in the T2 state following T1, RAS precharge is performed. At the falling edge
of the clock cycle, a row address is output.

During the second T2 state, the RAS signal is made active, and a column address is output at the falling
edge of the clock signal. If the CWS bit of the DRC register is 1, a wait state is inserted into the next cycle.
In a third T2 state, the LCAS and UCAS signals are made active. At the falling edge of the clock signal,
the WE signal is made inactive.

At the rising edge of the clock signal in the T1 state of the next cycle, the LCAS and UCAS signals are
made inactive, and the cycle is completed.

Wait states can be inserted by inputting the external READY signal.

On-page

In the T1 state, output of a column address starts. At the falling edge of the clock signal, the WE signal
is made active. The RAS signal is held active.

In the T2 state, the LCAS and UCAS signals are made active. If the ADC bit of the DRAM configuration
register is set to 1, one wait state is inserted unless the previous cycle was a write cycle. In this case,
during the next T2 state, the LCAS and UCAS signals are made active and, at the falling edge of the clock
signal, the WE signal is made inactive.

At the rising edge of the clock signal in the T1 state of the next cycle, the LCAS and UCAS signals are
made inactive, and the cycle is completed.

User's Manual U10077EJ5VOUMO0 95



V821™ USER'S MANUAL

Figure 5-15. DRAM Write Cycle

(1) When ADC =0

off-page on-page off-page
(Write) CWS =0 (Write) (Write) CWS =1

TL I T2 1 T2 | T2 T1 | T2 T1|T2|T2|T2|T2|
CLKOUT

(DAV@lzl'ﬁl) co. XrowX |coL coL co. XrowX | coL

D15-DO »< »< »-{
Ras |/ /

LCAS, UCAS

MRD

we_ /] \ /1N /] \ /

REFRQ H

READY A\ / 1\

|
IAAANSTE

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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(2) When ADC = 1

CLKOUT |

off-page

(Write) CWS =0
|T1|T2|T2|T2

pipipips

on-page
(Write)

TL | T2

1/0 cycle

on-page
(Write)

L L

[ L

T1|T2|T1|T2|T2|

L L

A11-Al
(DAW = 11)

coL XrowX

coL coL

COL

D15-D0O

RAS

1/

y-(_ D

LCAS, UCAS

MRD

we__ /T \

REFRQ H

READY

Remarks 1. ROW : Row address

COL

: Column address

2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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5.10.3 CBR Refresh Cycle

Abus cycle for arefresh cycle requires at least seven clock periods. Including the idle cycles entered before
and after the refresh cycle, at least nine clock periods are required. During the CBR refresh cycle, the external
READY signal can be used for control. At the rising edge of the sixth clock cycle of the CBR refresh cycle,
the external READY pin is sampled. Ifitis found to be inactive, the CBR refresh cycle is not terminated until
the external READY pin becomes active at the rising clock edge.

Figure 5-16. CBR Refresh Cycle

T | M| ™| TH| TH|TH|TH|TH]| ™| T |1
STENCVL S I A I B I
REFRQ /
RAS / /
LCAS, UCAS / /

LMWR/WE, UMWR, IOWR

_/ \
A23-A0, UBE
D15-DO > --------------------------------------------------------------- -
Cs3-CS0 /
MRD, IORD / N\
READY \ A

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.
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5.10.4 Self-Refresh Cycle

The self-refresh cycle is initiated by setting the SMD bit of the standby control register (STBC) to specify
idle or STOP mode, and executing the HALT instruction. Before DRAM can perform a self-refresh operation,
the specified RAS pulse width of DRAM (CBR self-refresh) (100 us or more) must be satisfied. When the

NMI signal is generated during the CBR self-refresh cycle, the REFRQ, RAS, LCAS, and UCAS signals are
made inactive, and CBR self-refresh is canceled.

During the halt acknowledge cycle and the first six clock cycles of the IDLE mode self-refresh cycle, all

external hold requests are ignored. External hold requests can be made only from the seventh clock cycle
of the self-refresh cycle.

In the halt acknowledge cycle and self-refresh cycle in STOP mode, all external hold requests are ignored.

Figure 5-17. CBR Self-Refresh Cycle

| T1) T2y THTHTH | TH TH | TH  TH | TH | TH | [/ | TH | TH)
ckout LML LI LMLy

NMI
A23-A0, UBE PC
D15-D0O REGETD EEEEEEE LEERIEEEY EEEE IEE L EE R PR Ry
REFRQ
RAS /
LCAS, UCAS
LMWR-WE, UMWR, IOWR —/

CS3-CS0, MRD, IORD —V/

[ TH | TH | TI

/ LM

—
—

— T T 1
'

el \k ..... et

\\l\

Remark A broken line indicates a high impedance.
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5.10.5 Bus Cycle during Fly-by Transfer

This cycle occurs only when fly-by transfer is specified for the DMA.

In the fly-by cycle, 1/O access and memory access are performed at the same time. Basically, the I/O and
memory accesses are made in the same way as in the 1/O and memory access cycles, respectively.

The wait count is set with the DWSn bit of programmable wait control register 2 (PWC2).

During DRAM off-page access and the SRAM cycle, wait states can be inserted by inputting the external
READY signal.

(1) Fly-by read cycle
(a) Block transfer

Figure 5-18. Fly-by Read Cycle during DMA Block Transfer (DRAM to External 1/O Device)

off-page (CWS = 1) on-page

oPUataie T2 | T2 L Te |10 L 10 [TH (T8 T4 (10 (3a IIH 1 Lo LT LT
e inipigipigigigiginiginiginin
DREQO |
DACKO
A23-A0, UBE coL_XeowX | coL coL
D15-DO T LECTT EPEEF SRR -l »-4 Eh EEEE -
RAS /
LCAS, UCAS \
IOWR / \ /T \L_/ N
7 \_
READY \

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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(b) Single transfer and single-step transfer

Figure 5-19. Fly-by Read Cycle during DMA Single Transfer and Single-Step Transfer

(DRAM to External I/O Device)

CPU DWA CPU DWA
off-page (CWS = 1) on-page
DMAstate TI Tl Tl |T0O TO|TiF T2F T2F T2F T2F| T3 | TI | TO TO| TO, TO|T1F T2F| T3 | TI | TI
CPUstate _T2 | T2 | T2 | T | THITH |TH ITH [TH ITH [ THI 71 [ T2 | T2 | T [ THITH ITH | THL 11 | T1
CLKOUT L[]
DREQO |
DACKO
A23-A0, UBE coL XeowX coL coL
D15-DO “enpened e AR ¢ I EE S T SEEeEE e
RAS /
LCAS, UCAS \ \_
oWR 7 \ / 7 \L/ <
TC
READY \

Remarks 1. ROW : Row address
: Column address

COoL
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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(2) Fly-by write cycle
(a) Block transfer

Figure 5-20. Fly-by Write Cycle during DMA Block Transfer (External I/O Device to DRAM)

off-page (CWS = 1) on-page

DMA state TI Tl TI TO TO |T1F T2F T2F T2F T2F |TI1F T2F|T3
CPUstate T2 | T2 | T2 | TI | THITH ITH ITH ITH ITH ITH ITH | TH TI Tl

cour LT LYY LL

DREQO

DACKO

A23-A0, UBE coL XpowX|_coL coL
D15-DO SEEE SEERE EEPEE -< )4 Meocleenn -
RAS /

[CAS, UCAS NI -
TORD / \

TC

A A

READY \

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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(b) Single transfer and single-step transfer

Figure 5-21. Fly-by Write Cycle during DMA Single Transfer and Single-Step Transfer
(External I/O Device to DRAM)

CPU DMA cPU DMA
off-page (CWS = 1) on-page
DMAstate TI Tl  TI|TO TO|TLF T2F T2F T2F T2F| T3 | TI | Tl T | TOo TO|TIFT2F|T3| T | TI
CPUstate T2 | T2 | T2 | T1 [ THITH ITH [TH [TH ITH | THL 11 [ T2 72| T LTHITH ITH [ THI 11 [ T2
CLKOUT
DREQO ,
DACKO
A23-A0, UBE COL XgowX coL X coL
D15-DO e i S mett S LR PR SEEEEEL SR e T
RAS /
LCAS, UCAS g
IORD / \ \ \ L
TC
READY AN

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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5.11 EXCEPTION HANDLING CYCLES

5.11.1 Machine Fault Cycle

When a machine fault occurs, the machine fault cycle is initiated. During the I/O write cycle, the source
code of a fatal exception (generated by ORing 0000H with the exception code), and the PSW and PC contents
at that time are output onto the data bus, one after the other.

Table 5-3 indicates the correspondence between the data bus and address bus.

Table 5-3. Correspondence between the Address Bus and Data Bus in the Machine Fault Cycle

Sequence Address bus Data bus
(AO - A23) (DO - D15)
1 000000H Source code of fatal exception (low-order)
2 000002H Source code of fatal exception (high-order)
(The value is always FFFFH.)
3 000004H PSW at that time (low-order)
4 000006H PSW at that time (high-order)
5 000008H PC at that time (low-order)
6 00000AH PC at that time (high-order)

Do not use addresses 000000H to 00000BH of address block 0 in the 1/0O space. The machine fault cycle
replaces any data in these locations with arbitrary data.

During this write cycle, all wait and bus hold requests are valid. Requests using HLDRQ and READY are
also valid during the machine fault cycle and the subsequent Tl state.

The machine fault state can be released only by inputting a reset.
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Figure 5-22. Machine Fault Cycle

T2 |T1|T2 | T1|T2| L] T2 | T1|T2| T Ti|T2|T1|T2| TI
cLKOUT _UTUTUTI_TUTUTLTLTLFLW/ L L L
A23-A0, UBE 000000HX000002HX00d004HX 00D006H GoogosX(000d0AH
D15-D0 (ADC=0) -{ Note )-- {|Note]y - {|psw])- - (pswiy - - {{+ - -1 - - PC p--{| PC [)----
Lower Upper Lower Upper Lower Upper
D15-D0 (ADC=1) ___r---(Qiote)-- oty - - swl-- oswly - -{-\y-{----(BC)- -- L]
=] |
owr /| \ /T \ /T \L/T\LS | LT\
MRD, IORD ___| ”
LMWR, UMWR __/ /
READY 1 l | l I l |

Note Source code of a fatal exception

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.

5.11.2 Halt Acknowledge Cycle
Inthe halt acknowledge cycle, the low-order 24 bits of the PC existing when the HALT instruction is executed
are output onto the address bus, while the low-order 16 bits of the PSW are output onto the data bus.
Wait states cannot be inserted by inputting the external READY signal. The wait count is always 0.
During the cycle, hold requests are ignored.
When idle or STOP mode is specified with the SMD bit of the standby control register (STBC), a self-refresh
cycle is initiated immediately after the hold acknowledge cycle. (See Section 5.10.4 )

Figure 5-23. Halt Acknowledge Cycle

evor L[ L LI
A23-A0, UBE C
D15-DO (ADC = 0) > PSW | preencteeseeeeaes
D500 (ADC=1) | prereeert{ PSW] reeeefeesesese
CS3-CS0
ViRG,iORD |
Covn, R, R

Remark A broken line indicates a high impedance.
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5.12 CONTROL SIGNAL TIMING

This section explains the timings of the bus hold and bus lock operations.

5.12.1 Bus Hold

When another processor requests bus mastership from the V821, the bus enters the bus hold state, and
the bus is relinquished to the processor. In this case, the bus is placed in the floating state.

Figure 5-24 shows the timing at which the bus enters the bus hold state. In the different states, the following
operations are performed:

T2 state : At the falling edge of the clock signal, the READY and HLDRQ signals are sampled. If both
signals are active, the bus enters the Tl state.

Tl state : At the falling edge of the clock signal, the WRQ signal is sampled. If the signal is active,
the bus enters the TH state.

TH state : The bus is placed in the floating state, and the HLDAK signal is made active. If the HLDRQ
signal remains active, the TH state continues. If the signal becomes inactive, the bus enters
the Tl state, and bus mastership is returned to the CPU.

Bus hold requests are accepted in ordinary mode, HALT mode, and IDLE mode. In addition, bus hold
requests can be accepted during a reset. Under the following conditions, however, a bus hold request is not
accepted:

* When the CAXI instruction is executed (The bus is locked.)

* In STOP mode (internal clock stopped state)

» During the halt acknowledge cycle in which halt or IDLE mode is entered, or during the first six cycles
of the self-refresh cycle in IDLE mode

At power-on reset, the HLDRQ signal must be made inactive.
signals originally in the self-refresh cycle state, enter the floating state. Later, when the bus hold request is
released, these signals become inactive, then, a self-refresh cycle is initiated.

If the bus cycle immediately before the bus hold state was a page-ROM cycle, the CS3 and MRD pins,
originally at the active level, are placed in the floating state. When the bus hold state is released, these pins
become inactive.

Similarly, if the bus cycle immediately before the bus hold state was a DRAM cycle and an on-page access
was enabled, the RAS pin, originally at the active level, is placed in the floating state. When the bus hold
state is released, the RAS pin becomes inactive.

Caution Whenthe bushold cycleisto be repeated, assure atleast three clocks at the inactive period
for the HLDRQ signal during the bus hold cycle.
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CLKOUT

ore N1 | | |
FILDAK \ /

A23-A0 | e e e

D15-DO __>- ------------------------------------------------------------------- C

CS2-CS0, / .............................................
UCAS, LCAS — |

ST I R ot AR PR RS

MRD | [ eeeeeeeefeeeeeeeeedeeeeeee e e e / L
LMWR/WE, f / _____________________________________________ \_
UMWR, IOWR, IORD

YT N ) GESRhhht AARREEELES LELRLRLEES ERLELELELS CRLELELE
READY \ l

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.
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5.12.2 Bus Lock

To prevent processors other than the V821 from using the bus, the BLOCK signal can be made active to
lock the bus.

A bus lock occurs when a CAXI instruction is executed. For example, during a lock word access made
using the CAXI instruction, the BLOCK signal becomes active in sync with the start of a read bus cycle, and
the signal becomes inactive in sync with the end of the last write cycle.

The BLOCK pin is also used as the WDTOUT pin. To output a BLOCK signal to the pin, the BWOS bit
of the WDT mode register must be set. (See Section 11.4 )

Figure 5-25. Bus Lock Cycle When the CAXI Instruction Is Executed

| TL | T2 |T18|T28| Tl T LTl T | T1 | T2 |T18|TZS| Tl

cLKOUT —memmﬂ_mq/ummmﬂ_m_r\_

A23-A0, UBE Lbck ward addfess |
Low-order 16 bits | High-order 16 bits Low-order 16 bits  High-order 16 bits
D15-DO0 (ADC = 0) >--------- me=t==- (Note}===fmmnn= R LR ---(Writedata)---(Writedata)-----
I |
D15-D0 (ADC = 1) >- Note) = = =1 = = = {Note)- = = = f = == = = AL TETE PERFEY FRRPEY it data- - - - - L Write data) - - - -
CS3-CS0 \\
MRD \ H
[(MWR, UMWR __/ I ) \| /T \ L/
READY \|/ \|/ //// \ |/ \/
BLOCK , I/

Hold request not accepted

Note Read data

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.

108 User's Manual U10077EJ5VOUMO0



CHAPTER 6 WAIT CONTROL FUNCTIONS

The wait control unit (WCU) manages the four blocks corresponding to the four chip select signals,
generates the chip select signals, performs wait control, and selects the bus cycle types.

6.1 FEATURES

Able to control up to four blocks in the memory and I/O spaces
Linear address space of each block: 16 Mbytes
® Wait control
» Automatic insertion of 0-7 waits per block
* Insertion of waits using the READY pin
® Bus cycle selection function
» Page-ROM cycle selectable (address block 3)
» DRAM cycle selectable (address block 0)

6.2 ADDRESS SPACES AND BLOCKS
The internal 4-Gbyte memory and 1/O spaces are each divided into blocks of 1 Gbyte each. Built-in
peripheral 1/0O registers are allocated to 1/O block 3.

Each block has alinear address space of 16 Mbytes. For a 32-bit address, only the lower 24 bits are output.)

Figure 6-1. Memory and I/O Maps

(1) Memory map (2) /0 map
FFFFFFFFH[ |7 16 Mbvt FFFFFFFFH
es
Block 3 y (fggk t::;)
(1 Gbyte) Image Interna)lll lfe}
cooooooOH| | e oo CO0000000H
BFFFFFFFH .. mage BFFFFFFFH
Block 2 A L Block 2
(1 Gbyte) R T (1 Gbyte)
80000000H Image 80000000H
7FFFFFFFH 7FFFFFFFH
Block 1 _~T_16 Mbytes Block 1 p 16 Mbytes
(1 Gbyte) e |_n:|§19-e _____ (1 Gbyte) o Image
40000000H . |mage 40000000H A L L
3FFFFFFFH| | [Tttt 3FFFFFFFH Image
Block O = S Block 0 P GREEREEREEELS =5
(1 Gbyte) (1 Gbyte) I T
0000000OH| | . Image 00000000H| | Image
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6.3 CHIP SELECT CREATION AND BUS CYCLE SELECTION FUNCTIONS

The chip select sighals (CS0-CS3) are output to block 0-3, as follows:

Block name Access type Chip select signal
Block 0 Memory or I/O access CSo signal
Block 1 Memory or I/O access CS1 signal
Block 2 Memory or I/O access CS2 signal
Block 3 Memory access CS3 signal

When memory access is selected for block 0, the DRAM cycle can be specified. In this case, the CSo/
REFRQ pin is specified for either REFRQ or CSO output. CS0 output becomes active at both memory access
and 1/O access.

For memory access to block 3, the page-ROM cycle can be specified.

6.4 PROGRAMMABLE WAIT FUNCTION

WCU allows the user to specify the number of waits to be inserted, using the WSn bits of the programmable
wait control register (PWCn) corresponding to the signal CSn. The programmable wait control register allows
the specification of 0 to 7 waits. Additional waits can be inserted by using the READY pin.

6.4.1 Wait Control Using the READY Pin
Waits of eight or more clock pulses can be inserted using the READY pin. In the cycles listed below, all
of which have fixed waits, the READY pin cannot be used to insert waits, however.

» Page-ROM cycle

» DRAM cycle (on-page)
» Internal I/O cycle

* CBR self refresh cycle
» Halt acknowledge cycle

The sampling of the READY pin is performed as follows, according to the cycle:
 DRAM cycle (off-page): At the rising edge of the third clock pulse in the T2 cycle
» CBR refresh cycle: At the rising edge of the fourth clock pulse in the T2 cycle

» Other cycles in which the READY pin is effective: At the falling edge of a clock pulse in the T2 cycle

The number of waits specified with the PWCn register and that specified with READY input are ORed, that
is, that having the greater number of waits is inserted.

Caution The CLKOUT signal must be synchronized so that the setup/hold time of READY input is
ensured. Otherwise, the operation cannot be guaranteed.
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6.4.2 Wait Control during DMA Transfer

(1) During two-cycle DMA transfer
« Read cycle: Dependent on the wait setting made for an address block specified with the SBN bit of
the DMA source address register (DSA).
< Write cycle: Dependent on the wait setting made for an address block specified with the DBN bit of
the DMA destination address register (DDA).

(2) During fly-by DMA transfer
The 0-7 waits specified with the DWS0 and DWS1 bits of the PWC2 register can be inserted. An external
READY signal is effective at off-page access during the DRAM cycle and during the SRAM cycle of each
block.

6.4.3 Bus Cycles during Which the Wait Function Is Effective
V821 supports the following wait insertion sources:
« Programmable wait (set with the PWCO0 and PWCL1 registers)
¢ Programmable wait (set with PWC2): During DMA fly-by transfer
« Wait with the READY pin
« Wait at off/on-page time in the DRAM cycle with DRAMC (fixed)

« Wait at off/on-page time in the page-ROM cycle with ROMC (fixed)

Table 6-1 lists the relationship between each bus cycle and the wait function. Table 6-2 lists the bus cycles
for which programmable waits can be set, together with the corresponding control registers.
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Table 6-1. Bus Cycles during Which the Wait Function Is Effective

Bus cycle Programmable wait Wait with the READY pin

SRAM (ROM) cycle (Blocks 0-3) 0-7 waits o]
DRAM cycle (Block 0) off-page 2 or 3 waits o]

on-page 0 or 1 wait X
Page-ROM cycle (Block 3) off-page 0-7 waits X

on-page 0 or 1 wait X
External 1/0 cycle (Blocks 0-2) 0-7 waits o]
Internal I/0O cycle (Block 3) 1 or 2 waits X
CBR refresh cycle Fixed (3 waits) o]
CBR self-refresh cycle - X

Fly-by DMA transfer

SRAM (ROM) cycle (Blocks 0-3) 0-7 waits o]
DRAM cycle (Block 0) off-page 2-7 waits o]
on-page 0-7 waits X

Page-ROM cycle (Block 3) off-page 0-7 waits X
on-page 0-7 waits X

Halt acknowledge cycle Fixed (0 wait) X
Machine fault cycle (I1/O block 0 write) 0-7 wait o]

Remark o: Effective
x: Not effective
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Table 6-2. Cycles during Which Programmable Waits Can Be Set, and
Corresponding Control Registers

Bus cycle Control register
SRAM (ROM) cycle Programmable wait control registers 0 and 1 (PWCO and PWC1)
DRAM cycle off-page DRAM configuration register (DRC)
on-page
Page-ROM cycle off-page Programmable wait control register 1 (PWC1)
on-page Page-ROM configuration register (PRC)
External 1/O cycle Programmable wait control registers 0 and 1 (PWCO and PWC1)

Fly-by DMA transfer

SRAM (ROM) cycle Programmable wait control register 2 (PWC2)
DRAM cycle off-page Programmable wait control register 2 (PWC2) and DRAM
configuration register (DRC)Note
on-page Programmable wait control register 2 (PWC2)
Page-ROM cycle off-page
on-page
Machine fault cycle Programmable wait control register 0 (PWCO)

Note See Table 6-3.
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6.5 CONTROL REGISTERS

WCU includes abus cycle type control register (BCTC) and programmable wait control registers 0-2 (PWCO-
PWC2), used for wait control.

6.5.1 Bus Cycle Type Control Register (BCTC)
This register is used to set the bus cycle types for address blocks 0-3.
The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
BCTC 0 CT3 0 CT2 0 CT1 CTo CO000020H 01H
Bit position Bit name Description
6 CT3 Cycle Type3

When memory block 3 is accessed, the CS3 signal is output.
Specifies the cycle to be activated at that time.

0: SRAM (ROM) cycle

1: Page-ROM cycle

4 CT2 Cycle Type2
Specifies whether the CS2 signal should be output at memory or 1/O access,
together with the cycle to be activated.

0: SRAM (ROM) cycle

1: 1/O cycle

2 CT1 Cycle Typel _
Specifies whether the CS1 signal should be output at memory or I/O access,
together with and the cycle to be activated.

0: SRAM (ROM) cycle

1: 1/O cycle

1,0 CTO Cycle TypeO -

Specifies whether the CSO signal should be output at memory or 1/O access,
together with the cycle to be activated.

For the DRAM cycle, the CSO/REFRQ pin can be specified for CS0 output for
an 1/O block, or for REFRQ output for DRAM. When the pin is specified for
CSO0 output (CTO = 11), the CSO signal becomes active at both 1/O access
and memory access.

CTO Cycle to be activated
0 0 SRAM (ROM) cycle
0 1 DRAM cycle (REFRQ output)
1 0 1/0 cycle
1 1 I/0 cycle, DRAM cycle (CSO output)
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6.5.2 Programmable Wait Control Register 0 (PWCO)
This register is used to set the number of waits for access to address blocks 0 and 1.
The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
pwco [ 0 ws1 0 WS0 C0000022H 77H
Bit position Bit name Description
6-4 WS1 Wait Statesl
Specifies the number of waits. When address block 1 corresponding to the
CS1 signal is accessed, the number of wait states specified with WS1 is
automatically inserted.
WS1 Number of waits
0 0 0 0
0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
2-0 WSO Wait StatesO

Specifies the number of waits. When address block 0 is accessed, the
number of wait states specified with WSO is automatically inserted. If the
DRAM cycle is specified with the CTO bit of the BCTC register, WSO is ignored
and DRAMC inserts a fixed wait state(s).

WSO specifies the number of waits to be inserted for an I/O block.

