To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



8.

10.

11.

12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

@ PRECAUTION AGAINST-ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

intertool™ is a trademark of Intermetrix Microsystems Software Corp.
VAOHL™, VE0HL™, V20HL™™, V30HL™, V40™, V50™, and V series™ are trademarks of NEC Corporation.



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
gystems, 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 suppont, 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.
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Target users

Objectives

Organization

How to Read this Manual

INTRODUCTION

This manual is intended for engineers who wish to understand the functions of the
pPD70208H and the uPD70216H (also called the V40HL and VSOHL, respectively) and
use these products to design application systems.

The objective of this manual is to provide the user with an understanding of the
uPD70208H and uPD70216H hardware functions, which are indicated in the organi-
zation shown below.

The uPD70208H and uPD70216H user's manuals are divided into two versions, the
hardware version (this manual) and the instruction version (16-Bit V Series™ User's
Manual - Instruction).

Instruction Version

® General Description ® General Description

® Pin Functions * Description of Instructions

* Architecture * |nstruction Map

¢ Internal Block Functions * Table of uPD8086 and pPD8088
¢ IntemalVExtemnal Control Functions Mnemonic Correspondence

* uPDB0B0AF Emulation

Those who read this manual require a general understanding of electronics, logic
circuits, and microprocessors. In this manual, descriptions of the part numbers
pPD70208H and uPD70216H have been standardized to the V40HL and V50HL,
respectively. :

For users who already have experience with the uPD70208 and uPD70216 (also known
as the V40™ and V50™, respectively), the V40OHL and V50HL are high-speed, low- -
power versions of the V40 and V50. Chiefly read section 1.5, entitled “Differences
Between the V40HL and V50HL and the V40 and V50,” to ascertain the differences
between these products.

To ascertain the details of a register when the register name is known, read APPENDIX
A, "REGISTER INDEX (IN ALPHABETICAL ORDER)." '

To ascertain the details of a function when the function name is known, read APPENDIX
B, “GENERAL INDEX.”

To comprehend the details of instruction functions, refer to the separate manual *16-
Bit V Series User’'s Manual - Instruction.”

To comprehend the electrical characteristics of the VAOHL and V50HL, refer to the
separate data sheets.

To gain a general understanding of the V40HL and V50HL, read this manual in the
sequence indicated in the table of contents.



Conventions

Related Documents

in general, in this manual uses the following conventions:
¢ Weighting of data notation : The high-order data are written on the left, while the
low-order data are written on the right.
¢ Active low notation : 300X (over bar over pin and signal names).
» Memory map addresses : High-order addresses are on the top while low-order
addresses are on the bottom.
* The term “Note" placed in the text indicates that an additional or supplementary
information will be provided somewhere below.
* The term “"Caution” indicates an explanation that the reader should pay particular
attention to.
* Theterm "“Remark” indicates that a supplemental explanation of the text is provided.
¢ Numerical notation : Binary «es 000X OF YoxxB
Decimal e JO0XX
) Hexadecimal - 00H
¢ Easily confused characters : 0 (zero) and the letter O.
1 (one), the upper-case letter | and the lower-case
letter I.

Brochure: U10652 %=

Data Sheet: 1C-3659

User's Manual Hardware: This manual

16-bit V series User's Manual Instructions: U11301E
Application Note Hardware Design: U10037E
Application Note Software: U10911E

Questions and Answers: U11123E

Register Application Table: IEM-5575N

Note: This document number is that of Japanese-version document.
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CHAPTER 1 GENERAL DESCRIPTION

The V40HL is a 16/8-bit microprocessor that has a 16-bit architecture, an 8-bit data bus, and intemnal general-
purpose peripheral functions.

The V50HL is a 16-bit microprocessor that has a 16-bit architecture, a 16-bit data bus, and internal general-purpose
peripheral functions.

These products are the high-speed, low-power-consumption versions of the V40 and V50 microprocessors, and
incorporate the following additional functions and enhanced functions:

e 20-MHz maximum operating frequency

¢ Available 3-V power supply voltage

¢ STOP mode function

¢ Available system clock input stop

= A variable instruction cycle function

¢ Addition of the uPD71037 mode to the DMA controller unit (DMAU)

The V40HL and V50HL are software-compatibie with the V40 and V50, allowing the use of current programs without
moditications. The V40HL and V5S0HL are also pin-compatible with the V40 and V50, which allows them to replace
the V40 and V50. ’

The V40HL and VSOHL are optimal for the control and data processing of a variety of compact, high-speed, low-
voltage-operation and low-power-consumption products, and have applications in the foliowing areas:

* Personal computers

¢ Dedicated word processors

¢ Handy terminals

¢ Printers

¢ Facsimile machines

* Robots and numerical machine control
¢ Communications control
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1.1

Féaturos

The V40HL and V50HL feature the following:

High-speed and low-power-consumption versions of the V40 and V50
Operating supply voltager of3Vor5V ,
Maximum operating frequencies of 10, 12.5, 16, and 20 MHz (when extemally-supplied frequency is 20, 25,
32, and 40 MHz2)
Use of high-performance 16/8-bit and 16-bit CPUs (equivalent to the V20HL™ and V30HL™)
¢ Minimum instruction execution times : 100 ns (at 20-MHz, 5-V operation)
200 ns (at 10-MHz, 3-V operation)
* Multiply/divide instruction execution times : 0.95 to 2.8 us (at 20-MHz, 5-V operation)
1.9 to 5.6 us (at 10-MHz, 3-V operation)
Standby functions:
* HALT mode: Ioo (max.) = 2.2 mA/MHz (at 5-V operation) and 1.5 mA/MHz (at 3-V operation)
e STOP mode: Iop (max.) = 50 pA (at 5-V operation) and 30 pA (at 3-V operation)
External system clock input stop
* When stopping external clock input: loo (max.) = 50 pA (at 5-V operation) and 30 pA (at 3-V operation)
¢ External clock frequency can be varied from the DC level to the maximum operating frequency.
Variable instruction cycle function
General-purpose peripheral functions:
* Clock generator (CG)
¢ Bus interface unit (BIU)
* Bus arbitration unit (BAU)
¢ Wait control unit (WCU)
* Refresh control unit (REFU)
* Timer/counter unit (TCU)
¢ Serial control unit (SCU)
* Interrupt control unit (ICU)
* DMA control unit (DMAU)
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1.2 Ordering Information

(1) V40HL
Part Number Package Type :::;i:::; c();::)tlng

uPD70208HGF-10-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 10

pPD70208HGF-12-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 125

uPD70208HGF-16-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 16

uPD70208HGF-20-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 20

uPD70208HGK-10-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 10
(1-mm resin thickness)

pPD70208HGK-12-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 12.5
(1-mm resin thickness)

uPD70208HGK-16-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 16
(1-mm resin thickness)

uPD70208HGK-20-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 20
(1-mm resin thickness)

wPD70208HLP-10 68-pin plastic QFJ (950 x 950 mils) 10

uPD70208HLP-12 68-pin plastic QFJ (950 x 950 mils) 12.5

wPD70208HLP-16 68-pin plastic QFJ (950 x 950 mils) 16

uPD70208HLP-20 68-pin plastic QFJ (950 x 950 mils) 20

2

Remark Plastic QFJ is the new name for the PLCC.

V50HL
Maximum operating
Part Number Package Type frequency (MHz)
uPD70216HGF-10-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 10
uPD70216HGF-12-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 12.5
uPD70216HGF-16-3B9  80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 16
uPD70216HGF-20-3B9 80-pin plastic QFP (14 x 20 mm) (2.7-mm resin thickness) 20
uPD70216HGK-10-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 10
(1-mm resin thickness)
uPD70216HGK-12-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 125
(1-mm resin thickness)
uPD70216HGK-16-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 16
(1-mm resin thickness)
pPD70216HGK-20-9EU  80-pin plastic TQFP (fine pitch) (12 x 12 mm) 20
(1-mm resin thickness)
uPD70216HLP-10 68-pin plastic QFJ (950 x 950 mils) 10
uPD70216HLP-12 68-pin plastic QFJ (950 x 950 mils) 12.5
uPD70216HLP-16 68-pin plastic QFJ (950 x 950 mils) 16
pPD70216HLP-20 68-pin plastic QFJ (950 x 950 mils) 20

Remark Plastic QFJ is the new name for the PLCC.
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1.3 Pin Configurations
(1) V4OHL

(a) 80-pin plastic QFP (Top View)

&sg|mos lw s~ alo
:::Eff#éé%§§§ﬁﬁk
80797877 76 7574 73 72 71 70 69 68 67 66 65 —
A16/PS0 O=—d7> 1 64—0O IORD
NC O—2 63——O NC
A5 O—13 O 62—-=0O MWR
Al4 O—14 61l——-O IOWR
A13 O—5 60}—O BUSLOCK
A12 O——16 58——=0O BUFRW
A1l O—rq7 s8}——=O BUFEN
A10 O-—8. 57—=O CLKOUT
A9 O~—9 - %tg X1
A8 O—]10 S 55| x2
GND O——11 s4———O GND
ne O0—J12 s3——o0 Nc
GND O———113 s52——O GND
AD7 O=—={14 N 51——=O High
AD6 O=~—=115 %ZZZ 50—=O ASTB
AD5 O~—-l16 R X 49!——0 Qso
AD4 O=—+{17 48—0O Qs1
AD3 O=—{18 a7—0 POLL
AD2 O~—-=]19 46—0O TCTL2
AD1 O=—={20 45—0O TOUT2
AD0 O=—+121 4—0 TCLK
NC O—122 43H—0 NeC
__NO— a2~—O INTP?
END/TC O~—=]24 , ; , 41— INTPS

IC

INTAK/SRDY/TOUT1
Voo

INTP1

NTP2

NTP3

INTP4

NTP5

DMAAK2

DMARQ¥RxD

DMARQO
DMAAKO
DMARQ1
DMAAK1
DMARQ2
DMAAKY/TxD

Caution Connect nothing to the IC pin.
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(b) 80-pin plastic TQFP (Top View)

-] 5
ggggﬁsﬁg F* o
~ w oo 7] = - Q
szzzzgffﬁééﬁiéﬁﬂﬁkgs
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A15 O=—n] 4 60F——O0 NC
NC O——] 2 59 ——=0 MWR
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A12 O—— 5 56 ——O BUFRW
A1l 0— ¢ s5}——=0 BUFEN
A10 O~—1 7 5‘;%‘ 54| —0 CLKOUT
A O~—1 8 53f—0 X1
A8 O—— o s2F—0 X2
GND O——— 10 s51—O GND
GND O——— 11 XXX X s0F—0 GND
AD7 O=—=if 12 §-.A'=lﬂ 49}——0 High
ADE O=———-=113 m§g§ 48}——0 AsTB
AD5 O~—=114 cccc 47}—0 aso
AD4 O 15 46}—0 Qs1
AD3 O-—=1 18 45}——o0 POLL
AD2 Oe—=ef 17 44—0 TCTL2
AD1 O=——= 18 43—0 TOUT2
ADO O=———={ 19 42—0 TCLK
NC. O——1 20 4—O NC
122 23 24 25 26 27 28 29 30 37

NC O—n
1 O—= R
10‘—-—

END/TC O=—={

DMAAKO O=———

DMAAKZ O-——
DMARQA/R:D O——={%
DMAAKA/TsD O-——

DMAAK

DMARQ2 O—

DMARQ

INTAK/SRDY/TOUT1 O=—1%
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(c) 68-pin plastic QFJ (Top View)
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(2) V50HL

(a) 80-pin plastic QFP (Top View)

a 8 8 (o] g 5 5 E >
e s %|E 0o 8 |w = - (=]
~
:2:#ff%§§£§§§%§@
80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 -
A16/PS0 O=—r 1 64l——0O IORD
NC O 2 63——O NC
AD15 O-—~{3 O 62—=O MWR
AD14 O——-el 4 61}——=0 IOWR
AD13 O=~—-=5 60 BUSLOCK
AD12 O——=16 59 BUFRW
AD11 O=—=7 58 BUFEN
AD10 O~—-={8 57 CLKOUT
AD9 O-—-{9 e e 56 X1
AD8 O=—={10 3 ss——O X2
GND O—11 gsgs 54——O GND
NC O—12 - = - a s3———0O NC
aND O—H13 2 % % 2 s2—O aND
AD7 O~—{14 % % s1—O UBE
ADs O~—-]15 § ’3‘ 'z‘ Zo: 50 ASTB
AD5 O—={16 - X R 49 Qso
AD4 O—+{17 48 Qs1
AD3 O—18 a7—oO POLL
AD2 O=~—={19 46—0O TCTL2
AD1 O=—={20 4s—0O TOUT2
AD0O O=—=1{21 4F—0 TCLK
’ NC O—]22 a3—O NC
NC O—23 a2—0O INTP7
END/TC O~—]24 41—O INTPS

Caution Connect nothing to the IC pin.
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(b) 80-pin plastic TQFP (Top View)

A16/PSO

NC
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(c) 68-pin plastic QFJ (Top View)
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pPD70216HLP-16 52—O GND
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Pin Identification

10

ADO to AD15:

A8 to A15:

A16/PS0 to A19/PS3:
REFRQ:

HLDRQ:

HLDAK:

RESET:

RESOUT:

READY:

NMI:

MRD:

MWR:

IORD:

IOWR:

ASTB:

UBE:

High:

BUSLOCK:

POLL:

BUFR/W:

BUFEN:

X1, X2:

CLKOUT:

BSO to BS2:

Qso, Qs1:

TOUT2:

TCTL2:

TCLK:

INTP1 to INTP7:
INTAK/SRDY/TOUT1:
DMAAK3/TxD:
DMARQ3/RxD:
DMAAKO to DMAAK2:
DMARQO to DMARQ2:
END/TC:

Voo:

GND:

IC:

Address Bus/Data Bus
Address Bus
Address/Processor Status
Refresh Request

Hold Request

Hold Acknowledge

Reset

Reset Output

Ready

Non-Maskable Interrupt Request
Memory Read

Memory Write

I/0 Read

I/O Write

Address Strobe

Upper Byte Enable

High Level Output

Bus Lock

Poll

Buffer Read/Write

Buffer Enable

Crystal

Clock Output

Bus Status

Queue Status

Timer Output 2

Timer Control 2

Timer Clock

Interrupt Request from Peripherals

Interrupt Acknowledge/Serial Ready/Timer Output 1

DMA Acknowledge/Transmit Data
DMA Request/Receive Data
DMA Acknowledge

DMA Request

End/Terminal Count

Power Supply

Ground

internally Connected
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1.4 Internal Block Diagram
3
(1) VAOHL %
< N
g = 2 B
E a % <' : é pr i1
Qo
25 2 2 2 § 838
TOUT2 —=—— = POLL
-— OCK
TOUTH Tou scu BIU BUSL
TCTL2 ——= —— BUFEN
ToLK ——= - BUFRW
High
— ASTB
IOWR
1ORD
INTP? ———] —_
= MWR
INTP6 wCuU MRD
INTP§ —— o READY
INTP4 RESOUT
INTPS —= CPU }——ReseT
INTP2 ———
INTP1 —™
INTAK BAU HLDAK
NMI HLDRQ
X2
ca DMAU REFU
X ————
§ O v | |Q E
oo ala g lo o 'w
CPU : Central processing unit REFU : Refresh control unit
CG : Clock generator TCU : Timer/counter unit
BIU : Bus interface unit SCU : Serial control unit
BAU : Bus arbitration unit ICU : Interrupt control unit
WCU: Wait control unit DMAU : DMA control unit

1
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(2) V50HL 3
T e
< B
E a ) ) - 8
(=]
=16 & 2 8 8 38
TOUT2 —=—— =— POLL
-—— — BUSLOCK
Toun TCU SCu BIU
TCTL2 — —— BUFEN
TCLK — ——— BUFRW
. = UBE
l——— ASTB
IOWR
IORD
INTP7 ————— _
MWR
INTP§ — -_
WCU MRD
INTPS — READY
S ICU
INTP4 L — RESOUT
INTP3 ——— CPU RESET
INTP2
INTP1 —™
HLDAK
INTAK BAU
NMi HLDRQ
X2
ca DMAU REFU
X1
5 8 § 2
o
3 § 2
CPU : Central processing unit REFU : Refresh control unit
CG : Clock generator TCU : Timer/counter unit
BIU : Bus interface unit SCU : Serial control unit
BAU : Bus arbitration unit ICU : Interrupt control unit
WCU : Wait control unit DMAU : DMA control unit

12
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1.5 Ditferences Between the VA0HL and V50HL and the V40 and V50

The major differences between the V40HL and V50HL and the V40 and V50 are shown below in Table 1-1.

Table 1-1. Differences Between the VA0HL and V50HL and the V40 and V50

item V40, V50

Operating supply voltages 3Vv,5V 5V

Operating Voo=5V MAX.: 10, 12.5, 16, 20 MHz MAX.: 8, 10 MHz

frequencies MIN. : DC MIN. : 2 MHz

Voo=3V MAX.: 5, 6.25, 8, 10 MHz No operation

MIN. : DC

Clock generators (CG) Variable frequency division ratio Fixed frequency division ratio
Variable instruction cycle times Fixed instruction éycle time
40-MH2z maximum input frequency 20-MHz maximum input frequency

internal /O remapping function /O boundary can be remapped to an The V40 can be remapped to an 8-bit
8-bit or 16-bit boundary. boundary.

The V50 can be remapped to a 16-bit
boundary.

Wait control unit (WCU) Memory area: 5 segmentsMote 1 Memory area: 3 segments

/O area: 3 segmentgNote 2 VO area: No segments
Refresh control unit (REFU) 16-bit refresh address 9-bit refresh address

Supports REFRQ expansion timing. No REFRQ expansion timing
Serial control unit (SCU) On-chip dedicated baud rate generator No on-chip dedicated baud rate

generator

DMA control unit (DMAU) rPD71071 or uPD71037 subset (either BPD71071 subset

function is available)
Standby functions HALT and STOP modes HALT mode only

Notes 1. Divides into three partitions after reset.
2. No division into partitions.

13
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1.6 Functional Overview

Part Number V4OHL V5O0HL

item
CPU V20HL equivalent V30HL equivalent
internal data bus width 16 bits
Extemal data bus width 8 bits | 16 bits
Operating ambient temperature —40 to +85 °C
Operating supply voltages Voo=5V 10%

Voo=3V110%

Maximum operating | Voo=5V
frequencies

10, 12.5, 16, 20 MHz ‘
(when externally-supplied frequency is 20, 25, 32, and 40 MHz)

Voo=3V

5, 6.25, 8, 10 MHz '
(when externally supplied frequency is 10, 12.5, 16, and 20 MHz)

Minimum instruction Voo=5V
execution times

200, 160, 125, 100 ns
(when maximum operating frequencies are at 10, 12.5, 16, and 20 MHz)

Voo=3V 400, 320, 250, 200 ns

(when maximum operating frequencies are 5, 6.25, 8, and 10 MHz)
Multiply/divide Voo= 5V 191056, 1.5104.5, 1.210 3.5, 0.85t0 2.8 pus
instruction execution (when maximum operating frequencies are 10, 12.5, 16, and 20 MHz)
times Voo=3V | 3.81%11.2,3.0109.0, 2.4 7.0, 1.9 10 5.6 us

(when maximum operating frequencies are 5, 6.25, 8, and 10 MHz2)
Memory space 1 MB (512 Kwords)
/O area 64 KB (32 Kwords)
Number of instructions 101
Number of registers 12
Clock generator (CG) e Variable instruction cycle time function (Variable frequency division ratios of

osclllator: 1/2, 1/4, 1/8, or 1/16-divide)
* 40-MHz Maximum input frequency

Walit control unit (WCU)

* Memory space can be divided into five partitions. 1/O space can be divided into
three partitions.
* From zero to three walits can be inserted to the following cycles:
CPU cycle, DMA cycle, and refresh cycle

Refresh control unit (REFU)

e Lowest priority refresh/highest priority refresh

¢ 7 refresh queues

¢ 16-bit refresh address

e Supports REFRQ expansion timing (REFRQ becomes active from the T1 state)

Timer/counter unit (TCU)

e uPD71054 equivalent

Serial control unit (SCU)

 pPD71051 (asynchronous) equivalent
e On-chip dedicated baud rate generator

14
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(continued)
N
Part Number V4OHL V50HL
Hem
Interrupt controt unit (ICU) e uPD71059 equivalent (vector mode only)
¢ uPD71059 can be cascade-connected.
DMA control unit (DMAU) « Two operating modes: uPD71071 and puPD71037 modes

* 20-bit address bus
¢ Four DMA channels

Interrupt functions | 7 external interrupts; 3 internal interrupts ‘

Standby functions Voo=5V o HALT mode: loo (MAX.) = 2.2 mA/MHz
e STOP mode: loo (MAX.) = 50 pA
Voo=s 3V o HALT mode: loo (MAX.) = 1.5 mA/MHz
e STOP mode: loo (MAX.) = 30 pA

Packages « 80-pin plastic QFP (14 x 20-mm body; 2.7-mm resin thickness)
* 80-pin plastic TQFP (12 x 12-mm body; 1-mm resin thickness)
* 68-pin plastic QFJ

Miscellaneous * {ntemal bus interface unit (BIU)
* intemal bus arbitration unit (BAU)

15
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CHAPTER 2 APPLICATIONS

Office equipment, as represented by machines such as dedicated word-processing computers, is becoming more
compact today as it shifts from desk-top models to portable models.

The V40HL and V50HL are low-power consumption microprocessors that especially satisfy the demand for
compactness in this type of equipment. In addition, because they are able to operate at low voltage, they also
accommodate battery-driven systems.

Figure 2-1 shows a block diagram of a typical handy word-processing computer, while Figure 2-2 shows that of
a facsimile machine. ‘

Figure 2-1. Handy Word-Processor Block Diagram

Battery Keyboard

(Serial communications )

V4OHL, Bus
vsoHL [ orironer

Power supply LCD controller
control IC '

Ni-Cd battery
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Figure 2-2. Facsimile Machine Block Diagram

V4OHL,~ Bus

VSOHL

Motor driver

SN

Themistor

Battery

CcCD
Sample and
hold circuit LCD
controller Tone dialer
Sub-CPU Clock IC Main

memory
(DRAW/
PSRAM)

NCU

Telephone

Telephone
line



CHAPTER 3 PIN FUNCTIONS

3.1 Pin Function List
The functions of each pin are shown below in Table 3-1.

Table 3-1. Pin Functions (1 of 2)

Symbol input/Output Function
ADO to AD15Notes 1,3 3-state inputioutput | Time division address/data bus
ADQ to AD7Nows 2,3 3-state input/output | Time division address/data bus
A8 to A15Notes 2,3 3-state output Address bus
A16/PS0 to A19/PS3Nate 3 3-gtate output Time division address/processor status
REFRQ Output Refresh request
HLDRQ Input Bus hold request
HLDAK Output Bus hold acknowiedge
RESET input Reset
RESOUT Output System reset output
READY Input Bus cycle end
NMI Input Nonmaskabie interrupt
MRDNote 3 3-state output Memory read strobe
MWRNote 3 3-state output Memory write strobe
IORDNote 3 3-state output /O read strobe
IOWRNote 3 3-state output VO write strobe
ASTB Output Address strobe
UBENotes 1,3 3-state output Data bus high-order byte enable
HighNote 2 3-state output High level output
BUSLOCKNow 3 3-state output Bus lock
POLL Input Polling of floating point operation coprocessor
BUFR/Whote 3 3-state output Butfer read/write
BUFENNote 3 3-gtate output Buffer enable
X1 Input Crystal/external clock
x2 -
CLKOUT Output Clock output
BSO to BS2Note 3 3-state output Bus status
Qso, st Output Queue status

19
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Table 3-1. Pin Functions (2 of 2)

Symbol Input/Output Function
TOUT2 Output Timer 2 output
TCTL2 Input Timer 2 control -
TCLK Input Timer clock
INTP1 to INTP7 Input Maskable interrupt
INTAK/SRDY/TOUT1 Output interrupt acknowledge/serial receive enable/timer 1 output
DMAAK3/TxD Output DMA acknowledge 3/serial communications data
DMARQ3/RxD Input DMA request 3/serial receive data
DMAAKO to DMAAK2 Output DMA acknowledge
DMARQO to DMARQ2 Input DMA request
ENDATC Inputioutput Forced DMA service end/DMA service complete
Voo -_ Positive power voitage supply pin
GND —_ Ground potential pin
Ic - Intemally-connected pin (cannot be connected externally)

Notes 1. V50HL only
2. VAOHL only
3. Has an intemal latch. For this reason, at high impedance, the state prior to becoming high impedance
is maintained until driven externally. Thus, pulling the bus up or down is not necessary. In addition,
in the high impedance state, to invert the pin level externally, drive capacity at or above latch inversion
current (lu, lu) is required.
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Remark The latch has the circuit composition shown below. When inverting a pin which has a latch, a drive
capacity at or above latch inversion current is required.

(1) Output pins

Hi-Z

(2) Input/output pins

Output buffer Latch

() Inputioutput pin
(data bus)

Hi-Z

21
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3.2 Functional Description of Pins

The functions of the V40HL and VS0HL pins will be described. The V40HL and V50HL differ on two points only,
the number of data bus pins and the UBE pin. They have everything else in common.

(1) ADO to AD15 (Address/Data Bus): Three-State inputs/Outputs (V50HL)

The following explanation applies only to the V50HL.

The pins indicated above are used for the combined address and data bus. The output of the low-order 16
bits and the input/output of the byte/word data of this 20-bit address data take place in time divisions. During
bus cycles, they function as an address bus in the T1 state and as a data bus in the T2, T3, TW and T4 states.
The V50HL interfaces by dividing the byte data banks into one that accesses memory or I/O at even-number
addresses (ADO = 0) and another that accesses them at odd-number addresses (ADO = 1). The selection
between these two byte data banks is controlled by two signals, ADO and UBE. The output levels of ADO and
UBE when accessing an even-number address and an odd-number address are as shown in the following table.
For details on this table, refer to section 4.1.1 Memory map and access methods.

Operand UBE ADO Number of bus cycles
Even-number address word 0 0 1
Odd-number address word 0 1 Mot 2

1 0 Note 2
Even-number address byte 1 0 1
Odd-number address word 0 1 1

Notes 1. First bus cycle
2. Second bus cycle

The access of an odd-number address word operand takes place over two bus cycles, dividing the banks into
an even-number address and an odd-number address. At this time, ADO = 1, which indicates an odd-number
address bank, will be output in the first bus cycle. Inthe second bus cycle, ADO = 0 will be output automatically
to indicate contiguous even-number addresses. In addition, in this case, in the second bus cycle, the address
will be output to a segment at a value that has incremented by 1.

During hold acknowledge, these pins are at high impedance.

(2) ADO to AD7 (Address/Data Bus): Three-State Outputs (V40HL)
The following explanation applies only to the V40HL.
The pins indicated above are used for the combined address and data bus. The output of the low-order 8 bits
and input and output of 8-bit data of this 20-bit address data take place in time divisions.
During bus cycles, they function as an address bus in the T1 state and as a data bus in T2, T3, TW and T4
states.
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(5)

(6)

The input and output of 16-bit data takes place over two bus cycies. The first cycle is for the Iow-brder bytes,
the second for the high-order bytes.
During hold acknowledge, these pins are at high impedance.

A8 to A15 (Address Bus): Three-State Outputs (V40HL)
This explanation applies only to the V40HL.
These pins output the middie 8 bits of 20-bit address data.

These pins are at high impedance during a hold acknowledge.

A16/PS0 to A19/PS3 (Address Bus/Processor Status): Three-State Outputs

These pins are combined output pins for the address and processor status signals. The contents of each are
output in time divisions. During bus cycles, they function as an address bus in the T1 state, and they output
the processor statuses in the T2, T3, TW and T4 states.

As an address bus, the high-order 4 bits of this 20-bit address data are output. During the /O access, zeros
are output to all bits.

The processor status signal is output for the access of both memory and /O. PS3 outputs a zero when in the
native mode but not in the refresh cycle and outputs a one at other times. The content of the interrupt enable
flag (IE) is output to PS2. PS0 and PS1 show which segment the bus cycle is currently using.

A17/PS1 | A16/PSO Segment
0 0 Data segment 1 (DS1)
0 1 Stack segment (SS)
1 0 Program segment (PS)
1 1 Data segment 0 (DS0)

These pins go to high impedance during a hold acknowledge.

REFRQ (Refresh Request): Output
This signal becomes active-low in the T2, T3 and TW states.
In the case of REFRQ expansion timing, it becomes active-low in the T1, T2, T3 and TW states.

HLDRQ (Hold Request): Input
This is an active-high signal input pin that requests that the V40HL and V50HL release the address bus, address/
data bus and the control bus. This signal is sampled every time the CLKOUT signal falls.
The bus use priority due to a requester from HLDRQ is as follows:
REFU (highest priority) > DMAU > HLDRQ > CPU > REFU (lowest priority)
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9)

(10)

M)

24

HLDAK (Hold Acknowiledge): Output

This signal indicates that the V40HL and V50HL have accepted a hold request signal (HLDRQ) and placed the
bus in a high impedance state. During the time this signal is active-high, the address bus, address/data bus
and three-state output control signals are at high impedance.

During a hold acknowledge, if a refresh request or DMA request is generated, and both are a higher priority
that HLDRQ, HLDAK will become inactive. Then the V40HL and V50HL will request the return of bus control
(HLDRQ becomes inactive). In this manner, the high-level width of the HLDAK signal when external and internal

bus requests overlap is one clock width at a minimum.

RESET (Reset): Input

A reset is an active-low input, and it has priority over all other operations. In addition to having an impact on
the CPU, a reset also has an impact on the intenal peripheral units. After a reset has been canceled, the CPU
will start a program from address FFFFOH.

To reset normally, input a low-level signal of four or more clocks.

However, a RESET when there is a STOP mode cancellation has to be made active during the oscillation
stabilization period.

RESET input is also used for the release of the CPU standby mode.

RESOUT (Reset Output): Output
This pin synchronizes an asynchronous signal that is to be input to the RESET pin to the internal clock and
then outputs it again in the active-high state. This signal may also be used to reset the system.

READY (Ready): Input .

The basic bus cycle of the V40HL and V5S0HL is that of the clock. When this input signal is made inactive-iow,
a wait state (TW) will be inserted between the T3 state and the T4 state, lengthening the bus cycle. This function
is used for memory or /O with a slow access time.

This signal is supplied internally to all blocks after synchronization with the clock and is checked in the T2, T3
and TW states. Also, in addition to this signal, the TW state is inserted by WCU. (Refer to section 6.1 Wait
Function.)

Note that during internal I/O access, the READY input is invalid.

NMI (Nonmaskable interrupt Request): input

This is an interrupt request input in which software masking is not possible. The input is active at the rising edge.
Itis sampled at each clock. By inputting the high level for five or more clocks (CLKOUT), the NMI will be accepted.
When the NMI is accepted, an interrupt for vector number 2 will be generated at the end of an instruction that
is being executed.

This NMi input can also be used to cancel the CPU standby mode.
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(12)

(13)

(14)

(15)

(16)

MRD (Memory Read): Three-State Output

This signal becomes active-low when data is read from memory. It also becomes active when memory is
refreshed by REFU and when data is transferred from memory to VO by DMAU. The periods in which MRD
becomes active are in the T2, T3 and TW states during bus cycles.

This pin is at high impedance during a hold acknowledge.

MWR (Memory Write): Three-State Output

This signal becomes active-low when data is written to memory. it also becomes active when DMAU transfers
data from the /O to memory. The periods in which MWR becomes active are, if due to the CPU, in the T2,
T3 and TW states during bus cycles. If due to DMAU, the normal write timing is in the T3 and TW states, while
the expansion write timing is in the T2, T3 and TW states.

This pin is at high impedance during a hold acknowledge.

IORD (VO Read): Three-State Output

This signal becomes active-low when data is read from the 1/0. However, when the /O to be accessed is an
interal peripheral unit, it does not become active. it becomes active when data is being transferred from
I/0 to memory by DMAU. {ORD becomes active during the T2, T3 and TW states in bus cycles.

This pin is at high impedance during a hold acknowledge.

IOWR (VO Write): Three-State Output

This signal becomes active-low when data is written to the /O. However, when the I/O to be accessed is an
internal peripheral unit, it does not become active. It becomes active when data is being transferred from
memory to /O by DMAU. During CPU bus cycles, IOWR becomes active during the T2, T3 and TW states.
If due to DMAU, for normal write cycles, this signal becomes active during the T3 and TW states. For extended
write cycles, it becomes active during the T2, T3 and TW states.

This pin is at high impedance during a hold acknowledge.

ASTB (Address Strobe): Output

This is an active-high strobe signal for latching address data to an extemal latch. When the clock (CLKOUT)
of the T1 state is at the low level during bus cycles, it becomes active.

This signal is active low during a hold acknowiedge.
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" (17) UBE (Upper Byte Enable): Three-State Output (V50HL)

(18)

This signal is valid only with the V50HL, which has a data bus width of 16 bits. In the case of the V40HL, it
becomes a high-impedance signal during a hold acknowledge. Otherwise, it outputs the high level. The
following explanation applies to the VSOHL.

This signal indicates that the high-order eight bits (AD8 to AD15) of ADO to AD15 will be used in the T2 to T4
states of the bus cycle. This signal is active-low and is output during the T1 to T4 states of the bus cycle.
This signal becomes active in the following bus cycles:

* Abus cycle due to a byte access of an odd-number address or the first byte access for word data of an odd-
number address.
* A bus cycle due to a word data access of an even-number address.

These bus cycles can be found through a combination of address data and UBE signals that are output to the
ADO pin in the T1 state of the bus cycle.

Operand BE ADO Number of bus cycles
Even-number address word 0 0 1
Odd-number address word 0 1 Note? 2

1 0 Note 2
Even-number address byte 1 0 1
Odd-number address byte 0 1 1

Notes 1. First bus cycle
- 2. Second bus cycle

The UBE signal will continue to be at the low level during interrupt acknowledge (even-number address word
access required because of vectored read).
This pin is at high impedance during a hold acknowiedge.

BUSLOCK (Bus Lock): Three-State Output

This signal requests that other master CPUs in a multiprocessor system not use the system bus during the
execution of an instruction that follows the BUSLOCK prefix and during an interrupt acknowledge cycle.
Hold requests and DMA requests are ignored and refresh requests are held during the bus lock period in which
this signal is active-low.

The pin is at high impedance during hold acknowiedge.
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(19)

(20)

(21)

(22)

(23)

(24)

POLL (Poll): Input

POLL input is checked by the POLL instruction. If it is at the low level, a shift is made to the next instruction.
it it is the high level, the POLL input is checked every five clocks until it moves to the low level.
This function is used to synchronize the operation of the CPU program and external devices.

BUFR/W (Buffer Read/Write): Three-State Output

The purpose for outputting signal is to determine the data transfer direction of an external bi-directional buffer.
When it is high, data transfer will take piace from the V4OHL and V50HL to external device. When it is low,
data transfer will take place from the external device to the V40HL and VSOHL. However, during the CPU data
read cycle, it will be at the low level. At other cycles, it will be at the high level. Therefore, it is at the high level
during the DMA and refresh cycles.

This pin is at high impedance during a hold acknowledge.

BUFEN (Buffer Enable): Three-State Output

This signal is used as the output enable signal for external bi-directional buffers. In the read cycle and the
interrupt acknowledge cycles, it is active-low in the T2 to T4 states. In the write cycle, it is active in the T1 to
T4 states. However, BUFEN is not active when accessing /O within the chip.

This pin is at high impedance during a hold acknowledge.

X1 and X2 (Crystals)

When using an intemnal clock generator, the crystal resonator is connected to the X1 and X2 pins. The oscillating
frequency of the crystal resonator that is connected to the pins is twice that of the operating frequency.
When using an external clock generator, a square wave with a frequency that is twice that of the operating
frequency is input to X1. At this time, either input the complement of the X1 pin to X2 or leave it unconnected.
A clock that is input externally can be stopped.

CLKOUT (Clock Output): Output
The frequency of the signals on pins X1 and X2 are divided in half and the resulting square wave clock is output.
The duty of this output clock is about 50 percent (exciuding internal circuit delays).

BSO0 to BS2 (Bus Status): Three-State Outputs

These are status signals that inform extemal bus controllers of what the current bus cycle is.

These signals become active inthe T1 and T2 states. They are encoded as indicated in the table below. External
bus controllers can decode these signals and generate the control signals for accessing memory and I/0. Only
in the HALT mode will the output of BSO to BS2 be delayed by one clock compared to normal (synchronizes
with the rise of T1). Moreover, when a wait state (TW) is inserted, BSO to BS2 will be active until the CLKOUT
fall preceding the last TW state.
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(25)

28

BSO BS1 BS2 Bus Cycle
0 0 0 Interrupt acknowledge
1 0 0 VO read (CPU internal and external 1/0 access)
0 1 0 VO write (CPU intemal and extenal /O access)
1 1 0 HALT and STOPNote 1
0 0 1 Program prefetch
1 0 1 Memory readNow 2
0 1 1 Memory writeNotw 3
1 1 1 Passive state™ot 4
Notes 1. HALT mode: Two clocks. Pins BS0Q to BS2 output this value and shift to the passive

state.

STOP mode: During the STOP mode and after canceling the STOP mode, this value
will continue to be output until the oscillation stabilization time has
elapsed.

In addition to the CPU memory read cycle, the memory read/l/O write DMA cycles,

the DMA verify cycle and the refresh cycle are included.

In addition to the CPU memory write cycle, the /O read/memory write DMA cycles are

included.

In additionto the CPU DMAU and REFU passive states, the cascade mode DMA cycle

is included.

The passive state indicates the state of ending one bus cycle and waiting to move to

the next bus cycle.

These pins are at high impedance during a hold acknowledge.

QS0 and QS1 (Queue Status): Outputs
This signal informs the external devices (floating point operation chips) of the status of the instruction queue

inside the CPU.

Here, the status of the instruction queue refers to the status when the execution unit (EXU) within the CPU
accesses the instruction queue. The data output to the QS0 and QS1 pins is valid only for one clock cycle
immediately after a queue access.

Qso Qs1 Instruction Queue Status
0 0 No operation (no change in queue)
1 0 Fetch the first byte of an instruction
0 1 Empty queue
1 1 Fetch from the second byte onward of instruction
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(26)

(27)

(28)

(29)

(30)

(31)

This status signal is provided so that a floating point operation chip can monitor the CPU program execution
status and synchronize with the CPU to implement processing when control passes to the chip (using a floating
point operation (FPO) instruction).

TOUT2 (Timer Output): Output
This is the TCU output pin. Of the three counters, the results of TCT #2 will be output.

TCTL2 (Timer Control): Input
This is the TCU control input pin. Of the three counters, TCT #2 will be controlled.

TCLK (Timer Clock): Input v
This is the TCU clock input pin. Whether the clock that is actually input to each counter is the clock from this
pin or the frequency-divided V40HL or VS0HL operating clock is determined by selection through the software.

INTP1 to INTP7 (interrupt Request from Peripheral): inputs

These seven pins are asynchronous interrupt requests from ICU. Either a rising edge trigger or high level trigger
can be selected for the input signals. Also, these pin are pulled up internally.

These interrupt request inputs may also be used to cancel the CPU standby mode.

INTAK/SRDY/TOUT1 (Interrupt Acknowledge/Serial Ready/Timer Output): Output

This pin is used for the output of the interrupt acknowledge signal, serial ready signal and the timer output signal
(TCT #1). '

The interrupt acknowledge signal (INTAK) becomes active-low in the T2, T3 and TW states of the interrupt
acknowiedge cycle.

As for SRDY, it outputs the low level when the receiver is enabled due to an output signal from SCU.
TOUT1 is the output of TCU. Of the three counters, the results of TCT #1 are output.

The functions of this pin can be selected through the software using the OPCN register located in the system
I/O area. (See section 4.1.3 System VO area.)

DMAAK3/TxD (DMA Acknowiedge/Transmit Data): Output

This pin is used both for the output of the DMAU channel 3 acknowledge signal and the SCU serial data. DMAAK3
is active-low.

When functioning as [transmission] TxD, DMAAKS shifts to the high level (marking status) when there is no
data to transmit. When there is data to transmit, itis set in place and the start bit (low) is output automatically.
This data is then output serially. A parity bit and stop bit (high) are added to the end of all data. Adding or
not adding the parity bit is programmable.

The functions of this pin can be selected through the software by using the OPCN register located in the system
/O area. (See section 4.1.3 System VO area)
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(32) DMARQ3/RxD (DMA Request/Receive Data): input

(33)

(34)

(35)

30

This pin is used both for the DMAU channel 3 request signal and the SCU serial data input. DMARQS is active
at the high level. DMARQ3 must maintain the high level until DMAAK3 becomes active. Also, the withdrawal
of DMARQ3 must take place while DMAAKS is active.

In the case of RxD, the high level is input when data is not being transmitted. When it detects the start bit (low),
it begins receiving serial data.

In the case of the three pins described above, numbers (30) to (32), the following four selections are possible
by using the software to manipulate the OPCN register located in the system I/O area.

Seloction Pin| DMAAKSTXD | DMARQ3mXD |INTAKISRDY/TOUTH
1 DMAAK3 DMARQ3 INTAK
2 DMAAK3 DMARQ3 TOUT1
3 TxD RxD INTAK
4 TxD RxD , SRDY

DMAAKO to DMAAK2 (DMA Acknowiedge): Outputs
These are DMA acknowledge output pins for DMAU channels 0 to 2.
The signals on these pins are active-low.

DMARQO to DMARQ2 (DMA Request): Inputs

These are DMA request output pins for DMAU channels 0 to 2.

The signals on these pins are active-high.

DMARQ must remain at the high level until the corresponding DMAAK becomes active. Also, the withdrawal
of DMARQ is required while the corresponding DMAAK is active.

END/TC (End/Terminal Count): Input and Output

This is an active-low input and output pin involved with the end of DMA transfer by DMAU. When a low level
pulse (END) is input to this pin during DMA transfer, DMAU will end the DMA service in process at that time,
even if the service has not been completed. In addition, when the number of DMA transfers set for each channel
has ended, it will output a low-level pulse (TC).

Because this pin is an open drain, it needs an external pull-up resistor.
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(36) Voo (Power)
This is the positive power supply pin. Connect this pin to all common power supplies.

(37) GND (Ground)
This is the grounding pin potential (0 V). Connect this pin to all common grounds.

(38) IC (Internally Connected) )
Connect nothing to this pin (in the case of the 80-pin plastic QFP only)

3.3 Pin Input/Output Circuits and Recommended Handling of Unused Pins
Table 3-2 shows the type of input and output circuit for each pin and the recommended handling (recommended
connections) of them when they are not used. Figure 3-1 shows a diagram for each type of circuit.

When connecting pins to Voo or to ground through resistors, the recommendation is for using a 1 to 10 kQ resistor.

Table 3-2. Input/Output Circuits for Each Pin and Recommended Handling When Not Used (1 of 2)

Symbol Input/Output Type Input/Output Circult Recommended Connection When Not Used
ADO to AD15New 1 | 3.gtate input/output 5-F Open
ADQ to AD7Nots 2 3-state input/output 5-F
AB to A15Note 2 3-state output 4-A
A16/PS0 to A19/PS3 3-state output 4-A
REFRQ Output 3
HLDRQ Input 1 Connect to ground through a resistor.
HLDAK Output 3 Open
RESET Input 1 _
RESOUT Output 3 Open
READY Input 1 Connect to Voo through a resistor.
NMI Input 1 Connect to ground through a resistor.
MRD 3-state output 4-A Open
MWR 3-state output 4-A
10RD 3-state output 4-A
IOWR 3-state output 4A
ASTB Output 3
UBENote 1 3-state output 4A
HighNote 2 Output 4-A

Notes 1. VS50HL only.
2. VA40HL only.
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Table 3-2. Input and Output Circuits for Each Pin and Recommended Handling When Not Used (2 of 2)

Symbot Input/Output Type Input/Output Circuit Recommended Connection When Not Used
BUSLOCK 3-state output 4-A Open
POLL . input 1 Connect to ground through a resistor.
BUFRW 3-state output 4-A Open
BUFEN 3-state output 4-A
CLKOUT Output 3 Open
BSO to BS2 3-state Output 4-A
Qso, Qs1 Output 3
TOUT2 Output 3 »
TCTL2 input 1 Connect to ground through a resistor.
TCLK Input 1
INTP1 to INTP7 input 1 Open
INTAK/SRDY/TOUT1 Output 3
DMAAK3/TxD Output 3
DMARQ3/RxD Input 1 Connect to ground through a resistor.
DMAAKO to DMAAK2 Output 3 Open
DMARQO to DMARQ2 Input 1 Connect to ground through a resistor.
END/TC Inputioutput 13-C Connect separately to Voo through a resistor.
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Figure 3-1. Pin Input and Output Circuits
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4.1 Memory and VO Mapping

4.1.1 Memory map and access methods
The V40HL and V50HL have 20-bit address data and are able to access 1 Mbyte (512 Kwords) of memory.
Figure 4-1 shows the memory map. The one kilobytes of memory from 00000H to 003FFH have been allocated
to the interrupt vector table. However, table area that is not used by the system can be used for other purposes.
The 12 bytes of memory from FFFFOH to FFFFBH are automatically used by the CPU for things such as resets and
starts. Therefore, they cannot be used for other purposes. The 4 bytes of memory from FFFFCH to FFFFFH are
reserved for future use. As a consequence, they cannot be used.

Figure 4-1. Memory Map

FFFFFH
Reserved
FFFFCH
FFFFBH
Dedicated use
FFFFOH
FFFEFH
¥ General use =
00400H
003FFH ,
. t vectc For details, see Figure 6-19
! table Interrupt Vector Table.
00000H

Instruction code, interrupt start addresses, stack data and general variables are elements stored in memory. Some
elements are in byte units while others are in word units. The addresses generated by instructions relative to these
elements can be both even-number (A0 = 0) and odd-number (A0 = 1). Excluded from these addresses is the area
in which the interrupt start address (interrupt vector table) is stored, which is always an even-number address
(AO = 0).

The design is such that the access of VSOHL word data is possible whether the address is an even number or
an odd number. Both even numbers and odd numbers are permitted as addresses generated by an instruction.