WSO Number of waits
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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6.5.3 Programmable Wait Control Register 1 (PWC1)
This register is used to set the number of waits for access to address blocks 2 and 3.
The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
PWC1 0 WS3 0 ws2 C0000024H 77H
Bit position Bit name Description
6-4 WS3 Wait States3

Specifies the number of waits. When address block 3 is accessed, the
number of wait states specified with WS3 is automatically inserted. If the
page-ROM cycle is specified with the CT3 bit of the BCTC register, the
number of waits at off-page time is assumed.

WS3 Number of waits
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
2-0 WS2 Wait States2

Specifies the number of waits. When memory or 1/0O block 2 is accessed, the
number of wait states specified with WS2 is automatically inserted.

WS2 Number of waits
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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6.5.4 Programmable Wait Control Register 2 (PWC2)

This register is used to set the number of waits for fly-by DMA transfer.

The register is used to set the number of waits to be inserted during fly-by DMA transfer, during which
memory access (DRAM, page-ROM, ROM, and SRAM) and I/O access are performed concurrently.

This register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
pwc2 | 0 DWS1 0 DWS0 cc?c()jc?c;ce)ng Whe%ﬁsen
Bit position Bit name Description
6-4 DWS1 DMA Wait Statesl
Specifies the number of waits to be inserted during fly-by transfer with DMA
channel 1.
DWS1 Number of waits
0 0 0 0
0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
2-0 DWSO0 DMA Wait States0
Specifies the number of waits to be inserted during fly-by transfer with DMA
channel 0.
DWSO0 Number of waits
0 0 0 0
0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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At off-page time during the DRAM cycle, and when the CSO signal is specified for the DRAM cycle (CTO
in the BCTC register = 01 or 11), the number of waits for fly-by DMA transfer to and from memory block 0
will be influenced by the CWS bit of the DRAM configuration register (DRC), as follows:

Table 6-3. Number of Waits to Be Inserted during Fly-by DMA Transfer
(at off-page Time during DRAM Cycle)

Number of waits specified with the CWS bit 2 3
Number of waits specified with the DWS bit o(1|2|3|4|5|6|7|0|12|2|3|4|5|6 |7
Number of waits 2|12(2|3|4|5|6|7[3|3|3|3|4|5|6|7
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CHAPTER 7 MEMORY ACCESS CONTROL FUNCTIONS

7.1 DRAM CONTROLLER (DRAMC)

The DRAM controller (DRAMC) generates the REFRQ, RAS, LCAS, and UCAS signals, and controls access
to DRAM. Access to DRAM is achieved by multiplexing the DRAM row and column addresses and outputting
them from the address pins.

The microprocessor assumes the connected DRAM to be of x 4 bits or more, and that it supports high-speed
page mode. There are two types of DRAM access cycles, on-page (2 or 3 clock pulses) and off-page (4 or
5 pulses).

Refresh uses the CAS before RAS method, allowing the user to set any refresh period. Inidle and STOP
modes, CBR self-refresh is performed.

7.1.1 Features

* Generates the REFRQ, RAS, LCAS, and UCAS signals.
e Supports DRAM high-speed page mode.

« Address multiplexing function: 8, 9, 10, and 11 bits

* CBR refresh and CBR self-refresh functions

7.1.2 Connecting DRAM

The V821 can be directly connected to DRAM of x 4 bits or more, and which supports a high-speed page
mode function (512 Kbytes to 8 Mbytes).

The DRAM cycle is activated upon being selected with CTO of the bus cycle type control register (BCTC)
and address block 0 is accessed.

Table 7-1 lists the DRAM control pins of the V821.

Table 7-1. DRAM Control Pins

V821 DRAM control pins DRAM pins
A0-A23 Address pins
D0-D15 Data pins
RAS, REFRQ RAS
LCAS CAS
UCAS
WE WE
MRD OE
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Byte control during DRAM access is performed using only the LCAS and UCAS signals. Thus, throughout
DRAM access, the UMWR signals are inactive. To prevent the DRAM from entering test mode, the WE signal
is always inactive during the refresh cycle. Chapter 2 explains each pin in detail.

Figures 7-1 and 7-2 show examples of connecting DRAM.

Figure 7-1. Connection of 16-Mbyte (1-Mbyte x 16) DRAM

A1-A10 > AO-A9
D0-D15 < > /01-1/016
RAS RAS
LCAS LCAS
UCAS UCAS
WE WE
MRD OE
16 M DRAM (1 M x 16)

V821

Figure 7-2. Connection of 4-Mbyte (1-Mbyte x 4) DRAM

AL-AL0 | A0-A9 | A0-AS
D0-D7 (! | I_ M o104 | ——>|vo1-104
D0-D3 D4-D7

RAS RAS L . |ras

[cAS cAs  f——|cas

WE WE — | WE

VIl OF - -|oE

4 M DRAM (1 M x 4) 4 M DRAM (1 M x 4)

= S| A0-A9 > A0-A9

D8-D15 < 1/01-1/04 :> 1/01-1/04

D8-D11 D12-D15
- | RAs | Ras
UCAS EAS L .| cas
WE —| WE
OE ——| OE
vezl 4 M DRAM (1 M x 4) 4 M DRAM (1 M x 4)
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7.1.3 Address Multiplexing Function
In the DRAM cycle, row and column addresses are multiplexed according to the value of the DAW bits of
the DRAM configuration register (DRC), then output, as shown in Figure 7-3. In Figure 7-3, a0-a23 are the
addresses output from the CPU, while A0-A23 are the address pins of the V821. For example, if DAW = 11,
row address al2-a22 and column address al-all are output from address pins (A1-Al1l).
Table 7-2 lists the relationship between the connectable DRAMs and address multiplexing widths.
Depending on the connected DRAM, the DRAM space can be between 128 Kbytes and 8 Mbytes.

Figure 7-3. Output of Row and Column Addresses

Address pin

Row address

A23—A16 Al5 Al4 A13 Al2 All A10 A9

A8 A7

A6 A5 A4 A3 A2 Al A0

DAW =11 | a23— al6 | als5 | ald | al3 | a23 | az22 | a2l | a20 | al9 | als | al7 | alé | als5 | ald | al3 | al2 | all |
DAW =10 | a23— al6 | als5 |a14 | a23 |a22 | a2l | a20 | al9 | als | al7 | alé | als5 | al4d | als | al2 | all | alo |
DAW =01 | a23— al6 | al5 |a23 | a22 |a21 | a20 | al9 | als | al7 | alé | als | al4 | al3 | alz | all | alo | a9 |
DAW =00 | a23— al6 | az23 |a22 | a2l |a20 | al9 | a18|a17 | alé |al5 | ala | al3 | al2 | all | alo | a9 | a8 |
Column address | a23 a0 |
Table 7-2. Examples of DRAM and Address Multiplexing Width
Address multiplexing width DRAM capacity (in bits) and configuration DRAM space (in bytes)
256 K 1M 4 M 16 M
8 bits 64 Kx 4 - - - 128 K
9 bits - 256 Kx4 | 256 K x 16| - 512 K
- - 512 Kx 8 | - 1M
10 bits - - 1Mx4 1 Mx16 2M
- - - 2Mx8 4 M
11 bits - - - 4 Mx4 8 M
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7.1.4 DRAM Configuration Register (DRC)
This register is used to set the address multiplexing width, number of waits, and the data output timing used
during DRAM access.
The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
DRC ADC PAE 0 0 0 CwWS DAW C0000028H 81H
Bit position Bit name Description
7 ADC Avoid Data Conflict
Sets the output timing of the write data.
Effective during SRAM and I/O cycles other than the DRAM cycle.
0: The output of data starts at the falling edge of a clock pulse in T1.
1: The output of data starts at the rising edge of a clock pulse in T2.
During the DRAM on-page write cycle, one wait state is inserted when ADC is
1, unless the previous cycle was a write cycle.
6 PAE Page-mode Access Enable
Controls the activation of the on-page access cycle conforming to the DRAM
high-speed page mode.
0: Activation disabled
1. Activation enabled
2 CWS Compulsory Wait State
Sets the number of waits to be inserted in the DRAM off-page cycle.
0: 2 waits
1: 3 waits
1,0 DAW DRAM Address Width
Sets the address multiplexing width used when a row address is output during
the DRAM cycle.
DAW Multiplexing width
0 0 8 bits
0 1 9 bits
1 0 10 bits
1 1 11 bits
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7.1.5 DRAM Read/Write Cycles

The DRAM cycle is activated when CTO of the BCTC register is 01 or 11 address block 0 is accessed. The
width of the row and column addresses to be output to DRAM is selected by setting the DAW bits of the DRC
register.

The DRAM write cycle is an early write cycle.

There are two types of DRAM read/write cycles, on-page cycle and off-page cycle, according to the number
of clock pulses in the cycle and the timing of the DRAM control signals (RAS, LCAS, and UCAS). In the on-
page write cycle, a wait state is inserted when ADC of the DRC register is 1, unless the previous cycle was
a write cycle.

Table 7-3. Differences between on-page and off-page Cycles

Cycle Conditions Number of clock pulses

on-page cycle * RAS = 0 and the same row address as that in the previous 2 (0 wait)Note
DRAM read or write cycle

off-page cycle *RAS =1 4 +n
« RAS = 0 and a row address that differs from that used in (2 + n waits)
the previous DRAM read or write cycle

Note During the write cycle, when ADC of the DRC register is 1 and the previous bus cycle was a read
cycle for other than internal 1/0: 3 (1 wait) clock pulses

Remark n: Values of the CWS bits of the DRC register

Once active, the RAS signal remains active until an off-page cycle or refresh cycle occurs; when an off-
page cycle occurs, the signal becomes active again after the completion of RAS precharge; when a refresh
cycle occurs, it becomes inactive after performing refresh.

In an off-page cycle, wait control can be applied by using the READY pin.

The DRAM cycle for address block 0 is always in the off-page cycle after the I/O cycle.
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Figure 7-4. DRAM Read Cycle

off-page on-page off-page
(Read) CWS =0 (Read) (Read) CWS =1

|T1|T2|T2|T2 T1 | T2 T1|T2|T2|T2|T2|
CLKOUT

P

(DAV/\\,lzl'lAS coL XRrowX |coL coL co. XRowX | coL

D15-D0O

RAS

LCAS, UCAS

1L
-

MRD
WE /
REFRQ H

oY \ 7 T\

L AAAN S

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.

124 User's Manual U10077EJ5VOUMO0



CHAPTER 7 M ,
asSe

Figure 7-5. DRAM Write Cycle

(1) When ADC =0

off-page on-page off-page
(Write) CWS =0 (Write) (Write) CWS =1

TL I 12 1 T2 | T2 T1 | T2 T1|T2|T2|T2|T2|
CLKOUT

(DA®1:1-1A11) coL XRrRowX | coL coL coL XRowX | coL

D15-D0 > > >
s |/ /

LCAS, UCAS

7]\ /T T /

REFRQ H

READY \ /1 \

L AAANST P

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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(2) When ADC =1

off-page on-page 1/0 cycle on-page
(Write) CWS =0 (Write) (Write)

|T1|T2|T2|T2 T1 | T2 T1|T2|T1|T2|T2

A [

(DAV)?/lj-ﬁl) co. XRrowX | coL coL coL

D15-DO _>- ----- 4 > pIRES )TN ¢
w__| /

LCAS, UCAS

)
s
~
VRD \_
—

we_ /T \ /T \L/T \L/] \ /|

REFRQ H

READY \ /| \

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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7.1.6 Wait Control for DRAM Cycle

Programmable wait control for the DRAM cycle is possible during fly-by DMA transfer only. The number
of waits to be inserted is set with programmable wait control register 2 (PWC2). (See Section 6.5.4.)

The timing of wait insertion differs during read and write. During DRAM read, the access time for the LCAS
and UCAS signals is extended; during DRAM write, the timing at which the LCAS and UCAS signal become

active is delayed.

Wait control using the external READY pin is effective during the off-page cycle for normal DRAM access,
DRAM access with fly-by DMA, and during the CBR refresh cycle.
The READY signal is sampled from the T2 cycle at the third clock pulse, at the rising edge of the clock pulse,

half a clock pulse earlier than during a normal SRAM cycle.

Figures 7-6 and 7-7 show the timings of the DRAM read and write cycles when waits are inserted.

Figure 7-6. Insertion of Wait State (1 Wait) during DRAM Read for
Fly-by DMA Transfer (DRAM to External 1/0O)

DMAstae TI TI TO |TIF T2F T2F T2F T2F|TIF T2F T2F | T3 | T TI
CPUstate T2 TI TH ITH T TH TH TH|TH TH THITHI 11 11
TRV N I e
DREQO
DACKO
A0-A23, UBE X XrRowY | coL coL
REFRQ H
RAS /
These are prolonged to enable DRAM read.
LCAS, UCAS \ /% /
MRD \ \
IOWR / 1\ /T \ / _
D0-D15 S ELCCEE PEEEE e »o----¢ )2 EEEEEE SEEEE (
READY \ /

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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Figure 7-7. Insertion of Wait State (1 Wait) during DRAM Write for
Fly-by DMA Transfer (External I/O to DRAM)

DMA state  TI TI TO |TIF T2F T2F T2F T2F | TIF T2F T2F | T3 TI TI
CPU state T2 TI TH TH TH TH TH TH TH TH TH TH TI T1

cwour L LI LI L LML L Loy

DREQO

DACKO

A0-A23, UBE XROWX | coL coL

REFRQ H

RAS /

LCAS, UCAS \ /
These are prolonged to enable DRAM write.

WE /T \ / T\ / .

1ORD \ .
DO-D15 SEEEE EERERE e Y ----< )3 EEEEEE EEEEE

READY \ /

Remarks 1. ROW : Row address
COL : Column address
2. A broken line indicates a high impedance.
3. An arrow indicates a sampling timing.
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7.1.7 Refresh Function

DRAMC can automatically generate the distributed CBR refresh cycle needed to refresh external DRAM.
Whether refresh should be enabled or disabled, and the refresh interval, are specified using the refresh control
register (RFC).

While another bus master is occupying a bus, DRAMC cannot forcibly acquire the bus. In this case, in
response to a refresh request issued from DRAMC, BAU makes the HLDAK pin inactive to post notification
of the occurrence of a refresh request. In this state, by making the HLDRQ pin inactive, the refresh cycle
is activated. Section 5.3 explains the priorities of bus cycles other than refresh.

(1) Refresh control register (RFC)
This register is used to specify whether refresh should be enabled or disabled, as well as the refresh
interval.
The refresh interval is determined using the following formula:

Refresh interval (in ps) = Refresh count clock pulses (Trcy) x Interval factor
The refresh count clock pulses and interval factor are specified with the RCC and RI bits of the RFC register,

respectively.
The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
RFC [ REN | RCC RI CO00002AH 80H
Bit position Bit name Description
7 REN Refresh Enable

Specifies whether to enable or disable CBR refresh.
0: Refresh disabled
1. Refresh enabled

6 RCC Refresh Count Clock

Specifies refresh count clock pulses (Trcy).
0: Trey = 32/¢
1. Trecy = 128/¢

5-0 RI Refresh Interval
Sets the interval factor for the interval timer used for creating refresh timing.

RI Interval factor

0 0 0 0 0 1
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(2) DRAM refresh intervals and examples of setting the RFC register
Table 7-4 lists the refresh cycles and the refresh intervals for a DRAM of between 256 Kbits to 16 Mbits.
Table 7-5 lists examples of setting the interval factor (set with the RI bit of the RFC register) needed to
determine the refresh interval.

* When Trey = 32/¢

Table 7-4. DRAM Refresh Intervals

Capacity Refresh cycles (cycles/ms) | Refresh interval (us)
256 K 256/4 15.6
1M 512/8 15.6
512/64 125
4 M 512/128 250
1 K/16 15.6
1 K/128 125
16 M 1 K/256 250
2 K/256 125
4 K/64 15.6
4 K/256 62.5

Table 7-5. Examples of Setting the Interval Factor

Standard refresh interval (us) Value of the interval factor

12.5 MHz 16 MHz 20 MHz 25 MHz
15.6 5 (12.8) 7 (14.0) 9 (14.4) 11 (14.1)
62.5 24 (61.4) 31 (62.0) 38 (60.8) |48 (61.4)
125 48 (122.9) |62 (124) - -
250 - - - -

130
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* When Trcy = 128/¢

Standard refresh interval (us) Value of the interval factor

12.5 MHz 16 MHz 20 MHz 25 MHz
15.6 - - - -
62.5 - - - -
125 - - 19 (121.6) |24 (122.9)
250 24 (245.8) |31 (248.0) |38 (243.2) |48 (245.8)

Remark The values in parentheses are calculated refresh interval values (us).
- Not applicable.

(3) CBR refresh cycle
The refresh cycle is performed by holding the bus, as shown in Figure 7-8. One bus cycle requires at
least seven clock pulses, or at least nine clock pulses when including the preceding and succeeding idle

cycles.
Figure 7-8. CBR Refresh Cycle
| | ™| TH| TH|] T | T | T | T™H| T |1
cwour [ L L L L L L L L
REFRQ /
RAS / /
cas,ucas |/ /
LMWR/WE, UMWR, IOWR __/’ N\
A23-A0, UBE
D15-DO :> ----------------------------------------------------------------
csscso )/
WeD, 0%/ N
READY Ly

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.
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7.1.8 Self-Refresh Function

DRAMC generates the CBR self-refresh cycle in idle and STOP modes. The self-refresh cycle is activated
by setting the SMD bit of the standby control register (STBC) to idle or STOP mode and executing the HALT
instruction.

To enable DRAM to perform self-refresh, the standard RAS pulse width for DRAM (100 ps or greater) must
be ensured.

Self-refresh is canceled using the RESET or NMI pin. The procedure for cancellation by RESET input is
the same as that for normal reset. The other procedures for canceling self-refresh are explained below.

(1) Cancellation with Nmnput
As soon as an NMI interrupt occurs during the CBR self-refresh cycle in IDLE mode, DRAMC makes the
REFRQ, RAS, LCAS, and UCAS signals inactive to cancel CBR self-refresh.
When an NMI interrupt occurs during the CBR self-refresh cycle in STOP mode, DRAMC secures the time
required for oscillation to settle, then makes the above signals inactive, thus canceling CBR self-refresh.

Figure 7-9. Cancellation of CBR Self Refresh with NMmput

(a) In IDLE mode

(T2, T2, Tl | TH | TH | TH | TH | TH | TH | TH | TH | TH | TH, [ THyTH | TI
ctcour LML LML LML L L L L L L /umruﬂ_

NMI

A23-A0, UBE PC

D15-DO Q) SEEE EETE PEEE SPPRL FPPE PEPY PERE PR P

REFRQ

RAS /

LCAS, UCAS

LMWR/WE, UMWR, IOWR —/
CS3-CS0, MRD, IORD

\I\i\lg

L 11 ' ———F7
'
1
[
'
'
'
'
T T —— 77
'
'
1
v
'
'
| '

Remarks 1. A broken line indicates a high impedance.
2. The noise eliminator introducing an analog delay is used for input of NMI. Therefore, the time

from when NMI is input until REFRQ, RAS, LCAS, and UCAS become inactive depends on
the use condition.
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(b) In STOP mode

[T T2 Tl \TH\TH\TH\TH\TH\TH\TH\TH\// |TH \TH\// |TH | TH | TI
ckout LI L LI LI LI L]
NMI
A23-A0, UBE PC
D15-DO PSW
REFRQ
RAS /
LCAS, UCAS
LMWR/WE, UMWR, IOWR —/
CS3-CS0, MRD, IORD —V

\u\i\n

I \
L | | —

\
\

Remark A broken line indicates a high impedance.

(2) Cancellation with HLDRQ input (in IDLE mode)
When a hold request is issued during the CBR self-refresh cycle in IDLE mode, the DRAM control pins
are set to high impedance and enter the bus hold state. When the hold request is canceled, the CBR
self refresh cycle is reactivated.

Figure 7-10. Cancellation of CBR Self-Refresh with HLDRQ Input (in IDLE mode)

CBR self-refresh —>}<— Bus hold —%4— CBR self-refresh

[THITH|TH[THITH[TH|THITH|[THI|TH|TH[TH[TH|TH|[THITH|TH| TH

CLKOUTT ML LI 111
HLDRQ Yy vy
HLDAK \ /
REFRQ SEETEELE EEPEI EEPEEEES 4
RAS 7 SLTETEEE CEERI TEET TR 4
LCAS, UCAS 7| S P U IS
A23-A0, UBE S N S A
DTN 0B T e B e S B B e DDk EEEE T T TR EEE PP R Ry P RN
MRD 7 D S e 4

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.
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7.2 ROM CONTROLLER (ROMC)

The ROM controller supports access to ROM having a page access function (page-ROM).

The ROM controller performs address comparison with the previous bus cycle and performs wait control
for normal access (off-page)/page access (on-page). It supports page widths of 8-64 bytes.

The page-ROM cycle is supported with address block 3.

7.2.1 on-page/off-page Decision

Whether the page-ROM cycle is on-page or off-page is determined by latching the address during the
previous cycle and comparing it with the address during the current cycle.

The address(es) (A3-A5) to be masked (not compared) is set using the page-ROM configuration register
(PRC), according to the configuration of the connected page-ROM and the number of consecutively readable
bits.

Figure 7-11. on-page/off-page Decision When ROM Having a Page Access Function Is Connected

(1) For 16-Mbit ROM (1-Mbit x 16)

Intemal  |mrq| a31]a30|  [a23]a22]|a21] a20]a19]a18] ~——] a5 | a4 | a3 |
I S Y S S

address latch 1 \
. (Sanlwe addrless blolck) ' ' ' ! ' ' ' MAGIMAZIMA3
Settlng Of the Memory access: : : : E i : E E
PRC regISter Comparison :Compa4I ' ' 1Compa-} ' ' ' ' Comparison '
Y y rison ¥ Y Y y rison Yy Y ] Y Y y — onloff-p_ag_e
ve2loutput  [MRQ|a31]a30]|  |A23[A22|A21] A20{A19] A18] «—— | A5 | A4 A3z A2] AL A0;

address (Internal) l l l l l l l T
[a10la18/a17] <——— [ A4 A3 | A2] A1]A0]
-=|n-page—>
address

U

Consecutively readable bits: 16 bits x 4

(2) For 16-Mbit ROM (2-Mbit x 8)

Internal  |mrq|a31]a30| [a23]|a22|a21]a20]/a19]/a18] ~—— a5 | a4 | a3 |
address latch (S A dd‘ blAk) A A A A h A A A
ame address bloc ! ! ! ! , . .
Settlng Of the Memoryi accessi : E E E i E E E
PRC register Complarison ECompa-E . . :C(_)mpa—: . . . . Comp:arison )Y(
Y yrisony Yoy yToy oy \ ¥__ v = on/off-page
ve2Loutput  [MRQ|a31/a30| | A23|A22|A21] A20[A19] AL8] ~—— [ A5 [ A4 | A3 | A2] A1 | A0:
address o

(Internal) l l l l l l
[a1o]arg]a17] <—— [ aa]as]az2] A1) a0 a4

< In-page —»
address

U

Consecutively readable bits: 8 bits x 8
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7.2.2 Page-ROM Access

Access to page-ROM is made with 0 or 1 wait during the on-page cycle, and with 0-7 waits during the off-
page cycle. The number of waits in the on-page cycle is specified with the WA bit of the page-ROM
configuration register (PRC).

Figure 7-12 shows the timing of the page-ROM cycle. Figures 7-13 and 1-14 show examples of connecting
page-ROM to the V821.

Figure 7-12. Timing of the Page-ROM Cycle (16-Mbit (1-Mbit x 16) Page-ROM)

off-page on-page on-page
~—(1 Wait)—»<WA = Om<—WA=1—»
T T2 T2l TL T2 11 T2 T2
A3-A23 X X
Ao-A2,UBE X X X X_
cs3 _\ : I C I I I [

MR /N L oo

Remark A broken line indicates a high impedance.

Figure 7-13. Connection of 16-Mbit (1-Mbit x 16) Page-ROM

A1-A20 > AO-AL9
DO-D15 < 00-015
MRD OE
cs3 CE
@— WORD/BYTE

16 M (1 M x 16) page-ROM

V821
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Figure 7-14. Connection of 16-Mbit (2-Mbit x 8) Page-ROM

Al1-A21

DO-D7

MRD

CS3

D8-D15

V821

A0-A19, A-1

00-07

OE
CE

WORD/BYTE

16 M (2 M x 8) page-ROM
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CE
WORD/BYTE

16 M (2 M x 8) page-ROM




7.2.3 Page-ROM Configuration Register (PRC)

This register is used to set the address(es) (A3-A5) to be masked (not compared) according to the
configuration of the connected page-ROM and the number of consecutively readable bits. It is also used to
set a wait according to the system clock.

The register supports read/write in units of eight bits.

7 6 5 4 3 2 1 0
Address When reset,
PRC WA 0 0 0 0 MA5 MA4 MA3 C000002CH 80H
Bit position Bit name Description
7 WA Wait Adjustment

Sets a wait according to the system clock.
The wait set with this bit is inserted in the on-page cycle only. In the off-page
cycle, the wait(s) set with WS3 of the PWC1 register are inserted.

0: 0 wait

1. 1 wait

2-0 MA5-MA3 Mask Address

Masks an address(es) (A5-A3) according to the values of MA5-MA3 (1 for
mask). A masked address is not compared as part of on/off-page decision.
Set the bits according to the number of consecutively readable bits.

MA5 MA4 MA3 Number of consecutively readable bits
0 0 0 4 words x 16 bits (8 words x 8 bhits)
0 0 1 8 words x 16 bits (16 words x 8 bits)
0 1 1 16 words x 16 bits (32 words x 8 bits)
1 1 1 32 words x 16 bits (64 words x 8 bits)
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CHAPTER 8 DMA FUNCTIONS (DMA CONTROLLER)

The V821 includes a DMA (Direct Memory Access) controller that executes and controls DMA transfer.

The DMAC (DMA controller) transfers data between memory and 1/O, or within memory, based on DMA
requests issued by the built-in peripheral hardware (serial interfaces and timer), external DREQ pins, or
software triggers.

8.1

FEATURES

Two independent DMA channels
Transfer units: 8/16 bits

Maximum transfer count: 65,536 (216)
Two types of transfer

* Fly-by (one-cycle) transfer

» Two-cycle transfer

Three transfer modes

» Single transfer mode

» Single-step transfer mode

» Block transfer mode

Transfer requests

» External DREQ pin (x 2)

» Requests from built-in peripheral hardware (serial interfaces and timer)
* Requests from software

Transfer objects

* Memory to I/O and vice versa

* Memory to memory and vice versa
Programmable wait function

DMA transfer end output signal (TC)
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8.2 CONFIGURATION

Figure 8-1. Block Diagram of DMAC

/0 <:> < > Bus interface
» égg{gﬁs control DMA source
ROM 3 address registers
g .‘
-
o
a = Data control o
RAM <):(>-° 5 section DMA destination
% = address registers
kel =
© @ & %)
c 2 __ | Count control
110 <::(>§ o section DMA byte count
w 8 registers
g
o Channel control
IS section
/o <:I\\/ = DMA channel
1 [ ‘ ‘ ‘ control registers
< d x = xlO X
SS5 08k IS
Spezc £l
zz===z °

8.3 DMA CONTROL REGISTERS

8.3.1 DMA Source Address Registers 0 and 1 (DSAO and DSA1)

These registers are used to set the DMA source addresses (24 bits each) and the DMA source address
blocks for DMA channels 0 and 1. They are divided into two 16-bit registers, DSAnH and DSAnNL, respectively.

During DMA transfer, the registers store the next DMA source addresses.

When fly-by transfer is specified with the TTYP bits of the DMA channel control registers (DCHCO and
DCHC1), the memory addresses are set with the DSAnN registers. The settings made with DMA destination
address registers 0 and 1 (DDAO and DDA1) are ignored.
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(1) DMA source address registers OH and 1H (DSAOH and DSA1H)
These registers support read/write in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DSAOH Address  When reset,
DSAatH | O | 0| O | 0| O |SBT| SBN |SA23[SA22|SA21ISA20|SAL9|SAL8|SAL7|SALE C0000040H  Not defined
C0000048H Not defined
Bit position Bit name Description
10 SBT Source Block Type
Specifies whether the source address block will be a memory or 1/O block.
Must be set to 0 for fly-by transfer.
0: memory
1. 1/O
9,8 SBN Source Block Number
Specifies the source address block number.
SBN Address block
0 0 0
0 1 1
1 0 2
1 1 3
7-0 SA23-SA16 Source Address
Sets the DMA source address (A23-A16). During DMA transfer, it stores the
next DMA source address. During fly-by transfer, it stores a memory address.

(2) DMA source address registers OL and 1L (DSAOL and DSA1L)
The registers support read/write in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address  When reset,

Bgﬁgt SA15/SA14SA13[SA12(SA11|SAL0| SA9 | SAB |SA7 [SA6 |SAS |SA4 [SA3 |SA2 |SAL |SA0 | CO000042H  Not defined
CO000004AH Not defined
Bit position Bit name Description
15-0 SA15-SA0 Source Address

Sets the DMA source address (A15-A0). During DMA transfer, it stores the
next DMA source address.

8.3.2 DMA Destination Address Registers 0 and 1 (DDAO and DDA1)

These registers are used to set the DMA destination addresses (24 bits each) and the DMA destination
address blocks for DMA channels 0 and 1. They are divided into two 16-bit registers, DDAnH and DDAnL,
respectively.

During DMA transfer, these registers store the next DMA destination addresses.

When fly-by transfer is specified with the TTYP bits of the DMA channel control registers (DCHCO and
DCHC1), the settings made with registers DDAO and DDA1 are ignored.
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(1) DMA destination address registers OH and 1H (DDAOH and DDA1H)
The registers allow read/write in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ©
Address When reset,
DDAOH 1 | 4 | 0 | 0 | 0 |[pBT| DBN [pA23[DA22[DA21[pA20[pALS|DAL8[DAL7|DALS| CO000044H  Not defined
DDAIH CO000004CH  Not defined
Bit position Bit name Description
10 DBT Destination Block Type
Specifies whether the destination address block will be a memory or 1/0 block.
0: memory
1. 1/0
9,8 DBN Destination Block Number
Specifies the destination address block number.
DBN Address block
0 0 0
0 1 1
1 0 2
1 1 3
7-0 DA23-DA16 Destination Address
Sets the DMA destination address (A23-A16). During DMA transfer, it stores
the next DMA source address. During fly-by transfer, it is ignored.

(2) DMA destination address registers OL and 1L (DDAOL and DDA1L)
These registers support read/write in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DDAGL Address When reset,
DDA1L |PAL5|DAL4|DAL3 DAI2|DALL|DALO| DAY | DAS | DAT | DAG | DAS | DA4 | DA3 | DA2 | DAL | DAO C0000046H  Not defined
COO0004EH  Not defined
Bit position Bit name Description
15-0 DA15-DA0 Destination Address
Sets the DMA destination address (A15-A0). During DMA transfer, it stores
the next DMA destination address. During fly-by transfer, it is ignored.
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8.3.3 DMA Byte Count Registers 0 and 1 (DBCO and DBC1)

These 16-bit registers are used to set the byte transfer counts for DMA channels 0 and 1.

They store the remaining transfer counts during DMA transfer.

These registers are decremented by 1 for byte transfer and by two for 16-bit transfer. Transfer ends when
a borrow occurs. Thus, "transfer count —1" should be set for byte transfer and "(transfer count —1) x 2" for
16-bit transfer.

The registers support read/write in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
DBCO BC C0000050H  Not defined
DBC1 C0000052H  Not defined
Bit position Bit name Description
15-0 BC Byte Count

Sets the byte transfer count. During DMA transfer, it stores the remaining
byte transfer count.

BC State

O0H Byte transfer count 1 or the remaining byte transfer count

01H Byte transfer count 2 or the remaining byte transfer count

FFFFH | Byte transfer count 65,536 (216) or the remaining byte
transfer count
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8.3.4 DMA Channel Control Registers 0 and 1 (DCHCO and DCHC1)
These 16-bit registers are used to control the DMA transfer modes for DMA channels 0 and 1.
Note that 16-bit transfer with an odd address is not possible. (The AO pin must be set to 0).
These registers support read/write in 16-bit units. (Bit 15 can be read only.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DCHCO Address When reset,
beHe1 |TC] 0|0 |0 | SAD DAD TTYP TDR| TM |[DS|EN| CO000054H 0000H
C0000056H 0000H
Bit position Bit name Description
15 TC Terminal Count
This status bit indicates whether DMA transfer through DMA channel n has
ended.
This bit can only be read. It is set when DMA transfer ends with a terminal
count and reset when it is read.
0: DMA transfer has not ended.
1: DMA transfer has ended.
11, 10 SAD Source Address count Direction
Sets the count direction of the source address for DMA channel n.
SAD Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
9,8 DAD Destination Address count Direction
Sets the count direction of the destination address for DMA channel n.
DAD Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
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Bit position Bit name Description
7-5 TTYP Transfer Type
Sets the cause of the activation of DMA transfer and the transfer direction.
TTYP Activation cause and transfer direction
0 0 0 Activated by the DREQn signal: two-cycle transfer
0 0 1 Activated by the DREQn signal: fly-by transfer
0 1 0 Activated by software: two-cycle transfer
0 1 1 Setting prohibited
1 0 0 Activated by the INTST signal: two-cycle transfer
1 0 1 Activated by the INTSR signal: two-cycle transfer
1 1 0 Activated by the INTCSI signal: two-cycle transfer
1 1 1 Activated by the INTCM1 signal: two-cycle transfer
4 TDIR Transfer Direction
Sets the transfer direction during transfer between 1/0 and memory. The
setting is valid during fly-by transfer only; ignored during two-cycle transfer.
0: Memory to 1/O (read)
1: 1/0 to memory (write)
3,2 ™ Transfer Mode
Sets the transfer mode during DMA transfer.
™ Transfer mode
0 0 Single mode
0 1 Single-step mode
1 0 Block mode
1 1 Setting prohibited
1 DS Data Size
Sets the transfer data size for DMA transfer.
0: 8 bits
1: 16 bits
0 EN Enable

Specifies whether DMA transfer through DMA channel n is to be enabled or
disabled. It is reset when DMA transfer ends with a terminal count. It is also
reset when transfer is forcibly ended by means of NMI input.

0: DMA transfer disabled

1: DMA transfer enabled

User's Manual U10077EJ5VOUMO0 145




V821™ USER'S MANUAL

8.4 TRANSFER MODES

8.4.1 Single Transfer Mode

In single transfer mode, DMAC releases the bus at each byte/word transfer. If there is subsequently a DMA
transfer request, transfer is performed again. This operation continues until a terminal count occurs.

While DMAC is releasing the bus, if another higher priority DMA transfer requestis issued, the higher priority
DMA request always takes precedence.

Figures 8-2 and 8-3 show examples of single transfer. Figure 8-3 shows an example of single transfer in

which a higher priority DMA request is issued. DMA channel 0 is in block transfer mode and channel 1 is
in single transfer mode.

Figure 8-2. Single Transfer Example 1

DREQ1___/ \ / A
{cPUXcPUXpMAIXCPUXDMAXCPUXDMAIXCPUX CPUXCPUX CPUX CPUX CPUXOMAIX CPUXDMAN CPUXCPUXCPU)

DMA ch1 terminal count

Figure 8-3. Single Transfer Example 2

DREQO [\
DREQ1 / The bus is alv;/ays released. \_
@@@<M@M>@MMM@M@@@

DMA chO terminal count DMA ch1 terminal count

8.4.2 Single-Step Transfer Mode

In single-step transfer mode, DMAC releases the bus at each byte/word transfer. Once a request signal
(DREQ) is received, this operation continues until a terminal count occurs.

While DMAC is releasing the bus, if another higher priority DMA transfer requestis issued, the higher priority
DMA request always takes precedence.

Figures 8-4 and 8-5 show examples of single-step transfer.

Figure 8-4. Single-Step Transfer Example 1

DREQO____ [\
@@@M@M@M@@@@@@@@

DMA ch1l terminal count
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DMA chO terminal count  DMA ch1l terminal count

8.4.3 Block Transfer Mode

In block transfer mode, once transfer starts, the transfer continues without the bus being released, until
a terminal count occurs. No other DMA requests are accepted during block transfer.

After the block transfer ends and DMAC releases the bus, another DMA transfer can be accepted.

Figure 8-6 shows an example of block transfer. In this block transfer example, a higher priority DMA request
is issued. DMA channels 0 and 1 are in block transfer mode.

Figure 8-6. Block Transfer Example

t . L Thebusis always released.
DMA ch1l terminal count
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8.5 DMA TRANSFER TYPES AND TRANSFER OBJECTS

8.5.1 Two-Cycle Transfer
In two-cycle transfer, data transfer is performed in two cycles, source to DMAC then DMAC to destination.
In the first cycle, the source address is output to perform reading from the source to DMAC. In the second
cycle, the destination address is output to perform writing from DMAC to the destination.
Figure 8-7 shows an example of two-cycle transfer.

Figure 8-7. Timing of Two-Cycle, Single-Step DMA Transfer (External 1/O to DRAM (on-page))

Mo B U BT m|weomownowmyow| |
et ininininipigininigininin
DREQO |
DACKO 1
A0-A23, UBE /O address DRAM column address
RAS L
LCAS, UCAS _—
e 7 \ |/
oo \
D0-D15 ) 5% EERERE EEPEEE SEPREE PR - ){ e

Remark A broken line indicates a high impedance.
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8.5.2 Fly-by Transfer
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In fly-by transfer, data transfer between memory and I/O is performed in one cycle. To achieve single-cycle
transfer, the memory address is always output irrespective of whether it is that of the source or the destination,
and the read/write signals for the memory and I/O are made active at the same time.

/0 is selected with the DACK signal.

Figure 8-8 shows an example of fly-by DMA transfer in which one wait is inserted.

Figure 8-8. Timing of Fly-by DMA Transfer (DRAM (on-page) to External I1/O)

DMA state
CPU state

CLKOUT

DREQO

T3 | TI
TH | TI

L

DACKO
A0-A23, UBE
RAS
LCAS, UCAS
MRD

IOWR

DO0-D15

TI TI TO TO TO | Ti1F T2F T2F| T1F T2F T2F
T2 T2 T2 TI TH| TH TH T2HITH TH TH
UL
L
\ \
/ \ [T\ /
e (I S

Remark A broken line indicates a high impedance.

8.5.3 Transfer Objects

Table 8-1 lists the relationships between transfer types and transfer objects.

Table 8-1. Transfer Types vs. Transfer Objects

DMA transfer objects Transfer type
External 1/0 selected with the DACK signal to memory and vice versa | Fly-by
1/0 (external or internal) to memory and vice versa Two-cycle
Memory to memory and vice versa Two-cycle
1/0 (external or internal) to I/O (external or internal) and vice versa Two-cycle
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8.6 DMA CHANNEL PRIORITIES

The DMA channel priorities are fixed, as follows:
DMA channel 0 > DMA channel 1

These priorities are valid in the Tl state only. In block transfer mode, the channel used for transfer is never
switched.

In single-step transfer mode, if a higher priority DMA transfer request is issued while the bus is being
released (in the Tl state), higher priority DMA transfer request is accepted.

8.7 DMA TRANSFER REQUESTS

There are three types of DMA transfer requests, those received from the external DREQ pins, those issued
by software, and those received from built-in peripheral hardware. These are set with the DMA channel control
registers (DCHC).

(1) Requests received from the DREQ pins
A request received from a DREQ pin is sampled at the falling edge of every clock pulse. The request
must not be released until the corresponding DACK signal becomes active.
If a DREQ pin becomes active while DMAC is in the Tl state, DMAC enters the TO state to start DMA
transfer.

(2) Requests issued by software

(3) Requests received from built-in peripheral hardware
There are four types of transfer request signals (interrupt request signals) that can be received from built-
in peripheral hardware:
* Reception completion interrupt (INTSR) from UART
e Transmission completion interrupt (INTST) from UART
« Transmission/reception completion interrupt (INTCSI) from CSI
e Match interrupt of compare register 1 (CM1) (INTCM1) from RPU

8.8 DMA TRANSFER END INTERRUPTS
When DMA transfer ends and the TC bit of the corresponding DCHC register is set to "1," a DMA transfer

end interruptis issued to the interrupt controller. The interruptis the OR of the interrupt information for channel
0 and channel 1. (See Table 4-1.)
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8.9 DMA TRANSFER END OUTPUT

In the T2F or T2W state of the cycle in which DMA transfer ends, TC output becomes active for one clock
pulse. Figure 8-9 shows the timing of TC output during SRAM two-cycle DMA transfer and SRAM fly-by DMA

transfer.

TC output is the OR of the DMA transfer end outputs for channels 0 and 1. By ANDing the TC output with
the DACKO and DACK1 signal in an external circuit, the DMA transfer end outputs for channels 0 and 1 can

be obtained.
Figure 8-9. Timing of DMA Transfer End Output
SRAM two-cycle DMA transfer SRAM fly-by DMA transfer
Read Write Read Write Read Write
(WSn = 0) |(WSh=0,ADC=0)| (WSn =0) [(WSn =1, ADC =1)(DWSn=0)| (DWSn=1)
TO |[TIR T2R| T1IW T2W| T1R T2R | TIW T2W T2W| T1F T2F |T1F T2F T2F| T3
cwour L L L L LML L L L L L L L
CS0-CS3
A0-A23
00015 -1 )P < e
MRD /T O\ \ \

G, T, | L/ ||/

RERDY ! l l I\

DACKO

IORD

IOWR

TCNote

Note Active after completion of DMA transfer.

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.
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8.10 FORCIBLE INTERRUPTION

During DMA transfer, DMA transfer can be interrupted forcibly with NMI input. With this input, DMAC sets
the EN bits of the DCHC registers for both channels to 0 to disable DMA transfer.
In this state, the DMA transfer can be resumed from the point at which it was interrupted by setting the EN

bits to 1.

8.11 DATA FLOW DURING DMA TRANSFER

Figures 8-10 and 8-11 illustrate two-cycle byte transfer and 16-bit transfer. Figure 8-12 illustrates fly-by
transfer. In these figures, L represents the lower eight bits of 16-bit data and U the upper eight bits.

Figure 8-10. Data Flow during DMA Transfer (Two-Cycle Byte Transfer)
(1) When the source is at an odd address

First cycle Second cycle
(Destination at even address)

V821
BIL’£|_‘Data bus _Source [ Source
U
L

[ [<
- [c|

w)
]

tination stination

O
D
1)

- [c|

Internal 1/10

(-l

Second cycle
(Destination at odd address)

V821

DMAC
TMP buffer | Bll’JJ_‘Data bus  Source

U U U

:

stination

O

Internal

I/

L
Internall_lcz|

L

[~ Tc]§ [~ 1]
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(2) When the source is at an even address

First cycle Second cycle
(Destination at even address)
v821 V821
DMAC DMAC
TMP buffer | BIU Data bus Source TMP buffer BIU Source
U | |J U U | U
L LT LL L L L
. Destination Destination
Internal 1/O |. — —
1 U U
L k- - L
Internal I/O L Internal 1/0 i
L —

Second cycle
(Destination at odd address)

Bll’Jj_‘Data bus  Source
U

CH_ I
L L
Destination

Internal I/0 —

] U

L |

Internal 1/0 i
L

Figure 8-11. Data Flow during DMA Transfer (Two-Cycle, 16-Bit Transfer)
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Figure 8-12. Data Flow during DMA Transfer (Fly-by Transfer)

(1) Byte transfer with an even memory address
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CHAPTER 9 SERIAL INTERFACE FUNCTION

9.1 FEATURES

The V821 provides two transmission and reception channels as part of its serial interface function.
The two interface modes listed below are supported, one channel being provided for each mode. The two
modes operate independently of each other.

(1) Asynchronous serial interface (UART)
(2) Synchronous serial interface (CSI)

InUART mode, one-byte serial datais transmitted or received after a start bit, and full-duplex communication
is enabled.

In CSI mode, data is transferred using three signal lines (three-wire serial 1/0): the serial clock (SCLK),
serial input (SI), and serial output (SO).

9.2 ASYNCHRONOUS SERIAL INTERFACE (UART)
9.2.1 Features

e Transfer rate 110 bps to 38,400 bps(when BRG is used with ¢ = 25 MHZz)
781 Kbps maximum  (when @2 is used with ¢ =25 MHz)
¢ Full-duplex communication
¢ Two-pin configuration TXD: Transmission data output pin
RXD: Reception data input pin

* Reception error detection function

* Parity error

» Framing error

» Overrun error
* Interrupt source (3 types)

» Reception error interrupt (INTSER)

» Reception completion interrupt (INTSR)

e Transmission completion interrupt (INTST)
* The character length for transmission and reception data is specified upon ASIM reception.
e Character length: 7 or 8 bits

9 bits (when an extended bit is used)

¢ Parity function: Odd parity, even parity, zero parity, without parity
e Transmission stop bit: 1 or 2 bits
* On-chip baud rate generator
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9.2.2 Configuration

The asynchronous serial interface is controlled by the asynchronous serial interface mode register (ASIM)
and asynchronous serial interface status register (ASIS). Reception datais held in the reception buffer (RXB),
and transmission data is written into a transmission shift register (TXS).

The asynchronous serial interface is configured as shown in Figure 9-1.

(1) Asynchronous serial interface mode register (ASIM)
The ASIM register is an 8-bit register for specifying asynchronous serial interface operation.

(2) Asynchronous serial interface status register (ASIS)
The ASIS register consists of flags for indicating the states of reception errors as well as a transmission
status flag. If a reception error occurs, the corresponding reception error flag is set to 1; the flag is reset
to 0 when data is read from the reception buffer (RXB/RXBL) or the next data is received. (If the next
data contains an error, the corresponding error flag is set.)
The transmission status flag is set to 1 when data transmission starts; the flag is reset to 0 when data
transmission ends.

(3) Reception control parity check
Reception is controlled according to the setting of the ASIM register. During reception, error checks such
as a parity error check are made. Ifan error is detected, the corresponding value is setin the ASIS register.

(4) Reception shift register
The reception shift register converts serial data, applied to the RXD pin, to parallel data. When one-byte
data is received, the received data is transferred to the reception buffer.
The reception shift register cannot be manipulated directly from the CPU.

(5) Reception buffer (RXB, RXBL)
RXB is a 9-bit buffer register which is used to hold received data; when a 7-bit or 8-bit character is received,
0 is held in the high-order bit position(s).
Specify RXB for 16-bit access to this register. Specify RXBL to access the low-order 8 bits.
Inthe reception enabled state, reception data is transferred from the reception shift register to the reception
buffer upon the completion of shift-in processing for one frame.
When data is transferred to the reception buffer, a reception completion interrupt request (INTSR) is
generated.

(6) Transmission shift register (TXS, TXSL)
TXSisa9-bit shift register for transmission processing. When data is written into this register, transmission
is started.
Upon the completion of the transmission of one frame including TXS data, a transmission completion
interrupt request (INTST) is generated.
Specify TXS for 16-bit access to this register. Specify TXSL to access the low-order 8 bits.
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(7) Transmission control parity bit addition
Transmission is controlled by adding a start bit, parity bit, and stop bit to the data written into the TXS

register, according to the setting of the ASIM register.

(8) Selector
The selector is used to select a serial clock source.

Figure 9-1. Asynchronous Serial Interface

S Internal bus S
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RXD shift register PE|FE DVESOT I_ sﬁli?tsrr:ésiﬁtlgp TXSL
™ 0—<]
Reception Transmission
control parity I )~INTSER | control parity —=INTST
check L > INTSR bit addition
1 1
16 ETS
16 5 <o
(8]
s
2 0 |=— Baud rate generator
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9.2.3 UART Control Registers

(1) Asynchronous serial interface mode register (ASIM)
The asynchronous serial interface mode register specifies the UART transfer mode.
This register allows 8-bit read and write operations.

7 6 5 4 3 2 1 0
Address When reset,
ASIM RXE PS EBS 0 CL SL SCLS C0000080H OOH
Bit position Bit name Description
7 RXE Receive Enable

This bit specifies the reception enabled or reception disabled state.