The memory elements and data organization are shown in Table 4-1.
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Table 4-1. Memory Element Addresses ‘and Data Organization

Memory Element Address Data Organization
Instruction code Even/odd numbers 1/2/3/4/5/6 bytes
Interrupt vector table Even numbers 2 words/vector
Stack Even/odd numbers Words
General variables Even/odd numbers Bytes/words/double words

Word data and double word data can be understood as follows:

Word data organization Doubie word data organization

High-order address| High-order byte | High-order address | High-order byte
Low-order address | Low-order byte Low-order byte
High-order byte
Low-order address | Low-order byte

} High-order word

} Low-order word

The interfacing with the memory and the CPU differs between the VA40HL and V50HL. That of the V4OHL is shown
in Figure 4-2, while that of the VSOHL is shown in Figure 4-3.

Figure 4-2. V40HL Interfacing Between CPU and Memory

A0-A19 § Address bus (20) 1

1 Mbyte of memory

D0-D7 § " Data bus (8) g\
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In the case of the V4OHL, since the width of the data bus is eight bits, the interfacing between the CPU and memory
is handled simply as a 1-Mbyte area indicated by 20-bit address data. Thus, byte data will be accessed in one bus
cycle and word data in two bus cycles, regardless of whether the address is an even number or odd number.

Figure 4-3. V50HL interfacing Between CPU and Memory

A0-A19 § Address bus (19) )
A 19 9
UBE T
BSEL BSEL
512 Kbyte high-order 512 Kbyte low-order
memory bank memory bank
ﬁ D8-D15 DO-D7
Do-D15 § Data bus (16) : )

in the case of the V50HL, since the width of the data bus is 16 bits, it naturally has the capability of transferring
16-bit word data in one bus cycle. However, this applies only when the address generated by the instruction is an
even number (A0 = 0). When the address is an odd number (A0 = 1), two bus cycles are required for data transfer.

As indicated in Figure 4-3, the byte data of the low-order memory bank will be enabled when AQ is active-low.
However, a UBE signal will be output independently of the data from the address bus, and the byte data of the high-
order memory bank will be enabled when this signal is active-low.

When accessing the word data of an odd-number address, UBE will equal zero and AO will equal one in the first
bus cycle, and the high-order bytes will be the only bytes to be accessed. Next, UBE will automatically equal one,
and the low-order 16 bits of the address data (A0 to A15) will increment by one. That is, AO will equal zero and the
low-order bytes of the next address will be accessed. :

The word data of an even-number address will be accessed in one bus cycle due to UBE and AO both equaling
zero. This is summarized below in Table 4-2.
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Table 4-2. V50HL Data Access

Operand UBE A0 Number of bus cycles
Even-number address word 0 0 1
Odd-number address word 0 1 2

1 0
Even-number address byte 1 0 1
Odd-number address byte 0 1 1

The V50HL normally accesses an instruction code (prefetch) in word units. However, when there is a branch to
an odd-number address, only one byte of the odd-number address will be fetched. Subsequent fetches will take place
once again in word units.

Interrupt vector table access always takes place as the word data of even-number addresses because an even
number is aiways generated when the vector table addresses are generated from the vector numbers (0 to 255). As
a consequence, a vector table access for one interrupt always takes place in two bus cycles for two words, one for
the segment base and one for the offset.

One bus cycle for a memory access requires four clocks. Consequently, every time there is one access of the
word data of an odd-number address, the instruction execution time requires four extra clocks when compared with
the access of the word data of an even-number address. In the description of the instruction, if the number of word
data accesses is one or more, this will apply when that instruction is executed.

When word data is being transferred from one memory to another memory, two memory accesses are required,
one for reading from the source and another for writing to the destination. Thus, the execution time is greatest when
both are odd-number addresses.

The problem with these odd-number addresses is the same in the case of a stack operation. Registers are
automatically saved to a stack through interrupt processing. However, because these are all word data, consideration
must be given to the fact that the number of bus cycles doubles when they are processed at an odd-number address,
as this will slow down the interrupt acknowledgment time.

Based on the foregoing information, for accessing word data using the VSOHL, items that the programmer can check
should all be able to be placed at even-number addresses.

Examples MOV reg,mem instruction execution time (number of clocks)
For byte data : 10 (V40HL and V50HL)
For word data: 14 (V40HL and V50HL using an odd-number address)
10 (V50HL using an even-number address)

The above are examples of word data accesses that take place one time.




CHAPTER 4 ARCHITECTURE

4.1.2 VO map and access methods

The V40HL and V50HL can access I/O of up to 64 Kbytes (32K words) in areas that are independent of the memory.

The VO is addressed by the /O address data that is output from low-order 16 bits of the address bus.

Figure 4-4 shows an /O map. The 256 bytes from address FFOOH to address FFFFH have been set aside for
use by the system. They cannot be applied to general-purpose use. This area is composed of a reserved area (FFOOH
to FFDFH) and a system I/O area (FFEOH to FFFFH). The intemal peripheral unit related registers are assigned to
the system I/O area.

Figure 4-4. VO Map

FFFH E
For details, see Section 4.1.3,
“System /O area.”
FFDFH

FFooH FINEES

DMAU, ICU, TCU and SCU can be
assigned to any desired 256 bytes.
(For detalls, see Section 4.1.3,
“System VO area.” )

» intemal /O area

Extemnal /O area
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The segment method does not apply to an I/O address as it does to memory.

When an VO address is output, all zeros are output to the high-order four bits of the address bus (A16-A19).

Both byte units and word units are possible when transferring data between the CPU and I/0. Both 8-bit /O devices
and 16-bit I/0 devices can be connected. However, inthe case of the VSOHL, as with memory, one bus cycle is required
for a word data access if the address is an even number and two bus cycles are required if the address is an odd
number.

When an 8-bit I/O device is accessed with the V50HL, among the /O address data, A0 is used only for device
selection. Values from A1 and above are used for device selection and for selecting a number of registers within
one device. In other words, for an I/O device with an even-number address, its intemal registers will all be selected
with an even number, while for an 1/0 device with an odd-number address, its internal registers will all be selected
with an odd number.

By using the memory mapped I/O organization (by assigning areas with memory to /O use), I/O can be placed
in the 1 Mbyte memory area, not the I/O area.

By making using of this function, the abundant addressing modes and arithmetic processing for the memory can
take place directly for the 1/0 device. For example, by using the bit manipulation instructions for the memory, it is
possible to test (1 and 0 determination), set (1), clear (0) and invert a certain line of an I/O port.

However, with memory mapped /O, the control signals output from the CPU all become signals for the memory.
I/O devices are distinguished from memory only by the address data. Therefore, special care must be taken so that
addresses assigned to variables and stack data do not conflict with addresses assigned to /O devices.
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4.1.3 System VO area
System I/O area refers to the area that occupies the highest-order 32 bytes (FFEOH-FFFFH) of the 64-Kbyte I/
O area (0000H-FFFFH). The register for mapping the intemnal peripheral units to the I/O-area and the control register
are mapped within this system /O area. To use the V40HL and V50HL, these I/Os have to be initialized first. The
table below shows the registers that are mapped to the system /O area and a summary of their major functions.
Figure 4-5 shows a list of registers in the system I/O area. For the functions of each register, refer to the sections

indicated in the reference column.

Figure 4-5. List of Registers in the System VO Area

Address | Register Name Operation Reference
i FFFEH OPCN Read/write | See Figure 4-6
FFFFH FFFDH OPSEL Read/write | See Figure 4-7|
FFEQH FFFCH OPHA Read/write | See Figure 4-10.
FFDFH FFFBH DULA Read/write | See Figure 4-14.
EFooH Reserved area FFFAH IULA Read/write | See Figure 4-13,
FFEFH FFFOH "TULA Read/write | See Figure 4-11.
FFF8H SULA Read/write | See Figure 4-12,
FFF7H SCTL Read/write | See Figure 4-8,
FFF6H WCY2 Read/write | See Figure 6-12.
General-purpose use| _ FFF5H WCY1 Read/write | See Figure 6-10.
FFF4H WMB Read/write | See Figure 6-3,

FFF3H | Reserved —_ —_

FFF2H RFC Read/write | See Figure 6-15.
0000H FFF1H SBCR Read/write | See Figure 6-23.

FFFOH TCKS Read/write | See Figure 5-14.
FFEFH | Reserved — —
FFEEH | Reserved — —
FFEDH EXWB Read/write | See Figure 6-5.
FFECH | wsms Readwrite | See Figure 6-8.
FFEBH wios Readwrite | See Figure 6-9,
FFEAH WCY3 Read/writs | See Figure 6-11.

FFE9H BRC Read/write See Figure 5-36.
FFE8H

to Reserved _— .
FFE2H
FFE1H BADR Read/write See Figure 5-83.
FFEOH BSEL Read/write See Figure 5-84.
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h (1) On-Chip Peripheral Connection Register (OPCN)

Figure 4-6. On-Chip Peripheral Connection Register (OPCN)

7 6 5 4 3 2 1 ()} VO address
[ x | x [ x [ x| msw | pr | FFFEH
INTAK/ DMAAKY DMARQY
PF SRDY/ TxD RxD
TOUT4
00 |INTAK DMAAK3 | DMARQ3
0t |TOUT1 DMAAK3 DMARQ3
10 |INTAK TxD RxD
11 | SRDY TxD RxD
IRSW INTL1 INTL2
00 |INTP1 pin INTP2 pin
o1 |scu INTP2 pin
10 | INTP1 pin TCU (TCT#1)
11 |scu TCU (TCT#1)

Remark x: don't care

(a) PF Bit
This bit selects the functions of three pins, INTAK/SRDY/TOUT1, DMAAK3/TxD and DMARQ3/RxD. The

functions of a combined-use pin cannot be selected in any combination desired. There are only four possible
combinations. If DMA is to be used often, they are PF = 00 or PF = 01. For serial input and output, it is PF
= 1x (where x is an optional 1 or 0.)

(b) IRSW Bit

This bit switches the signal input to INTL1 and INTL2 of the ICU. For the input signal, an external pin or
the output of SCU or TCU can be selected.
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(2) On-Chip Peripheral Selection Register (OPSEL)
Figure 4-7. On-Chip Peripheral Selection Register (OPSEL)

7 6 5 4 3 2 1 0 VO address
| x [ x [ x| x [ss|7s | [ps]|] Frron

DS Specifies DMAU use
0 Disables DMAU
1 Enables DMAU

IS Specifies ICU use
0 Disables ICU

1 Enables ICU

T8 Specifies TCU use

0 Disables TCU
1 Enables TCU

Disables SCU
Enables SCU

SS Specifies SCU use
0
1

Remark x: don’t care
OPSEL has the following functions:
* DMAU enable/disable setting function (DS bit)
* |CU enable/disable setting function (IS bit)
* TCU enabie/disable setting function (TS bit)
¢ SCU enable/disable setting function (SS bit)

The disabled state means that programming in that /O area cannbt take place. That is, this register has to be
used to enable each internal peripheral unit before it can be programmed.

Caution Set OPHA before setting OPSEL. (See number (4).)
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(3) System Control Register (SCTL)

Figure 4-8. System Control Register (SCTL)

7 6 S5 4 3 2 1 0
| o | o |erer| sc | o | cE [omam]i0AG

/O address
FFF7H

L

IOAG

Function

Fixes intemnal /O address to odd/even number

(16-bit boundary)

Makes intemal 1/O addresses contiguous
(8-bit boundary)

DMAU mode settings

pPD71071 mode

uPD71037 mode

Specifies carry propagation™™

Wil not propagate carry to A16

Propagates carry to A16

Note During the yPD71037 mode only.

.

SC Specifies SCU input clock
0 Uses TOUT1
1 Uses dedicated baud rate generator
EREF Specifies REFRQ output

Synchronizes and outputs when T1 rises

Synchronizes and outputs when T4 rises

Caution Be sure to set bits 3, 6 and 7 to zero.
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(a)

(b)

(c)

(d)

(e)

I0AG Bit

The /O addresses of TCU, ICU, SCU and DMAU can be set by OPHA, DULA, IULA, TULA and SULA (see
number (4)). When doing this, place the least significant bit A0 in the 16-bit boundary as fixed or place it
in the 8-bit boundary without fixing it.

DMAM Bit
The DMAU has a pPD71071 mode and a pPD71037 mode. This bit selects which of these modes will be

used. When using the DMAU, be sure to set this bit.

CE Bit
This bit sets whether or not to propagate a carry from DMA address A15 to A16 when using the DMAU in

the puPD71037 mode.

SC Bit
This bit sets whether to use the dedicated baud rate generator or the output of the TCU TOUT1 as the SCU
transmit/receive clock.

EREF Bit
During the refresh cycle, this bit selects whether to synchronize the REFRQ output timing to the T4 state
just before the refresh cycle or to synchronize it to the T1 state of the refresh cycle.
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(4) On-Chip Peripheral Relocation Registers (OPHA, DULA, IULA, TULA, SULA)

46

Five registers, OPHA, TULA SULA, IULA and DULA, determine the I/O address for the internal peripheral units,
TCU, SCU, ICU and DMAU.

OPHA is common to all four of these units and sets the high-order 8 bits of each of their /O address. That is,
these four peripheral units are located in the /O area of the 256 bytes defined using OPHA. Next, the low-order
address registers of DULA, IUTA, TULA and SULA determine where within these 256 bytes each peripheral unit
is located. As forthe low-order addresses, the bit to be set will change depending on the value of the SCTL IOAG
bit (see number (3)).

Figure 4-9 shows a mapping example of an internal peripheral unit. Figures 4-10 to 4-14 show details of each
register.

Cautions 1. In the VO area, DMAU occupies 16 bytes and ICU, TCU and SCU each occupy 4 bytes.
Be careful that they do not overiap.
2. Use byte-type IN/OUT instructions for'accesses to units other than DMAU.
3. VO areas that are not internal peripheral unit VO areas, reserved areas or the system
VO area can also be used as external VO areas.

Figure 4-8. Internal Peripheral Unit Mapping Example

64-Kbyte /O area
System 1/O area

0100H
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Figure 4-10. On-Chip Peripheral High Address Register (OPHA)

7 6 5 4 3 2 1 0 VO address
[a1s Jara Jasa a2 [ a1 [at0 | ao | a8 | FrroH

Figure 4-11. TCU Low Address Register (TULA)

(a) When IOAG =0
7 6 5 4 3 2 1 0 YO address
[a7 Tas [ as [as [as [ — | — | a0 | FFFoH

(b) When IOAG = 1
7 6 5 4 38 2 1 0 VO address
[ a7 [as [ as [ ma [ a3 |2 | —| =] FFFoH

Remark For the detailed mapping of all registers of TCU, see section 5.7 Timer/Counter Unit (TCU).
Figure 4-12. SCU Low Address Register (SULA)

(a) When IOAG =0
7 6 5 4 3 2 1 0 VO address
[ A7 [as [as [ae [ a3 | — | — | m |  Frren

(b) When IOAG = 1

7 6 5 4 8 2 1 0 VO address
[ A7 [ a6 [ as | ma [ A3 | a2 | — | — |  Frren

Remark For the detailed mapping of all registers of SCU, see section 5.8 Serial Control Unit (SCU).
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Figure 4-13. ICU Low Address Register (IJULA)

(a) When IOAG = 0
7 6 5 4 3 2 1 0 VO address
[ a7 | a6 | a5 | ae [ a3 | — [ — [ a0 | FFFAH

(b) When IOAG = 1
7 8 5 4 3 2 1 0 1/O address

[ A7 | a6 | as | ma [ A3 [a2 | = | — | FFFAH

Remark For the detailed mapping of all registers in ICU, see section 5.9 Interrupt Control Unit (ICU).
Figure 4-14. DMAU Low Address Register (DULA)

(a) When In the uPD71071 mode. IOAG may equal 1 or 0.
7 6 5 4 3 2 1 0 /O address
| A7 [ a6 [ as [aa [ — | = | = | = ] FFFBH

(b) When In the pPD71037 mode. When IOAG = 0.
7 (] 5 4 3 2 1 0 /0 address

[a7 e [as |- [—|—-]—[m]| rrron

(c) When in the pPD71037 mode. When IOAG = 1.
7 6 5 4 3 2 1 0 1O address
[ a7 [ as [as [ma | — | = | — | = | FFFBH

Remark For the detailed mapping of all registers in DMAU, see section 5.10 DMA Controller Unit (DMAU).
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4.1.4 Memory VO read and write timing

The read and write timing of the memory and /O of the V40HL and V50HL are shown in Figures 4-15 to 4-22.

The access of one memory or /O operand (a read or write) takes place all in one bus cycle. Basically, one bus
cycle consists of four states (four clocks), from T1to T4. At 16-MHz operating time, one state takes 62.5 nanoseconds.

With the V40HL and VSOHL, an instruction fetch and a data read are processed in exactly the same timing (Figures
4-15 to 4-19).

If a lot of internal processing time is required for the execution of a certain instruction, inside of the CPU, after
the execution unit (EXU) fetches the code of that instruction from the queue and begins its execution, the bus controller
unit (BCU) will continue to prefetch from the queue until the queue becomes full.

Even when the cue is full, if EXU is executing an instruction and does not fetch the instruction code from the queue,
BCU will terminate the next prefetch and automatically insert an idle state (T1) after the T3 state. The Tl state will
continue to be inserted until the instruction executing at that time terminates and the next instruction code is tetched
from the queue. After this, BCU will move to the T4 and T1 states and the bus cycle state.

In addition, when a memory or I/0 device with.a slow access time is used, BIU will detect the READY signal sent
from the memory, IO device and WCU. If the READY signal is inactive, it will insert a wait state (TW) and not advance
to the T4 state, the state after T3. When the READY signal becomes high, it will advance the states of T4, T1 and
the bus cycle. For details, refer to section 6.1.3 Relationship between WCU and READY pin.

During the period in which TW is inserted, all signals are maintained at the same level and the read and write timing
will expand.

In the case of an |/O access, the timing is the same for an external VO access and a V40HL/V50HL internal 1/0
access. However, when there is an internal access, the IORD, IOWR and BUFEN pins will not become active.
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Figure 4-15. Memory and External VO Read Timing (V40HL) (1 of 2)

(a) No wait
1 bus cycle
T4 1 T2 3 T4
CLKOUT __’
A16/PS0 - A19/PS3 )(Addrm)( Processor status x
AB-A15 X
PR Y A T Data Input Yeeeeeeeseeen -(

—
—
S —\ Vaumm
N

BSo-BS2 /

o
H N
READY

Remarks 1. Broken lines indicate high impedance.
2. A circle indicates the timing of the sampling.
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Figure 4-15. Memory and External VO Read Timing (V40HL) (2 of 2)
{b) One wait

1 bus cycle

T T2 T3 ™ T4

T4
CLKOUT __J .

>

A16/PS0 - A19/PS3 X Address X Processor status

A8 - A15 X | X

—
—
amsioD \ S
so0-z02 7 -

¢

READY \ /

Remarks 1. Broken line indicates high impedance.
2. Circles indicate the sampling timing when the wait cycle is set to zero in WCU. Refer to section 6.1.3
Relationship between WCU and READY pin.
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Figure 4-16. Memory and External VO Write Timing (VA0HL) (1 of 2)

(a) No wait
1 bus cycle
T4 1 T2 13 T4

CLKOUT _I
A16/PSO - A19/PS3 X Address X Processor status X
AB-A15 X X
ADO - AD7 ===esesnssen X Address X' Data output X
ASTB /\ /

1114

ss0-02 \_ 7

¢

Reapy H

" Remarks 1. Broken line indicates high impedance.
2. A circle indicates the timing of the sampling.
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Figure 4-16. Memory and External VO Write Timing (V40HL) (2 of 2)

(b) One wait
1 bus cycle |
T4 T T2 3 ™ T4
CLKOUT _I L
A16/PSO - A19/PS3 )( Address X Processor status X
A8 - A15 X X

VWR/OWR AN

11d5L

a0 T\, 7
" READY \ /

Remarks 1. Broken lines indicate high impedance.
2. Circles indicate the sampling timing when the wait cycle is set to zero in WCU. Refer to section 6.1.3
Relationship between WCU and READY pin.
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Figure 4-17. Internal VO Read Timing (VAOHL)

1 bus cycle

|
T T2 T3 T4 ’

T4
CLKOUT _I

A16/PS0 - A19/PS3 X Address X Processor status

A8 - A15 X

BS0-BS2  \ | -/ \

Remark Broken lines indicate high impedance.
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Figure 4-18. Internal VO Write Timing (VA0HL)

1 bus cycle

T1 T2 LK) T4

T4
CLKOUT |

A16/PSO - A19/PS3 X Address )( Processor status

A8 - A15 )(

N XX X

IOWR H

Remark Broken line indicates high impedance.
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Figure 4-19. Memory and External VO Read Timing (V50HL) (1 of 2)

T4
CLKOUT _I

(a) No wait
1 bus cycle
T T3 T4
X Address X Processor status

A16/PS0 - A19/PS3

=X

ADQ - AD15 ---------- X" Address )

MRDAORD

BS0-BS2

Reapy H

Remarks 1. Broken lines indicate high impedance.
2. A circle indicates the timing of the sampling.
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Figure 4-18. Memory and External VO Read Timing (V50HL) (2 of 2)

(b) One walt
1 bus cycle
T4 T1 T2 T3 ™ T4
CLKOUT _I
A16/PS0 - A19/PS3 X Address x Processor status

m_ X X

READY \ 5 /

Remarks 1. Broken lines indicate high impedance.
2. Circles indicate the sampling timing when the wait cycle is set to zero in WCU. Refer to section 6.1.3

Relationship between WCU and READY pin.

()




CHAPTER 4 ARCHITECTURE

Figure 4-20. Memory and External VO Write Timing (V50HL) (1 of 2)
- (@) No walt

1 bus cycle

T T2 T3 T4

T4
CLKOUT _J

A16/PSO - A19/PS3 X Address )L Processor status X

m X

/
ju
-
— \ S
o2 VAR——

PN
H o/
READY

" Remarks 1. Broken line indicates high impedance.
2. A circle indicates the timing of the sampling.
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Figure 4-20. Memory and External VO Write Timing (V50HL) (2 of 2)
{b) One wait

1 bus cycle

N

™ T2 T3 ™

T4
CLKOUT I

A16/PSO - A19/PS3 )(mrm X Processor status

=X

;
:

§
Y
A TdN LU UL -

ADO - AD15 =-==occesss X Address X
ASTB /\

VWR/IOWR \

BSO-BS2  \ /
READY \ /

Remarks 1. Broken line indicates high impedance.
2. Circles indicate the sampling timing when the wait cycle is set to zero in WCU. Refer to section 6.1.3
Relationship between WCU and READY pin.
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Figure 4-21. Internal VO Read Timing (V50HL)
1 bus cycle |

™ T2 T3 T4

T4
CLKOUT |

A16/PS0 - A19/PS3 X Address X Processor status

=X

BSO-BS2  \ / \

Remark Broken lines indicate high impedance.
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Figure 4-22. internal VO Write Timing (V50HL)

1 bus cycle
T4 T T2 T3 T4
CLKOUT __,
A16/PS0 - A19/PS3 X Address X Processor status X
= X
ADO- AD1S --s-s-=-=-X Address X Data output X
ASTB /\ /

Remark Broken line indicates high impedance.
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4.2 Logical Addresses and Physical Addresses

The V40HL and V50HL have been provided with a 20-bit address bus in which the low-order 8/16 bits are also
used as a data bus. They are able to access a 1-Mbyte memory area.

However, it is virtually impossible for a programmer to create a program while managing a 1 Mbyte address (called
a physical address) that corresponds directly to the hardware.

For this reason, the segment approach is used with the V40HL and V50HL so that when creating a program the
segments are handled as a group of small-unit logical address areas (of 64 Kbytes) that do not depend directly on '
the physical address.