0: Reception disabled state

1: Reception enabled state
In the reception disabled state, the reception shift register does not detect a
start bit. Shift-in processing and transfer to the reception buffer are not
performed, but the contents of the reception buffer are preserved.
In the reception enabled state, reception shift operation is started upon the
detection of a start bit. Upon the completion of reception of one frame, the
contents of the reception shift register are transferred to the reception buffer.
A reception completion interrupt (INTSR) is generated in sync with transfer to
the reception buffer.
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Bit position Bit name Description
6,5 PS Parity Select
These bits specify the parity bit.
PS Operation
0 0 Without parity. Extended bit operation is
enabled.
0 1 Zero parity

« Even parity

Transmission side -> Data is transmitted
with the parity bit set to 0.

Reception side -> No parity error is
generated when data is received.

1 0 Odd parity

1 1 Even parity

When the transmission data contains an odd number of bits set to 1, the
parity bit is set to 1. The parity bit is set to 0 when the transmission data
contains an even number of bits set to 1. Thus, control is applied so that
the number of bits set to 1 in transmission data that includes a parity bit is
even. When data is received, the number of bits set to 1 in the received
data that includes a parity bit is counted; a parity error is generated if the
number is found to be odd.

Odd parity

In contrast to even parity, control is exercised so that the number of bits set
to 1 in transmission data that includes a parity bit is odd. When data is
received, a parity error is generated when the number of bits set to 1 in
received data that includes a parity bit is found to be even.

Zero parity

When data is transmitted, the parity bit is set to 0, regardless of the
transmission data. When data is received, no parity bit check is performed.
That is, no parity error is generated, regardless of whether the parity bit is
set to O or 1.

Without parity

No parity bit is added to the transmission data. When data is received, the
use of no parity bit is assumed. No parity error is generated because no
parity bit is used. With the EBS bit, extended bit operation can be specified.
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Bit position Bit name Description
4 EBS Extended Bit Select
This bit specifies extended bit operation for transmission and reception data
when no parity bit is used (PS = 00).
0: Disables extended bit operation.
1: Enables extended bit operation.
When extended bit operation is specified, a higher data bit is added to the 8-
bit transmission and reception data to enable 9-bit data communication.
Extended bit operation is enabled only when the PS bits are set for operation
without parity. When zero parity, odd parity, or even parity operation is
specified, the EBS bit is ignored; no extended bit is added.
2 CL Character Length
This bit specifies the character length of one frame.
0: 7 bits
1. 8 bits
1 SL Stop Bit Length
This bit specifies the number of stop bits.
0: 1 bit
1: 2 bits
0 SCLS Serial Clock Source

This bit specifies a serial clock source.
0: A serial clock source is specified using the BRG and BPRM registers.

1. @2
* When SCLS =1
As the serial clock source, @2 (serial clock) is selected. In asynchronous

mode, a sampling rate of x 16 is used, so that the baud rate can be
expressed by the following:

2
Baud rate = ibps
16

The baud rates determined from the above expression when using typical
clocks are:

0] 25 MHz 20 MHz 16 MHz

500 K

Baud rate 781 K 625 K

 When SCLS =0
As the serial clock source, the output from the baud rate generator is
selected. For details of the baud rate generator, see Section 9.4 .

Caution Ifthe value of this register is changed while the UART is used for transmission or reception,
the operation of the UART will be unpredictable.
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(2) Asynchronous serial interface status register (ASIS)
The asynchronous serial interface status register consists of three error flags (three bits), used to indicate
any error status that may be present when reception using the UART has ended, and a transmission status

flag.

Each of the status flags used to indicate a reception error indicates the latest error state. That is, if the
same error occurs more than once before the reception data is read, the state of only the last error is preserved.
If a reception error occurs, read the reception buffer RXB or RXBL after reading the ASIS register, then
clear the error flag.
This register supports only 8-bit read operations.

ASIS

SOT 0

Address When reset,

0 0 0 PE FE OVE C0000082H 00H

Bit position

Bit name

Description

7

SOT

Status Of Transmission

This bit is a status flag for indicating the transmission status.
Setto 1l : Transmission start timing (write to the TXS register)
Cleared to 0 : Transmission end timing (INTST generation)

This flag is used to determine whether it is possible to write to the
transmission shift register before serial data transfer is started.

PE

Parity Error

This bit is a status flag for indicating a parity error.

Setto 1l : When there is a mismatch between the transmission and
reception parities

Cleared to 0 : Processing to read data from the reception buffer

FE

Framing Error

This bit is a status flag for indicating a framing error.

Setto 1l : When no stop bit is detected

Cleared to 0 : Processing to read data from the reception buffer

OVE

Overrun Error

This bit is a status flag for indicating an overrun error.

Setto 1 : When the UART completes the next receive processing before
reception data is read from the reception buffer

Cleared to 0 : Processing to read data from the reception buffer

Note that, to receive each frame, the contents of the reception shift register

are transferred to the reception buffer. So, if an overrun error occurs, the

reception buffer is overwritten by the next reception data, thus causing the

previous reception data to be discarded.
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(3) Reception buffer (RXB, RXBL)
RXB is a 9-bit buffer register used to hold received data; when a 7- or 8-bit character is received, 0 is
held at the higher bit position(s).
Specify RXB for 16-bit access to this register. Specify RXBL to access the low-order 8 bits.
Inthe reception enabled state, reception data is transferred from the reception shift register to the reception
buffer upon the completion of shift-in processing for one frame. When data is transferred to the reception
buffer, a reception completion interrupt request (INTSR) is generated.
In the reception disabled state, reception data is not transferred to the reception buffer, even upon the
completion of shift-in processing for one frame; the contents of the reception buffer are preserved, and
no reception completion interrupt request is generated.
RXB supports only 16-bit read access, while RXBL supports only 8-bit read access.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
RXB| o | o of o] 0] o/ o [RXEB|RXB7|RXBE|RXBS|RXB4|RXB3 [RXB2(RXB1|RXB0| 0O00084H  Not defined

Address When reset,
RXBL  |RXB7 [RXB6 |RXB5 [RXB4 |RXB3 [RXB2 |RXBL [RXBO|  c0000086H Not defined

Bit position Bit name Description

8 RXEB Receive Extended Buffer
This bit is an extended bit for 9-bit character reception. Zero is read from this
bit when a 7-or 8-bit character is received.

7-0 RXBn Receive Buffer
(n =7-0) These bits are used to store received data. Zero is read from RXB7 when a
7-bit character is received.
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(4) Transmission shift register (TXS, TXSL)
TXS is a 9-bit shift register used for transmission. When data is written to this register, transmission is
started.
When the transmission of one frame including TXS data is completed, a transmission completion interrupt
request (INTST) is generated.
Specify TXS for 16-bit access to this register. Specify TXSL to access the low-order 8 bits.
TXS supports only 16-bit write access. TXSL supports only 8-bit write access.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
TXS | o o 0] 0 0| 0| 0 |TXED|TXS7|TXS6|TXS5 [TXS4 |TXS3|TXS2[TXS1|TXS0| Cc0000088H  Not defined

Address When reset,
TXSL |TXs7|TXS6 [ TXS5 [TXS4 | TXS3 | TXS2 [TXS1 | TXS0 CO00008AH Not defined

Bit position Bit name Description
8 TXED Transmit Extended Data
This bit is an extended bit for 9-bit character transmission.
7-0 TXSn Transmit Shifter
(n =7-0) Transmission data is written to these bit positions.

Caution The UART ofthe V821 has no transmission buffer, so that an interrupt request is generated
not at the time of transmission completion (completion of transfer to a buffer) but upon
the completion of the transmission of one-frame data.
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9.2.4 Interrupt Requests
The UART generates three types of interrupt requests:

» Reception error interrupt
» Reception completion interrupt
e Transmission completion interrupt

The default priorities for these types of interrupt requests are such that the reception error interrupt has
the highest priority, the reception completion interrupt has the next-highest priority, and the transmission

completion interrupt has the lowest priority.

Table 9-1. Generated Interrupts and Default Priorities

Interrupt Priority
Reception error 1
Reception completion 2
Transmission completion | 3

(1) Reception error interrupt (INTSER)
In the reception enabled state, a reception error interrupt is generated according to the logical OR of the
three types of reception errors described in Section 9.2.3 (2) .
In the reception disabled state, no reception error interrupt is generated.

(2) Reception completion interrupt (INTSR)
In the reception enabled state, a reception completion interrupt is generated when data is shifted into the
reception shift register, then is transferred to the reception buffer.
A reception completion interrupt is also generated when a reception error occurs. In this case, however,
the reception error interrupt is assigned higher priority.
In the reception disabled state, a reception completion interrupt is not generated.

(3) Transmission completion interrupt (INTST)
The UART of the V821 does not have a transmission buffer. So, a transmission completion interrupt is
generated when one-frame transmission data including a 7-, 8-, or 9-bit character is shifted out from the
transmission shift register.
A transmission completion interrupt is output when transmission of the last bit of the transmission data
is started.
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9.2.5 Operation

(1) Data format

Full-duplex serial data transmission and reception are performed.

Figure 9-2 shows the format of the transmission and reception data. As shown in the figure, one data
frame consists of a start bit, character bits, a parity bit, and one or two stop bits.

The asynchronous serial interface mode register (ASIM) is used to specify the number of character bits,
select a parity option, and specify a stop bit length within a data frame.

Figure 9-2. Format of Transmission and Reception Data Transferred
via Asynchronous Serial Interface

| One data frame |

Start Parity | Stop
.| bo| p1| D2 | D3| D4 | D5 | D6 | D7
bit 6 bit | bit(s)

Character bits

Start bit : 1 bit

Character bit : 7 bits/8 bits/9 bits (when an extended bit is used)
Parity bit : Even parity/odd parity/zero parity/without parity
Stop bit . 1 bit/2 bits

(2) Transmission

Transmission is started when data is written into the transmission shift register (TXS or TXSL). When
a transmission completion interrupt (INTST) is generated, the next data is written into the TXS or TXSL
register.

(a) Transmission enabled state
The UART of the V821 is always placed in the transmission enabled state. The V821 does not have
an input pin for a transmission enable signal. To check whether the remote receiver is in the reception
enabled state, therefore, a general I/O port should be used.

(b) Starting transmission
Transmission is started when data is written into the transmission shift register (TXS/TXSL).
Transmission data is transferred, starting with a start bit and followed by the LSB of the character data.
A start bit, parity bit, and stop bit(s) are added automatically.
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(c) Transmission interrupt request

Upon the completion of the transmission of one-frame data, a transmission completion interrupt
request (INTST) is generated.

If the next transmission data is not written into TXS or TXSL, transmission stops.

If the next transmission data is not written into TXS or TXSL immediately after the completion of one
transmission operation, the communication rate is reduced.

Cautions 1. Atransmissioncompletioninterrupt (INTST)is usually generated once the transmission
shift register (TXS or TXSL) becomes empty. However, no transmission completion
interrupt (INTST) is generated even when the transmission shift register (TXS or TXSL)
is forcibly emptied by inputting a RESET signal.

2. During transmission before INTST generation, write data, even if written into the TXS
or TXSL register, is ignored.

Figure 9-3. Timing of Transmission Completion Interrupt via Asynchronous Serial Interface

(a) Number of stop bits: 1

WwEOOHEEH S
TXD (output) DO D1 D2 D6 D7 ) Parity

Start

INTST —|

(b) Number of stop bits: 2

\_ Lo o e XK Koo/ [
TXD (output) DO D1 D2 D6 D7 } Parity

Start

INTST —|
(3) Reception

When reception is enabled, sampling of the RXD pin starts. Then, when a start bit is detected, data
reception is started. Each time one-frame data reception ends, a reception completion interrupt (INTSR)

is generated. Usually, reception data is transferred from the reception buffer (RXB/RXBL) to memory by
means of this interrupt handling.
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(@)

(b)

(c)

Reception enabled state
Reception can be enabled by setting the RXE bit of the ASIM register to 1.

RXE = 1: Reception enabled state
RXE = 0: Reception disabled state

When reception is disabled, the reception hardware enters the initial state.
In the reception disabled state, neither a reception completion interrupt nor a reception error interrupt
is generated, the data in the reception buffer being preserved.

Starting reception

Reception is started upon the detection of a start bit.

The RXD pin is sampled using the serial clock specified with the ASIM register. Eight serial clock
cycles after a falling edge is detected on the RXD pin, the RXD pin is sampled again. If a low level
is detected at this time, the presence of a start bitis assumed, and receive processing is started. Then,
the RXD pin is sampled every 16 clock cycles.

If a high level is detected eight clock cycles after a falling edge is detected on the RXD pin, the falling
edge is not regarded as being a start bit. The serial clock counter, used to generate a sampling timing
signal, is initialized and stops operating, then waits for the next falling edge to be applied.

Reception completion interrupt request

If one-frame data reception is completed when RXE = 1, the reception data held in the shift register
is transferred to RXB, after which a reception completion interrupt request (INTSR) is generated.
Even if an error occurs, reception data including an error is transferred to the reception buffer (RXB/
RXBL), and both a reception completion interrupt (INTSR) and a reception error interrupt (INTSER)
are generated.

When the RXE bit is reset to 0 during reception, receive processing stops immediately. At this time,
the contents of the reception buffer (RXB/RXBL) and the asynchronous serial interface status register
(ASIS) remain as is, and neither a reception completion interrupt (INTSR) nor a reception error
interrupt (INTSER) is generated.

Figure 9-4. Timing of Reception Completion Interrupt via Asynchronous Serial Interface

. Stop
RXD (input) \ / DO X D1 X D2 XBEX D6 X D7 XParlty

Start

INTSR |_|
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(d) Reception error flags
The three error flags for a parity error, framing error, and overrun error are affected by receive
processing.
A reception error interrupt is generated according to the logical OR of these three error flags.
By reading the ASIS register in reception error interrupt (INTSER) handling, the error which occurred
during reception can be determined.
The contents of the ASIS register are reset to 0 when the reception buffer (RXB/RXBL) is read or the
next data is received. (If the next reception data contains an error, the corresponding error flag is

set.)
Reception error Cause
Parity error Parity specified for transmission does not match the parity of the reception data.
Framing error No stop bit is detected
Overrun error Reception of the next data is completed before data is read from the reception buffer.

Figure 9-5. Timing of Reception Error

o\ oo e ) fo oo ™
RXD (input) DO D1 D2 D6 D7 ) Parity

Start

INTSR

INTSER
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9.3 SYNCHRONOUS SERIAL INTERFACE (CSI)

9.3.1 Features

High-speed transfer 6.25 Mbps maximum (when @2 is used with ¢ = 25 MHz)
Half-duplex communication
Character length: 8 bits
Switchable between the MSB and LSB to lead data transfer
Allows selection between external serial clock input and internal serial clock output
Three-wire method SO  : Serial data output
Sl . Serial data input
SCLK : Serial clock I/O pin
One interrupt source
* Interrupt request signal (INTCSI)

The synchronous serial interface is controlled using the synchronous serial interface mode register (CSIM).
Transmission/reception data can be read from or written to the SIO register.

(1)

(2)

3)

(4)

()

(6)

Synchronous serial interface mode register (CSIM)
The CSIM register is an 8-bit register for specifying synchronous serial interface operation.

Shift register (S10)

The shift register (SIO) is an 8-bit register used to convert serial data to parallel data or vice versa. SIO
is used for both transmission and reception.

Data is shifted in (for reception) or shifted out (for transmission), starting from the MSB or LSB.
Transmission and reception are actually controlled by SIO read/write operation.

Serial clock selector
The serial clock selector is used to select the serial clock to be used.

Serial clock control circuit
The serial clock control circuit controls the supply of a serial clock to the shift register. When an internal
clock is used, the serial clock control circuit controls the clock signal output on the SCLK pin.

Serial clock counter
To check whether 8-bit data transfer is performed, the serial clock counter counts the number of serial
clock pulses output or applied in reception or transmission.

Interrupt signal generation control circuit

The interrupt signal generation control circuit applies control to determine whether to generate an interrupt
request when 8 serial clock pulses are counted with the serial clock counter.
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9.3.2 Configuration

S Internal bus S

CSIM o
CTXE|CRXE[SOT|MOD| CLS
1 T SO latch
SI @ r/ Shift register (SIO) D Q

ittt T
SOO \1 i

A - 5 |<— Baud rate generator
SCLK @ —<] Serial clock

OcK -~ @l2
control circuit @

Selector |=T9
N
Selecto

—

Serial clock Interrupt
counter control circuit]

— INTCSI
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9.3.3 CSI Control Registers

(1) Synchronous serial interface mode register (CSIM)
The synchronous serial interface mode register specifies a basic CSI operating mode.
This register supports 8-bit read and write operations. However, bit 5 can be only read.

7 6 5 4 3 2 1 0
Address When reset,
CSIM | CTXE | CRXE | SOT 0 0 MOD CLS CO000090H 00H
Bit position Bit name Description
7 CTXE CSI Transmit Enable
This bit specifies the transmission enabled state or transmission disabled
state.
0: Transmission disabled state
1: Transmission enabled state
When CTXE = 0, the output buffers of the SO and Sl pins become high-
impedance.
6 CRXE CSI| Receive Enable
This bit specifies the reception enabled state or reception disabled state.
0: Reception disabled state
1: Reception enabled state
If a serial clock is applied while transmission is disabled (CTXE = 0) and
reception is disabled, Os are written into the shift register.
5 SOT Status Of Transmission
This bit indicates that transfer is in progress.
Setto 1l : Transmission start timing (write to the SIO register)
Cleared to 0 : Transmission end timing (INTCSI generation)
This bit is used to check whether data can be written into the serial I/O shift
register (SIO) when serial data transfer is to be started in the transmission
enabled state (CTXE = 1).
2 MOD Mode
This bit specifies the bit from which data transfer is to start.
0: MSB
1: LSB
1,0 CLS Clock Source

These bits specify a serial clock.

CLS Serial clock specification SCLK pin
0 0 External clock Input
0 1 Internal clock | Specified by the BPRM registerNote 1 | Qutput
1 0 @ 4Note 2 Output
1 1 @2Note 2 Output

Notes 1. For details of the setting of the BPRM register, see Section 9.4 .
2. @4 and @2 are frequency-divided signals (¢ = system clock).
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(2) Serial I/O shift register (SI10)
The serial I/O shift register converts 8-bit serial data to 8-bit parallel data or vice versa. Transmission
and reception are actually controlled by an SIO register read/write operation.
When CTXE = 1 or CRXE = 1, a shift operation is performed.
This register supports 8-bit read and write operations.

Address When reset,

SIO SIO7 SIO6 SIO5 S104 SIO3 SI02 SIo1 SIO0 C0000092H  Not defined

Bit position Bit name Description
7-0 SIOn Serial 1/0
(n =7-0) Data is shifted in (for reception) or shifted out (for transmission), starting from
the MSB or LSB.

9.3.4 Basic Operation

(1) Transfer format
For the CSI of the V821, three wires are used: one clock line, and two data lines.
Serial transfer is started by executing an instruction for writing transfer data into the SIO register.
During transmission, data is output on the SO pin on a falling edge of SCLK.
During reception, input data applied to the Sl pin is latched on a rising edge of SCLK. SCLK stops when
the serial clock counter overflows (at the eighth rising edge), and SCLK remains high until the next data
is transmitted, or reception is started. At this time, an interrupt request signal (INTCSI) is generated.

Caution Serial transfer is not performed even if the value of CTXE is changed from 0 to 1 after
transmission data is written into the shift register.

,— Input data latch

SCLK
Sl

SO

SOT flag J

INTCSI E

| Serial transmission
and reception completed

‘ Interrupt generated
Transfer started
on a falling edge of SCLK
Execution of an instruction

for writing into SIO
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(2) Enabling transmission and reception
The CSl of the V821 has only one 8-bit shift register and has no buffer, so that transmission and reception
are performed at the same time.

(a) Prerequisite transmission and reception conditions
When CTXE = 1, transmission is enabled.
When CRXE = 1, reception is enabled.
When CTXE = CRXE = 1, both transmission and reception are enabled.

(i) Disabling SIO output with CTXE
When CTXE = 0, the serial output becomes high-impedance.
When CTXE = 1, the data held in the shift register is output.

(ii) Disabling SIO input with CRXE
When CRXE = 0, Os are written into the shift register.
When CRXE = 1, serial input data is applied to the shift register.

(i Transmission data check
By setting CTXE = CRXE = 1, transmission data can be locally received to check where there is
a bus contention.

(b) Starting transmission and reception
Transmission/reception is started by reading from or writing to the shift register (SIO). The start of
transmission/reception is controlled by setting the transmission enable bit (CTXE) and reception
enable bit (CRXE) as indicated below.

CTXE | CRXE Start condition
0 0 Not started
0 1 Reading from the shift register
1 0 Writing to the shift register
1 1 Writing to the shift register
1 0 ->1 | Rewriting the CRXE bit

Data transfer does not take place even if the shift register is read from or written to when CTXE =
0, after which CTXE is set to 1.

If the setting of CRXE is changed from 0 to 1 when CTXE = 0, a serial clock is generated to start
reception.
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9.3.5 Transmission in Three-Wire Serial I/O Mode
Transmission starts when data is written into the SIO register after transmission is enabled with the
synchronous serial interface mode register (CSIM).

(1) Starting transmission
Transmission is started by writing transmission data into the shift register (SIO) after setting the CTXE
bit of the synchronous serial interface mode register (CSIM) to 1 and setting the CRXE bit to O.
Note that when the CTXE bit is reset to 0, the SO pin is placed in the high-impedance state.

(2) Data transmission synchronized with the serial clock

(a) When an internal clock is selected as the serial clock
When transmission is started, a serial clock is output on the SCLK pin, and data is sequentially shifted
out, from SIO to the SO pin, on a falling edge of the serial clock.

(b) When an external clock is selected as the serial clock
When transmission is started, data is sequentially shifted out from SIO to the SO pin on a falling edge
of a serial clock applied to the SCLK pin after the start of transmission. If a serial clock is applied
to the SCLK pin before transmission is started, a shift operation is not performed, and the output level
of the SO pin does not change.

Figure 9-6. Timing of Three-Wire Serial I/O Mode (Transmission)

SCLK
Sl

SO

INTCSI P |_|

Serial transmission
and reception completed

I Interrupt generated
Transfer started on
a falling edge of SCLK

Execution of an instruction
for writing into SIO
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9.3.6 Reception in Three-Wire Serial /0O Mode
Reception starts when the reception disabled state is changed to the reception enabled state with the
synchronous serial interface mode register (CSIM), or when the SIO register is read when reception is enabled.

(1) Starting reception
Reception is enabled in either of two ways:

<1> Changing the setting of the CRXE bit of the CSIM register from O (to disable reception) to 1 (to enable
reception)

<2> Reading reception data from the shift register (SIO) when the CRXE bit of the CSIM register is set
to 1 (to enable reception)

When the CRXE bit of the CSIM register is set to 1, reception is not started even if 1 is again written into
the CRXE bit. Note that when CRXE = 0, Os are written into the shift register.

(2) Data reception synchronized with the serial clock
(@) When an internal clock is selected as the serial clock

When reception is started, a serial clock is output on the SCLK pin, and data applied to the Sl pin
is sequentially shifted into SIO on a rising edge of the serial clock.

(b) When an external clock is selected as the serial clock
When reception is started, data applied to the Sl pin is sequentially shifted into SIO on a rising edge
of a serial clock applied to the SCLK pin after the start of reception. If a serial clock is applied to the
SCLK pin before reception is started, a shift operation is not performed.

Figure 9-7. Timing of Three-Wire Serial /O Mode (Reception)

SCLK
SI

SO

INTCSI P |_|

Serial transmission
and reception completed

I Interrupt generated
Transfer started on
a falling edge of SCLK

Execution of an instruction
for writing into SIO
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7 Transmission and Reception in Three-Wire Serial /O Mode
Transmission and reception can be performed at the same time by enabling transmission and reception
with the synchronous serial interface mode register (CSIM).

Starting transmission and reception

When both the CTXE bit and CRXE bit of the synchronous serial interface mode register (CSIM) are set
to 1, transmission and reception can be performed at the same time.

Transmission and reception can be started in the following:

< Writing transmission data into the shift register (SIO) when both the CTXE bit and CRXE bit of the CSIM
register are set to 1 (to enable transmission and reception).