There are four types of segments: a program segment, a stack segment, data segment 0 and data segment 1.
The address of each is specified by using the offset from the first address of the logical segment, which determines
the 16-bit segment register for each (PS, SS, DS0, DS1). '

Offeet Segment Register Default Override
PFP ) PS None

SP SS None
Effective address (BP base) S8 PS, DSO, DS1
Effective address (non-BP base) Dso PS, SS, DS1
Instruction group A in IX DSO PS, SS, DS1
Instruction group B in IY DS1 None

Instruction group A: Primitive block transfer instruction, primitive out-

' put instruction, BCD string instruction, EXT in-
struction

Instruction group B: Primitive block transfer instruction, primitive input
instruction, BCD string instruction, INS instruction

The operation of each segment will be described next.

(1) Program Segment
The first address of this program is determined by the program segment register (PS). The offset from the first
address is specified by the prefetch pointer (PFP).
Instruction codes and table data are located in this segment.
By using the segment override prefix (PS:), the program segment can be used as a general-purpose variable
area and as source data when executinb instruction group A (primitive block transfer instruction, primitive output
instruction, BCD string instruction, EXT instruction).
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(2) Stack Segment
The first address of this segment is determined by the stack segment register (SS). The offset from the first
address is specified by the effective address when it uses the stack pointer (SP) plus uses the base pointer (BP)
as the base address.
When processing an interrupt or subroutine, it can be used as the save area of a retum address (content of PS
and PC) or the content of a program status word (PSW) or general-purpose register, used as an area for passing
parameters or as an area for local variables.
By using the segment override prefix (SS:), the stack segment can be used as a general variables area or a source
data area for executing instruction group A (primitive block transfer instruction, primitive output instruction, BCD
string instruction, EXT instruction).

(3) Data Segment 0
The first address of this segment is determined by the data segment 0 register (DS0). The offset from the first
address is specified by the effective address when BP is not used as the base address.
This segment is used as the storage area for general-purpose variables.
When executing instruction group A (primitive block transfer instruction, primitive output instruction, BCD string
instruction, EXT instruction), it is used as the source data area. However, in this case, the content of the index
register (1X) becomes the offset.
In the case of an effective address when BP is used as the base address, the stack segment can be used as
the default. However, by using the segment override prefix (DS0:), data segment 0 can be used.

(4) Data Segment 1 _
The first address of this segment is determined by the data segment 1 register (DS1).
1t can be used as the destination data area when instruction group B (primitive block transfer instruction, primitive
inputinstruction, BCD string instruction, INS instruction) is executed. In this case, the content of the index register
(1Y) becomes the offset. I
By using the segment override prefix (DS1:), data segment 1 can be used as the general-purpose variables area
or the source data area when executing instruction group A.

The programmer can create a program by simply viewing the content of the segment register to be used (the one
for default or one with an override specification) and the offset value from the values in the segment register. (That
is, if the segment register value is address 0, the address within that segment will become the logical address without
any other processing.)

A number of programs created as segment groups specified by such a logical address will be compiled or
assembled individually to become a number of object modules. Each individual object module contains the segment
name, size, content demarcation, and control data, and becomes the specification to the linker.
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A multiple of object modules are placed in the linker, a segment base that corresponds to the physical address
is specified, which puts them in a state that can actually be loaded into memory.
The relationship between the segment register, offset and physical address is as shown below.

19 43 0
16-bit segment register 0
+
15 0
16-bit offset
l
19 0
20-bit physical address

In other words, the physical address is a value that adds the offset to the segment register, which has a content
that is 16 times larger. Here, the content and offset of the segment register are handied as unsigned data.

If a program has not executed an instruction for changing the segment base within it (a branch or variable reference
is within the segment), the addresses within the program can all be determined by the offset from the segment register
values. Therefore, the content of the memory can be loaded to a desired area simply by matching the content of
the segment register to the physical address of the memory to which one desires to load the program.

By making use of this method, to execute programs in external files, such as on floppy disks, the operating system
can control the memory area and segment register, load such programs in a desired empty memory area, and execute
them,

If a program is either spread across other files or gathered in one place and is remapped in this mannerto a memory
area that happens to be empty each time it is executed, such remapping is called dynamic relocation.
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4.3 Address Generation

4.3.1 Instruction address

An instruction address is an address where an instruction code is read. Normally, it increments automatically each

time it reads an instruction code. However, in the case of an instruction that controls the sequence of instruction
execution, such as a jump instruction or a subroutine call instruction, the address of the instruction to shift to is specified

by an operand.

(1)

(2

®)

Direct Addressing
The four-byte data in the instruction code becomes the instruction address, which is loaded to both the PS and

the PC registers.
This mode is used by the following instructions:

CALL far_proc
BR far_label

PC Relative Addressing
The one-byte or two-byte data within an instruction code becomes the displacement from the first address of the

next instruction (PC value) and is added to PC.
This mode is used by the following instructions:

CALL near_proc
BR near _label
BR short_label

Bcondition short_label ; Example: BZ short_label
BNC  short_label

Register Indirect Addressing

Register indirect register addressing is specified by the register specification within the instruction code. The
content of an optional 16-bit register becomes the instruction address and is loaded to PC.

This mode is used by the following instructions:

CALL regptr16 ; Example: CALL AW
BR regptr16 ; Example: BR IX
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(4) Memory indirect Addressing
Memory indirect addressing can be specified using the memory addressing (section 4.3.2 Data addressing)
indicated by the addressing mode specification in the instruction code. Either two-byte or four-byte data within
the memory becomes the instruction address, and this is loaded directly either to PC or to PS and PC.
This mode is used by the following instructions:

CALL memptri6 ; Example: CALL word_var [BW]

CALL memptr32 ; Example: CALL dword_var [BW+IX]
BR  memptr16 ; Example: BR word_var [BR+2)
BR  memptr32 ; Example: BR dword_var [BP+lY]

4.3.2 Data addressing

A data address is an address for reading or writing the operands of each instruction. Normally, the address is
a concept that is relative to memory or /0. However, the operand address in this case contains data in registers,
immediate data and /O data.

(1) Non-Memory Addressing
Non-memory addressing specifies data within registers, immediate data and 1/O data.

(a) Register Addressing )
Register addressing specifies a register that reads or writes operand data that the register specification field
specifies within the instruction code. Register addressing in expressed in the following notation:

General Notation Expressible Registers
reg, reg’ AW, BW, CW, DW, SP, BP, IX, IY, AL, AH, BL, BH, CL, CH, DL, DH
regs, reg8’ AL, AH, BL, BH, CL, CH, DL, DH
reg16, reg16’ AW, BW, CW, DW, SP, BP, IX, IY
sreg PS, SS, DSO0, DS1
acc AW, AL
Example:

In the case of reg16 : MOV AW, IX ; AW « IX
Inthecase of reg8 : ADDAL,CH ;AL « AL+ CH
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(b) Immediate Addressing
One-byte or two-byte data within an instruction becomes read-only operand data. immediate addressing
cannot be used for the instruction destination operand. Immediate data is expressed in the following notation:

General Notation Expressible Values
imm8 0 to FFH (0 to 255 or =128 to 127)

imm16 0 to FFFFH (0 to 65535 or —32768 o 32767)

imm 0 to FFFFH (0 to 65535 or -32768 to 32767)
pop_value 0 to FFFFH (0 to 65535) Normally even numbers

Examples: .
In the case of imm16 : MOV AW, 216 ; AW « 216
In the case of imm8 ;- SHL, AL, § ; Shift AL five bits to the ieft.
In the case of pop_value: RET 16 ; Deletes the unnecessary 16 bytes from the stack.

(c) VO Addressing
1/0 addressing specifies the data within the 64-Kbyte I/O area. The two methods of specification are as shown

below. They are used with input and output instructions.

<1> imm8
The 8-bit data within the instruction code indicate the /O address. With this method of specification,
the specification is limited to the low-order 256 byte area within the 64-Kbyte I/O area. The following
two instructions use this method of specification:

IN acc, imm8
OUT imms8, acc

<2> DW
The content of the 16-bit DW register indicates the I/O address. With this method of specification, all
of the 64-Kbyte /O area can be specified. The following four instructions use this method of

specification:
IN acc, DW
INM dst_block, DW
OUT DW, acc

OUTM DW, src_block
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(2) Memory Addressing
Memory addressing specifies certain operand data within the memory. This memory addressing is classified
further into a number of modes by means of the 5-bit memory addressing specification field placed after the
operation code. All modes of memory addressing specify a 16-bit offset address from the segment base, which
is specified by the default or by the segment override. Memory addressing is expressed in the following notation:

Notation Data Length
dmemNote 8/16-bit data
mem 8/16-bit data
mem8 8-bit data
mem16 16-bit data

Note Notation for an instruction with
no memory addressing specifi-
cation field.

(a) Direct Addressing
In direct addressing, the two-byte data in the instruction code specifies the memory address that will be
subject to operand data reading and writing.

Example:
MOV  byte_var, 216 ; bytemem (offset (byte_var)) « 216

(b) Register Indirect Addressing
In register indirect addressing, a 16-bit register (BW or IX or 1Y) indicated by the memory addressing
specification field in the instruction code becomes the memory address subjected to the reading and writing
of the operand data.

Example:
MOV  word ptr [BW], 10 ; wordmem (BW) « 10
ADD AL, byte ptr [IX] ; AL « AL + bytemem (IX)

(c) Based Addressing
In based addressing, a value that sign-extends the displacement indicated by the one-byte or two-byte data
in the instruction code is added to the 16-bit base register (BW or BP) specified in the memory addressing
~ specification field in the instruction code, and this becomes the memory address subjected to the reading
and writing of the operand data.
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(d)

()

When BP is selected as the base register, the default segment register will become SS. Therefore, when
there is a procedural call, it can be used to access data from within the procedure, data that is pushed onto
the stack as an argument.

Example:
MOV  word_var [BW + 2], AW ; wordmem (offset (word_var) + BW + 2) « AW
SUB AW, [BP + 6] ; AW « AW - wordmem (BP + 6)

indexed Addressing ) .
Inindexed addressing, a value that sign-extends the displacement indicated by the one-byte ortwo-byte data
in the instruction code is added to the 16-bit index register (IX or 1Y) specified in the memory addressing
specification field in the instruction code, and this becomes the memory address subjected to the reading
and writing of the operand data.

Example: .
MOV  word_var [IY + 2], 0 ; wordmem (offset (word_var) + IY +2) « 0
SUB AW, [IX + 6] ; AW « AW - wordmem (IX + 6)
Based indexed Addressing

in based indexed addressing, a value that adds the 16-bit index register (IX or 1Y) to the value that sign-
extends the displacement indicated by the one-byte or two-byte data in the instruction code is added to the
16-bit base register (BW or BP) specified in the memory addressing specification field in the instruction code,
and this becomes the memory address subjected to the reading and writing of the operand data. That is,
the type of addressing that takes place is a combination of based addressing and indexed addressing.
This type of addressing can be used to access data that has a structure, such as that of a two-dimensional
array.

Example:
MOV  word_var [BW + 6] [IY + 2], 0 ; wordmem (offset (word_var) + BW + 6 + IY + 2) « 0
SUB AW, [BP + 6 + IX] ; AW « AW - wordmem (BP + IX + 6)
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Bit Addressing
Bit addressing specifies the one-bit data in an 8/16-bit register or in an 8/16-bit memory. In bit addressing, data
is specified using two operands, one operand for the register or memory, another for the bit offset, which is an
optional one bit in the register/memory operand. The desired type of addressing between register addressing
and memory addressing can be used for the operand that specifies the register or memory. The following three
types of addressing can be used for the bit offset.

Notation Specified 1 bit
imm3 1-bit data within the byte register/memory.
imm4 1-bit data within the word register/memory.
CL One-bit data within the byte/word register/memory

In the case of the byte register/memory, the bit offset is the low-order 3 bits. In the case of the word register/
memory, only the low-order 4 bits are valid. Thus, the ranges are from zero to 7 and zero to 15, respectively.

Example:
TEST1 wordptr[BW+2], 6§ ; Checks bit 5 of wordmem (BW + 2).
CLR1 byte var, CL ; Specified by CL of bytemem (offset (byte_var))

One bit is set to zero.
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4.4 Speeding Up Instruction Execution

The CPUs of the V40HL and V50HL have been equipped with the hardware functions shown below to speed up
the instruction execution times. (For details, see section 5.1 CPU.)

¢ Dual data buses within the EXU

» Effective address generation circuit

¢ Temporary register/shifter (TA/TB)

* Loop counter (LC)

¢ Program counter (PC) and prefetch pointer (PFP)

4.4.1 Dual data buses

In order to decrease the number of processing steps required to execute an instruction, dual data buses, a main
data bus (16 bits) and a sub-data bus (16 bits) are used. This method has brought about a 30 percent reduction in
processing time over the single data bus method for addition/subtraction, logical operations and comparison
instructions.

=

16 16

Tomporany regeter | )

i

ALY

<
N

Sub data bus Main data bus

n
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Exﬁmple: ADD AW, BW: AW « AW + BW

Single bus Dual bus
Steps 1 ALU « AW ALU « AW, BW
2 ALV «BW AW « ALU
3 AW «ALU

4.4.2 Effective address generation circuit (EAG)

This is a circuit that calculates at high speed the effective address required when accessing memory.

With the microprogram method, from 5 to 12 clocks are required to calculate the effective address. However, by
using this dedicated hardware, calculation is several times faster in all address modes.

I 1

mod mem

EA GENERATOR

Effective address

4.4.3. Temporary registers/shifters A/B (TA/TB)

Temporary registers/shifters (TA, TB) have been provided and are used for multiply/divide instructions and shift/
rotate instructions,

The use of this circuit has especially allowed an increase in multiply/divide instruction processing speed, a four-
fold increase over the microprogram method.

TA + TB: 32-bit temporary registers/shifters for multiply/divide instructions

TB: 16-bit temporary register/shifter for shift/rotate instructions

72




CHAPTER 4 ARCHITECTURE

4.4.4 Loop counter (LC)

The loop counter counts the number of primitive block transfer/input/output instruction loops that are controlied
by the repeat prefix instruction and the number of shifts of the multiple bit shift/rotate instruction.

For example, in the case of a multiple bit rotation of a register, the required number of clocks is as indicated below.
Speed has doubled over that of the microprogram method.

RORC AW, CL;CL =5

Microprogram method LC method
8 + 4 x 5 = 28 clocks 7 + 5 =12 clocks

4.4.5 Program counter (PC) and prefetch pointer (PFP)

By providing in hardware the prefetch pointer (PFP), which addresses the program memory when there is a
prefetch, and the program counter (PC), which addresses the program memory that will be executed now, the
instruction execution times for branch, call, return and break instructions have been shortened by several clocks over
having only one prefetch pointer.
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CHAPTER 5 INTERNAL BLOCK FUNCTIONS

CPU

5.1.1 Features
The V40HL and V50HL CPUs have the following features:

4)

@)
()

@)
®)
6)

@)
®)
©)
(10)

M)
(12)

(13)
(14)

V20HL and V30HL equivalents.
20-MHz maximum operating frequency.
1-Mbyte memory area and 64-Kbyte /O area.
Powerful instruction set. '
Fully-compatible with the V40 and V50.
Abundant memory addressing modes.
14 x 16-bit register set.
Bit-field operation instructions.
Data is transferred between 1- to 16-bit memory bit field and the accumulator.
Packed BCD operation instructions.
Addition, subtraction and comparison of BCD strings that are 1 to 255 digits in length.
Bit operation instructions.
Setting, clearing, inverting and testing of an optional bit of an 8/16-bit reglster/memory
High-speed block transfer instructions between memory
High-speed multiply/divide instructions (in the dedicated hardware)
High-speed effective address calculation (in he dedicated hardware) .
Abundant mterrup! processing functions:
¢ BExternal interrupts: Non-maskable interrupts (NM!) and maskable interrupts (INT)
* Software interrupts: BRK (unconditional)
BRKV (when V = 1)
BRKEM (emulation)
CHKIND (array index check)
CALLN (native routine call)
|EEE-796 bus-compatible interface
Two types of operating modes.
Mode changes due to a mode switch instruction (BRKEM, RETEM, etc.) and due to an external interrupt.
¢ Native mode: Executes the V40HL and V50HL instruction set.
* Emulation mode: Executes the uPDB080AF instruction set.
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5.1.2 Internal organization

The CPU consists of two independent processing units, the bus control unit (BCU) and the execution unit (EXU).

Each has the functions indicated below.

BCU: Prefetching of instructions that use the instruction queue (4 bytes for the V40HL, 6 bytes for the VSOHL).

EXU: Data processing (microprogram execution)

Figure 5-1. CPU Internal Block Diagram
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M

@)

3)

4)

Prefetch Pointer (PFP)

The prefetch pointer (PFP) is a 16-bit binary counter that maintains the program memory address offset data
that BCU tries to prefetch for the instruction queue. PFP increments each time BCU prefetches an instruction
byte from the program memory. Also, a new location is loaded when a branch, call, return, or break instruction
is executed, and the content of PFP at this time is the same as that of the program counter (PC). PFP is always
used together with a program segment (PS).

Prefetch Queue (Q0-Q3/Q0-Q5)

The V40HL and VS0HL CPUs have a 4/6-byte instruction queue (FIFO), allowing them to store a maximum of
4/6 bytes of instruction code that BCU prefetches. The instruction code stored in the queue is fetch by EXU
and executed.

When a branch, call, return or break instruction is executed or when an external interrupt is processed, the
content of the queue is cleared and the instruction of a new location is prefetched.

Normally, when there is a byte or more of space in a queue, the V4OHL will prefetch. Normally, when there
is a word (2 bytes) or more of space in a queue, the VS0HL will prefetch.

If the average execution time of a multiple of instructions that execute one after the other exceeds the number
of clocks required to prefetch the instruction codes of each individual instruction by a certain amount, when EXU
completes the execution of one instruction, another instruction code that EXU can execute will be readied in
the queue next so that the fetch time from the extemnal memory is eliminated from the instruction execution time.
The result is an increase in processing speed over a CPU that fetches and executes for each instruction.
The more there are instructions that allow the queue to be cleared, as when executing the branch instruction
described above, the more there is a decline in the effectiveness of the queue. 1t also declines when there is
a series of instructions with short execution times.

Data Pointer (DP)

The data pointer (DP) is a 16-bit register that points to the read/write addresses of variables. The effective
address that is generated by the effective address generator (EAG) and the content of the register containing
the memory address offset are transferred to DP.

Temporary Communications Register (TEMP)

This is a 16-bit temporary register between the external data bus and EXU. TEMP is able to independently read
or write the high-order bytes and the low-order bytes, which allows byte access.

Basically, EXU terminates a write operation by transferring data to TEMP and terminates a read operation by
confirming that data will be transferred to TEMP from an external data bus.
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. (5) Segment Registers (PS, SS, DS0, DS1)
The CPU divides the memory area into logical segments of 64 Kbyte units and controls up to four segments
simultaneously. A start address is specified for each segment by the four registers indicated below.

PS (program segment)
SS (stack segment)
DSO (data segment 0)
DS1 (data segment 1)

The offset within a logical segment is such that a special register or an effective address specifies it. The offset
and segment register combinations are shown in the table below. When the offset is PFP or the stack pointer
(SP), or when it is the index register (1Y) when there is a primitive block transfer instruction, a primitive input
instruction, a BCD string instruction or an INS instruction, the segment registers that can be used in a
combination are fixed at PS, SS and DS1, respectively. The other segment register cannot be used. For other
oftsets, in addition to the default segment register, any desired segment register can be specified by using the
segment override prefix.

Table 5-1. Offset and Segment Register Combinations

Offset Sogmont registers
Default Override
PFP PS None
SP SS None
Effective address (BP base) Ss PS, DSO, DS1
Effective address (non-BP base) DSO PS, SS, DS1
IX for instruction group A DSo PS, SS, DSt
1Y for instruction group B DSs1 None

Instruction group A: Primitive block transfer instruction, primitive output
instruction, BCD string instruction, EXT instruction

Instruction group B: Primitive block transfer instruction, primitive input
instruction, BCD string instruction, INS instruction

(6) Address Modification Circuit (ADM)

The address modification circuit (ADM) generates the physical address (adds the segment régister. PFP orDP)
and increments the PFP.

78



CHAPTER 5 INTERNAL BLOCK FUNCT!

{(7) General-Purpose Registers (AW, BW, CW, DW)

®

9)

There are four 16-bit registers that are general-purpose registers. They, of course, can be accessed as 16-
bit registers. However, by dividing them up into the high-order 8 bit and low-order 8 bits, they also can be
accessed as 8-bit registers (AH, AL, BH, BL, CH, CL, DH, DL). Therefore, these registers have a wide range
of uses as 8-bit or 16-bit registers, such as for transfer instructions, calculation instructions, and logical
operations.

In addition, as indicated below, each register can be used as a default register for special instruction processing.

AW : Word multiply/divide calculations, word input/output, data conversion

AL : Byte multiply/divide, byte inputioutput, translation, BCD rotation, data conversion
AH : Byte multiply/divide

BW : Translation

CW : Loop control branch, repeat prefix

CL : Shift instruction, rotation instruction, BCD operations

DW : Word multiply/divide calculation, indirect addressing of input/output

Pointers (SP and BP)

The pointers consist of two 16-bit registers (stack pointer (SP) and base pointer (BP)). Each register can be
referenced during instruction execution, and can be used as index registers for generating effective addresses
when referencing memory data. Also, for special processing, they have the following special functions:

BP : The base register for generating the effective address when the memory operand is referenced.
SP : Stack pointer

index Registers (IX and 1Y)

The index registers are composed of two 16-bit registers (IX and 1Y). Each register can be referenced during
instruction execution and can be used as index registers for generating effective addresses when referencing
memory data. Also, for special processing, they have the foliowing special functions:

IX : A source operand address register used for biock data operation instructions.
A base register for varigble length bit field operation instructions.
Source operand address register for a BCD string operation instructions.

IY : A destination operand address register used for block data operation instructions.

A base register for variable length bit field operation instructions.
A destination operand address register for a BCD string operation.
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(10)

M)

(12)

(13)

Arithmetic Logic Unit (ALU)

The arithmetic logic unit (ALU) consists of a full adder and a logical operations circuit. It conducts arithmetic
operations (addition, subtraction, multiplication and division, and increment, decrement and complement
operations) and logical operations (test, AND, OR, XOR, and bit-unit test, set, clear and invert).

Temporary Register/Shifter A/B (TA/TB)

The temporary registers/shifters (TA/TB) are 16-bit registers/shifters that are used for multiply/divide and shift/
rotate instructions (including BCD rotate). When multiply/divide instructions are executed, TA and TB function
together as a 32-bit temporary register/shifter. When shift/rotate instructions are executed, only TB functions
as a 16-bit temporary register. Both the high-order bytes and low-order byte of TA and TB can be read from
and written to independently between the intemnal buses. TA and TB become the input of the ALU.

Temporary Register C (TC) .
Temporary register C (TC) is a 16-bit register that is used for multiply/divide calculations and other internal
processing. TC also becomes the input of the ALU.

Program Status Word (PSW)
The program status word is composed of six types of status flags and four types of control flags. These are
listed below.

Status flags:

¢ V (overflow flag)

¢ S (Sign flag)

o Z (Zero flag)

* AC (Auxiliary carrier flag)
* P (Parity flag)

* CY (Cary flag)

Control flags:

* MD (Mode fiag) .

* DIR (Direction flag)

* |E (Interrupt enable flag)
* BRK (Break flag)

The status flags are automatically set (1) and reset (zero) according to the results (data values) of a variety
of instruction executions.
The carry flag can be directly set, reset and inverted by instructions.
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The control flag is set and reset by instructions to control the operation of the CPU.

The interrupt enable and break flags are reset when interrupt processing begins.
The mode flag is set but all of the other flags are reset (0) by a RESET input. When PSW is processed in byte
orword units, its image is as shown below. Byte unit processing only takes place for the low-order 8 bits (except

for the overflow flag, this includes the status flags).

Figure 5-2. PSW Bit Flelds
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The low-order 8 bits of PSW can be stored and restored in AH by means of a MOV instruction.

All bits of PSW will be saved to the stack when there is an external or software interrupt or when a call instruction
is executed. They are restoredNot® with a return instruction (RET1 and RETEM).
In addition, PSW can be independently pushed onto the stack with a PUSH PSW instruction and popped oft

the stackNot® with a POP PSW instruction.

Note The mode flag has a write enabled state and a write disabled state. Even if a RET| or POP PSW
instruction is executed while the mode flag is in the disabled state, the mode flag will not restore, but
it will maintain its prior value. The mode flag becomes write disabled by means of a reset operation

and a RETEM instruction, but enabled with a BRKEM instruction.

(a) Carry Fiag (CY)

(I) Binary Add and Subtract

In the case of a byte operation, when there is a carry or borrow from operation result bit 7, the carry

flag sets. When this does not happen, it resets.

In the case of a word operation, when there is a carry or borrow from operation result bit 15, this flag

sets. When this does not happen, it resets.

This flag does not change due to an increment or decrement instruction.

() Logical Operations

The carry flag resets regardiess of the operational resuit.
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(iii) Binary Multiplication

If the result of an unsigned byte operation is that AH is zero, the carry flag resets. If the result is other
than zero, it sets.

If the result of a signed byte operation is that AH becomes a sign-extension of AL, the flag resets. If
other than this, it sets. ‘ :

If the result of an unsigned word operation is that DW is zero, the carry flag resets. If the result is other
than zero, it sets. .

if the result of a signed word operation is that DW becomes a sign-extension of AW, the flag resets.
If other than this, it sets.

In the case of an 8-bit immediate operation, the carry flag resets if the product is within 16 bits. If the
product exceeds 16 bits, the flag sets.

(iv) Binary Division

Binary division is not defined.

(v) Shift/Rotate

In the case of a shift or rotate that includes the carry flag, if the bit that shifts to the carry flagis a 1,
the flag sets. If the bit is a zero, the flag resets.

(b) Parity Fiag (P)

0

Binary Addition/Subtraction, Logical Operations and Shifting

If the number of bits of the low-order 8 bits of the operation result that are set to 1 is an even number,
the parity flag sets. If this number is an odd number, the parity flag resets.

If the result is all zeros, the parity flag sets.

(ii) Binary Multiplication and Division

Binary multiplication and division are not defined.

(c) Auxiliary Carry Flag (AC)

)

()

Binary Addition and Subtraction

In the case of byte operations, if there is a carry from the low-order 4 bits to the high-order 4 bits, or
if there is a borrow from the high-order 4 bits to the low-order 4 bits, the auxiliary carry flag sets. In
situations other than these, the flag resets.

In the case of word operations, the same operations are carried out for the low-order bytes as in byte
operations.

Logical Operations, Binary Muitiplication/Division and Shift/Rotate
Logical operations, binary multiplication/division and shift/rotate are not defined.
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(d) Zero Flag (2)

@

(W)

Binary Addition/Subtraction, Logical Operations and Shift/Rotate

in the case of a byte operation, if the 8 bits of the result are all zero, the zero flag sets. In the case of
a word operation, if the 16-bit result is all zeros, the zero flag sets. For both byte and word operations,
any other result will reset the zero flag.

Binary Muitiplication and Division
Binary multiplication and division are not defined.

(e) Sign Flag (S)

M

)

Binary AddltlonlSubtnct;on. Logical Operations and Shift/Rotate

In the case of a byte operation, if bit 7 of the result is 1, the sign flag sets. If bit 7 is zero, the sign flag
resets. In the case of a word operation, if the bit 15 of the result is 1, the sign flag sets. If bit 15 is zero,
the sign flag resets.

Binary Muiltiplication and Division
Binary multiplication and division are not defined.

() Overflow Flag (V)

V)

()

Binary Addition and Subtraction

In the case of a byte operation, if the carry from bits 7 and 6 are different, the overfiow flag sets. If the
carry from bits 7 and 6 are the same, the overflow flag resets.

In the case of a word operation, if the carry from bits 15 and 14 are different, the overflow flag sets. If
the carry from bits 15 and 14 are the same, the overflow flag resets.

Binary Mulitiplication

if the result of an unsigned byte operation is that AH is zero, the overflow flag resets. If the result is
other than 2ero, it sets. If the result of a of a signed byte operation is that AH becomes a sign-extension
of AL, the flag resets. If other than this, it sets.

If the result of an unsigned word operation is that DW is zero, the overflow flag resets. If the result is
other than zero, it sets. If the result of a signed word operation is that DW becomes a sign-extension

. of AW, the flag resets. If other than this, it sets.

In the case of an 8-bit immediate operation, the overfiow flag resets if the product is within 16 bits. If
the product exceeds 16 bits, the flag sets.
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(9)

(h)

m

)]

(iii) Binary Division
In the case of binary division, the overflow flag resets.

(iv) Logical Operations
in the case of logical operations, the overflow flag resets.

(v) Shift/Rotate
in the case of a shift/rotate one bit to the left, the operational result will be as indicated below.
I CY is the most significant bit, the overflow flag resets. If CY is not the most significant bit, the overflow
flag sets.
In the case of a shift/rotate one bit to the right, the operational result will be as indicated below.
If the most significant bit is the next lower bit after the most significant bit, the overflow flag resets. If
the most significant bit is not the next lower bit after the most significant bit, the overflow flag sets.
A multiple bit shift/rotate is not defined.

Break Flag (BRK)

The break flag can be set by a memory manipulation instruction only when saved to a stack as a part of
.a PSW. After being set, the break flag becomes valid when it is restored to the PSW.

If the break fiag is set, a software interrupt (interrupt vector 1) will be generated automatically when one
instruction is executed. Then, one instruction at a time can be traced.

interrupt Enable Flag (IE)
The interrupt enable flag (IE) is set by the El instruction and this puts the ICU interrupts in the enabled state.
This flag is reset by the DI instruction, which puts the ICU interrupts in the disabled state.

Direction Flag (DIR)

The direction flag (DIR) is set by the SET1 DIR instruction and reset by the CLR1 DIR instruction.
When the DIR flag is set, processing takes place from the high-order addresses to the low-order addresses
for a block transfer/input/output system instruction. When the flag is reset, processing takes place from
the low-order addresses to the high-order addresses.

Mode Flag (MD)

The mode fiag (MD) is set by RESET input, which puts the CPU in the native mode. The BRKEM instruction
resets the mode flag and sets the CPU to the emulation mode.

In addition, the mode flag is set by the CALLN instruction and RETEM instruction, which places the CPU
in the native mode.

RESET input and the RETEM instruction put the mode flag in the write disabled state. In this state, even
if a RETI, POP PSW instruction is executed; the mode flag will not be restored. The BRKEM instruction
puts the mode flag in the write enabled state.
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(14)

(15)

(16)

Loop Counter (LC) ,

The loop counter (LC) is a 16-bit register that counts the number of loops of a primitive block transfer/input-
output instruction (MOVBK, OUTM, etc.) controlled by a repeat prefix instruction (REP, REPC, etc.) and counts
the number of shifts of a multiple bit shift/rotate instruction.

Program Counter (PC)
The program counter is a 16-bit binary counter that maintains the program memory address offset data that

EXU is currently attempting to execute.
PC increments each time the microprogram fetches an instruction byte from the instruction queue. In addition,
when a branch, call, return or break instruction is executed, a new location is loaded. At this time, the content

of the program counter is the same as that of PFP.

Effective Address Generator (EAG)
The effective address generator is a circuit that calculates the required effective address at high-speed when
there is a memory access. it completes this calculation in two clocks for all of the addressing modes.

Figure 5-3. Effective Address Generation

7 65 32 0
I L

mod mem | The second or third byte of the instruction

Effective address

The effective address generator takes the byte specified by the instruction operand (second or third byte) and
generates the control signals for the ALU and the relevant register operation when a memory access is required. -
itthen calculates the effective address and transfers it to DP. In addition, when required, it controls the request
to BIU (externai to CPU) for starting up the bus cycle.
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(17)

(18)

(19)

(20)

Instruction Decoder
The instruction decoder classifies the first byte of the instruction code to a group with special functions and
maintains it while a macro instruction is being executed.

Micro Address Register

The micro address register specifies the address of the next micro instruction ROM to be executed.

When a macro instruction has started executing, the first byte of the instruction stored in the queue is placed
in this register as the start address, and the start address of the designated micro instruction sequence is
specified.

Micro Iinstruction ROM
The micro instruction ROM maintains 1024 words of the 29-bit wide micro instruction.

Micro Instruction Sequence Circult
The micro instruction sequence circuit manages the control of the micro address register, the micro ROM output
and the synchronization of EXU and BCU.
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5.2 Clock Generator (CG)

The clock generator generates a clock signal that is one half the frequency of the crystal resonators connected
to the X1 and X2 pins.

It supplies a clock that is the same as CLKOUT to the CPU, DMAU, REFU and SCU as an internal clock. it also
supplies a clock with one half the oscillating frequency to the baud rate counter and clocks with 1/4, 1/8, 1/16 and
1/32 the oscillating frequency (selected by TCKS in the system /O area) to the timer.

In addition, it reduces the frequency of the intemnal clock by means of commands and is equipped with a variable
instruction cycle time function that is able to reduce the power consumption. When the internal clock frequency divider
rate changes due to the variable instruction cycle time function, the status of the CLKOUT pin changes at the same
time (1/2-1/16 of the input clock). :

5.2.1 Features
¢ 40 MHz input (maximum)
¢ 20 MHz CLKOUT output (maximum)
¢ Variable instruction cycle times

5.2.2 Differences with the V40 and V50
¢ Variable instruction cycle times:
V40 and V50: No
V40HL and V50HL: Yes
¢ Maximum input frequencies:
V40 and V50: 20 MHz
V40HL and V50HL: 40 MHz
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5.2.3 Internal block

X10— fox fx
Oscillation 1/2 frequency 1 to 1/8 frequency CPU, DMAU, REFU, SCU
X2 O— circuit divider divider Mt 1
L——( CLKOUT
BRC
1/2 to 1/16 frequency TCU

divider M2

Notes 1. The frequency division rate is specified by the SBCR CLKC bit. (See Figure 6-23, Standby Control
Register (SBCR).)

2. Thefrequency division rate is specified by the TCKS PS bit. (See Figure 5-14, Timer Clock Selection
Register (TCKS).)
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5.3 Bus Interface Unit (BIU)

The bus interface unit (BIU) controls the pins of the data bus, address bus and control bus. Also, in the BIU, the
CLOCK signal generated by CG is used to synchronize the RESET input signal and the READY input signal.

The synchronized reset signal becomes active-high and is supplied to the V40OHL and VSOHL as well as supplied
to the outside from the RESOUT pin. The synchronized READY signal is supplied to the intemal CPU, DMAU and
REFU.

Figure 5-4. Synchronizing the RESET and READY Signals

cLock p
— cKl  _
RESETO- D Q ' -ORESOUT
L—- To the inside
CKT CKl
READYO————]D Q D To the inside
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" 5.4 Bus Arbitration Unit (BAU)

The bus arbitration unit (BAU) arbitrates the priority of use between the bus masters.
There are four types of bus masters (those functions with bus control authority), as indicated in the following table:

Table 5-2. Bus Masters

Bus Master ' Bus Cycle
CPU Program fetch and data read/write.
DMAU , DMA cycle
REFU Refresh cycle
External bus master (HLDRQ pin input) Bus cycles that drive extemnal devices.

5.4.1 Priority
The priority of the bus masters is as shown below.

High CPU (When it has a BUSLOCK prefix)
REFU (Highest priority: When it reaches a set number of requests)
DMAU
HLDRQ pin
CPU (During normal CPU cycles)
Low REFU (Lowest priority: When at cycle steal)

REFU has two levels of priority. Normally, the refresh cycle is the lowest level of priority and cannot start unless
the bus is completely idle. However, if the number of retained requests reaches seven or more, the refresh cycle
becomes the highest-level of priority and requests the surrender of the bus.
~ The other bus masters cannot use the bus while the CPU is executing an instruction with a the BUSLOCK prefix.
For this reason, when a BUSLOCK is attached to an instruction with a long execution time, such as a block instruction
with a repeat, the refresh cycle must not exceed the period in which the DRAMs are refreshed.
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5.4.2 Bus walit operation

As stated in the prior section, a priority is attached to each bus master. When a low priority bus master is using
the bus and there is a request for use from a higher priority bus master, the lower priority bus master must relinquish
the bus immediately.

Bus masters that are incorporated in the V40HL and V50HL, such as the CPU, DMAU and REFU, normally release
the bus as soon as the current bus cycle terminates, as shown in Figure 5-5. However, in the case of an external
bus master that is connected to the HLDRQ pin or cascaded external DMA controllers, the bus operation is as shown
in Figure 5-6.

The V40HL and VSOHL will inactivate the acknowledge signal (HLDAK) and request the return of the bus.
Therefore, an external bus master with priority to use the bus must accept this request and withdraw its bus hold
request signal (HLDRQ). The higher priority bus master within the V4OHL and V50HL must wait until the bus hold
request signal is withdrawn.

This situation is called a bus waiting operation. If this wait is too long, it will have an impact on other operations,
such as the DRAM refresh operation.

Figure 5-5. Internal Bus Cycles

Bus cycle CPU CPU DMA | Refresh | Refresh | Refresh

Intemnal DMA request

internal refresh request
(highest priority)

Figure 5-6. Bus Waiting Operation

Bus wait —1

Bus cycle Bus release M= Refresh

HLDRQ pin

HLDAK pin <’

Internal refresh request
(highest priority)

Note This is the period in which the V40HL and V50HL release the bus and in which external bus masters that
have received bus priority can use the bus.
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5.4.3 Timing of bus priority switching
The priority for using the bus switches at each bus cycle and in the idle state (except for the Tl state immediately

before the bus cycle).
In the bus cycle, in the state immediately prior to the bus cycle termination state (T4, but T3 if there is no wait)

and when entering the idle state following the bus cycle, the bus priority switches during the clock high level of the
bus cycle termination state (T4).

However, during the operation of DMAU, switching always takes place in the bus cycle termination state (T4).

Also, when an external hold request has been received (when HLDAK is being output), the use of the bus switches
during the T state clock high level, which is when HLDRQ is inactive.

Bus use priority does not switch when the BUSLOCK signal is active.

Figure 5-7. Timing of Bus Priority Switching

(a) Not DMAU
PU/REFU cycle. e CPU/REFU cycl
™" | T2 | T3 | T4 | T1 | T2 | T3

L0 S S SN B - NN N N

(b) DMAU

l__omu cycle « DMAU cycle
T | T2 ™ | T4 | TH | T2 | T3 | T4 n o

cK T 1L_TI1 L& L LI 1
(c) Hold state
Intemal operation
Hold state -t m:g ope
REENETTENELR
e I LI | B\ | I LI 1
HLDRQ 1
HLDAK 1

Remark Bus control switches during the shaded high-level period.

Each bus master starts using the bus at the end of the state following the state in which the bus use priority was
obtained. For this reason, except for DMAU, switching from one bus master to another bus master takes place without
the unnecessary TI state.

However, one TI state cycle is inserted when switching from DMAU to another bus master.

92




CHAPTER 5 INTERNAL BLOCK FUNCTISws—

Figure 5-8. Timing of Bus Master Switch Transition from Non-DMAU
Non-DMAU cycles Mee1 Other bus cycles Me=?
™ | T2 | T3 | T4 T | T2 | T3 | T4

ek L L1 _BERm LR e r

Figure 5-9. Timing of Bus Master S\vltch‘ Transition from DMAU

DMAU cycles

-l Other bus cycles
T1IT2|T3IT4ITI|T1I'T2I1'3IT4|
ek LML MM 1. BB\ I Lrea rmr

Notes 1. CPU, REFU and external bus masters, etc.
2. DMAU, CPU, REFU and external bus masters, etc.

Remark Bus control switches during the shaded high-level period.

5.4.4 DMA request and hold request acceptance waiting times

DMAU requests the use of the bus in the state after it samples a valid DMARQ. In addition, the HLDRQ pin is
synchronized at the fall of the clock and then requests the use of the bus from BAU. For this reason, in the case
of DMARQ, the DMA cycle starts at least three states after the sampled state. In the case of HLORQ, HLDAK is output
at least two states after the sampled state.

The maximum wait time depends on how the BUSLOCK instruction is used. If the BUSLOCK instruction is not
used, in the case of DMAU, the number of highest priority refresh cycles right after the interrupt acknowledge cycie
is a maximum of five cyclesNo®, In the case of HLDRQ, HLDRQ also depends on the DMAU operating state. But,
when DMAU is not operating, the conditions are the same as the maximum DMAU wait time.

When the bus cycle is in a no-wait condition, the maximum number of wait until a DMA request or a hold request
is received are as shown below:

V40HL:
DMARQ: 30.5 states (2.5 +4x2 + 5x 4)
HLDRQ : 30 states (2+4x2+ 5x4)

VS0HL:
DMARQ: 34.5 states (2.5 +4x3 +5x4)
HLDRQ : 34 states (2 +4x3+5x4)

Note When the next refresh request comes during the highest priority refresh cycle, it will take five cycles. It
normally takes four cycles.

Remark Thelast 5Tl state of the interrupt acknowledge timing does not have to be included in the above calculation
because it will be replaced by the refresh cycle.
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Figure 5-10. Minimum Wait Time

(a) At start of DMA cycle

! T2 I T3 I T4

T

DMARQ |

DMAAK

(b) At start of hold cycle

| T2 | T3 | T4 |

o I L | B B

HLDRQ |
HLDAK

Remark Bus control switches during the shaded high-level period.
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Figure 5-11. Maximum Wait Time

(a) At start of DMA cycle

<Interrupt acknowledge ... Refreshx4 ___ . Ti__.

oK R o i
BUSLOCK | I

DMARQ | .

DMAAK |

(b) At start of hoid cycle

< Interrupt acknowledge .. Refreshxd4 _____ TI___

LK —] I_cyd. L
BUSLOCK | I
HLDRQ |
HLDAK

Remark Bus control switches during the shaded high-level period.
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5.5 Walt Control Unit (WCU)

The wait control unit (WCU) has the function of inserting from zero to three clocks of wait states (TW) for low-speed
memory and I/O devices. The number of wait clocks inserted for the CPU cycle, external I/O device cycle, DMA cycle
and refresh cycle can be programmed independently. For details on this function see section 6.1 Wait Functions.

5.5.1 Features
¢ The 1-Mbyte memory space can be divided into five partitions (three partitions immediately after a reset).
¢ 64-Kbyte I/O space can be divided into three partitions (none immediately after a reset).
¢ Automatic programming of from zero to three waits for the CPU memory cycle.
* ‘Automatic programming of from zero to three waits for the external /O device cycle.
* Automatic programming of from zero to three waits for the refresh cycle.
* Automatic programming of from zero to three waits for the DMA cycle.

5.5.2 Differences with the V40 and V50
¢ Number of memory space partitions:
V40 and V50 : Three partitions possible
V40HL and V50HL: Five partitions possible
¢ Number of VO space partitions:
V40 and V50 : No partitions
V40HL and V50HL: Three partitions possible
* System I/O space registers:
V40 and V50 : WCY1, WCY2, WMB
V40HL and V50HL: WCY1 to WCY3, WMB, EXWB, WSMB, WIOB
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5.6 Refresh Control Unit (REFU)

The refresh control unit (REFU) generates a16-bit refresh address and a refresh signal (REFRQ) that indicates

a refresh cycle to support the refresh operations of DRAMs.
For details on this function, see section 6.2 Refresh Function.

5.6.1 Features
* Lowest-priority and highest-priority refresh operations.
* Seven refresh queues.
* 16-bit refresh address. '
* Supports REFRQ expansion timing (REFRQ becomes active from the T1 state).

5.6.2 Differences with the V40 and V50
¢ Refresh address length:
V40 and V50 : 9 bits
V40HL and VS0HL: 16 bits
* Support of REFRQ expansion timing:
V40 and V50 : No support
V40HL and VSOHL: Supports
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5.7 Timer/Counter Unit (TCU)
The timer/counter unit (TCU) has three sets of counters and is functionally the same as the uPD71054.

5.7.1 Features
¢ Three timer channels
¢ Three 16-bit counters
‘s Six programmable counter modes
¢ Binary/BCD counting
¢ Multiple latch command-
* Count latch command
¢ Selectable internal/external input clock

5.7.2 Internal block diagram

TCLK CLOCK TCTL1 = Hi TCTL2 (External
Setoston (External) TCTLO = TOUTH (Extemal) (o e
IORD IOWRNow 1 Noke2 signal T Prescaler | | TOUTO (To INTLO) o INTL2/SCU
Csw] sW [sw]
TCT#0 __TCLKO | . _] ] TCLK2
Read/write controller logic
Down counter (16) TCT #1 TCT#2
16
T™D
; H(8)L(8)
{Mode regisier) Cant g
P S I G, t ______
| 1
L intemal data bus 7

Notes 1. AO (when IOAG = 1) or A1 (when IOAG = 0)
2. A1 (when IOAG = 1) or A2 (when IOAG = 0)
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5.7.3 Addressing
The TCU internal registers are mapped to addresses determined by IOAG bits of OPHA, TULA, and the SCTL
set in the system I/O area. (For the methods of pointing to addresses, refer to section 4.1.3 System VO Area.)

Table 5-3. TCU Internal Registers and Command Addresses

High-order Addresses Low-order Addresses Registers and Operation
Commands
When I0AG = 1 A15 - AB A7 A6 A5 A4 A3 A2| 0 O | TCT#0 Read/write
(OPHA) (TULA) TSTO Read
0 1| TCTH Read/write
ES Read
1 0| TCT#2 Read/write
TST2 Read
1 1]T™MD Write
When tOAG = 0 A15 - A8 A7 A6 A5 A4 A3| 0 O |AO| TCT#0 Read/write
(OPHA) (TULA) TSTO Read
o 1 TCTH Read/write
TST1 Read
1 0 TCT#2 Read/write
TST2 Read
1 1 TMD Write
_ 11111111 1 1+ 1. 1 0 O O O |TCKS Read/write

Remark The address of TCKS is FFFOH regardless of the content of the IOAG bit, OPHA and TULA.
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5.7.4 Operating procedures

After power is tumed on, TCU is in an undefined state. For this reason, to use it requires programming the target
counter to specify the operating mode. Once a counter is programmed to a certain mode, it will operate in that mode
until another mode is specified for it. If a certain number of counts is written to a counter and that is transferred to
the down counter, a new count will begin. During a count, count data that is a value of the current counter and the
status data that indicates the counter condition can be read.