Data transmission synchronized with the serial clock

(a) When an internal clock is selected as the serial clock
When transmission and reception are started, a serial clock is output on the SCLK pin, and data is
sequentially shifted out from SIO to the SO pin on a falling edge of the serial clock. Atthe same time,
data applied to the Sl pin is sequentially shifted into SIO on a rising edge of the serial clock.

(b) When an external clock is selected as the serial clock
When transmission and reception are started, data is sequentially shifted out from SIO to the SO pin
on a falling edge of a serial clock applied to the SCLK pin, after the start of transmission and reception.
At the same time, data applied to the Sl pin is sequentially shifted into SIO on a rising edge of the
serial clock. Ifaserial clockis appliedtothe ﬂpin when transmission and reception are not started,
a shift operation is not performed, and the output level on the SO pin does not change.
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SCLK

Sl

SO

INTCSI

Serial transmission
and reception completed

I Interrupt generated
Transfer started on
a falling edge of SCLK

Execution of an instruction
for writing into SIO

Caution When transmission and reception are started for the first time, the setting of the CRXE bit
is always changed from 0 to 1. This change causes transmission and reception to start
immediately, such that arbitrary data may be output. Accordingly, while transmission and
reception are disabled (by resetting both the CTXE bit and CRXE bit to 0), write initial
transmission data into the SIO register. Then, enable transmission and reception.

9.3.8 Example System Configuration

This section introduces an example system configuration, in which 8-bit data is transferred using three
signal lines: the serial clock (m), serial input (SI), and serial output (SO). This configuration is useful for
making a connection to a display controller or peripheral I/O device having a built-in conventional synchronous
serial interface.

To enable connection to multiple devices, handshaking lines are also required.

The user can select either the MSB or LSB as the bit from which data transmission will begin, thus enabling
communications with a wide variety of devices.

Figure 9-9. Example System Configuration Using CSI

(Three-wire serial I/0 Three-wire serial 1/0)

Master CPU Slave CPU
SCLK SCLK
SO Sl
SI SO
Port (Interrupt) A Port
Port \V Interrupt (Port)
Handshake lines
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9.4 BAUD RATE GENERATOR (BRG)

9.4.1 Configuration and Function

With the serial interface, a serial clock chosen from the baud rate generator output and clocks generated
using the system clock (¢) can be used as a baud rate.

A serial clock source can be specified by using the SCLS bit of the ASIM register when the UART is used,
or by using the CLS bit of the CSIM register when the CSI is used.

When baud rate generator output is specified, the baud rate generator is selected as the clock source.
The same serial clock is used for both transmission and reception on a channel, so that the same baud
rate applies to transmission and reception.

Figure 9-10. Block Diagram

8 Internal bus 8

7 0 BPRM
L
04
BRG 9 o
oo m
Match < -~
UART 7o\
Clear
csl TMBRG Prescaler % I—
@2
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The dedicated baud rate generator, BRG, consists of a dedicated 8-bit timer (TMBRG), compare register
(BRG), and prescaler for generating a shift clock for transmission and reception.

(1) Input clock
The system clock (¢) is applied to BRG.

(2) Setting for BRG

(a) UART

If the dedicated baud rate generator is specified when the UART is used, the actual baud rate is given
by the following formula because a sampling rate of x 16 is used:

Baud rate = ¢ [bps]
2XxXmx2nx16x 2

@ = System clock frequency [Hz]
m = BRG setting (1 < m < 256Note)
n = BRG prescaler setting (n =0, 1, 2, 3, 4)

Note By writing Os to the BRG register, m = 256 can be set.

(b) CSI

If use of the dedicated baud rate generator is specified when the CSl is being used, the actual baud
rate is given by the following formula:

Baud rate = _® [bps]
2Xxmx2nx2

@ = System clock frequency [Hz]
m = BRG setting (1 £ m < 256Note)
n = BRG prescaler setting (n =0, 1, 2, 3, 4)

Note By writing Os to the BRG register, m = 256 can be set.

Table 9-2 lists examples of baud rate generator settings using typical clocks.
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Table 9-2. BRG Setting Data

Baud rate [bps] ¢ =25 MHz ¢ =20 MHz ¢=16 MHz
UART CsSli BPR BRG Error BPR BRG Error BPR BRG Error
110 1,760 4 222 0.02% 4 178 0.25% 4 142 | 0.03%
150 2,400 4 163 0.15% 4 130 0.16% 3 208 0.16%
300 4,800 3 163 0.15% 3 130 0.16% 2 208 0.16%
600 9,600 2 163 0.15% 2 130 0.16% 1 208 | 0.16%
1,200 19,200 1 163 0.15% 1 130 0.16% 0 208 0.16%
2,400 38,400 0 163 0.15% 0 130 0.16% 0 104 0.16%
4,800 76,800 0 81 0.47% 0 65 0.16% 0 52 0.16%
9,600 153,600 0 41 0.76% 0 33 1.36% 0 26 0.16%
10,400 166,400 0 38 1.16% 0 30 0.16% 0 24 0.16%
19,200 307,200 0 20 1.73% 0 16 1.73% 0 13 0.16%
38,400 614,400 0 10 1.73% 0 8 1.73% 0 7 6.999%Note
76,800 1,228,800 0 5 1.73% 0 4 1.73% - - -
153,600 2,457,600 0 2 27.2%Note 0 2 1.73% - - -

®3)

(4)

Note Unusable because of an excessive error

Baud rate error
A baud rate error is expressed as follows:

Actual baud rate (baud rate including an error)
Error [%] = - -1 | x 100
Desired baud rate (normal baud rate)

Example:  (9,520/9,600 —1) x 100 = —0.833 [%)]
(5,000/4,800 —1) x 100 = +4.167 [%)]

Allowable error ranges for baud rate generator

The allowable error ranges depend on the number of bits in one frame.

When there are 16 bits in one frame, a baud rate error of £5% and a sampling timing of +4.5% are the
basic allowable ranges.

Practically, however, a baud rate error of only +2.3% can be allowed, assuming that both transmission
and reception involve a degree of error.
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9.4.2 Baud Rate Generator Register (BRG)

The baud rate generator register is an 8-bit compare register, used to set a timer count value for the
dedicated baud rate generator.

This register supports 8-bit read and write operations.

Address When reset,

BRG BRG7 | BRG6 | BRG5 | BRG4 | BRG3 | BRG2 | BRG1 | BRGO CO0000AOH  Not defined

Caution BRG register write clears the internal timer (TMBRG). So, never rewrite the BRG register
by software during transmission or reception.

9.4.3 Baud Rate Generator Prescaler Mode Register (BPRM)
The baud rate generator prescaler mode register controls the timer count operation, and selects a count
clock.

This register supports 8-bit read and write operations.

7 6 5 4 3 2 1 0
Address When reset,
BPRM BRCE 0 0 0 0 BPR CO0000A2H OOH
Bit position Bit name Description
7 BRCE Baud Rate Generator Count Enable

This bit controls the BRG count operation.
0: Stops the count operation, with BRG cleared.
1: Enables count operation.

2-0 BPR Baud Rate Generator Prescaler
These bits specify the count clock to be applied to TMBRG.
BPR Count clock
0 0 0 @2 (n = 0)
0 0 1 @4 (n=1)
0 1 0 @8 (n=2)
0 1 1 @16 (n = 3)
1 X X @32 (n =4)

n: Prescaler setting @ System clock

Caution Never change the count clock during transmission or reception.
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CHAPTER 10 TIMER/COUNTER FUNCTIONS (REAL-TIME PULSE UNIT)

The real-time pulse unit (RPU) measures pulse intervals and frequencies, and outputs programmable
pulses. It is capable of 16-bit measurement. It can also generate various types of pulses, such as interval
pulse and one-shot pulse.

10.1 FEATURES

e Timer 0 (TMO)

16-bit timer/event counter

Two count clock sources (system clock frequency division selected or external pulse input)
Four capture/compare registers

Count clear pin (TCLR)

Five interrupt sources

Two external pulse outputs

e Timer 1 (TM1)

16-bit interval timer

Count clock generated by dividing the system clock frequency
Compare register

Interrupt source
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10.2 BASIC CONFIGURATION

The basic configuration of the real-time pulse unit is listed below.

Table 10-1. Configuration of the RPU

Timer Count clock| Register | Read/write | Generated Capture Timer Other
interrupt trigger output SR | functions
signal

Timer O @2 TMO Read INTOVO - - External clear
4
ZS CCo00 Read/write | INTCCOO INTPOO TOO0O (S) -
@16 cco1 Read/write | INTCCO1 INTPO1 | TOOO (R) -
@32
@64 CcCo2 Read/write | INTCCO02 INTPO2 TOO1 (S) -
Tipininput | cco3 | Read/write | INTCCO3 | INTPO3 | TOO1 (R) -
Timer 1 @32 T™M1 Read - - - -
@64
@128 ]
@256 CM1 Read/write | INTCM1 - - -

Remark ¢ : System clock
SR : Set/reset
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(1) Timer O (16-bit timer/event counter)

Edge Clear and
TCLR @_ detection | | start

pm Clear and start
2] ¢m [ m/4  Inote 1
2/4 pm/8 TMO (16 bits) INTOVO
pm/16

Note 2 Ed e
O {detedion — - INTCCOO

— INTCCO1

Edge S
INTPOO (O detection CCO00 of— 000
Ed e RNO!Q36—>
'NTPOl@ detecgtion [ ccol

Edge S
INTPOZ(:)— detegion - CCo2 o 0oL

INTPO3 (O)—{ 4G99, |— ccos Rioes Q>

detection

INTCCO2
—— > INTCCO03

Notes 1. Internal count clock
2. External count clock
3. A reset takes precedence.

Remark ¢: System clock

(2) Timer 1 (16-bit interval timer)

P2 | pm Note
(0;4 i Zggg > TM1 (16 bits)
QI8
Clear and start
CM1 INTCM1

Note Internal count clock

Remark ¢: System clock
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10.2.1 Timer O

(1)

186

Timer 0 (TMO)

TMO functions as a 16-bit free-running timer or external signal event counter. It can be used mainly for
period measurement, frequency measurement, and pulse output.

TMO can be read from only in 16-bit units.

15 0

Address When reset,
T™MO C0000070H 0000H

TMO is used to count the internal or external count clock pulses. The timer is started and stopped using
bit CEO of timer control register 0 (TMCO).
TMCO is used to select whether internal or external count clock is to be selected.

(a) When the external count clock is selected
TMO functions as an event counter. An effective edge is specified using timer unit mode register 0
(TUMO), and TMO is incremented according to the TI pin input.

(b) When the internal count clock is selected
TMO functions as afree-running timer. Itis usedto countthe internal clock (@2 to ¢/64) pulses specified
in register TMCO.
When the timer overflows, an overflow interrupt can be generated. Setting register TUMO properly
can stop the timer after an overflow occurs.
External input TCLR can clear and start the timer. Because the prescaler is cleared at the same time,
the time between the input of TCLR and the first time the timer reaches its full count is fixed according
to the frequency division ratio of the prescaler. TUMO specifies the behavior.
Inputting RESET clears (0) all bits of TMO.
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(2) Capture/compare registers 00 to 03 (CCO0O0 to CCO03)
Each capture/compare register consists of 16 bits and is connected to TMO. The capture/compare
registers are used as either capture or compare registers according to the setting of timer unit mode
register 0 (TMUQ). They can be read from and written to in 16-bit units.

(@)

(b)

15 0
Address When reset,
CCo0 C0000072H  Not defined
15 0
Address When reset,
ccol C0000074H  Not defined
15 0
Address When reset,
ccoz C0000076H  Not defined
15 0
Address When reset,
CCo3 C0000078H  Not defined

When a capture/compare register is specified as a capture register

If a capture/compare register is specified as a capture register, it detects the effective edge of the
corresponding external interrupt (INTPOO to INTP03) as a capture trigger. Timer O latches the count
in synchronization with the capture trigger (capturing). Capturing occurs asynchronously with the
count clock. The latched value is held in the capture register until capturing occurs again.

If capturing (latching) and writing by an instruction contend for the capture register, instruction
execution takes precedence, and capturing is ignored.

The effective edges (rising edge, falling edge or both rising and falling edges) of an external interrupt
can be selected using the ICU mode register (IMOD). (See Section 4.4.5 )

If a capture/compare register is specified as a capture register, an interrupt occurs on the effective
edge of INTPOO to INTPO3. In this case, INTCCn (compare register match signal) cannot be used
to cause an interrupt.

When a capture/compare register is specified as a compare register

If a capture/compare register is specified as a compare register, the value in the register is compared
with the content of the timer each time the timer is incremented. When they match, an interrupt is
generated.

The compare register provides a set/reset output function. It sets or resets the corresponding timer
output in synchronization with the occurrence of the a match signal.

The interrupt source that becomes effective varies with the function of the selected register.

If a capture/compare register is specified as a compare register, register TUMO can be used to select
either INTCCn (match signal) or INTPn (effective edge detection) as an interrupt signal. If INTPn is
selected, an external interrupt becomes acceptable in concurrence with timer output specification.
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10.2.2 Timer 1

(1)

Timer 1 (TM1)
TM1 is a 16-bit timer. It can be used mainly as an interval timer for software.
TM1 can be read from in 16-bit units. It is a read-only register.

15 0

Address When reset,

™1 C000007CH 0000H

TM1 is started and stopped using bit CE1 of timer control register 1 (TMC1).

For the count clock, the ratio of frequency division by the prescaler can be selected from @32, @64,
@128, and @256 according to the setting of register TMCL1.

Inputting RESET clears (0) all bits of TM1.

Caution Once a comparison match occurs, the timer is cleared on the next count clock pulse. So,

()

188

if the frequency division ratio is large, the timer value may not be zero even when itis read
immediately after the occurrence of a comparison match interrupt.

Compare register 1 (CM1)
CML1 is a 16-bit register and is connected to TM1. It can be read from and written to in 16-bit units.

15 0

Address When reset,

CM1 COO00007EH  Not defined

The content of TM1 is compared with that of CM1 each time TML1 is incremented. When a match is
detected, it causes an interrupt (INTCM1). At the same time, TM1 is cleared.
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10.3 CONTROL REGISTERS

(1) Timer unit mode register 0 (TUMO)
TUMO is a register used to control the behavior of timer 0. It specifies the operation mode of the capture/
compare registers.
TUMO can be read from and written to in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
TUMO 0 0 | OST|ECLRO| TESO CESO  [CMS03[CMS02(CMS01CMS00{IMS03 [IMS02 [IMS01 {IMS00 C0000060H 0AOQOH
Bit position Bit name Description
13 OSsT Overflow Stop
Specifies the action to be taken after the timer overflows. This flag is effective
only for TMO.

0: The timer keeps to increment after it overflows.
1: The timer stops and holds 0000H when it overflows.
CEO of TMCO remains to be 1. The timer is caused to restart
incrementing by:
Setting CEO to 1, when ECLRO = 0, or
Inputting a trigger to the timer clear pin (TCLR) , when ECLRO =1

12 ECLRO External Input Timer Clear
Enables the timer to be cleared according to an external clear input (TCLR) to
TMO.
0: TMO is not cleared by an external input.
1: TMO is cleared by an external input. After cleared, it restarts
incrementing.

11, 10 TESO Tl Edge Select
Specifies the effective edge of an external clock input (TI).
TESO Effective edge
0 0 RFU (reserved)
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
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Bit position Bit name Description
9,8 CESO TCLR Edge Select
Specifies the effective edge of an external clear input (TCLR).
CESO Effective edge
0 0 RFU (reserved)
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
7-4 CMS00-CMS03 | Capture/Compare Mode Select
Selects the operation mode of the capture/compare registers (CC00 to CC03).
0: The capture/compare registers work as capture registers. Capturing can
occur only when CEO of TMCO is 1.
1: The capture/compare registers work as compare registers.
3-0 IMS00-IMS03 | Interrupt Mode Select
Selects INTPn or INTCCn as an interrupt source (n = 00 to 03).
0: Compare register match signal INTCCn is used as an interrupt signal.
1: An external input signal INTPn is used as an interrupt signal.
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(2) Timer control register 0 (TMCO)
TMCO controls the behavior of TMO.
TMCO can be read from and written to in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
TMCO CEO 0 0 ETI PRSO 0 PRMO C0000062H 0OH
Bit position Bit name Description
7 CEO Count Enable
Controls the behavior of the timer.

0: The timer stops at 0000H. It does not work.

1: The timer works, except when ECLRO of TUMO is 1. When ECLRO is 1,
the timer waits for a TCLR input. When a TCLR input occurs, the timer
starts counting.

If ECLRO = 0, the timer starts the instant 1 is written to CEO. If CEO is set to
1 with ECLRO = 1, the timer will not start even when ECLRO is reset to O.
4 ETI External Tl Input
Switches between the external and internal count clocks.
0: Specifies a ¢g-based clock (internal).
1. Specifies Tl (external).
3,2 PRSO Prescaler Clock Select
Selects an internal count clock (gm is an intermediate clock).
PRSO Count clock
0 0 @om
0 1 @m/4
1 0 @m/8
1 1 @m/16
0 PRMO Prescaler Clock Mode

Selects an intermediate count clock gm (where ¢is the system clock).
0: @2
1. ¢4

Caution Do not change the count clock when the timer is operating.
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(3) Timer control register 1 (TMC1)
TMC1 controls the behavior of TM1.
TMC1 can be read from and written to in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
TMC1 CE1 0 0 0 0 PRS1 PRM1 C0000064H 00H
Bit position Bit name Description
7 CE1l Count Enable

Controls the behavior of the timer.
0: The timer stops at 0000H. It does not work.
1: The timer works.

2 PRS1 Prescaler Clock Select

Selects an internal count clock (¢gm is an intermediate clock).
0: @n/l6
1. @m/32

1,0 PRM1 Prescaler Clock Mode
Selects an intermediate count clock gm (where @ is the system clock).

PRM1 @m
@2

@4

@8

RFU (reserved)

0

o
P | O [k | O

Caution Do not switch the count clock when the timer is operating.
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(4) Timer output control register 0 (TOCO)
TOCO controls the timer output from the pins TO00 and TOO1.
TOCO can be read from and written to in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
TOCO |ENTOO01| ALVO1l |ENTOO00| ALVOO 0 0 TOPCO1| TOPCOO C0000066H 03H
Bit position Bit name Description
7,5 ENTOO01, Enable TOxx pin
ENTOO0 Disables or enables the corresponding timer outputs (TO00 and TOO1).

0: The timer output is disabled. The reversed (inactive) level of the ALV bit
is output from the corresponding TO00 and TOO1 pins. If a match signal
occurs with the corresponding compare register, the level at TO00 or
TOO1 does not change.

1: The timer output is enabled. When a match signal occurs with the
corresponding compare register, the timer output changes. The reverse
(inactive) level of the ALV bit is output, until the first match signal occurs
after the timer output is enabled.

6, 4 ALVO1, Active Level TOxx pin
ALVO00 Specifies the active level of the timer output.
0: Active low level
1: Active high level

1,0 TOPCO1, Timer Output Control
TOPCO00 Specifies the pin function of the TO01/INTP02 and TOOO/INTPOO dual-function
pins.

0: TOO1 and TOOO outputs
1: INTPO2 and INTPOO inputs

Remark For the TO00 and TOO1 output flip-flops, a reset takes precedence.

Caution The TOOO or TO01 output does not change on an external interrupt signal (INTPOn). To
use TOOO and TOO1, it is necessary to specify the capture/compare registers as the
compare registers (CMSOn = 1).

(5) ICU mode register (IMOD)

This is a control register for specifying the effective edge of an external interrupt signal. (See Chapter
4 for details.)
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(6) Timer overflow status register (TOVS)
TOVS holds flags to indicate an overflow from TMO or TM1.
TOVS can be read from and written to in 8-bit units.
TOVS can be tested and reset by software to poll about the occurrence of an overflow.

7 6 5 4 3 2 1 0
Address When reset,
TOVS 0 0 0 0 0 0 OVF1 | OVFO C0000068H 00H
Bit position Bit name Description
1,0 OVFn Overflow Flag

Overflow flag for TMn (n = 0 or 1)
0: TMn has not overflowed.
1: TMn has overflowed.

Caution TMO causes an interrupt request signal INTOVO to be sent to
the interrupt controller in synchronization with an overflow.
However, an interrupt operation is completely independent of
TOVS. Similarly to other overflow flags, the TMO overflow flag
can be operated on by software. This does not affect the
interrupt request flag in the interrupt controller corresponding
to INTOVO.

No transfer occurs to the TOVS register during access from the CPU. If an
overflow occurs while the TOVS register is being read from, the flag is not
changed. Instead, it is changed at the next read timing.
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10.4 OPERATION OF TIMER O

10.4.1 Counting

Timer O functions as a 16-bit free-running timer or external signal event counter. Timer control register
0 (TMCO) is used to specify the behavior of timer O.

If timer O is working as a free-running timer, when the content of a register (CC00 to CC03) matches the
count in TMO, an interrupt signal can be generated, and timer output TOxx can be set and reset. In addition,
the count in TMO can be captured in a register (CC00 to CC03) in synchronization with the effective edge
detected at the external interrupt request input pin (external trigger). The captured value is retained until the
next capture trigger occurs.

Figure 10-1. Basic Operation of Timer 0

3 O N I

T™MO 0000H A0001HX0002H 0003HX XFBFEHXFBFFHX:X 0000H XOOOlHXOOOZHXOOOSH

A A A
Start counting Disable count Start counting
CEO0 =1 CE0O =0 CEO0 =1

10.4.2 Count Clock Selection
There are two types of count clocks for timer 0, that is internal and external. The ETI bit of register TMCO
specifies which count clock is to be used.

Caution Do not switch the count clock when the timer is operating.
(1) Internal count clock (ETI bit = 0)

An internal count clock is selected from @2, @4, @8, @16, @32, and @64 according to the setting of bits
PRS0 and PRMO of register TMCO.

PRSO PRMO Count clock
0 0 0 w2
0 0 1 w4
0 1 0 @8
0 1 1 @16
1 0 0 @16
1 0 1 @32
1 1 0 @32
1 1 1 @64
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(2) External count clock (ETI bit = 1)
TMO counts signals input at the Tl pin. It can function also as an event counter.
The effective edge of a signal at Tl is specified using bit TESO of register TUMO.

TESO Effective edge
0 0 RFU (reserved)
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

10.4.3 Overflow

If TMO overflows when it is counting external or internal count clock pulses, bit OVFO of the TOVS register
is set to generate an overflow interrupt (INTOV).

Setting the OST bit of TUMO to 1 can cause the timer to stop after an overflow occurs. If the timer stops
due to an overflow, it will not restart until CEOQ is set to 1 by software.

Setting CEO to 1 when the timer is counting does not affect the operation of the timer.

Figure 10-2. Operation after an Overflow (When ECLRO = 0 and OST = 1)

Overflow Overflow
FFFFH FFFFH

Start counting

T T | f

OST<~— 1 CE0O~=~— 1 CEO~—1 CE0 ~— 1
INTOVO |_| |_|

T™MO0 O
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10.4.4 Clearing/Starting the Timer by the TCLR Input

Timer 0 usually starts counting when bit CEO of register TMCO is set to 1. However, external input TCLR
can be used to clear TMO and cause it to start counting.

When ECLRO =1 and OST =0, setting CEO to 1, then inputting an effective edge to TCLR causes the timer
to start counting. When TMO is operating, inputting an effective edge to TCLR clears the timer and causes
it to restart counting. (See Figure 10-3.)

When ECLRO = 0 and OST = 1, setting CEO to 1, then inputting an effective edge to TCLR causes TMO
to start counting. When TMO overflows, it stops counting and is kept from restarting until an effective edge
is input to TCLR. If an effective edge is detected at TCLR when TMO is operating, TMO is cleared, then starts
and continues counting. (See Figure 10-4.)

Figure 10-3. Clearing/Starting TMO by a TCLR Input (When ECLRO = 1 and OST = 0)

Overflow
FFFFH
Clear and start
Start counting
T™MO0 O
ECLRO =— 1 CEO0 =— 1 TCLR TCLR |_|
INTOVO

Figure 10-4. Clearing/Starting TMO by a TCLR Input and the Related Overflow
(When ECLRO =0 and OST =1)

Overflow
FFFFH

Start counting

T™MO 0 I
CEQ <—— 1 TCLR=—1 CEQ <—— 1| TCLR<—1 TCLR =—1
INTOVO |_|
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10.4.5 Capturing

The capture register can capture the count value from TMO in synchronization with an external trigger,
independently of the count clock of TMO. This operation is called capturing. An effective edge detected at
an external interrupt request input pin INTPn (n =00 to 03) is used as an external trigger (called capture trigger)
for capturing. The countvalue is sent from TMO to a capture register in synchronization with this capture trigger
signal. The capture register retains its content until another capture trigger occurs.

In addition, the INTPn input signal causes an interrupt signal INTCCn.

Table 10-2. Capture Trigger Signal for the 16-Bit Capture Register (TMQO)

Capture register Capture trigger signal
CCO00 INTPOO
Ccco1 INTPO1
CC02 INTPO2
CcCo03 INTPO3

Remark CCO0O0 to CCO03 are capture/compare registers. Timer unit mode register 0 (TUMO) is used to
specify whether a capture/compare register is to be used as a capture register or compare
register.

The effective edge of the capture trigger is specified using the ICU mode register (IMOD).

If both rising and falling edges are specified as capture triggers, it is possible to measure the width of an
external input pulse. If either arising or a falling edge is specified as a capture trigger, it is possible to measure
the period of an input pulse.

Figure 10-5. Example of TMO Capturing (When Both Rising and Falling Edges Are Specified)

FEFFH

T™MO
count value
N
Start counting !
CEQO —1 ! (Overflow)
Interrupt request
(INTPOO)
Capture register X X

Remark Dn (n=0,1, 2,..);: TMO count value

If CEO is cleared (0), inputting an interrupt signal does not trigger capturing.

198 User's Manual U10077EJ5VOUMO0



CHAPTER 10 TIMER/COUNTEHR E@m@(

Figure 10-6. Example of TMO Capturing

T™MO

CEO

Capture trigger

CCOx

RSP R

INTPOx

10.4.6 Comparison
Avalue in a compare register is compared with the count value in TMO. This operation is called comparison.
When a value previously set in the compare register matches the count value in TMO, a match signal is
sent to the output control circuit. (See Figure 10-7.) The match signal changes the level at the timer output
pins (TOO0 and TOO01), and generates an interrupt request signal at the same time.

Table 10-3. Interrupt Request Signal from the 16-Bit Compare Register (TMO)

Compare register |Interrupt request signal
CCO00 INTCCOO0
CCO01 INTCCO1
Cco2 INTCCO2
CCO03 INTCCO3

Remark CCO0O0 to CCO03 are capture/compare registers. Timer unit mode register 0 (TUMO) is used to
specify whether a capture/compare register is to be used as a capture register or compare
register.
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Figure 10-7. Example of Comparison

Timer 0

Count clock | |

]
]

T™O X n-1

><

:l--e-{}--()-e)---

CCOx n

Match detection

Remark A match is detected immediately after the timer is incremented, generating a match detection
signal.

TMO has two timer output pins (TO00 and TOO1).

When the count value in TMO is compared with the content of CCO0O, if they match, the output level of TO00
is set. When the count value in TMO is compared with the content of CC01, if they match, the output level
of TOOO is reset.

Similarly, when the count value in TMO is compared with the content of CC02, if they match, the output
level of TOOL1 is set. When the count value in TMO is compared with the content of CCO03, if they match, the
output level of TOO1 is reset.

The output level of TO00 and TOO01 can be specified using TOCO.

Figure 10-8. Example of TMO Comparison (Set/Reset Output Mode)

TMO
count value

0

Start counting Overflow

CEO=—1
Interrupt request
(INTCCO00)

Overflow

'
'
'
'
'
'
'
'
'
'
'
'
'
'

-
'
'
'
'
'
'
'
'
'
'
I
'
'
'
'
'

Interrupt request
(INTCCO01)

TO00 : - |

ENTOO00 =—1
ALVO0 =—1
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10.5 OPERATION OF TIMER 1

10.5.1 Counting

Timer 1 functions as a 16-bit interval timer. Timer control register 1 (TMC1) is used to specify the operation
of timer 1.

Timer 1 counts internal count clock pulses (@32 to ¢256) specified by bits PRS0 and PRMO of register
TMC1.

When the count value in TM1 matches the content of CM1, TM1 is cleared, and a match interrupt (INTCM1)
is generated simultaneously.

Figure 10-9. Basic Operation of Timer 1

Count clock H H H ” H H H

™1 0000H X0001HX0002H 0003HX XFBFEHXFBFFHX:X 0000H XOOOlHXOOOZHXOOOSH

A A A
Start counting Disable count Start counting
CEl=1 CE1=-0 CEl=1

10.5.2 Input Clock Selection
An internal count clock is selected from @32, @64 @128, and @256 according to the setting of bits PRS0
and PRMO of register TMCL1.

Caution Do not switch the count clock when the timer is operating.

PRSO PRMO Count clock
0 0 0 @32
0 0 1 @64
0 1 0 @128
0 1 1 RFU (reserved)
1 0 0 @64
1 0 1 @128
1 1 0 @256
1 1 1 RFU (reserved)

10.5.3 Overflow
If TM1 overflows when it counts an internal count clock pulses, bit OVF1 of the TOVS register is set.
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10.5.4 Comparison

A value in the compare register (CM1) is compared with the count value in TM1. This operation is called
comparison.

Ifamatchis detected in comparison, aninterrupt (INTCM1) occurs. Afteraninterruptoccurs, TM1is cleared
to O at the next count timing. (See Figure 10-10.) This function enables timer 1 to be used as an interval
timer.

CML1 can be set with 0. If CM1 overflows and TM1 becomes 0, a match is detected, and INTCM1 occurs.
TM1 is cleared (0) at the next count timing, but INTCM1 does not occur on this match. (See Figure 10-11.)

Figure 10-10. Operation from When CM1 Is 1 until It Is FFFFH

Count clock I_l I_l

'
'
-
]
)
)
'
'

=
=

Increment | | :
Clear TM1 ,
' P Clear
T™1 X T n X 0 X 1
&
cMm1 ;N n
<

-
] N
N

Match detection (INTCM1)

Remark Interval = (n + 1) x count clock period
n =1 to 65,535 (FFFFH)
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Match detection (INTCM1)

Overflow

Count clock |_| |_| |_|
Increment I_i Eh -i I_l
Clear TM1 ;
i , | Clear
5
TML  FFFFH X 0 X X 1
Y
&
cMm1 v 0
Yo
[ 1
[ 1

Remark Interval = (FFFFH + 2) x count clock period
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10.6 EXAMPLES OF APPLICATIONS

(1) Operation as an interval timer (timer 1)
In this example, timer 1 is set with an interval previously set in compare register CM1, and used as an
interval timer to generate interrupts repeatedly at the set intervals. Figure 10-12 shows the timing, and
Figure 10-13 is the flowchart of the setting procedure.

Figure 10-12. Interval Timer Operation Timing (Timer 1)

T™M1
count value
0
A A A
Start counting Clgar Cltlear
Compare register
(CM1) X n

Interrupt request : |—|
(INTCM1) | |

Remark n :Value in CM1
t :Interval timer = (n + 1) x count clock period

Figure 10-13. Interval Timer Operation Setting Procedure (Timer 1)

( Interval timer )

Set TMC1 ; Specifies a count clock.

Set CM1 with a count value
CMl=—n

Start counting
TMC1.CEl=—1

; Sets CE1 to 1.

W INTCM1 interrupt
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(2) Pulse width measurement (timer 0)
Timer 0 is used for pulse width measurement. In this example, the timer is used to measure the width
of the high or low level of an external pulse input at pin INTPO2.
As shown in Figure 10-14, a capture/compare register (CC02) captures the count value from timer 0 (TMO)
in synchronization with an effective edge (either rising or falling edge) of an input to INTP02.
When the nth effective edge is detected, CC02 captures the count value (Dn) from TMO on that effective
edge, and the difference between this count value (Dn) and the count value (Dn-1) captured at the previous
effective edge (n-1) is calculated. The pulse width is obtained by multiplying this difference by the count
clock period.
Figure 10-15 shows the procedure for setting up pulse width measurement.

Figure 10-14. Pulse Width Measurement Timing (Timer 0)

FEFFH

TMO
count value

0

External pulse input
(INTPO2)

Capture/compare register
(Cco2)

t1 t2 t3

t1 = (D1 - DO) x count clock period
t2 = { (FFFFH - D1) + D2} x count clock period
t3 = (D3 — D2) x count clock period

Remark Dn: TMO count value (n =0, 1, 2, ...))
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Figure 10-15. Pulse Width Measurement Setting Procedure (Timer 0)

( Pulse width measurement)

Set TMCO ; Specifies a count clock.

Set IMOD ; Specifies the rising and falling edges of
IMOD.ITM02 =—11 the INTPO2 input signal as effective edges.

Set TUMO ; Specifies a capture/compare register as a
TUMO.CMS02 =—0 capture register.

Initialize buffer memory for
captured data
X0=—20

Start counting
TMCO.CEO =—1

Enable interrupt

W INTPO2 interrupt

; Sets CEO to 1.

Figure 10-16. Pulse Width Calculation Interrupt Request Handling Routine (Timer 0)

QNTPn (both rising and falling edges)

Calculate pulse width
Yn=CCO02 - Xn-1
tn = Yn x count clock period

Store the nth captured data
in buffer memory
Xn <—CC02

|
C RETI )

Caution If an overflow occurs more than once between the (n-1)th capture and nth capture, it is
impossible to measure the pulse width.

; Xn, Yn: Variables
; tn: Pulse width
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(3) Operation as PWM output (timer 0)
An arbitrary square waveform can be output from the timer output pins (TO00 and TOO01) by combining
timer 0 and the timer output function.

(a) How to use timer O
PWM output uses two capture/compare registers (CC00 and CC01). INTPOO/TOO00 should be placed
in the set/reset output mode. This setting enables outputting a PWM signal with 16-bit precision from
pin TO00. The timing relationships are shown in Figure 10-17.
When timer 0 is used as a 16-bit timer, a value in a capture/compare register CC00 determines the
timing of the rising edge of the PWM output, and a value in CC01 determines the timing of the falling
edge, as shown in Figure 10-17.
Figure 10-18 shows the procedure for setting up the PWM output.

Figure 10-17. PWM Output Timing (TMOQ)

FFFFH FFFFH FFFFH

T™MO
count value

0

TR R
(2]
>

X, o
Y

D11 X

Capture/compare register (CC00)

Interrupt request :
(INTCCO00)

D
W)
S
w

Capture/compare register (CC01) D10

Interrupt request
(INTCCO1)

{

O
o e
\ N

G . —

Remark Dxx: Value set in a compare register
tl = {(FFFFH - DOO0) + D01} x count clock period
t2 = {(FFFFH - D10) + D11} x count clock period
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Figure 10-18. PWM Output Setting Procedure (Timer 0)

( PWM output )

Toco o o - Specifies the active level (high level).
TOCO.ALVOO <—1 Enables timer output.
TUM%%’\TALSJI(\)/I(? -1 ; Specifies that CC00 and CCO01 work for comparison.

TUMO0.CMS01=—1

Specify TOOO/INTPOO as timer
output pin (TO00)
according to TOCO

TOCO0.TOPC00=—0

Set TMCO ; Specify a count clock for TMO.

Set CCO00 with count value
CC00-=—DO00

Set CCO1 with count value
CC10=—D10

Start counting
TMCO.CEQ0 =1 ; Set CEO (1).

Enable interrupt

INTCCOO interrupt

17
INTCCO1 interrupt
1~
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Figure 10-19. Compare Value Rewrite Interrupt Request Handling Routine (Timer 0)

( INTCCOO0 )

Set CCO00 with the time (pulse count) to be
allowed before TOO0O0 output is set (1) again.

( RETI )

( INTCCO1 )

Set CCO01 with the time (pulse count)
to be allowed before TO0O output is
reset (0) again.

|
( RETI )

(4) Period measurement (timer 0)
Timer 0 can be used to measure the period of an external pulse input at pin INTPn (n = 00 to 03). In this
example, the period of an external pulse input at INTPOO is measured with 16-bit precision by combining
timer 0 and CCOO (capture/compare register).
The IMOD register is used to specify the rising edge of an input signal at INTPOO as an effective edge.
When the nth rising edge is detected, CCOO0 captures the count value (Dn) from TMO on that edge, and
the difference between this count value (Dn) and the count value (Dn-1) captured at the previous rising
edge (n-1) is calculated. The pulse period is obtained by multiplying this difference by the count clock
period.
Figure 10-21 shows the procedure for setting up period measurement.
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Figure 10-20. Pulse Width Measurement Timing (TMO)

FFFFH FFFFH FFFFH

T™MO
count value DO D1
o ] R S NP P AN WIS
Interrupt request
(INTPOO) | | | |
I | l t2

Capture/compare register

(ccoo) X X D1 X b2

t1 = { (FFFFH - DO) + D1} x count clock period
t2 = { (FFFFH - D1) + D2} x count clock period

Remark Dn: TMO count value (n =0, 1, 2, ..))

Figure 10-21. Period Measurement Setting Procedure (Timer 0)

( Period measurement )

Set TMCO ; Specifies a count clock.

Set TUMO.
TUMO0.CMS00 =1

Set IMOD register
IMOD.ITM00 =—10

Initialize buffer memory for
captured data
X0=—0

Start counting
TMCO.CEO=—1

Enable interrupt

; Specifies CC00 as a compare register.

; Specifies the rising edge of INTP0OO
signal as effective.

; Set CEO to 1.

INTPOO interrupt

1
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Figure 10-22. Period Calculation Interrupt Request Handling Routine (Timer 0)

C INTPOO interrupt )

Calculate period
Yn = CCO0O - Xn1 ;tn: Period
tn = Yn x count clock period

Store the nth captured data in
buffer memory
Xn=—CCO00

|
( RETI )

10.7 CAUTIONS

The detection of a match using a compare register is always carried out immediately after the timer is
incremented. A match is not detected in the following cases.

(1) When writing to a compare register (TMO and TM1)

Count clock | ZlD\ | (l )\

/ /

Timer value n-1 X n X n+1

. ¢ L
Compare register value m X n
f \
Write to register

Match detection L

t t
A match does not occur. A match does not occur.

(2) When cleared externally (TMO)

Count clock |_| | EI)

/
N
Timer value n-1 X n X 0 X A 1
External clear input | EID
Jan)
Compare register value 0000H A

Match detection L

A match does not occur.
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(3) When cleared by a timer (TM1)

Count clock |_| |_| I_l
A

Timervalue 65,534 X 65,535 X 0

Internal match clear | |
Match detection | |

A match does not occur.

If a timer is operating in a free-running mode, when it overflows, it is cleared to 0.

comeoc | || L] L] L1 [ |
Timer value X 65534 X 6553 X 0o X 1 X 2 X 3

Overflow interrupt | |
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CHAPTER 11 WATCHDOG TIMER FUNCTIONS

The watchdog timer is intended to prevent program crash and deadlock.
11.1 FEATURES
® The following three different time-out time values can be specified: 10.5 ms, 41.9 ms, and 167.8 ms
(when system clock ¢= 25 MHz)
®* Watchdog timer time-out output (WDTOUT)

11.2 CONFIGURATION

Figure 11-1. Watchdog Timer Block Diagram

[ /210 .
@212 Watchdog | Time-out

@——| Frequency

P 14 timer
divider Q2 (8 bits)
- Active timer Time-out R
(5 bits)
Clear s Ql—©wbTout
WDTM register CLR bit
RESET
STOP
Oscillation

—| settling time
control circuit

Remark ¢@ System clock
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(1) Watchdog timer

One of the watchdog timer functions is to secure the oscillation settling time of the system clock. When
the system is reset or placed in the STOP mode, the timer is cleared to O0H.

The watchdog timer behaves in the standby modes as follows:

()

(@)

(b)

(c)

STOP mode

The watchdog timer stops counting. When the system is released from the STOP mode, the timer
value is cleared.

The watchdog timer starts counting at 00H, and keeps counting until a time-out occurs. A time-out
signal is supplied to the oscillation settling time control circuit, thus starting to supply the system clock
pulse. At this point, the WDTOUT pin does not become active. If the system is released from the
STOP mode by the NMI pin, the timer continues counting.

IDLE mode

The watchdog timer stops counting, but it holds the count value.

When the system is released from the IDLE mode, the watchdog timer resumes counting by starting
at the current count value.

HALT mode
The watchdog timer continues counting.

Active timer

The watchdog timer outputs the WDTOUT signal when it times out. The active timer retains this signal
for 32 clock cycles.

When the watchdog timer times out, it can cause a system reset by connecting the WDTOUT and RESET
pins through an external circuit.

11.3 OPERATION

The watchdog timer indicates that the program or system is running normally, by keeping the WDTOUT
pin from becoming active.

Tousethe watchdog timer, itis necessary to specify the WDTM register so that the watchdog timer is cleared
(restarted to count) at constant intervals during program execution or at the beginning of a subroutine. If the
watchdog timer expires because it is not cleared within a specified period of time, the WDTOUT pin becomes
active, indicating a program failure. In addition, the WDT time-out flag (OV) is set. This flag is cleared by
clearing the WDT counter.

To use a watchdog timer time-out as an interrupt source, it is necessary to connect the WDTOUT pin to
an external interrupt request pin (m or N_I\/H) through an external circuit.

214
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11.4 WDT MODE REGISTER (WDTM)

The WDT mode register controls the behavior of the watchdog timer.
The WDT mode register can be read from and written to in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
WDTM KEY BWOS EN CL/ov WDTI CO0000COH 00H
Bit position Bit name Description
7-5 KEY KEY data
Identifies data. KEY should be set as follows:
KEY = 011
A value other than 011 cannot be written to the WDTM register. A value read
from this register is always 000.
4 BWOS BLOCK/WDTOUT Output Select
Selects the BLOCK or WDTOUT output signal as output.
0: WDTOUT output
1: BLOCK output
3 EN Enable
Causes the watchdog timer to start or stop counting.
0: Stop counting
1: Start counting
2 CL/ov Clear/Overflow

When the watchdog timer is write-accessed, this bit specifies whether the
count value in the watchdog timer and the time-out flag are cleared.

CL Operation

0 Neither the count value nor the time-out flag
is cleared (nothing is carried out).

1 The count value and the time-out flag are cleared.

When the watchdog timer is read-accessed, this bit specifies that the
watchdog timer time-out flag can be read-accessed. If a time-out occurs after
the system is released from the STOP mode, the time-out flag is not set.

ov Operation
0 A time-out has not occurred.
1 A time-out has occurred.
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Bit position Bit name Description

1,0 WDTI WDT Input
Specifies the count clock for the watchdog timer.

WDTI Count clock Time-out time (Mms)
16 MHz 20 MHz | 25 MHz
0 0 210/ 16.4 13.1 10.5
0 1 212/¢ 65.5 52.4 41.9
1 0 214¢p 262.1 209.7 167.8
1 1 This setting is inhibited.

@ System clock

If this bit is changed while the watchdog timer is running, normal operation
not guaranteed.

S
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CHAPTER 12 PORT FUNCTIONS

The V821 pins are dual-function pins that can function as both port and control pins. See Section 2.1 for
details of each pin.

12.1 FEATURES
® 10 input/output ports (P00 to P09)

12.2 CONFIGURATION

~ Write F—o Mode (PMx)
Latch —$4@ /0

-0

Internal address
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12.3 PIN FUNCTIONS OF PORT 0O

Port register 0 (P0) is a 16-bit input/output port. For this register, it is possible to specify input/output in
16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,
POJO|O|O0|O0]| O] 0 |PO9PO8PO7|PO6(PO5(P04PO3|P02(POLIPO0| ~0000014H  Not defined

Bit position Bit name Description

9-0 P9-PO Port data
Input/output port

Caution If portregister 0 is read when control mode is specified, the level at the corresponding pin
of port 0 is read. The level of the pin, such as DACKO, that functions as an output pin in
control mode is not read.

Port mode register 0 (PMO) is used to specify whether port 0 is to work as an input or output port.
(1) When specified as an output port (PMO = 0)
When the port register is write-accessed, a value is written to the output latch. When it is read-accessed,
a value is read from the output latch.
(2) When specified as an input port (PMO = 1)

When the port register is write-accessed, a value is written to the output latch. When it is read-accessed,
the level of the corresponding pin of port O is read.
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12.4 CONTROL REGISTER

The input/output ports are controlled using port mode control register 0 (PMCO) and port mode register 0
(PMO).

12.4.1 Port Mode Control Register 0 (PMCO0)

The control mode is selected if the corresponding bit of PMCO is set (1). The port mode is selected if the
bit is reset (0).

PMCO can be read from and written to in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,

PMCO [0 [ 0| 0| 0|00 |[MSIMSBMS7|MSEMSEMSAMS3MS2ZMSIMSO[ 0000010H  0000H

o

Bit position Bit name Description

9-0 MS9-MSO0 Mode Select
0: Port mode
1: Control mode

12.4.2 Port Mode Register 0 (PMO)

If the port mode is selected, PMO specifies the port pin as either input or output. Table 12-1 lists how the
port behaves when PMCO is set to the control mode.

PMO can be read from and written to in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Address When reset,

PMO | 0 [0 | 0| 0|0 |0 [PMPM8PM7[PM6[PMSPM4PM3[PM2PMLPMO| ~0000012H  03FFH

[=)

Bit position Bit name Description

9-0 PM9-PMO Port Mode
0: Output mode (output buffer on)
1: Input mode (output buffer off)
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Table 12-1. Port Operation

Port name Port operation
MSn =0 MSn =1
PMn =0 PMn =1 PMn =0 PMn =1
POO/TCLR P00 output POO input TCLR input

PO1/DREQO P01 output P01 input DREQO input

P02/DACKO P02 output P02 input DACKO input

PO3/DREQL1 P03 output P03 input DREQL1 input

P04/DACK1 P04 output P04 input DACK1 input

PO5/SI P05 output PO5 input Sl input

P06/SO P06 output P06 input SO output

P0O7/SCLK PO7 output | PO7 input | SCLK input/output
PO8/TXD/UBE | P08 output P08 input UBE output TXD output
PO9/RXD/TC P09 output | P09 input | TC output RXD input
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CHAPTER 13 CLOCK GENERATION FUNCTIONS

The clock generator generates and controls the internal clock pulse (¢ for the CPU and other built-in

hardware units.
13.1 FEATURES

* Frequency multiplication (5 times) using a PLL (phase locked loop) synthesizer

¢ Clock sources

* Resonator-based oscillation: fxx = 1/5 x ¢ (PLL mode)

» External clock: fxx = 1/5 x ¢ (PLL mode)
» External clock: fxx =2 x ¢ (direct mode)

13.2 CONFIGURATION

RESET
TCLR©® Latch
Direct mode

(fxx)

X1 ©

(fxx) OsC PLL synthesizer
X2 (10+fxx)
1 PLL mode
Stop mode
Q . Internal clock frequency (@ = 1/2¢10+fxx: PLL mode)

Internal clock frequency (@ = 1/2+fxx: Direct mode)

OSC : Oscillator (only for the PLL mode)
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13.3 INPUT CLOCK SELECTION

The clock generator consists of a clock oscillator and PLL synthesizer. Connecting, for example, a 5 MHz
quartz or ceramic resonator to the X1 and X2 pins can generate a 25 MHz system clock pulse.

Moreover, an external clock pulse can be input directly to the oscillator. In this case, the clock signal should
be supplied to the X1 pin, and the X2 pin should be left open.

The clock generator supports two basic operation modes: PLL and direct modes. Either operation mode
is selected during a reset using the TCLR pin. The input signal at the TCLR pin is latched when the RESET
pin becomes inactive. However, the input signal should be kept at the same level during a reset (while the
RESET pin is active). Assume that the hold time for RESET signal rising at the TCLR pin is one clock. A
malfunction may occur if the level of the TCLR pin varies during a reset.

TCLR Operation mode
0 PLL mode
1 Direct mode

13.3.1 Direct Mode

In the direct mode, an external clock pulse having a frequency twice as high as the frequency of the system
clock is input to the clock generator. Operation with low power dissipation is possible in this mode, because
the OSC and PLL synthesizer do not operate. The direct mode is suitable for applications in which the V821
operates at arelatively low frequency. To minimize influence by noise, the frequency (fxx) of the external clock
should be kept at about 32 MHz or less (system clock ¢ = 16 MHz).