Figure 5-12. TCU Basic Operational Procedures

Mode specified | ~  -----ee-eee- OUT instruction

Numberof counts written | ~  ---------e-- OUT instruction

Yes

Latchesreaddata | |- OUT instruction

Dataread @ | = |------------ IN instruction

Yes Number
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5.7.5 Registers and commands

The issuance of read/write commands from the TCU register takes place by means of the /O instruction for the
address set in the system /O area. The selection of register commands takes place by using A1 and A0 (when IOAG
= 1) or A2 and A1 (when IOAG = 0).

Table 5-4. TCU Registers and Commands Addresses

When I0OAG = 0 When IOAG = 1 Registers and Commands Operation
A2 Al Al A0 ‘

0 0 0 0 TCT#0 Read/write
TSTO Read

0 1 0 1 TCT#1 Read/write
TSTH Read

1 0 1 0 TCT®2 Read/write
TST2 Read
1 1 1 1 T™MD Wirite

Note TCKS Read/write

Note The address of TCKS is fixed at FFFOH.

To write to the timer mode register (TMD), involves setting the operating mode of each counter within TCU (counter
mode, binary BCD, read/write mode) and issuing a command to latch the counter value (counter latch command,

multiple latch command).

Timer/counter register 0 to timer/counter register 2 (TCT#0 to TCT#2) are used to write the number of counts to
each counter and to read the count data. Normally, reading the count data takes place after the issuing a count latch

commend or multiple latch command beforehand and then latching the count data of the target counter.

For reading TSTO to TST2, the status data of each counter is read. Reading of statuses takes place after latching
the status of the target counter using the multiple latch command.
If the status and count data of one counter are both latched, the first read will yield the status data and the next
read will yield the count data.
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" (1) Timer Mode Register (TMD)
The timer mode register (TMD) contains the mode word that sets the operating mode of each of the counters
as well as the following commands, which latch the counter value:

¢ Counter latch command (See number (4))
¢ Multiple latch command (See number (5))

To operate the counter, first write the mode word to TMD to set the mode in each counter.
Figure 5-13. TMD (For Mode Word)

7 6 5 4 3 2 1 0

| sc | mwm | cmope | ep |
‘— BD Binary or BCD counter specification
0 Binary count
1 BCD count
CMODE Counter modes
000 | Mode 0
001 | Mode 1
¥10 | Mode 2
¥11 | Mode 3
100 | Mode 4
101 | Mode 5
RWM Read/write modes

00 | Count latch command
01 | Lower order one byte
10 | Higher order one byte
1 Lower and higher order sequence two bytes

SC Target mode setting counters
00 (TCT#0
01 TCTH
10 | TCT#2

1 Muttiple latch command

Remark x: don't care.
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(a)

(b)

(c)

(d)

SC Bit

The SC bit specifies the counters subject to mode setting (TCT#0 to TCT#2) or it specifies the multiple latch
command. When a counter is specified, the setting of each bit of RWM, CMODE and BD are valid for the
counter specified.

When a mutiple latch command is specified, the meaning of bits 0 to 5 will be different. For details, refer
to number (5), which concems multiple latch commands and number (6), which concemns precautions when

issuing multiple latch commands.

RWM Bit
The RWM bit specifies a write to the count register, the read/write mode that specifies the reading of the
count latch, or specifies the count latich command. For detalils, refer to number (4), which concerns the count

latch command.

CMODE Bit
The CMODE bit specifies count modes zero to five. For the operation of each count mode, refer to section
5.7.6 Count modes.

BD Bit

The BD bit specifies a binary count and a BCD count. For abinary count, count settings from 0000H to FFFFH
are possible, and binary counting takes place. For BCD, decimal count settings from zero to 9999 are
possible.
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(2) Timer Clock Selection Register (TCKS)
The timer clock selection register (TCKS) selects either the external clocks (TCLKO to TCLK2) or the interal
clock (a clock in which the frequency of the crystal that connects to the X1 and X2 pins has been divided) as
the source for supplying a clock to the three counters within TCU (TCT#0 to TCT#2).
The TCKS address is fixed at FFFOH of the system I/O area. This is different from other TCU intemnal registers.

Figure 5-14. Timer Clock Selection Register (TCKS)

[ x [ x | x [cs2|cst [cso| ps | Vo::o:”

PS | Frequency specification when intemal clock used.
00 | Osciilating frequency divided by 4.
01 | Oscillating frequency divided by 8.
10 | Oscillating frequency divided by 16.
11 | Oscillating frequency divided by 32.

CSso TCU channel 0 clock selection
0 Intemal clock
1 TCLK pin input

CSs1 TCU channel 1 clock selection
0 Internal clock
1 TCLK pin input

cs2 TCU channel 2 clock selection

0 Intemal clock
1 TCLK pin input

Remark x: don't care
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Figure 5-15. Supply a Clock to the TCU

Tcu
TCLKO ; TCLKO TCTH0
; TCLK1 TeTH
g TOLK2 TCTe
From oscillation
ot —{ Frequency divider |— _I
|
'rcxsl - | - | - [cs2|cst|cso| ps
S Intemal bus S
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3) ‘Timer/Counter Register #0 to Timer/Counter Register #2 (TCT#0-TCT#2)
Each channel has one 16-bit length count register. Writing to and reading from these registers takes place
according to the read/write mode set by means of a mode word. If set to the low-order one byte and high-order
one byte modes, the high-order byte or the low-order byte of the respective count register will be written to in
one write operation. In this case, the remaining high-order byte or low-order byte will become 00H. In the low-
order and high-order two-byte mode, the first write operation will write to the low-order byte, while the second
write operation will write to the high-order byte at the same address.

Table §-5. Writing to the Count Register

Count Register
Read/Write Mode Number of Writes
High-order byte Low-order byte
Low-order 1 byte 1 00H xxH
High-order 1 byte 1 xxH O0H
Low- and high-order 2 bytes 2 xxH xxH
(second time) (first time)

Reading from a counter is basically the same as writing to one. In the two-byte mode, for reading the low- and
high-order bytes, after reading the first low-order byte with a read operation, the high-order byte of the same
address will be read in the second read operation.
The following are the three read sequences:

(a) A direct read from the counter.

(b) A read after a counter latch command.

(c) A read after a multiple latch command.
In the case of reading directly from the counter, the count latch following the down counter will be read.
Consequently, this value may change while it is being read, and the value obtained will be inaccurate. To obtain
an accurate value, the TCLKn input or TCTL input must be manipulated so that reading can take place while the
counting has stopped. Normally, reading takes place using methods (b) and (c). Method (c) atiows both the count
data and the status data to be read.

Table 5-6. Reading the Counter

When IOAG = 0 When IOAG = 1
Counter Read
A2 Al Al A0
0 0 0 TCT#0, TSTO
0 1 0 1 TCT#1, TST1
1 0 1 0 TCT#2, TST2
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(4) Counter Latch Command

Figure 5-16. TMD (When there is a count latch command)

7 6 5 4 3 2 1 0

[ _sc JofoJolofofo]
sc Counter to be Latched
00 [TCTRO
o1 |TCTH
10 |TCT#2

The count latch command is issued by writing all zeros, from bit zero to bit 5, to TMD. When a count latchcommend
is issued, the content of the down counter selected by the SC bit will be latched by the count latch. Latched count
data will be maintained until itis read or another mode setting is made. This count latch command aliows accurate
count data when the command is issued without having an impact on the counting operation.

If a count latch command is issued and another count latch command is issued for the same count before the
original command is read, the latter command will be ignored and the value that was latched previously will be
maintained. If the latched count data is read, the latch will be released and the counter will return to its original
following down counter state.
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(8)

108

Multiple Latch Command

Figure 5-17. TMD (When there is a muitiple latch command)

7 6 5 4 8 2 1 0
{ + | + Jeo [ & [crafenifcmo| o |
I

CTn Counter selection
0 TCT#n not selected.
1 TCTi#n selected.

SL Status latch
0 |Latches status

Does not latch status.
cL Count data latch
0 | Latches count data.
1 | Does not latch count data.

The multiple latch command is issued by writing data that has bit 7 and bit 6 of 1.

When a muitiple latch command is issued, all of the selected count data and the status will be latched to the count
latch and status latch. If the counter is read while in the latched condition, the counter data and status can be
read in that condition without having an impact on counter operation.

(a) CL Bit
Defines whether the count data of all counter selected will be latched or not latched.

(b) SL Bit
Defines whether the statuses of the counters selected will be latched or not latched.

(c) CTOto CT2
Defines the counter to be latched. A multiple of counter count data and statuses can be latched
simultaneously.

The status indicates the counter operating condition when a multiple latch command is issued. The content of
the latched status can be obtained by reading TSTn. TSTn is shown in Figure 5-18.
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Figure 5-18. TSTn

[oo [nc | mrwM | comope | eo |
[ ]
* Current TCT#n programmed condition.
Each bit is the same as mode word.
NC Down counter transfer

0 Transterred to down counter.
1 Not transferred to down counter.

TOUTn is low.
TOUTn is high.

oL TOUTn condition
0
1

The OL bit shows the counter output state when a multiple latch command is issued.
The NC bit is no count flag, and indicates whether or not the most recently written number of counts have been

transferred to the down counter.
The BD, CMODE, and RWM bits indicate the programmed condition of the counter and is the same as the value

set by the mode word.

Table 5-7. NC Flag Changes

Counter Operation NC Flag
Wiriting of mode word (to corresponding counter) 1
Writing of count to count registerNote 1
Transferring count from count register to down counter 0

Note If the read or write is in the two-byte mode, the flag will set to one
when the second byte is written.

Figure 5-19. Example of NC Flag Changes

(Transter) (Transfer)
LT A ANl A Nt -
’ Low-order __ High-order Low-order __High-order
Meiehe \vode/\brte [ \bye / ( \ore/ \oe
2-byte mode
NC fiag / | \
. A\ﬁorwﬂﬂngsecond byte
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(6) Precautions When Issuing the Multipie Latch Command
The count latch and status latch that are latched using the multiple latch command maintain their data until either
they are read or a new mode setting is made.
That is, after they are latched, if another multiple latch command is issued before they have been read, that
command will be ignored. Moreover, once either the count latch or the status latch is read, the latch wili be
released. A multiple latch command execution example is shown in Figure 5-20.
With the multiple latch command, even if either of the count data or status data is latched first, the status will
always be read at the first read operation. The count data will be read at the subsequent one or two readings
(which differ depending on the read/write mode). Further, if the reading continues, the count value in the state
following the down counter, which has not been latched, will be read.

Figure 5-20. Multiple Latch Command Execution Example

Multipie latch command Latch status

TCT#0 TCT#1 TCT#2
Count | Status | Count | Status | Count | Status

n — [0o] [o[o] [o]d]

TCT!
#0 count latch [[0] [O]0] [O]O]
I
TCT
#1 status latch — [e[0] [cle] [SI9]
1
TCT#0, TCT#2 :
eoumlmm —— [e[o] [O[®] [e@] [Cirocout
TCT#0 count
amm;uamd —_— [O]l0] [Ole] |e]e]
TCT#0, TCT#1 .
mmm;mm —  [oJ0] [e]0] [e]@] ;s
TCT#o, TCT#2 il P M-
count and status latch _ [eje] [e]@] (@] ®] Anlignored

Note: O Latch release status
@ Latch status
* Command ignored
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5.7.6 Count mode
Here, the six count modes that are set by the mode word CMODE bit will be described. Definitions of the terms
used in the description of each mode are as follows:

TCLKn pulse  : From the rise of the TCLKn input rise to the next fall.

T

Trigger : The TCTL input rising edge.
TCTLn I :

TCTL : Sampled eachtime TCLKnrises. Amongthe sampling are level detection and rise detection
(trigger).

TOUT initial state : The TOUT output state determined instantly when the count mode is set using a mode
word.

Count transfer : The transfer of the count from the count register to the down counter.

Decrement : Down counter operation (which takes place when the TCLKn pulse rises.

Count zero : State when the content of the down counter becomes zero.

LB : Low-order byte of the count.

HB : High-order byte of the count.

The operating examples (timing charts) in each count mode are the instances when TCT#2 was executed with
the read/write one-byte mode binary counter. If the TCTL2 signal is omitted, the TCTL2 input is high. The hexadecimal
numbers below the TOUT signal express the count at that point. A question mark right after the mode specification
value indicates an undefined value. In other locations, it indicates a continuation of a previous count. The maximum
count setting in each mode is zero.
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(1) Mode 0: Count End Signal Output
When the specified count has ended, the TOUT pin changes at the same time from low to high.

Table 5-8. Mode 0 Operation

ltem ‘ Description
TOUT initial state Low level
TCTL input High level Count state
Low level Count prohibited state
Count writing The TOUT pin goes low (TCLKn puise irrelevant). If the read/write is in the 2-byte mode,
the count is canceled when the first byte is written and the TOUT pin goes low.
Count transfer and counting If the count Is written when TCTL is high, transfer takes place at the next TCLKn pulse in

which the count is written. Decrementing begins from the TCLKn puise that follows the
transfer. Thus, if the count is N, the TOUT pin goes low during the (N + 1) x TCLKn
puise.

It the count is written when TCTL is low, transfer takes place at the next TCLKn pulse in
which the count is written. When TCTL goes high, decrementing begins at the following
TCLKn puise. Thus, if the count is N, the TOUT pin goes low during the N x TCLKn
pulse.

Count zero

The TOUT pin goes high. The counting does not stop. If the counting is binary, the
count down takes place to FFFFH, it BCD, it takes place to 9999.

Minimum count

1
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Figure 5-21. Mode 0 Operation Example

TCLKn

“IOWR

(intemal) |\ LB=3

TOUT2 /

Count | 7 | ?\l 0003H | 0002H| 0001H| 0000H| FFFFH| FFFEH FFFDH| FFFCH| FFFBH
(Transfer)

“IOWR

(intemal) LB=3 LB=4

TouT2 /

Count | 2 | 7\{ 0003H | OOOZH\I 0004H | 0003H| 0002H| 0001H| 0000 | FFFFH | FFFEH |
(Transter) (Transfer)

“IOWR

amr\ﬁﬂ\

TCTL2

TouT2

Count | 2 | 7\| 0003H looozn\*looozn\ﬂ 0001H | 0000H | FFFFH | FFFEH | FFFDH | FFFCH |
(Transfer)
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(2) Mode 1: Control Pin Triggerable One-Shot
A designated-length low-level one-shot pulse is output to the TOUT pin. Retriggering is possible through TCTL

input.
Table 5-9. Mode 1 Operation
Item Description

TOUT initial state High level

TCTL input ] Triggeriiote Transtfer of the count start with the next TCLKn pulse after the trigger.

Wiriting the count Will be written without influencing the current operation.

Count transfer and count If there is a trigger, transfer takes piace at the next TCLKn puise and the TOUT pin goes
low and the one-shot puise begins at the same time. Decrementing takes place at the
next from the next TCLKn pulse. Thus, If the count is N, The TOUT pin one-shot
output will continue during the Nx TCLKn pulse.

Count zero The TOUT pins goes high. The counting does not stop. If the counting is binary, the
count down takes place to FFFFH, if BCD, it takes place to 9999.

Minimum count 1

Note The trigger will be ignored if the count has not been written right after the mode specification and if only
one byte has been written in the read/write two-byte mode.
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Figure 5-22. Mode 1 Operation Example

court | 2 | 2 | ?\’0002H|0001H|0000HIFFFFH0002H'0001HI0000H| FFFFH|
(Transfer) (Transfer)

|own

(Intomal) LB=5 L5=3

TCTL2 Range of change \ Range of change Range of change
1

TouT2 /

Count 7\‘|ooosu|ooo4n|oooaﬂlooozﬂ 0003H | 0002H | 0001H | 0000 |
~ (Transfer) (Transfer)
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(3) Mode 2: Rate Generator .
This is a frequency divider counter that cyclically places the TOUT pin at the low level for the final 1TCLKn pulse

of a designated counter.

Table 5-10. Mode 2 Operation

ltem Description
TOUT initial condition High level
TCTL input High level Count state
Low level The count prohibited state. If TCTL goes iow when the TOUT pin is low, the TOUT pin

will go high. (TCLKn pulse is irrelevant)
TriggerNote Count transfer will take place at the TCLKn puise after the trigger.
Writing the count Will be written without influencing the current operation.

Count transfer and count Will be transferred at the TCLKn pulse after writing the count that follows the mode
specification. After that, the count will decrement, and transfer will take place at the
TCLKn puise after the count becomes 1. Also, if there is a trigger, transfer will also take
place at the TCLKn pulse right after it. As for the TOUT pin, at the same time that the
content of the down count goes to one, the TOUT pin will go low during 1TCLKn and
then retum to high. Thus, if the count is N, the operation will repeat in N x TCLKn

puise.
Count zero Will not occur in this mode.
Minimum count 2

Note The trigger will be ignored if the count has not been written right after the mode specitication and if only
one byte has been written in the read/write two-byte mode.
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Figure 5-23. Mode 2 Operation Example

(intoal)  \_LB=3

TCTL2

TouT2 \ / \ /
Count | 2 0003H | 0002H | 0001H | 0003H | 0002H™| oOO2H oooaﬂlooozﬂloooml

(Transfer) (Transfer) (Transter) (Transter)

am)__\ﬂp\ ‘ | \LB'L/
TOUT2 \ /

Comt | 2 0008H | 0005H | 0004H | 0003H | 0002H | 0001H | 0004H | 000SH | O0OZH |
(Transter) (Transfer)
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(4) Mode 3: Square Wave Generator
This is the same type of frequency counter as that of mode 2, but the duty is different.

Table 5-11. Mode 3 Operation

item ‘ Description
TOUT initial condition High level
TCTL input High level Count state
Low level The count prohibited state. If TCTL goes low when the TOUT pin is low, the TOUT pin

will go high. (TCLKn pulse is irrelevant)
Triggeriiote Count transfer will take place at the TCLKn pulse after the trigger.

Writing the count Without influencing the current operation, the count transfer will take place at half cycles
of the current square wave. At the same time, the TOUT signal will invert.
Count transfer and count The count will be transferred at the TCLKn pulse after the count that follows the mode

specification is written. After that, transfer will continue after the completion of the
current half cycle. Then, the TOUT pin output will invert. Also, a transfer will take place
at the TCLKn pulse after the trigger.

The operation will vary depending on whether count N is an even number or an odd
number. If count N is an even number, it will decrement two at a time after it is
transferred. When the count reaches 2, there will be a transfer at the next TCLKn pulse,
and the state of the TOUT pin will invert. The subsequent operations will repeat with
this as a half cycle.

If count N is an odd number, N-1 will be transferred, and the count will decrement two
at a time. In the half cycle when the TOUT pin is high, the count is zero. N-1 will once
again be transferred at the next TCLKn puise. In the half cycle in which TOUT goes low,
the count will only continue until it reaches 2. Therefore, N—1 will be transferred again
at the next TCLKn pulse. The result is that at the half cycle when the TOUT pin is high,
the cycle is ionger by one TCLKn.

Count zero Can happen only if the count is an odd number.

Minimum count 2

Note The trigger will be ignored if the count has not been written right after the mode specification and if only
one byte has been written in the read/write two-byte mode.
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Figure 5-24. Mode 3 Operation Example

TCLKn

[ IOWR
(Intemal)

ron2 \ |
rouT: \._f é

Cout | 2 | 2 ooom|ooozn]ooom|ooozﬂlooo4n|ooozulooom|ooo4n 0004H |
(Transfer) (Transfer) (Transfer)

TouT2 \ [ .

(Transfer) (Transfer) (Transfer) (Transfer)
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‘ (5) Mode 4: Software-Triggered Strobe
When the specified count has completed, the TOUT pin will go low for 1 TCLKn pulse. The function takes place
only once per one count transfer.

Table 5-12. Mode 4 Operation

tem Description
TOUT initial condition High level
TCTL input High level Count state
) Low level The count prohibited state.

Wiriting the count When the count is written, it will be transferred at the next TCLKn puise. When read/
write is in the 2-byte mode, the above operation will take place when the second byte is
written.

Count transfer and count Transfer takes piace at the TCLKn puise after the count is written. If TCTL is high,

decrementing will begin at the next TCLKn pulse. If TCTL is low, decrementing will
begin at the TCLKn pulse after TCTL goes high.

Count zero The TOUT pin is low during 1TCLKn and then retums to high. Without stopping the
count operation, if binary, the count down will take place to FFFFH, if BCD, it will take
place to 9989.

Minimum count 1
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Figure 5-25. Mode 4 Operation Example

TCLKn
H.:.‘.?.wm‘io_\;uﬂ\
| Tour2 \ f
| Count | 2 | 7 ™ 0004H | 0003H | 0002H | 000TH | 0000H | FFFFH | FFFEH | FFFDH| FFFCH |
(Transfer)
(nioma))  \_tB=4
TCTL2 ¢\
\
TouT2 \ /
Count | 2 | 2 Y 0004H | 0004H | 0004H™| 0003H | 0002H | 000IH | 000OH | FFFFH | FFFEH |
(Transfer)
IOWR
(ntomayy  \_B=S \M\
TOUT2 \ | \__/7
Count | 2 | 2 o0oosH | 00osH | 0003H | 0002H™ 0003H | 0002H | 0001H | 0000H | FFFFH |
(Transfer)
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(6) Mode 5: Hardware-Triggered Strobe (Retriggerable)

The operation of mode 5 is the same as that of mode 4, but this mode can be started up by TCTL input and is

retriggerable. This function operates once per one count transfer.

Table 5-13. Mode 5 Operation

tem

Description

TOUT initial condition

High level

TCTL input | TriggerNew

Count transfer takes place at the TCLKn pulse after the trigger.

Writing the count Wirites without influencing the current operation.

Count transfer and count When there is a trigger, transfer takes place at the next TCLKn pulse. Decrementing
starts at the TCLKn puise after the transfer. Thus, if the count is N, the TOUT pin is not
low during the period from the trigger to N+1TCLKn pulses.

Count zero The TOUT pin is low during 1TCLKn and then returns to high. Without stopping the

count operation, if binary, the count down will take place to FFFFH, if BCD, it will take
place to 9999.

Minimum count

1

Note The trigger will be ignored if the count has not been written right after the mode specification and if only

one byte has been written in the read/write two-byte mode.
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Figure 5-26. Mode 5 Operation Example

eV A aWaVaWalaWalalala

' IOWR

(ntoman | 132

TCTL2  Rangeofchange | \ Range of change \ d\“"‘""'\ ¢;\ Range of change
TouT2
| comt | ? 000‘2H|0001H|0000H|FFF ooozn] 0001H™| 0002H | 0001H |

(Transfer)

(I:E'Wmil) \ LB-4 / \_Le=3 /

TCTL2 Rangoofehange\ ¢\\ Range of change \ \Rangeofd\ange
TouT2 \'

Count | 0004H|ooosH|0002H|0001H|0000H|FFFFH|FFFE 0003H |

(Transfer)
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5.7.7 Precautions
The following precautions apply to switching the count mode.
The TCLKn pulse is required to switch a counter set to a desired mode to another mode (mode 2 or 3 only).
Input the TCLKn pulse for one pulse or more (a rising puise that will fall next) between the count setting of the
prior mode and that of the new mode setting.
If this pulse is not entered, the operation of the new mode may make an error in the count.
Switch the mode by using one of the following methods:

* - Use a cyclical clock that will enter a minimum of one pulse in the interval indicated by @&).
* Delay the new mode setting so that clock used will have a minimum of one rise and fall.