To use the external clock directly, it is necessary to keep the TCLR pin at 1 during a reset.

13.3.2 PLL Mode

In the PLL mode, the system clock pulse (¢ is generated by connecting an external resonator or supplying
an external clock pulse and multiplying its frequency in the PLL synthesizer.

A frequency of up to 25 MHz can be obtained using a 3 to 5 MHz external resonator or clock. So, the PLL
mode can be used to implement a low-noise, low-power dissipation system. The frequency (5 x fxx) of the
generated system clock pulse (¢) is five times as high as that (fxx) of the external resonator or clock.

To use the PLL mode, it is necessary to keep the TCLR pin at 0 during a reset.

Examples of clocks used in the PLL mode

System clock frequency (¢) External resonator/clock frequency (fxx)
25.000 MHz 5.0000 MHz
20.000 MHz 4.0000 MHz
16.384 MHz 3.2768 MHz
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(1) Back-up mode
In PLL mode, even if the crystal or built-in oscillator is failed for some reason and clock supply is stopped,
the internal system clock (¢) at the self-sustained frequency of the VCO can be supplied continuously.
This increases the reliablity of the application system. This is called the back-up mode. This function
is available only for the PLL mode. The BU bit indicates whether the clock is in the back-up mode.

Caution If the clock shifts to the back-up mode, it is detected after a lock-up state (UL bit = 0) is
entered. This function is provided in case of failures. It does not guarantee all operations
at the self-sustained frequency. It is not recommended that clock input be stopped
intentionally to enter back-up mode.

(2) Lock-up time
Immediately after the system is switched on or released from the stop or idle mode, a frequency settling
time (lock-up time) is required before the PLL enters a phase locked state at the specified frequency and
becomes stable. This condition is called the unlocked state, while the condition under which the oscillation
frequency is stable is called the locked state.
The stable state of the PLL frequency is indicated in the UL flag of the clock control register (CGC).
Once a factor that causes the unlocked state (such as clock stop or power break) occurs, processing that
depends on software execution speed, such as real-time processing, should check the UL flag by software
immediately after it starts and waits until the clock becomes stable if necessary.
On the other hand, static processing, such as setting on-chip hardware or initializing register or memory
data, can be performed without waiting until the UL flag is reset.
The UL flag remains set to "0" as long as the lock-up state is maintained and is not initialized by means
of system reset.
This flag is read-only and cannot be written.

13.4 CLOCK OUTPUT CONTROL

The behavior of the CLKOUT pin can be specified using the COE bit of the clock control register (CGC).
It is possible to save power effectively by combining the standby modes such as halt, idle, and stop.

(1) Clock output disabled mode
The clock output from the CLKOUT pin is disabled.
Inthis mode, the CLKOUT operation is kept at a complete stop, so itis possible to reduce power dissipation
further and suppress noise radiation from the CLKOUT pin.

CLKOUT

(ordinary mode) I|||||||||||||||||||||||||||||||||||||||

CLKOUT
(clock output H (fixed)
disabled mode)

User's Manual U10077EJ5VOUMO0 223



V821™ USER'S MANUAL

13.5 CLOCK CONTROL REGISTER (CGC)

The CGC register controls the output of the CLKOUT pin.
This register can be read from and written to in 8-bit units except for bits 1 and 2, which can only be read-
accessed.

7 6 5 4 3 2 1 0
Address When reset,
CGC KEY CESEL BU UL COE COO000EOH 03H
Bit position Bit name Description
7-4 KEY KEY data
Identifies data. KEY should be set as follows:
KEY = 0111

If KEY is set to other than 0111, it is impossible to write to the CGC register.
When read-accessed, the CGC register always outputs 0000.

3 CESEL Crystal External Select
Specifies the function of the X1 and X2 pins.
0: A resonator is connected to the X1 and X2 pins.
1: An external clock is connected to the X1 pin.
The X1 pin is provided with a pull-down transistor. During the stop mode, it
keeps the X1 bit at the ground level to stop the oscillator.
To use an external clock in the PLL mode, it is necessary to set CESEL to 1.

2 BU Back Up
Flag to indicate whether the back-up mode has been selected.

0: The back-up mode has not been selected.

1: The back-up mode has been selected.
The back-up mode is indicated in the BU bit after a lock-up state is entered
(UL = 0). This bit is cleared to 0 by a system reset or when the stop mode is
selected.
It is a read-only bit. An attempt to write to it is ignored.

1 UL Unlock
Flag to indicate whether the unlock state has been entered.
0: Locked state
1: Unlocked state
The UL bit is set to 1 by a system reset or when the stop mode is selected.
Once the clock is locked, it is kept in that state.
This bit is a read-only bit. An attempt to write to it is ignored.

0 COE Clock Out Enable

Enables or disables the CLKOUT output.
0: Disables output (the CLKOUT pin is fixed at the high level.)
1: Enables output.
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CHAPTER 14 STANDBY FUNCTIONS

The V821 supports three standby modes to suppress power dissipation. In these standby modes, the

operation of the clock is controlled. The HALT instruction is used to select a standby mode. Mode switching
is controlled using the standby control register.

14.1 FEATURES

* HALT mode (Only the CPU clock stops.)
¢ IDLE mode (The CPU and peripheral operation clocks stop. The clock generator continues to operate.)
* STOP mode (The entire system, including the clock generator, stops.)

14.2 STANDBY MODE

The standby modes of the V821 are detailed below.

(1) HALT mode

In this mode, the clock generator (oscillator and PLL synthesizer) continues operation, but the CPU clock
stops. Clock supply to other built-in peripheral functions continues to allow them to keep running.
Intermittent operation achieved using this standby mode in conjunction with the ordinary operation mode
can reduce the total power dissipation of the system.

(2) IDLE mode

In this mode, the clock generator (oscillator and PLL synthesizer) continues operation, but internal system
clock supply is stopped to bring the entire system to a stop.

When the system is released from the IDLE mode, it is unnecessary to secure oscillation settling time
for the oscillator, and therefore it is possible for the system to shift to the ordinary operation quickly.
For the oscillation settling time and current drain, the IDLE mode lies in between the stop and HALT modes.
The IDLE mode is suitable for an application where it is necessary to cut the oscillation settling time using
a low current drain mode.

(3) STOP mode

In this mode, the clock generator (oscillator and PLL synthesizer) is stopped to bring the entire system
to a stop. This mode can generate an ultra-low power dissipation condition; only leak current occurs.
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(a) PLL mode

In this mode, the PLL synthesizer clock output is stopped simultaneously with the oscillator. After
the system is released from the STOP mode, it is necessary to allow oscillation settling time for the

oscillator. Some programs require a PLL lock-up time.

(b) Direct mode

In the direct mode, it is unnecessary to secure lock-up time.

Table 14-1 lists the operation of the clock generator in the ordinary, halt, idle, and STOP modes. An effective
low power dissipation system can be implemented by combining and switching these modes.

Table 14-1. Clock Generator Operation under Standby Control

Clock source Standby mode Oscillator PLL Clock supply | Clock supply
(0SC) synthesizer to the pe- to the CPU
ripheral 1/0O
PLL mode Resonator- Ordinary o] o] o] o]
based |
oscillation Halt ° 0 ° X
Idle o] o] X X
Stop X X X X
External clock | Ordinary X o] o] o]
Halt X o] o} X
Idle X o] X X
Stop X X X X
Direct mode Ordinary X X o] o]
Halt X X o] X
Idle X X X X
Stop X X X X
0: Operating
x: Stop
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State transition

Released by a RESET or
— NMI maskable interrupt input

—

Released by a
RESET or NMI input

Select HALT mode

Released by a
RESET or NMI input

Select STOP mode

Select IDLE mode
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14.3 STANDBY CONTROL REGISTER (STBC)

The standby control register controls standby.
The STBC register can be read from and written to in 8-bit units.

7 6 5 4 3 2 1 0
Address When reset,
STBC KEY wT SMD CO0000DOH 00H
Bit position Bit name Description
7-4 KEY KEY data
Identifies data. KEY should be set as follows:
KEY = 0111
If KEY is set to other than 0111, it is impossible to write to the STBC register.
When read-accessed, the STBC register always outputs 0000.
3,2 WT Wait Time
Specifies the count clock for oscillation settling time.
WT Count clock Oscillation settling time (ms)
16 MHz 20 MHz | 25 MHz
0 0 219/¢ 32.8 26.2 21.0
0 1 218/ 16.4 13.1 10.5
1 0 217 ¢ 8.2 6.6 5.2
1 1 216/¢ 4.1 3.3 2.6
¢@: System clock
1,0 SMD Standby Mode
Specifies a standby mode.
The HALT instruction places the system in a standby mode selected according
to the setting of SMD.
SMD Standby mode
0 0 HALT mode
0 1 This setting is inhibited.
1 0 IDLE mode
1 1 STOP mode
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14.4 HALT MODE

14.4.1 Placing the System in the HALT Mode and Operation State

In the HALT mode, the clock generator (oscillator and PLL synthesizer) continues operation, but the CPU
clock is stopped. Clock supply to other built-in peripheral functions continues to allow them to keep running.
The total power dissipation of the system can be reduced by placing the CPU in the HALT mode when it is
not running.

Executing the HALT instruction with the SMD bits of the standby control register (STBC) reset to 00 starts
the halt acknowledge cycle, then shifting the system to the HALT mode.

In the HALT mode, program execution stops, but the contents of all registers are retained. In addition, the
on-chip peripheral functions independent of CPU instruction execution continues operation.

If the HALT instruction is executed to shift the system to the HALT mode during a DMA block transfer, an
actual shift to the HALT mode occurs only after the block transfer ends. If the HALT instruction is executed
to shift the system to the HALT mode during a DMA single or single-step transfer, the DMAC opens the bus
tothe CPU atthe end of each bus cycle. Atthis point, a halt acknowledge cycle begins, thus shifting the system
to the HALT mode.

Table 14-2 lists the state in which each piece of the hardware is during HALT mode.

Table 14-2. Operations during the HALT Mode

Function Operation state
Clock generator Operating
Internal system clock Operating
CPU Stop
1/0 line Retained
Peripheral function Operating
Internal data All internal data such as CPU register contents

retains the state in which it is before the system
enters the HALT mode.

A0-A23, UBE PC output High impedance when HLDAK = 0
D0-D15 High impedance

CS0-CS3 1 High impedance when HLDAK =0
IORD, IOWR

WE/LMWR, UMWR

REFRQ, RAS, LCAS, UCAS 1Note

HLDRQ Operating

CLKOUT Clock output (unless disabled)

Note Except during CBR refresh
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14.4.2 Releasing the System from the HALT Mode

The system is released from the HALT mode by a nonmaskable interrupt request, unmasked maskable
interrupt request, or a RESET pin input.

(1) Release by a nonmaskable interrupt request (NMT
When the active level of the NMI pin is detected, CPU clock supply is resumed. Because the NMI input
is a level input, it must be retained until a branch occurs to the NMI handler (at this point, it is insured
that the interrupt has been accepted).

(2) Release by a maskable interrupt request
When an unmasked maskable interrupt request occurs, CPU clock supply is resumed.
To select the HALT mode in the interrupt handling routine, it is necessary to enable an interrupt that can
release the system from the HALT mode before executing the HALT instruction. More specific, it is
necessary to enable an interrupt (PSW.ID = 0, EP = 0) and to specify the interrupt enable level (PSW.I13
to 10).

Operation after the system is released from the HALT mode by an interrupt request

Cause of release El state (PSW.ID = 0) DI state (PSW.ID = 1)

NMI request Branch to the handler address

Maskable interrupt request | Branch to the handler address | Not released

(3) Release by the RESET pin input
Same as the ordinary reset operation
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14.5 IDLE MODE

14.5.1 Placing the System in the IDLE Mode and Operation State

In the IDLE mode, the clock generator (oscillator and PLL synthesizer) continues operation, but internal
system clock pulse supply stops, bringing the entire system to a stop.

When the system is released from the IDLE mode, it is unnecessary to secure oscillation settling time for
the oscillator or lock-up time for the PLL, and therefore, the system can resume the ordinary operation quickly.

When the HALT instruction is executed with the SMD bits of the standby control register (STBC) set to 10,
the haltacknowledge cycle begins. After this cycle begins, the CBR self-refresh cycle also begins, thus shifting
the system to the IDLE mode.

When the system enters the IDLE mode, all programs are stopped, and the contents of all registers are
retained. The built-in peripheral functions also stop operating.

A bus hold request is accepted during the IDLE mode. When a bus hold request is accepted, the bus is
placed in a high-impedance state. When the hold request is canceled, the CBR self-refresh cycle restarts.
Note that a bus hold request is not accepted during the halt acknowledge cycle and the first six clock cycles
of the CBR self-refresh cycle after the system is put in the IDLE mode.

If the HALT instruction is executed to shift the system to the IDLE mode during a DMA block transfer, an
actual shift to the IDLE mode occurs only after the block transfer ends. If the HALT instruction is executed
to shift the system to the IDLE mode during a DMA single or single-step transfer, the DMAC opens the bus
to the CPU at the end of each bus cycle. At this point, a halt acknowledge cycle is started, thus shifting the
system to the IDLE mode.

If the bus hold function is used when the DRAM controller is used in IDLE mode, do not input NMI while
ﬁ/lﬁg output is inactive or in the high-impedance state, so as not to suspend restart of the self-refresh
cycle after bus hold.

Table 14-3 lists the state in which each piece of the hardware is during IDLE mode.
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Table 14-3. Operations during the IDLE Mode

Function Operation state
Clock generator Operating
Internal system clock Stop
CPU Stop
I/0 line Retained
Peripheral function Stop
Internal data All internal data such as CPU register contents

retains the state in which it is before the system
enters the IDLE mode.

A0-A23, UBE PC output High impedance when HLDAK = 0
D0-D15 High impedance

CS0-CS3 1 High impedance when HLDAK = 0
IORD, IOWR

WE/LMWR, UMWR

REFRQ, RAS, LCAS, UCAS CBR self-refresh

HLDRQ Operating

CLKOUT Clock output (unless disabled)
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14.5.2 Releasing the System from the IDLE Mode
The system is released from the IDLE mode by a nonmaskable interrupt request or a RESET pin input.

(1) Release by a nonmaskable interrupt request (NMT
When the active level of the NMI pin is detected, CPU clock supply is resumed. Because the NMI input
is a level input, it must be retained until a branch occurs to the NMI handler (at this point, it is insured
that the interrupt has been accepted).
Interrupt handling started when the system is released from the IDLE mode by an NMI input is treated
in the same way as the ordinary NMI processing performed at an emergency (because the address of
the NMI handler is unique). Ifitis necessary to identify the two types of processing by program, a software
status flag should be prepared and set before the execution of the HALT instruction. The NMI interrupt
handler can check this flag to distinguish itself from the ordinary NMI processing.
For the system to enter the IDLE mode during execution of the NMI handler, it is necessary to reset
PSW.NP to 0 before the HALT instruction is executed so that an NMI request becomes acceptable.

Figure 14-1. Bus Hold in IDLE Mode and Restart of Self-Refresh

TH TH TH TH TH TH TH TH TH TH TH TH TH TH TH TH
e AP o L e
HLDRQ
HLDAK \ /

A23-A0, UBE I

CSO/REFRQ \\ S

s |

LCAS, UCAS ))

N\

A
Y

Do not activate the NMI pin during this period.

Remarks 1. A broken line indicates a high impedance.
2. An arrow indicates a sampling timing.

Caution When the DRAM controller is used and the bus hold function is used in IDLE mode, restart
of self-refresh cycle must not be suspended after the bus is held. Do not input NMI while
the CSO/REFRQ output is at a high impedance or inactive (high level).

(2) Release by the RESET pin input
Same as the ordinary reset operation
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14.6 STOP MODE

14.6.1 Placing the System in the STOP Mode and Operation State

Inthe STOP mode, the clock generator (oscillator and PLL synthesizer) is stopped to bring the entire system
to a stop. This mode can generate an ultra-low power dissipation condition; only leak current occurs.

When the HALT instruction is executed with the SMD bits of the standby control register (STBC) setto 11,
the halt acknowledge cycle is started. After this cycle begins, the CBR self-refresh cycle also begins, thus
shifting the system to the STOP mode.

In the PLL mode (TCLR pin = 0 during a reset) and the resonator-based mode (CESEL of the clock control
register (CGC) = 0), it is necessary to secure oscillation settling time after the system is released from the
STOP mode.

When the system enters the STOP mode, all programs are stopped, and the contents of all registers are
retained. The built-in peripheral functions also stop operating.

A bus hold request is not accepted during the STOP mode. A bus hold request issued during the halt
acknowledge cycle before the system shifts to the STOP mode is ignored.

If the HALT instruction is executed to shift the system to the STOP mode during a DMA block transfer, an
actual shift to the STOP mode occurs only after the block transfer ends. If the HALT instruction is executed
to shift the system to the STOP mode during a DMA single or single-step transfer, the DMAC opens the bus
to the CPU at the end of each bus cycle. At this point, a halt acknowledge cycle is started, thus shifting the
system to the STOP mode.

Table 14-4 lists the state in which each piece of the hardware is during the STOP mode.

Table 14-4. Operations during the STOP Mode

234

Function Operation state
Clock generator Stop
Internal system clock Stop
CPU Stop
I/O line Retained
Peripheral function Stop

Internal data

All internal data such as CPU register contents
retains the state in which it is before the system
enters the STOP mode.

A0-A23, UBE PC output
D0-D15 High impedance
CS0-CS3 1

IORD, IOWR

WE/LMWR, UMWR

REFRQ, RAS, LCAS, UCAS

CBR self-refresh

HLDRQ

Stop

CLKOUT

1
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14

.6.2 Releasing the System from the STOP Mode
The system is released from the STOP mode by a nonmaskable interrupt request or a RESET pin input.
To release the system from the STOP mode when the oscillator is being used (during the PLL mode (TCLR

pin = 0 during a reset) in the resonator-based mode (CESEL of the CGC register = 0), itis necessary to secure
oscillation settling time for the oscillator.

(1) Release by a nonmaskable interrupt request (NMmput)

(2)

14

When the active level of the NMI pin is detected, clock generation is resumed. After the oscillation settling
time specified in the WT bit of the standby control register (STBC) elapses, internal system clock supply
begins. Because the NMI input is a level input, it must be retained until the system is released from the
STOP mode and a branch occurs to the NMI handler (at this point, it is insured that the interrupt has been
accepted).

Interrupt handling started when the system is released from the STOP mode by an NMI input is treated
in the same way as the ordinary NMI processing performed at an emergency (because the address of
the NMI handler is unique). Ifitis necessary to identify the two types of processing by program, a software
status flag should be prepared and set before the execution of the HALT instruction. The NMI interrupt
handler can check this flag to distinguish itself from the ordinary NMI processing.

For the system to enter the STOP mode during execution of the NMI handler, it is necessary to reset
PSW.NP to 0 before the HALT instruction is executed so that an NMI request becomes acceptable.

Release by the RESET pin input
Same as the ordinary reset operation

.7 SECURING OSCILLATION SETTLING TIME

There are two methods to secure oscillation settling time for the oscillator after the system is released from

the STOP mode.

(1)

Oscillation settling time secured using a timer (NMITput)

Supplying an effective edge to the NMI pin releases the system from the STOP mode. The oscillation
settling time timer is used to determine the time required for the oscillator to become stable.

After the specified time elapses, the output of the system clock begins, causing a branch to the NMI handler
address.

STOP mode selected

| .
Oscillator J | | |
CLKOUT output |||||||||||””””| :

Stopped state

|

NMI input

I
'

I
'

)Y
'
'

Oscillator not running Oscillation settling time
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(2) Oscillation settling time secured using a signal level width (REsmnput)
Supplying a falling edge to the RESET pin releases the system from the STOP mode.
The width of a low level supplied to the pin is used to provide the time required for the clock output of
the oscillator to become stable.
After a rising edge occurs at the RESET pin, internal system clock supply begins, causing a branch to
the handler address related to a system reset.

STOP mode selected

| ,
Oscillator J |_| |_
CLKOUT output ””l”””””””“ | | | | ”””””||||||||||””||””|

Stopped state i

g

RESET signal

i
'
i
'
i

Internal system , |

; i

reset signal . . :

]
'

'

'

T

'

'

)T !
'

Oscillation settling time

Oscillator not running secured by RESET

Oscillation settling time timer

The oscillation settling time timer is used to secure oscillation settling time for the oscillator when the system
is released from the STOP mode. This timer is used also as a watchdog timer. It is cleared to OOH when
the system is put in the STOP mode.

The WT bit of the STBC register is used to select a count clock for the oscillation settling time timer as listed
below:

Table 14-5. Count Time Examples

WT Count clock Time
®=16 MHz|p=20 MHz|p=25 MHz
0 0 219/¢ 32.8ms | 26.2ms | 21.0 ms
0 1 218/¢ 16.4ms | 13.1 ms | 10.5 ms
1 0 217]¢ 8.2 ms 6.6 ms 5.2 ms
1 1 216/¢ 4.1 ms 3.3 ms 2.6 ms

@ Internal system clock frequency
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CHAPTER 15 RESET FUNCTIONS

Inputting a low level to the RESET pin triggers a system reset, thus initializing the on-chip hardware.
When the RESET pin is driven from a low level to a high, the CPU starts program execution. The registers
should be initialized in a program as required.

15.1 FEATURES
* The reset pin is provided with a noise suppressor circuit based on an analog delay (60 to 300 ns).

15.2 PIN FUNCTIONS

Table 15-1 lists the state of the output from each pin during a system reset. The output state is retained
during the entire reset period.

After the RESET pin is kept at a low level for 30 clock cycles, if the mg signal is inactive, a memory
read cycle is started to fetch an instruction.

Even during a reset period (when the RESET pin is kept at a low level), activating the m signal can
place the bus on hold. The state of each pin with the bus put on hold during a reset is basically the same
as that with the bus put on hold during a non-reset period. (See Section 2.2 .)

The m signal should be kept inactive during a power-on reset.

It is necessary to provide a pull-up or pull-down resistor to the pins that become high impedance during
areset. If no pull-up or pull-down resistor is provided to these pins, memory may be damaged when the pins
are driven to high impedance.

The CLKOUT pin supplies clock pulses even during a reset.
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Table 15-1. Output State of Each Pin during a Reset

Pin Operation state Pin Operation state
A0-A23 Not defined HLDAK High level
D0-D15 High impedance | MRD
POO/TCLR LMWR/WE
P01/DREQO UMWR
P02/DACKO IORD
PO3/DREQ1 JOWR
P04/DACK1 CS1-CS3
PO5/SI RAS
P06/SO LCAS
P0O7/SCLK UCAS
P08/TXD/UBE CSO/REFRQ
PO9/RXD/TC BLOCK/WDTOUT | Low level
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(1) Accepting a reset signal

RESET pin
' Analog ! Analog ! ' Analog
P ! T~
. 1 delay ! ' delay | : delay
Eliminated as noise 1 '
Internal system ! Note
reset signal ~
A A

Reset accepted Reset released

Note The internal system reset signal remains active for at least four system clock cycles, after a reset
triggered by the RESET pin ends.

(2) Power-on reset
When a power-on reset is used, it is necessary to provide an oscillation settling time of at least 10 ms
between the power-on time and acceptance of a reset because of a low level at the RESET pin.

149

RESET pin

! Oscillation settling : ' Analog delay
time A

Reset released

15.3 INITIALIZATION
Table 15-2 lists the values to which each register is initialized at a reset.
The registers should be initialized in a program as required. The following register especially should be

set as required, because it is related to system setting.