ModeA ——@®—=i

intemal IOWR ™| Mode A satting | | count setting | | Mode B setiing | Icwntsotﬁngl
TCLKn pulse __i_f Li__

Remark Mode A: an optional mode.
Mode B: mode 2 or mode 3
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5.8 Serial Control Unit (SCU)

The V40HL and VS0HL systems can easily conduct serial communications (start-stop synchronous) using the SCU.
The command system is similar to that of the uPD71051 (except for lack of synchronous communication protocols).
However, what was the control word register in the uPD71051 has been divided up into two registers in the V40HL
and V50HL.: the serial command register (SCM) and the serial mode register (SMD). These registers make the V40HL
and V50HL easier to use. '

The SCU has only three pins, RxD input (serial receive), TxD output (serial transmit), and SRDY (data transmit
ready). Therefore, for handling functions such as RS-232C, more peripheral devices are necessary.

5.8.1 Features
¢ Internal dedicated baud rate generator (uses internal clock)
» Baud rate generator output or timer output can be selected as the transmit/receive clock
¢ Asynchronous serial communications
¢ Clock rate and baud rate divisor: 16 and 64
* Baud rate of DC-500 Kbits per second
¢ 7- and 8-bit character lengths
¢ 1- and 2-bit transmission stop bit lengths
¢ Break transmission
¢ Automatic break detection
¢ Full-duplex double-buffered communication
¢ Parity add/check
* Parity, overrun, and framing error detection
¢ Maskable interrupt generation

5.8.2 Differences with the V40 and V50

In order to increase the general-purpose characteristics of the TCU, it has an internal dedicated baud rate
generator. In addition, to maintain compatibility with the V40 and V50, the transmit/receive clock can be selected
from the internal timer output and the baud rate generator output so that the baud rate can be defined by TCLKn input.
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'5.8.3 Internal block diagram

Baud rats
From CG—=
o generator From TCU
RESET CKOCK (TOUT1 output)
Selector
b0 [seeaw]
™ {ORD
Read/write IOWR
controller Note 1
(T| Sous vt (:’ Note 2
= 2 SCU selection signal
——/ (SCM) §
Receiver
_ (includes receive ~O SRDY (extemal)
g < : Receive data butfer |/ ® butfer)
| GRe) I\ O RxD (extemal)
E Transmit data buffer A = TxD (external)
2 (STB) ® 1 Transmitter
- (includes transmit
3 bufter) RTCLK
:> Mode register :>
(SMD) E
<:> registe (SMK) logie T generstion SINT (i INTL1)
. | |
™~/

Notes 1. A0 (IOAG = 1) or A1 (IOAG = 0)
2. A1 (IOAG = 1) or A2 (IOAG = 0)
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5.8.4 Addressing

The SCU internal registers are mapped to addresses determined by the OPHA, SULA and SCTL IOAG bits that
are defined in the system /O area. (For the methods of pointing to an address, refer to section 4.1.3 System

VO area.
The BRC address is fixed at FFE9H in the system /O area and cannot be relocated by the content of OPHA or
SULA.
Table 5-14. SCU Internal Register and Command Addresses
\ High-Order Addresses Low-Order Addresses g;onisr:::ds Operation
When IOAG = 1 A1S - A8 A7 A8 A5 A4 A3 A2 0 | SRB Read
(OPHA) (SULA) sTB Write
1 | SST Read
SCM Write
0 { SMD Wirite
1 | SIMK Read/write
When IOAG = 0 A15 - A8 A7 A6 A5 A4 A3| O A0 | SRB Read
(OPHA) (SULA) STB Write
0 SST Read
SCM Wirite
1 SMD Wirite
1 SIMK Read/write
- 11111111 1 1.1 0 1 O 1 | BRC Read/write

Remark The BRC address is FFE9H regardiess of the IDAG bit and the content of OPHA and SULA.

5.8.5 Initialization

SCU is initialized to the following conditions when the power is tured on or when there is a reset signal:

¢ Baud rate factor: x64
¢ Character length: 7 bits

* Parity bit
¢ Stop bit

: none
. 1 bit

* Transmit/receive prohibited
* No break detection

* Noerrors

¢ Buffer not ready
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5.8.6 Serial data format

Figure 5-27 shows the serial data format handled by SCU. Data the CPU receives from SCU and passes to SCU
is that portion called character bits. The start bit, parity bit and stop bit which are on either side of the character bits,
are control data needed to conduct serial communications. SCU automatically appends (for transmission) and deletes

(for reception) this data.

Figure 5-27. Serial Data Format

(a) With no parity

Do D1 . D1 Dn
Mark | Startbit ' Character bits . | stop bit
(b) With parity
Do D1 . ot D0
T N T T T

Mak | Startbit [ :
n. 6or7
Stop bit: 1 bit or 2 bits
Each data state will be described below.

(1) Mark (high level)

In a state in which no data transmission is taking place, the TxD pin is at the high level (mark state).

(2) Start bit (low level)

This is a one-bit-length, low-level bit that indicates the start of serial data.

(3) Character bits

For both transmission and reception, this is the portion that is actually handled as data. It is defined as 7 or 8

bits.

(4) Parity bit

When parity is enabled, among the bits that match the character bits and the parity bit, the parity bit is appended
or checked so that the number of certain bits is even by adding one (even parity) or odd by adding one (odd parity).
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Example Characters (8 bits) Parity bit
Even parity 10100101 0
Odd parity 10100101 1
(5) Stop bit

The stop bit is in *1” status of the 1- or 2-bit length that indicates the end of serial data. The serial mode register
(SMD) is used to specify 1-bit length or 2-bit length.
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5.8.7 Operating procedures
Figure 5-28 shows the operating procedures for conduction serial communication using the SCU.

Figure 5-28. SCU Operating Procedures

T issh n ; Reception L|3roooduro
I [
Mode setting Mode setting
Command Command
Receive enabled/
TM md ‘ erors d“r‘d
Status read
TBRDY=1 no
?
yes
Wiring transmit
data to STB

l

Error processing receive data

To conduct a transmission, after being transmit enabled, transmission data is written to STB after the status is
used to confirm that the transmit data buffer (STB) is empty.

To conduct a reception, reception is enabled and at the same time the error flags in the status are cleared. Next,
the status is used to confirm that receive data is stored in the receive data buffer (SRB). Then the data is read from
SRB.

In Figure 5-28, the status is read and transmission and reception take place while the TBRDY and RBRDY flags
are being looked at. However, this can also take place using interrupts.
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5.8.8 Registers and commands
The SCU register reading or writing, and command issuance take place using /O instructions for addresses that
are defined in the system I/O area. Register commands are selected using A1 and AO (IOAG = 1) or A2 and A1 (IOAG

= 0), respectively.

Table 5-15. SCU Register and Command Addresses

When IOAG = 0 When I0AG = 1 Registers and Commands Operation
A2 Al Al AO !

0 0 0 0 SRB Read
STB Write
0 1 0 1 SST Read
SCM Write
1 0 1 0 SMD Write

1 1 1 1 SIMK Read/write

Note BRC Read/write

Note The BRC address is fixed at FFESH.

Serial receive data buffer (SRB) : The CPU reads receive data from this buffer.

Serial transmit data buffer (STB) : The CPU writes transmit data to this buffer.

Serial status register (SST) : This register indicates the communication status. it has SRB and STB
data and reception error data.

Serial command register (SCM) : This register controls the enabling and disabling of transmission and
reception, the clearing of error flags, break transmissions and the
masking of SRDY pin.

Serial mode register (SMD) : This register makes the setting of the baud rate generator, character

length, parity, and the number of stop bits. When the character length
is seven bits, the lower seven bits of SRB and STB become valid.
Serial interrupt masking register (SIMK): This register controls the masking of the interrupt requests generated '
by SCU. When masked, interrupts will no longer be generated.
Baud rate counter (BRC) : The is an 8-bit frequency divider counter for the SCU dedicated baud
rate generator.
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(1) Serial Mode Register (SMD)

Figure 5-29. Serial Mode Register (SMD)

7 6 5 4 3 2 1 0

[ sn PS c. | e |
BF Baud rate
Ox | Setting disabled
10 | RTCLK frequency divided by 16
11 RTCLK frequency divided by 64
CL Character length
Ox | Setting disabled
10 | 7bits
11 | 8bits
PS Parity selection
x0 | Parity disabled
o1 Odd parity append/check
" Even parity append/check
STL Number of stop bits
x0 | Setting disabled
01 | 1bit
11 | 2bits

Remark x: don't care
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(a) STL Bit
This bit sets the number of stop bits to one or two during transmission.

(b) PS Bit
This bit defines the parity bit. If parity is disabled, no parity append will take place during transmission nor
parity check during reception. If parity is enabled, either odd parity or even parity must be selected.

(c) CL Bit
This bit defines the number of bits in one character. The selection is between seven bits or eight bits. If
seven bits are selected, SCU will receive the low-order seven bits of the 8-bit data written by the CPU. It

the data that SCU outputs to the CPU, the high-order 1 bit is set to zero.

(d) BF Bit
This bit determines the relationship between the RTCLK frequency and the baud rate. It determines if the

baud rate for the transmit/receive clock will be divided by 16 or 64.
For information on the setting the baud rate, see section 5.8.9 Transmission and reception baud rates.
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(2) Serial Command Register (SCM)
Figure 5-30. Serial Command Register (SCM)

7 6 5 4 3 2 1 0
| x | x [wRov|ece [seak| R | x | TE |

TE Specifies transmission enabied
0 Transmission disabled
1 Transmission enabled

RE Specifies reception enabled
0 Reception disabled
Reception enabled
SBRK Break transmission

0 Normal TxD pin operation
1 TxD pin low level output

ECL Error clearance
0 No operation
1 Ervor flag cleared

MRDY SRDY output masking
0 SRDY = 1 (masked)
1 Normal SRDY output

Remark x: don't care.
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(a) MRDY Bit .
This bit controls the masking of the SRDY pin output. The SRDY output is as shown in Figure 5-31. When
MRDY = 0, it always outputs the high level and disables data transmission from the transmitting side. When
MRDY = 1, it outputs the RBRDY signal. (Referto the information on the serial status register (SST) in number

3).)

Figure 5-31. SRDY Signal
MRDY
(b) ECL Bit

If the ECL bit is set to 1, all of the error flags in the status register (PE, OVE, FE) will be cleared (0). In
particular, to enable reception, it is required that ECL = 1 to clear the error flags.

(c) SBRK Bit .
This bit is used for a break state transmission. In a break transmission, the low level is output to the TxD
pin irrespective of the data. Also, the break transmission function is valid even in the transmit disabled state.

(d) RE Bit
This bit controls the enabling and disabling of reception.

(e) TE Bit
This bit controls the enabling and disabling of transmission. When transmission is disabled, if data is in the
transmit buffer at the point that TE is set to zero, that data will not be transmitted. It will be retained in the
buffer. Subsequently, when the transmission is enabled again, the data being retained in the buffer will be
transmitted. In the transmit disabled state, the TxD pin is high (mark state).
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(3) Serial Status Register (SST)

Figure 5-32, Serial Status Register (SST)

7 6 5 4 3 2 1 0
| 1+ |exo| Fe [ove | Pe | 1 |meroviTeroy|

TBRDY Transmit data buffer status
0 Wiiting to STB disabled
1 Wiriting to STB enabled
RBRDY Receive data buffer status
0 Oid data in SRB
1 New data in SRB (read request)
PE Parity error
0 No error
1 Error
OVE Overrun error
0 No error
Error
FE Framing error
0 No error
1 Error
BKD Break detection
0 Normal reception
1 Break state detection
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(a)

(b)

(c)

(d)

(e)

0

BKD Bit

The bit sets to 1 when the break status is detected. That is, when the low level is input for all bits from the
start bit to the stop bit, the break state is generated. Once the BKD bit is set (to 1), it will not be cleared
(set to 0) until the RxD retums to high or the break is reset. Figure 5-33 shows the operation of the BKD

bit as it relates to RxD.

Figure 5-33. Break Input and Detection

£ v §_ owaw F8
RXD|I||.||||‘|

Start break transmission End break

BKD 1

I L [l 1 L 1 1 ] | 1

FE Bit

This bit becomes 1 if the high level is not detected when a stop bit is required and indicates a framing error.
In addition to being generated when there is reception in the break state, a framing error is also generated
when the transmission clock and reception clock go out of synchronization and when data in a transmission
path changes.

OVE Bit
During data reception, this bit becomes 1 if the CPU is late in reading the receive data and generates an
overrun error. When this happens, the old data in SRB will be lost due to the writing of the new data.

PE Bit
When receiving data and parity is enabled, this bit will become 1 if an error is generated during a parity check.

RBRDY Bit

When a data of one character is received and that data is transferred to SRB, which is to say that when the
CPU is enabled for reading receive data, this bit becomes 1. When the CPU reads SRB, the RBRDY bit
is cleared (0).

TBRDY Bit

This bit becomes 1 when STB is empty, that is, when the CPU is enabled to write data to STB. When the
CPU writes data to STB, the TBRDY bit is cleared (set to 0). If transmit data is written when TBRDY = 0,
the data within STB that has not been transmitted will be destroyed. In addition, in the transmit disabled
state, the TBRDY bit will not become 1.
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-.(4) Serial Interrupt Masking Register (SIMK)

Figure 5-34. Serial Interrupt Masking Register (SIMK)

7 6 5 4 3 2 1 0
Lx | x [ x[x[x]x [™]nu]

RM RBRDY interrupt masking
0 No masking
1 Masking

™ TBRDY interrupt masking
0 | No masking
1 Masking

Remark A small x refers to an optional 1 or 0.

This register independently masks the RBRDY bit and the TBRDY bit, which are the causes of interrupts requests
from SCU.

(a) TM Bt
if the TM bit is set to 1, even if TBRDY = 1, no interrupt will be generated.

(b) RM Bit
If the RM bit is set to 1, even if RBRDY = 1, no interrupt will be generated.

Figure 5-35. Relationship Between the TM Bit, RM bit and INTL1

INPT1 pin
scu
icu
RxD O- Receiver RBRDY
TBRDY [] INTL1
TxD O Transmitter INT [==To CPU
A
SIMK| TM | RM|
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5.8.9 Transmission and roéoptlon baud rates
The SCU transmit/receive baud rate is determined by the transmit/receive clock signal (RTCLK) and the BF bit

of SMD.
The RTCLK signal can be selected from the output of the dedicated baud rate generator and the output of TOUT1

of the TCU. This is specified using the SC bit of SCTL in the system /O area. (See 4.1.3 System VO Area.)
When using the TOUT1 output, set the TCU TCT#1 operating mode to the mode 3 square wave generator. (See
5.7.6 Count Mode.)

(1) Baud Rate Counter (BRC)
The baud rate counter (BRC) is an 8-bit frequency divider counter for the SCU dedicated baud rate generator.

It sets the frequency divisor of the internal clock (fixed at 1/2 of the oscillating frequency). BRC is assigned to
address FFE9H of the system 1/O area.

Figure 5-36. Baud Rate Counter (BRC)

7 6 5 4 3 2 1 0 1O add
{ o7 [os | b5 | ps [ D3 [ D2 [ D1 | Do | FFESH

(2) Baud Rate Setting
The baud rate is determined by the following equation:

(a) When using the baud rate generator

Oscillating frequency (H2) x a1

BF x BRC setting 2

Baud rate =

Remark The relationship between the BRC register and the BRC setting is shown in the table below.

BRC Register BRC Setting
00H 2
0tH 2
02H 2
03H 3
04H 4
FFH 2.';5

(b) When Using TCU

Baud rate = TCLK input frequency (Hz)
BF x TCT#1 setting

Remark The baud rate factor (BF) is specified using the SMD BF bit and is either 16 or 64.
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Figure 5-37. Baud Rate Clock Generation Diagram

( intemalbus |/

From
oscillation 12 BRC —
clrcult Frequency SO counter - 116 —L
divider circuit Lo
g ATCLK g = Baud rate clock
1
TOUT1
— Frequency
(From TCU) divider circult
RTCLK selection Baud rate factor
(SCTL SC bit) specification
(SMD BF bit)

(3) Example of Baud Rate Settings
Tables 5-16, 1 of 2 and 2 of 2, show examples of baud rate settings when the baud rate generator is used and
when the TOUT1 output is used.
Tabie 5-16. Baud Rate Settings (1 of 2)

(a) Baud Rate Generator

Oscillating Frequency (X1, X2) 24.576 MH2 29.4912 MHz
Baud rate factor 16 64 16 64
Baud rate BRC count

1200 - 160 - 182
2400 - 80 - 96
4800 160 40 192 48
9600 80 20 ] 24
19200 40 10 48 12
38400 20 5 24 6
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Table 5-16. Baud Rate Settings (2 of 2)

(b) TOUT1 Output

TCT#1 input Clock (MHz) 4.9152Now 7.3728Note
Baud rats factor 16 | e 16 | 64
RTCLK/baud rate
Baud rate TCT#1 count

110 2793 698 | 4189 | 1047
150 2048 512 | 3072 768
300 1024 256 | 1536 384
600 512 128 768 192
1200 256 64 384 96
2400 128 32 192 48
4800 64 16 26 24
9600 32 48 12
19200 16 4 24 6
38400 8 - 12 -

Note External input clock
Remark TCT#1: set to mode 3
(4) Baud Rate Setting Precautions
SCU inputs the transmit/receive clock (RTCLK) either from the dedicated baud rate generator or from TCU.

However, the maximum baud rate is determined by the internal clock, as indicated in Table 5-17.

Table 5-17. Internal Clock and Maxlmum Baud Rate

Internal Clock Maximum Baud Rate
20 MHz 625 Kbps
16 MHz 500 Kbps
8 MHz 250 Kbps
4 MHz 125 Kbps
2 MHz 62.5 Kbps
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5.8.10 Serial transmission and reception
The basic flow of the serial data transmission and reception operations due to SCU will be described in this section.

L)

142

Serial Transmission Operation

(a) In the transmit disabled state, the TxD pin is high (mark state), except during a break transmission, and the
TBRDY bit is always zero in this situation.

(b) When SCM generates the transmit enabled state, TBRDY will equal 1 and the writing of transmit data can
take place. \

(c) When the CPU writes transmit data to STB, that data will first be transferred to the transmitter, a start bit,
parity bit, and stop bit will be appended to it, and it will be transmitted from the TxD pin as serial data.

(d) When data is to be transmitted continuously, the transmit data will be written after it has been confirmed that
TBRDY = 1. When TBRDY =0, the previous data is still in the transmit buffer. Therefore, the following data
must not be written to it yet.
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Figure 5-38. Serial Transmit Operation

P! SCU
cPU (transmission disabled state Extenal receiving device
(receive enabled state)
TBRDY=0
Specify transmission TxD: high level
enable (set TE to 1)
TBRDY—=1
Write transmit data
to STB \
TBRDY—0,
Transfer transmit
Is data output no data to transmitter
continuousty?
yes
Append start bit,
bit
' sST parity bit, and stop
Oufput serial data
TBR?DY-1 o | \
Receive data after
TBRDY—1 detecting start bit
yes
Terminate serial transmit

Remark TE is SCM bit 0, while TBRDY is SST bit 0.
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; (2) Serial Receive Operation

144

(a)

(b)

()

(d)

()

®

(9)

The RxD pin must be high when it is not receiving data.

if the low level is detected on the RxD pin in the receive enabled state, the receiver will sample the RxD input
level at the location 1/2 bit from the fall to determine if this is a valid start bit. If the low level is detected
at this time, it will be considered a valid start bit and reception will begin. Conversely, if the high level is
detected, it will not be considered the start bit and the receiver will once again return to the low-level wait
state.

After the start bit has been detected, character bits, parity bit, and stop bit will be sampled and data will be
received.

When a data of one character has been received, the data will be sent from the receiverto SRB. Then RBRDY
becomes one, the CPU will be requested to read the data.

If the CPU does not read data in the state in which RBRDY equals one, the next data will be sent to SRB \
and the prior data will be deleted. When this happens, OVE will equal 1 to indicate that an overrun error
has occurred.

When parity is valid, a parity check will take place. If an error is detected, PE will equal one.

If the high level is detected when there should be a stop bit, there will be a wait for the start bit. But, if the
high level is not detected, FE will equal 1 to indicate that a framing error has occurred.

No matter what kind of error occurs, the reception operation will not end while data is being received. Therefore,
when an error occurs, it must be proccessed by the software.
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Figure 5-39. Serial Receive Operation

CPU SCU
: Extermnal transmission device
RxD: high leve! (mark state)
Receive enabled .
(set RE to 1) / Transmit serial data
Detect RxD rising edge
Sample RxD 1/2 bit later
0 RxDslow level
yes
Serial data received
Read SST End data reception
RBRDY—= 1
RBRDY=1 l
? Transfer data from
yes receiver to SRB

Remark RE is SCM bit 1, while RBRDY is SST bit 1.
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5.8.11 Precautions
When using ICU in the edge trigger mode, be careful of the following concering the SCU transmit/receive interrupt.

SCU ORs the RBRDY signal which indicates a completed reception, and the TBRDY signal which indicates a
completed transmission, and inputs the result to ICU. (See Figure 5-35 Relationship Between the TM and RM
bits and INTL1.) Therefore, when using a transmit or receive interrupt under the following conditions and timing,
attimes the edge of an interrupt generated after RBRDY and TBRDY became active will not be detected and interrupts

will not be accepted.

Conditions: ICU = edge trigger mode
SIMK RM bit = 0 (RBRDY not masked)
SIMK T™ bit = 0 (TBRDY not masked)

Timing:
Status check
mrrupt processing —( \ \)..__
" )
Clears due to the reading
RBRDY I /of the receive buffer
TBRDY __ 6\ Cannot create the edge that corresponds
with the TBRDY rise

To resolve the above condition, use one of the following methods:

(1) Resolution through edge generation
Process transmission or reception in the serial transmit/receive interrupt processing routine and ciear the RBRDY
or TBRDY signal that caused the interrupt. Next, set SIMK to 1 to mask the interrupt request and then clear it

to zero to release the mask.
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Sﬁmw Status check
i l“"&"’“ 1
m"""’“‘“"—(\ N o
e
TBRDY B
INTL1

(2) Resolution using the status check
Perform a status check at the end of the processing of the interrupt request first detected to confirm that neither
a transmission nor a reception interrupt request has been generated.

Reading of receive buffer

check
Wiriting to transmit butfer
Status check Status check

Interrupt processing ————{ | \\ \\)"';

|)
' / L
L
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interrupt Control Unit (ICU)

The interrupt control unit (ICU) arbitrates up to eight interrupt requests generated within and without the V40HL
and V50HL. One among the interrupts is sent to the CPU. The ICU functions are those in which some of the
unnecessary functions of the uPD71059 have been eliminated (the CALL mode and slave functions for cascade
connection when using the uPD8085A).

5.9.1 Features

Eight interrupt request inputs

¢ Able to cascade-connect the uPD71059.

Edge or level trigger request input (The input from intemally connected TCU is edge-triggered only.)
Interrupt requests are individually maskable.