* Clock control register (CGC): X1 and X2 pin function, CLKOUT pin operation, etc.
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Table 15-2. Initial Value in Each Register after a Reset (1/3)

Register Initial value
after a reset
Program counter PC FFFFFFFOH
General-purpose ro 00000000H
register ri-r31 Not defined
System register Register for saving the state upon the occurrence of an Not defined
exception or interrupt (EIPC)
(EIPSW) Not defined
Register for saving the state upon the occurrence of an Not defined
NMI or double exception (FEPC)
(FEPSW) Not defined
Exception source register (FECC) 0000H
(EICC) FFFOH
Program status word (PSW) 00008000H
Processor ID register (PIR) 0000810xH
Task control word (TKCW) 000000EOH
Cache control word (CHCW) 00000000H
Address trap register (ADTRE) Not defined
Port Port register 0 (P0) Not defined
Port mode register 0 (PMO) 03FFH
Port mode control register 0 (PMCO) 0000H
Memory management | Bus cycle type control register (BCTC) 01H
function Programmable wait control register 0 (PWCO) 77H
Programmable wait control register 1 (PWC1) 77H
Programmable wait control register 2 (PWC2) 77H
DRAM configuration register (DRC) 81H
Refresh control register (RFC) 80H
Page-ROM configuration register (PRC) 80H
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Table 15-2. Initial Value in Each Register after a Reset (2/3)

Register Initial value
after a reset
DMA function DMA source address register OH (DSAOH) Not defined
DMA source address register OL (DSAOL) Not defined
DMA destination address register OH (DDAOH) Not defined
DMA destination address register OL (DDAOL) Not defined
DMA source address register 1H (DSA1H) Not defined
DMA source address register 1L (DSALL) Not defined
DMA destination address register 1H (DDA1H) Not defined
DMA destination address register 1L (DDA1L) Not defined
DMA byte count register 0 (DBCO) Not defined
DMA byte count register 1 (DBC1) Not defined
DMA channel control register 0 (DCHCO0) 0000H
DMA channel control register 1 (DCHC1) 0000H
Real-time pulse unit | Timer unit mode register 0 (TUMOQ) 0OAOOH
Timer control register 0 (TMCO) O0H
Timer control register 1 (TMC1) 00H
Timer output control register 0 (TOCO) 03H
Timer time-out status register (TOVS) OOH
Timer register 0 (TMO) O0OH
Timer register 1 (TM1) 00H
Capture/compare registers 00 to 03 (CC00 to CC03) Not defined
Compare register 1 (CM1) Not defined
Serial interface Asynchronous serial interface mode register (ASIM) OOH
Asynchronous serial interface status register (ASIS) OOH
Reception buffer (RXB, RXBL) Not defined
Transmission shift register (TXS, TXSL) Not defined
Synchronous serial interface mode register (CSIM) O00H
Serial 1/0 shift register (S10) Not defined
Baud rate generator register (BRG) Not defined
Baud rate generator prescaler mode register (BPRM) O00OH
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Table 15-2. Initial Value in Each Register after a Reset (3/3)

Register Initial value
after a reset
Interrupt/exception Interrupt group priority register (IGP) E4H
handling function ]
Interrupt clear register (ICR) 0000H
Interrupt request register (IRR) 0000H
Interrupt request mask register (IMR) FFFFH
ICU mode register (IMOD) AAAAH
Watchdog timer WDT mode register (WDTM) OOH
function
Clock generator Clock control register (CGC) 03H
Standby function Standby control register (STBC) OOH

Caution The "not defined" state mentioned in the above table occurs at a power-on reset or when
data collapses due to coincidence of the falling edge of RESET with the data write timing.
The previous state is retained on a falling edge of RESET if a data write is not taking place.
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APPENDIX A REGISTER INDEX

A.1 REGISTER NAMES

[A]

Asynchronous serial interface mode register (ASIM) ... e i 158
Asynchronous serial interface status regiSter (ASIS) .....ccccuuiiiiiiiiiiee e e e e e e e 161
[B]

Baud rate generator prescaler mode register (BPRIM) ..........uui i 181
Baud rate generator regiSter (BRG) ......coiiiiiiiiiiieieee e e e e s sttt e e e e s s s s s e e e e e e e e s e s e e e reaaaaeeeeeaannnnn 181
Bus cycle type control regiSter (BCTC) .. .iiiiiiiiiiieiieee ettt e e e e e ettt e e e e e e e e e e s e s aaanbenbeeeeeeeaaaaaaaaaaanns 114
[C]

Capture/compare regisSter 00 (CCO0D) ....uiiieeeiiiii et ee e e e e e et e s s erereeeesessaaastearerreeaeeeesaaaassnraeeserrreaeaaeeann 187
Capture/compare regiSter 01 (CCOL) ....uiiiiai it e e e ettt e e e e e e e e s s e ab b e b e et e eaaaeaesaaannbsbbeebeeeeeaaaaaeaeas 187
Capture/compare regiSter 02 (CCO2) ....uuiieeeiii it e e e e e e e s e e s er e e ae e e s e s s s e et rrerreeaeeeesaaaasssraneaerereaeaaeeann 187
Capture/compare regiSter 03 (CCOB) ...ciiiiiiiiiiiiieitie et e e ettt et e e e e e e s e e e b b e beeeeeaaaeaesaaannbabbesbeeeeaaaaaaaaaas 187
(01 (o To3 Tqeto] g1 i g I €= 1] (=T G (@ ) T SEER 224
ComPpPare regiStEr 1 (CIML) ....oiiiiiiiiiii ettt e e e e oottt et e e e e e e e e e e e e aa bbb eeeeeeaaaaeesaaannbnbbbebeeeeaaaaeaeaeaaans 188
(D]

DMA byte count regisSter O (DBCO) ....cuieeeiiiiieieiiiie e e e e e e e e s s et e e e e e e e e e e s s ss et reeeeeeaeeeeesssansnssntennanereeaeeeesnaanns 143
DMA byte count regiSter 1 (DBCL) .....cioiiiiiiiiiiiii ittt et e e e e e e e e bbb e e et et e e e e e e s s e annbbbbeeeaeeeeaaaaaeaaaanns 143
DMA channel control register O (DCHECO) ......uuuiiiiiieieee e iicctie e e e e e e e e e s s s s eeeeeee e e s s s s nrntreaneeaeeeeeeesseannnnnnes 144
DMA channel control regisSter 1 (DCHECL) ......uuuuiiiiiiiiaeei ettt e et e et e e e e e e s s s anbab e e eeaaaaaeeeeeeaannnnnnes 144
DMA destination address register OH (DDAOH) .....cciiiiee it e e e e e e e e e s s s e e e e e e e e e e e e e e e e anans 142
DMA destination address regisSter OL (DDADL) .....ccciiiiai ittt et e e e e e e e s sbbe e e eeeeaaaaaaaaaaaaans 142
DMA destination address register LTH (DDALH) .....coiiii oo e et e e e e e e s s s s e e e e e e e e e e e e e e anans 142
DMA destination address regisSter 1L (DDALL) .....eeiiiiiai ittt et e e e e e e s s abbe b e e e e e aaaaaeaaaaaanns 142
DMA source address register OH (DSAOH) ......uuiiiiiiiiee e e e e e s e s s e e e e e e e s s s s s snan e e eaeaeeeeseesannnnnes 141
DMA source address regiSter OL (DSADL) .......uuueieeiieieaaaee ettt e e e e e et e e e e e e e e e e e s e s anbbbbeseeeeaaaaaaaaaaaaans 141
DMA source address register TH (DSALH) ....uuuuiiiiiiiiee et e e e e s e s s er e e e e e e s e s s s snnn e naeeeeeeeeeeseesannnnes 141
DMA source address regiSter IL (DSATLL) ...ttt e ettt et e e e e e e e s e s nbbn b e e e eeeaaaaaeaeaaaaans 141
DRAM configuration regiSter (DRC) ......ccciiiiiiiiiiiiie e e s s e e e e e e e e e s e s s e e e eeaeeeeesasnnnstanaeeeeeaeeeeesesannnnnes 122
(1]

ICU MOAE rEGISIET (IIMOD) ...eeieiiiieie ittt ettt et e e e e e oo oo b bbbttt e e e e e e e e e s s e aa bbb ebeeeeaaaaeaaeeesaaannbbnbneeeaens 68
T 10=T g U] o el LoTo T =T 1) (=T (L 3 S 66
Interrupt group Priority rEGISIEI (IGP) ...ttt e e e e e e s e b bbb e e e e e e e e e e e e e e s annbebeeeeeeas 64
Interrupt request MAasK regiSter (IMR) .......uiiiiiiiiiie e e e s e e e e e e s e s e e e e aeeeaeeeseannnenrenneeees 67
Interrupt reqUESE regISTEr (IRR) .ottt e e e e e e s e e s bbb bbb et e e e e aeeaa e e e s s nnnnbneaeeas 66
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[P]

Page-ROM configuration register (PRC) ........uuiiriiiiiee et e e s e s s e e e e e e e e e e s s s st aeaereeaeaeeaeeeesanannns 137
Port mode control register O (PIMCO) ...ttt e e ettt et e e e e e e e s e s bbb be e e e e e e e aeeaaaeeeaaaannns 219
(o] g oL F=TN =T o IS (=T (170 PSSR 219
o] A =T [ (=T G O (0 ) I TR OT P PPPTURPTR 218
Programmable wait control regisSter O (PWEC0) .......uveeeiiiiiiciiiieeeee e e e e e e s e ssette e e e e e e e e e s s s st reeeeeeeeeeeeeseesannnnnns 115
Programmable wait coNtrol regiSter 1 (PWEC L) ....couii ittt e e e et e e e e e e e e e e e e e e aaannes 116
Programmable wait CONtrol regiSter 2 (PWEC2) .....iivie e i i ittt e e e e et st ree e e e e e e e e s s s s ee e e e e e e e e e s e e e annnnnns 117
[R]

Reception DUfEr (RXB, RXBL) ......itiiiiiaaiiii ittt et e e e e e e e s s bbb e et e e e eaaa e e e s aaaannbbsbesbaeeeaaaaeaeaesanns 162
R LI oo o I =T o IS L= () O SPESRR 129
[S]

Serial 1/O Shift FEQISTEr (SIO) ...ttt e e e e e e s e e et bbb et eeeeaaaeeaaaeessaannnbrraeeeaaaaaens 172
Sy =Ygl o) VA oo] ) o I =T oIS (=T S L =) PSRRI 228
Synchronous serial interface mode regiSter (CSIM) ... e e e e e e 171
(7]

LI LTS O 111 ) PP 186
LI 0T (1 SR 188
Timer control regiSter O (TMCO) ......eeiieiiiiieee ittt et e sttt e e s bbbt e e s bbb e e e e s anbb et e e e snbbeeaeeesnbabeeeesannnneeas 191
Timer CONtrol regiSTEI L (TIMICL) ..ottt e e e e ettt e e e e e e e e e e s e e abe bbb et e eeeaaeaaaaeesaaannnbneeees 192
Timer output cONtrol regiSter O (TOCO) .....ueiiiiiiiiiiie ittt ettt ettt e st e e e s sbb e e e stbe e e e e s snbbreeeeaeebeeeeessnnnneeas 193
Timer overflow Status regISIEr (TOWS) ... e ittt e e e e e e e e e s e bbbt e e e e e aaaeeaaeeaeaannrnbeees 194
Timer unit mode regiSter O (TUMO) .....ooiuiiiiie ittt e sttt e e e s et e e e s sbb bt e e e s nbeeeaesanneneeas 189
Transmission Shift reQISIEr (TXS, TXSL) ...ttt ettt e e e e e s e e e e e e e e e e e e e e e s e e annebeeeees 163
W]

WDT MOAE rEQISIEI (WDTIM) oeeiiiiiieeiiis ittt e e e e e e e e s s e st e e e e e eeeeeesssaansbeteeeeeeaeeeesesaansnsaeannenaaaeaaaeeessnannsnnes 215
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A.2 REGISTER SYMBOLS

[A]

ASIM (asynchronous serial interface Mode rEQISEI) ....iouuuiiiiiiiiee e e e e e e e e e e e s e s annees 158
ASIS (asynchronous serial interface Status reQISEI) ......cc.euiiiiiiiiiiie e e e e 161
[B]

BCTC (bus cycle type CONIOI FEOISIET) ...iiiiiiiiiieieee e e e e e e s s et e e e e e e e e s e s et e e e e e e e e e s s asnsnntenneeereeeeeaeeesaeannns 114
BPRM (baud rate generator prescaler MOde FEQISTEI) ......c.uuuiiiiiiiiieeaa ettt e e e e e e e e eaeneees 181
BRG (baud rate genNerator FEQISTET) ....iiiiiiii i ieiieeieee e e e e s e s see e e e e e e e e et s s s e e ereeeeeesssasnnsnstenneeeeeeeeeeesesannnnnes 181
[C]

CCO0O0 (capture/compare regIiSTEN 00) .......uua e e ii ittt e e e e e et e e e et e e e e e e s e e abbeeeeeeeaaaeaesaaaanbabbesbeeeeaaaaaaaaens 187
CCO1 (capture/compare FEOISTEE DL) ....uiiiieeeiiiii it er e e e e e et e s st eer e e e e e e s e s sa s st e eeereeeeeeeesessnnsnntennenereeeaaeesen 187
CCO02 (capture/CoOmMPAre FEOISTEE 02) .....cuuii ittt e e e e e ettt e e e e e e e e e s e e abbeeeeeeeaaaeaesasaanbabbesbeeeeaaaaaaeaens 187
CCO03 (capture/compare rEQISIET 03) ....uiiiieeeeiiiieieirieieeeteeeee et s s iset e erereeeesessaa s nstearerereaeeaesasaaansnssennnnneeeeeaeesns 187
61T (ol [oTo] et ] gl 1 o] I (=T o | K51 (=] ) U PP PPURTT 224
LO41Y (oo ] o F= TSI (=Y 0[] (=] ) PR 188
CSIM (synchronous serial interface MOde rEQISTEI) .......coiiiiiiiiiiiiiie et a e e e e e 171
(1]

[ 08 2 (1L (T (0] o1 ao (=T T (=T 0[] (= ) PSR 66
IGP (interrupt group Priority FEOISIEI) ... . eieiieieiiie ettt e e e e et e et e e e e e e s e e s bbb e e et eeaaaaaeaesaaaannbnbeneeeens 64
IMR (interrupt request MASK FEOISIET) ......uuiiiiieiiieee e i ie s e e e s s e e e e e e s s s s s e e e e aeeeeeeeseannnenrenneeees 67
IRR (INTEFTUPL FEOUESE FEOISTET) .oiiiiiiiiiii ettt ettt e e e e e e oo bbbttt e e aa e e e e e sa bbb b b e et e eeaeeaaaeeesaaannnnbeneees 66
[P]

LI (o To A =0 1] (=] G0 R 218
PMO (POIt MOAE FEGISTEN D) ....ieiiiiiieiiieee e e ettt e e e e e e e e e bbbt e e et et e e e e e e e saaaab bbb e e e eeaaaaaasasannbabbeebbeeeeaaaaaeaesannnnne 219
PMCO (port mode CONrOl FEOISTET 0) ....ceeiiieeiiiiiee e e e e e e e e e s st e e e e e e e e e s s s st e e e e e eeeeesssannrntananeeeeeaaeeesesannnnnnes 219
PWCO (programmable wait CONtrol regISTEr 0) ......coiiiiiiiiiiiiiiei et e et e e e e e e e e e e e e e annnenes 115
PWC1 (programmable wait CONIOl FEQISIEE 1) ...uueiiiieeeii it e e s e e e e e e s s e e e e e e e e e e e e e e e annnnnnes 116
PWC2 (programmable wait CONLIOl FEGISIET 2) .....coiiii ittt e e e e e e e e e e e snnenes 117
[R]

RFC (refresSh CONLIOl FEQISTEI) ....vviiiiiiiie et e e e e e e e s s e e e e e e e e e e e s sasastannbasneeneeaaeeesesanns 129
RXB, RXBL (FeCEPON DUFTEI) ...ttt et e e e e e e e et b e e e e eeeaaae e e e e e annnnnes 162
[S]

Sy (O =T = U L@ I o1 =T o 1S =1 o RS 172
STBC (Standby CONLIOI FEQISTEI) ...ttt et e e e e e e s s bbb et e e e e e e e e s e e annbnbbebeeeeeaaaaaaass 228
[T]

IO 1= ) S 186
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B I 4 1= O ) PR TUP PR 188
Y L@ I T =TT al (o] I =T ] 1= 0 SRR 191
TMCL (HIMEr CONIOI FEOISTET L) ittt ettt e e e e e e e e bbbttt e e e e e e e e e e e s e ane bbbt e e eeaaeaaaeeessaaannsbnnaees 192
TOCO (timer output CONLIOl FEGISIET D) ....uuuieiiiiiiiie e e e i e i e e e e e e e s s e e e e e e e e e s s s s bt rrraeeeaeeeesseannnrnnenes 193
TOVS (timer oVerflow SLAtUS FEGISTEI) .......iieiiiiiiiiiie ittt e e e e e e e s st e e e e e e e e e e e e e e e s nnanbeeeeees 194
TUMO (timer unit MOAE regISIEI D) ...oiiiieiriiieeie e e e e e e s e e e e e e e s e s st e e e e eeessssaanans b ee e e reeaeeeaeeesssannnnrnrenes 189
TXS, TXSL (transmission Shift FEGISTEI) .......e it e e e e e e e e e e e e aennbeeeees 163
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APPENDIX B GENERAL INDEX

[A]
AD-A23 35
ADC i 122
AAAreSS DUS ..o 35
address multiplexing function ............ccccccceeiiine 121
AddreSS SPACE ......cccvvvviiiiiiie e 45
AAAreSS trap ...oooo et 69
address trap register ......ccoveeevieiiccciieieeereee e 51
ADTRE ...ttt 51
ALVOL, ALVOO ...evviieeiiiiiiee e 193
ASIM Lo 158
ASIS 161
assembler-reserved register ..........cccceeeeeieeeeennnnnns 50
asynchronous serial interface .........ccccccceveeeiiinnns 155
asynchronous serial interface mode

=T0 153 -] PSR 156, 158
asynchronous serial interface status

=T0 153 -] PSR 156, 161
[B]
back-up Mode ... 223
BAU ..o 29
baud rate generator..............ccceiiieiiiieiini 178
baud rate generator prescaler mode register ....... 181
baud rate generator register..........cccccceeveiiiiinnnnn. 181
B 143
BCTC oottt 114
BIU L 28
BLOCK oottt 36
block transfer mode...........ccccoviiiie e, 147
BPR . 181
BPRM ..o 181
BRCE oottt 181
BRG .o 178, 181
BU e 224
built-in peripheral I/O register.......ccccccveeeviviivnnnnee. 52
built-in peripheral I/O registers ........ccccccceeiiiiiiinnns 52
bus arbitration UNit...........ccocoeeiviennnene e 29
bus control function ... 75
bus control signal .............oo oo 35
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bus cycle during fly-by transfer ...........c.ccccccois 100
bus cycle during which the wait function is
effectiVe ... 111
bus cycle type control register.........cccccevveeeeeiinnnns 114
BUS hold.....co o 106
bus interface unit.........ccoocooiiiiii 28
DUS TOCK oo 108
BUS PriOFtY ..o 80
BWOS ...t 215
[C]
cache control Word ...........cccceveviiiiiie e, 51
cancellation with m input (in IDLE mode) ... 133
cancellation with NMIinput ........coooveeeeeeeennn. 132
capture/compare registers 00 t0 03 ........cccceeeennn. 187
capturing (timer 0) .....c..vvvvveeeirieeee e 198
caution (timer/counter function)...........cccccceeeeeeenn. 211
CBR refresh cycCle ......ovvveeeeeiiiiiiiiiiieeeeeee, 98, 131
CCO0-CCO3....eeeeeiiiiieeeeeiieee e e siiree e e eirre e snaraee s 187
CED e 191
CEL et 192
CESD ..t 190
CESEL ooviiiiiee ettt 224
GG i 29
CGC ittt 224
CHCW et 51
L i 160
CLIOV i 215
CLKOUT ettt 37
clock control register .......cccccveeeeviicccciiiieieeeee e, 224
clock generation function .............ccccvivieeeeenenennnn. 221
Clock generator.........ccccvviieieeiiee e 29
clock output cONtrol ...........cveiiiiiiiiiiiiiiiiieeeeeeee, 223
CLR14-CLRO ..ottt 66
CLS e 171
CML . 188
CMSO00-CMSO03 .....eviieeeeiiiiieeeisiireee e sieeee e sneiaaeee s 190
COE e 224
compare register 1 ... 188
comparison (tiMer 0) .......cevvveeeereiiiiciiiiieeeeeeeeeeenn 199
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comparison (HMer 1) ........cccceeriiiiiiiiiiiiiieeeeeeeeee 202
connecting DRAM .......ccoovveviie e, 119
control register ........cccccceevviiinnnen. 64, 114, 189, 219
control signal timing ........ccccevveeeiiiviccieeeeeeeeee, 106
count clock selection (timer 0)..........ccccuvvvieeeeeennn. 195
counting (timer 0) ..o 195
counting (tIMer 1) ... 201
CPU DUS State ....covveeeeeiiiieeee e 75
CPU fUNCHON ... 45
CPU register Set.......uuviiieieeeii i ee e e e e 49
CRXE ottt 171
CS0-CS3 oo 37
CSl i 28, 169
CSI control regiSter ......uvvveeeiiiiicciiieeeeeee e 171
CSIM it 169, 171
CT0 i 114
T L e 114
Gl 2 e 114
O 1 PSRRI 114
CTXE ottt 171
CWS L 122
(D]

DO-DI15 ... 35
DALS-DAD ..ooiiieiiiiiiee ettt 142
DA23-DALG ..cooeiiiiiiieeiiiieiee ettt 142
DACKO, DACKL ..oooiirieieiecieeee e 39
DAD ..ottt 144
data bus ... 35
data flow during DMA transfer...........cccccecvveeeeenn. 152
DAW oottt 122
DBCO, DBC1 ....iviiiiiiiiiiiee e 143
DBN ..ottt ettt 142
DB ottt 142
DCHCO, DCHCL ...oooviiiiiiiieecciiiee e 144
DDAOD, DDAL .....eviiieiiiiiiiee et 141
DDAOH, DDALH ...oooiiiiiiiiie e 142
DDAOL, DDALL ...vviiiiiiiiiiee et 142
differences between the memory and 1/O maps .... 48
direct mode .......ccoovviiiiiii e, 222, 226
diVISION DY ZEI0 ..o 69
DMA byte countregistersOand 1 ...........ccccvvveeee. 143
DMA channel control registers0and 1 ................ 144
DMA channel priority ........cccoovvevreeeee e 150
248

DMA control register.........cccuuvvieeiiiieeeeeeiiiieeeen, 140
DMA control signal ..........cccccviviiieieeee e 39
DMA CONIOIET ...ceeeiiiieeiiiieeeee e 28
DMA destination address registers0and 1 ......... 141
DMA destination address registers OH and 1H .... 142
DMA destination address registers OL and 1L ..... 142
DMA function (DMA controller) ...........ccccoovuninnee. 139
DMA source address registers0and 1 ................ 140
DMA source address registers OH and 1H ........... 141
DMA source address registers OL and 1L ............ 141
DMA transfer end interrupt ..........cccccceeeeiiiiiinnnnee. 150
DMA transfer end output ........cccceeveeeiiniiciiineennnn. 151
DMA transfer request .........cc.eveeeeeeeeieiiniiciiiieeeeen, 150
DMA transfer type and transfer object.................. 148
DMAC ...ttt 28
DMAC bUS State ....cooovviiiieeiiiiieee e 77
double exception ... 69
DRAM GCCESS ...oviiiiiieeiiiiiiiiieieeet e 93
DRAM configuration register ...........cccoooeevvvveenen. 122
DRAM control signal .........cccccvveeeiieieeeeiececiiieeee, 38
DRAM controller ..........ooooiiiiiiiiiiiieeeies 28, 119
DRAM read CYCle ....cccooviiiiiiiieeeeee e 93
DRAM read/write Cycle.........cccoeeieeiieiiiiiiiiine 123
DRAM WIIte CYCIE ..coveeeeiiiceeeee e 95
DRAMC ...ttt 28, 119
DRC oo 122
DREQO, DREQL ....ccoiiiiiiieeiiiiie et eeiee e 39
DS 145
DSAD, DSAL ..ot 140
DSAOH, DSALH ...oooiiiiiiiiiieiiiieee e 141
DSAOL, DSALL .vvvieiiiiiiee et 141
during fly-by DMA transfer...........cccccvvvveeveeeeeennn. 111
during two-cycle DMA transfer .........ccccccceeeeeennn. 111
DWSO ..ttt 117
DWSL .ttt 117
(E]

EBS o 160
ECLRO ...ttt 189
ECR e 51
1o (o Tc (1o o =] TP OUTPPPPURPRR 68
EIPC oo 51
EIPSW ...t 51
EN o 145, 215
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