Programmabile interrupt request priorities

Pollable operations

5.9.2 Internal block diagram
takzat | —=SAQ —=0OA8
)::omman':!mw:t%dj Siave or sm}'roalu—- {—-OAs
— register group ————eSA2 —=0OA10
fORD —
JOWR —={ Read/ U
Note 2 2] conro . iNTAK(From CPU)
ICU selection signal — _ Control logic ) INT(To CPU)
— TOUTO(From TCU)
SINT(From SCU
LINTLO | TOUT1(From TCU)
il =
Interrupt c interrupt iNTL2 SWE——0 ::TT g
regisier rogister |=INNTL4 OINTP4 | Extemal
® | — | BT OINTPS | Pins
ngistelr (IMK) INTL7 o:m
{ intemal data bus {

Notes 1. AO (when IOAG = 1) or A1 (when I0AG = 0)
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5.9.3 Addressing

The ICU internal registers are mapped to the addresses determined by the IOAG bit of OPHA, IULA and SCTL,
which are defined in the system /O area. (For the address specification method, see section 4.1.3 System VO Area.)
For A2 when IOAG = 0 or A1 when IOAG = 1, in either case, IOAG may either equal 1 or 0.

Table 5-18. ICU Internal Register and Command Addresses

High-order Addresses Low-order Addresses Registers/ Operation
Commands

When I0AG = 1 A15 - A8 A7 A8 A5 A4 A3 A2| x O | IRQMNSAPOL Read
(OPHA) (IULA) UWIAPFW/AMDW | Write

x 1| IMKW Read/write
IW21IW3/IIW4 | Write
When IOAG = 0 A15 - A8 A7 A8 A5 A4 A3 | x O |A0| IRQUS/NPOL Read
(OPHA) (IULA) IIW1APFW/IMDW | Write

x 1 IMKW Read/write
IIW2IW3NIIW4 | Write

Remark x: don't care

Because there is only one signal for a multiple of registers, ICU requires a fixed sequence for reading from and
writing to registers. For example, when initializing, ICU selects one of the four initialization sequences to match the
objective and writes to the registers from interrupt initialization word 1 register to interrupt initialization word 4 register
(W1 to liw4).

As write enabled registers, there are the interrupt mask word register (IMKW), interrupt priority/finish word register
(IPFW), and the interrupt mode word register (IMDW). IMKW can be written to as A0 = 1 (when IOAG = 1) or as
A1 = 1 (when IOAG = 0) after the initialization sequence. However, because both IPFW and IMDW are in a state
in which A0 = 0 (when IOAG = 1) or A1 = 0 (when IOAG = 0), they are distinguished by the values of bit 3 and bit
4 of the data to be written to them.

Among the registers, there are three that can be read: interrupt request register (IRQ), interrupt in-service register
(1S), and IMKW. With A0 = 1 (when IOAG = 1) or A1 = 1 (when IOAG = 0), IMKW can be read at any time. However,
both IRQ and IS are A0 = 0 (when IOAG = 1) or A1 = 0 (IOAG = 0). Thus, before they are read, IMDW must be
used to specify in advance which will be read.

The ICU register and command addresses are listed in Table 5-19.
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Table 5-19. ICU Register and Command Addresses

IOAG =0 IOAG = 1 Operation
A1 | Non-A1 condition Non-A0 condition
Read 0 | IRQ defined using IMDW IRQ defined using IMDW CPU « IRQ data
IS defined using IMDW IS defined using IMDW CPU « IS data
Polling phaseNote Polling phaseNete CPU « IPOL
1 —_ —_— CPU « IMKW
Wirite 0 Bit4=1 Bit4=1 CPU - W1
Bits 3 and 4 = 00 Bits 3 and 4 = 00 CPU - IPFW
Bits 3and 4 = 10 Bits 3and 4 = 10 CPU - IMDW
1 Under initialization sequence Under initialization sequence CPU - IIwW2
CPU - lIW3
CPU - w4
After initialization After initialization CPU - IMKW

Note In the polling phase, the reading of IPOL takes priority over IRQ and lIS.
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5.9.4 Initialization

ICU cannot be reset using the RESET signal. Therefore, ICU must be initialized when the power is tumed on.
Initialization takes place by writing to 1IW1, IIW2, IIW3, and IW4 according to the initialization sequence. However,
as shown in Figure 5-40, there are four initialization sequences

Figure 5-40. Initialization Sequence

[ W1 \ .
SNGL, 114 bit specification
\Address =0.04=1/ (oo it initialization execution
I w2 .\
Address = 1
SNGL=0,I4=1 SNGL=0,14=0 SNGL=1,ll4=1 SNGL=1,114=0

/4 /4 : N
14 nwsa N/ wws
\_Address=1__/ \_Address=1_/ ’
14 w4 \ | w4
Address = 1 Address = 1
( 7 J

Initialization end

Remark The term address refers to A0 (IOAG = 1) or A1 (IOAG = 0).

Relative to A0 = 0 (I0AG = 1) or A1 = 0 (IOAG = 0), the initialization sequence starts at the point at which data
indicating that bit 4 is 1 is written. The value written at that time will become 1IW1. One initialization sequence of
the four will be selected by means of the value of the SNGL bit and 114 bit within IIW1. (See Figure 5-41.) In addition,
a default initializationNo* will be executed when IIW1 is written to.

Note A default initialization will be executed as follows:
<1> In the edge trigger mode, the IRQ will be cleared (0). (Fixed to the edge trigger mode for the the
input from TCU connected internally.)
<2> |IS and IMKW will be cleared to 0.
<3> Channel 0 will have the highest priority.
<4> The normal nesting mode will be defined.
<5> [RQ will be read and placed in the register to be read.
<6> [1IW4 will be cleared (0).
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5.9.5 Registers and commands :

A general description of the register function to be described in this section are shown below in Table 5-20.

Table 5-20. General Description of the ICU Registers

Name Function
w1 ICU initialization setting
w2
w3
liwsg
IMKW Defines interrupt request mask
IPFW Defines and alters the interrupt request priority and the FI command (interrupt processing end statement)
IMDW Defines the nesting mode, polling operation and registers to be read ((IRQ and 1iS)
IRQ Indicates the existence or non-existence of an interrupt request (reading enabled by an IMDW setting)
ns Indicates an in-service interrupt (reading enabled by the IMDW setting)

(1) Interrupt Initialization Word 1 Register (liW1)

Figure 5-41. Interrupt Initialization Word 1 Register (lIW1)

6 5 4 3 2 1 0

[ox [ x [ x [ 1 [ev]| x [snaL| ma |

4 Writing to lIW4

0 No writing to iW4

1 Write to lIW4

SNGL Interrupt size

0 | Expansion mode

1 Single mode

Edge trigger (rising)

LEV Input triggor mode
0
1

Level trigger (active high)

Remark x: don't care
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(a) LEV Bit
This bit sets the interrupt request trigger mode. In the case of the level trigger, if the INTPn input is 1, it
will be considered an interrupt request any number of times. However, for the edge trigger, if there is no
rising edge, it will not be considered an interrupt request. In other words, in the case of an edge trigger,
once an interrupt is acknowledged unless the INTPn input is reset to 0 and then set to 1 again, it will not

be considered an interrupt.
A request from TCU (INTL2 when connected to INTLO and TCU) is always rising edge trigger.

Figure 5-42. Interrupt Request Input Circuit

1AKSQ
Voo
INTPR-——— %
¢
i I e
IRQn

RESTG

Remarks 1. IAKSQ is the signal that goes low in the interrupt acknowledge sequence.

msa | [
2. RESTG goes high when IIW1 is to be written to and when IAKSQ rises. When the flip-flop
(F/F) is cleared, it goes low.
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(b) SNGL Bit

(c)

This bit defines the size of the interrupt (whether or not there is a cascade connection). That is, if only the
intemnal ICU is used, it is set to 1 to specify the single mode. To cascade-connect an interrupt controlier,
such as the uPD71059 to the INTPn pin, set this bit to zero to place it in the expansion mode.

If 0 is set to this bit, a write to /IW3 is executed during the initialization sequence.

114 Bit -
This bit specifies whether or not to write to 1IW4 in the initialize sequence. When not writing to lIW4 is

specified, it will remain cleared to 00H due to the default initialization.
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(2) Interrupt Initialization Word 2 Register (IIW2)

Figure 5-43. Interrupt Initialization Word 2 Register (lIIW2)

7 6 5 4 3 2 1 0
Iylvlslvslv;J\]rsl—l—l—I

{  High-order 5 bits of interrupt vector number —l

Place the high-order five bits of the 8-bit interrupt vector in V3 to V7. The remaining three iow-order bits will
be output based on the level at which the interrupt was acknowledged.

Figure 5-44. Interrupt Vector Number Generation

nterruptlevel 7 6 S5 4 3 2 1 0
INTPO vi |ve|vs|valva]| o] o] o
INTP1 vi|ve|vs|valva|o ]| o] 1
INTP2 vi|ve|vs|valva|o | 1] o
INTP3 vi|ve|vs|va|[va|of 1] 1
INTP4 vi|ve|vs| valva|]1]|o] o
INTPS vi|ve|vs|va|lva| 1 | o] 1
INTP6 vi|ve|vs|valva]| 1] 1]o0
INTP? vi |ve|vs|valva| 1 | 1] 1
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interrupt initialization Word 3 Register (IIW3)
Figure 5-45. Interrupt Initialization Word 3 Register (IIW3)

7 6 5 4 3 2 1 0
| s7 | s6 | s5 [ s4 |[s3 | s2|s1 | o |
— ] ——

Sn Slave connection status
0 INTPn is not slave-connected.
1 INTPn is slave-connected.

1IW3 becomes valid only when making cascade connections. In other words, the relevant Sn is set to 1 when
INTPn connects uPD71059 in cascade as the slave (an interrupt controlier connected externally to expand the
interrupt channels). For example, if a slave is connected to INTP5, S5 is set to one. When this happens, ICU
will not output a vector, but the slave uPD71059 must output a vector to DO to D7 of the data bus in the second
interrupt acknowledge cycle. The subsequent CPU operation is the same as the normal CPU processing.
However, a slave interrupt controller cannot be connected to the INTPO pin.
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(4) Interrupt Initialization Word 4 Register (IW4)

Figure 5-46. Interrupt Initialization Word 4 Register (1IW4)

7 6 5 4 3 2 1 0
[ oo [o [oan|x | x [sa| 1]

SFi Fi mode
0 F1 command mode
1 Self-FI mode
EXTN Nesting mode specification (1)
0 Nommal nesting mode
1 Extended nesting mode

Remark x: don't care

(a) EXTN BIt
This bit sets the nesting mode. There are three types of nesting modes: normal nesting mode, extended
nesting mode, and exception nesting mode. The exception nesting mode is setby IMDW. (See ( 7) Interrupt
Mode Word Register (IMDW).)

() Normal Nesting Mode

In this mode, during the period that an interrupt is being executed (the relevant IS bit is set to 1), only
interrupts with a higher level of priority will be acknowledged. However, in the self-FI mode, an interrupt
of any level will be acknowledged in the order of its priority because the relevant 1IS bit will be cleared
almost simultaneously with the interrupt acknowledgement.

IRQ is the register that indicates the level at which an interrupts request is generated, and IIS is the
register that indicates the level of the interrupt that is currently being serviced. (Refer to Figure 5-54,
Interrupt Request Register (IRQ) and Figure 5-55, Interrupt In-Service Register (iIS).)
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Figure 5-47. Normal Nesting Mode

nghosiprioﬂty
5 4 3 2 1 0
o [ o] o] o[ o] o] Level6interuptinprogress

T T o [o o [ o] fmmepatomtesopusions

IRQ Level 2 interrupt has been accepted

and is being executed.
s
IRQ Level 4 request cannot be accepted.
ns [kaN
Level 2 FI command issued
RQ — % | 5 I 5 l 5 I ,‘;’v‘;,"'z‘pm;"m”“‘”"’”“

ns

This occurs when the high level
oo o] o I[bnnlnunodunullmpaunbo]
accepted.

Remark The shaded area indicates a level that cannot be accepted.
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(if) Expanded Nesting Mode
This mode has significance in the expansion mode, which will be described later. In the expansion
nesting mode, only interrupt requests from the slave uPD71059 specified by IIW3 will be acknowledged
as interrupt request, even if it is at the same level. For exampie, even if the interrupt of a certain slave
1PD71059 is being executed and a higher priority interrupt comes from the same slave uPD71059, the
interrupt cannot be acknowiedged in the normal nesting mode. This reason: the levels of priority defined
for the slave uPD71059 will lose their meaning.

Caution The issuance of an Fl command in the expansion mode should take place under the

following procedures. The Fl command is a command issued by the CPU to inform
ICU of the completion of an interrupt. (See (6) Interrupt Priority, Finish Word Register
(IPFW).)
Iinthe case of an interrupt from a slave UPD71059, first, the CPU issues an Flcommand
to the slave uPD71059. Then the CPU checks, the IIS within the slave uPD71059 to
determine If any interrupts exist there that are still being serviced by the slave
WPD71058. If no such interrupts exist, the CPU issues an Fl command to ICU as well.
in the case of interrupts from channels other than those the slave pPD71059 is
connected to, the CPU issues an Fl command only to ICU, which is the same manner
as in the single mode.

(b) SFIBit
This bit defines the Fl command mode or self Fl mode. These two modes differ in the IIS relevant bit clearing
operations for informing ICU of the completion of interrupt service as follows. in the Fl command mode, the
relevant IIS bit is cleared when an Fl command is issued. In the self-FI command mode, the relevant IS
bit is cieared automatically when the first interrupt acknowledge cycle is finished.
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(5) Interrupt Mask Word Register (IMKW)

Figure 5-48. Interrupt Mask Word Register (IMKW)

7 €6 5 4 3 2 1 0
INIWIMGIMSImeIlemInon

Mn Requested mask
0 No masking of INTPn
1 Mask INTPn

An interrupt request can be masked by defining IMKW. Thatis, even if IRQ is set by the generation of an interrupt
request, if the relevant IMKW bit is set, ICU will not issue an interrupt request to the CPU. In addition, in the
exceptional nesting mode, IIS will also be masked. (See Figure 5-52, which concerns the exceptional nesting
mode.)

Be sure to use this register to mask external inputs that are used. (However, it is not necessary to mask INTP1
or INTP2 when the internal SCU or TCU output is selected as the interrupt source.)
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(6) Interrupt Priority, Finish Word Register (IPFW)

Figure 5-49. Interrupt Priority, Finish Word Register (IPFW)

7 6 5 4 3 2 1 0
lRP[SILIHIOlO'IT]IT'ILD]
interrupt| © (] 0 0
lovel o | o 1 1
(] 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
Priority | 0 0 1 No level No rotation | Normal FI command
x‘:“ 1o [ 1], specification | poation | Normal rotation FI command
com- (] 1 1 No rotation | Specified FI command
mands | 1 1 1 Level Rotation Specified rotation FI command
0 1 0 , specification | No rotation | No operation
1 1 0 | Non-Fi Rotation Specified rotation command
0 | o | o |commands |, .0 e No rotation | Self-FI mode rotation reset
1 0 0 specification | Rotation Self-F1 mode rotation set

Setting and changing the interrupt priority and issuing the interrupt processing end statement (FI command
issuance and clearing of the relevant IIS bit) take place simultaneously by writing to IPFW. Setting the FI bit
to 1 selects Fl commands that clear the 11Sn bit, and the remaining RP, SIL, and ILO to IL2 bits specify the priority
and interrupt level.

Setting the FI bit to 0 specifies either the specified rotation command that rotates based on bits ILO to IL2 or a
command that specifies the self-FI mode rotate set/reset.

The RP bit determines the rotation or non-rotation of the priority. When it is 1, rotation takes place. When there
is a level specification, the interrupt levels specified by bits ILO to IL2 become the lowest priorities. In addition,
when no level is specified, the interrupt level at that time becomes the lowest priority. When initialization ends,
the lowest interrupt level is INTP7 and the highest level is INTPO. As shown in Figure 5-50, when the interrupt
priorities are rotated, if the lowest priority is INTPn, then the highest will be INTP(n+1). The interrupt priorities
are as indicated in the ring shown below. (if n = 7, then n+1 = 0.)
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Figure 5-50. INTL Request Priorities (Rotating Priority)

If the FI bit is set to 1 and the command described below is issued, if there is a level specification, the 11Sn bit -
of that level will be cleared. If there is no level specification, the highest priority 1!Sn bit at that time will be cleared.
Each individual command is described below.

(a) Normal Fl Command

7 6 5 4 3 2 1 0
prwa| 1 [0 [ 1 Jofol—-(—-1-]

¢ Priority
The priority will not change due to the issuance of this command.
¢ Operational description
This command will clear the 11Sn bit of the highest priority interrupt among those currently being serviced.

(b) Specified A Command

7 6 5 4 3 2 1 0
PFW=| o [ 1 | 1 o o [z |mw | wo|

¢ Priority
The priority will not change due to the issuance of this command.
¢ Operational description
This command will clear the 11Sn bit at the level specified by bits ILO-IL2.
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(c) Normal Rotation FI Command

7 6 5 4 3 2‘ 1 0
ww=[ 1 Jo [ 1 [0 o |—]~-]—]

* Priority
The interrupt level that ended due to this command will become the lowest level priority.
¢ Operational description
This command will clear the 1ISn bit of the highest priority interrupt among those currently being serviced.

(d) Specified Fl Command

7 6 5 4 3 2 1 0
Prw=| 1 [ 1 [ 1 ] o [ o [n2|w | noj

* Priority
The interrupt level specified by bits ILO to IL2 will become the lowest priority.

« Operational description
This command will clear the 1ISn bit of the leve! specified by bits ILO to IL2.

(e) Specified Rotation Command

7 6 5 4 3 2 1 0
Prw=| 1 [ 1 [ oo [ o 2w | o

¢ Priority
The interrupt level specified by bits ILO to IL2 are assigned the lowest level priority.
This command is used to change the priorities that have been set.

¢ Operational description
The 1ISn bit is not affected by the issuance of this command.
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(H Self-Fl Mode
3 2 1 0

o o —-J-1~-

-t
ojo

Seif-Fi rotation appended  IPFW = |

3 2 1

4 0
o o[ —-1-1-1

o

olo
——
——

Self-F1 rotation not appended IPFW = |

If the aforementioned SSI bit of lIW4 is set to 1, the ICU will enter the self-Fl mode.

¢ Priority
If a rotation is appended, the interrupt level acknowledged in that sequence will become the lowest priority
when the interrupt acknowledge sequence ends.
If rotation is not appended, the priority will not change.

¢ Operational description
in the self-FI mode, the relevant IIS bit will set at the fall of the first acknowledge pulse. Visually, IIS will
appear not to be set because it will reset immediately when there is a rise. For this reason, IPFW will
not have to issue an Fl command.
The issuance of an FI command by IPFW is required only when there is a priority rotation or non-rotation
setting. In the self-Fl mode, the relevant 1IS bit will be cleared immediately. Thus, if the CPU is in the
interrupt enabled condition, interrupts will be acknowledged continuously, one after the other. For this
reason, it is important to pay attention to nesting management because stack overflows occur easily.
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(7) Interrupt Mode Word Register (IMDW)

Figure 5-51. Interrupt Mode Word Register (IMDW)

7 6 5 4 3 2 1 0
[ x ISTMIEXICNI o | 1+ |roL| sr |isiR|

SR | ISAR Read Register Selection

0 x No operation
1 0 IRQ selection
1 1 lIS selection

POL Poliing
0 No operation
1 Polling command

SNM | EXCN Nesting mode setting (2)
0 b 4 No operation
1 0 Cancels the exceptional nesting mode
1 1 Sets the exceptional nesting mode

Remark x: don't care

{s) SNM and EXCN Bits
The SNM and EXCN bits are used as a pair to set and cancel the exceptional nesting mode. When the SNM
bit is zero, the nesting mode that is set by the initialization séquenca becomes valid as is without making
any settings. ' '

¢ Exceptional Nesting Mode
Among the interrupt nesting modes are the normal nesting mode and the extension nesting mode. (See
number (4) above, which concems interrupt initialization word 4 (IIW4).) In either case, an interrupt that
is lower in priority than the one currently being serviced will not be acknowledged. It is for this reason
that the exceptional nesting mode is used when there is a desire to have a low priority interrupt
acknowledged. ‘
In the exceptional nesting mode, the targets of the masking using IMKW are IRQ and IIS. Thatis, in order
to have the level of the IIS bit specified by IMKW appear to be set to zero, interrupt requests at a level
lower than that level will be acknowledged. However, since IRQ is also masked, another interrupt for that
level is prohibited. An example of exceptional nesting mode setting procedures is shown below.
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(i) Read IIS.
(ii) Write the value read to IMKW.
(iii) Set the exceptional nesting mode.

In the above example, all of the interrupts not currently being serviced can be acknowledged. Figure 5-
52 shows examples of interrupt acknowledge levels in the exceptional nesting mode.

Figure 5-52. Examples of the Exception Nesting Mode

Interrupt
Priority level IS IMKW level (white)
Highest 0 E
1 1]
[ H
3 0
4[o] [o]
s @3 |of
sjo] |o
Lowest 7 |0]| |O|
If only bit 2 of IMKW is set to 1, if IMKW is made the same as IS,
the requests of INTPS and INTP7 all requests that are not being
will not be acknowledged. executed can be acknowledged.

Caution In the exceptional nesting mode, normal operation cannot take place by issuing a normal Fi
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command because the IIS bits being serviced are masked. As a consequencs, a specified Fi
command has to be issued. After the exceptional nesting mode has been canceled, the normal
nesting mode can be issued.

(b) POL Bit

This bit is set to perform polling operations.

This bit is used when interrupt processing is to take place without the CPU issuing an interrupt sequence,
or when they is a desire to obtain information concerning which request has to be serviced now.

When poliing takes place, the CPU must execute the DI instruction to institute the interrupt prohibited state.
Next, it will write an IMDW which has its POL bit set to 1 and issue a polling command. After this command
has beenissued, ICU will enter the polling phase during the period until the CPU reads from ICU. Ifthe reading
takes place during the polling phase such that A0 = 0 (IOAG = 1) and A1 = 0 (IOAG = 0), the polling data
in the interrupt polling register (IPOL) will be read, not IRQ and IIS. Then, ICU will end the polling phase.

Caution If reading takes place during the polling phase such that A0 = 1 (IOAG = 1) and A1 =1
(IOAG = 0), IMKW will be read, but ICU will end the polling phase at that point. Since this
sometimes causes abnormal nesting operation, be sure to read polling data in the polling
phase.
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Figure 5-53. Interrupt Polling Register (IPOL)

7 6 5 4 3 2 1 0
[wr] o[ oo [o [rP2fri]Pro]

If the INT bit of the polling data that was read is 1, ICU will set the IIS bits that correspond to the ICU leve!
indicated by PLO to PL2, and this will be considered the servicing of that interrupt. As a consequence; the
CPU must perform the processing required by the polling data that was read. in such a case, because
the relevant bit of IIS will be set, the FI command must be issued at the end of the processing to clear the
bit.

(¢) SR and IS/R Bits
The SR and IS/IR bits are used as a pair to specify the register to be read when the address is zero. When
SR =0, the content of the register will not be read. IRQ is specified if SR=1 and IS/IR = 0, and IIS is specified
if SR=1andIS/R = 1.

(8) Interrupt Request Register (IRQ)

Figure 5-54. Interrupt Request Register (IRQ)

7 6 5 4 3 2 1 0

[ 1ra7 | 1RG6 | 1Ras |1R4 | 1IR3 |1RG2 | 1RG1 | IRCO |
T T T 1 ]

IRQN INTPn Interrupt Request Status

0 No interrupt request
1 interrupt request

This register is read enabled by setting the IMDW SR bit and IS/IR bit (SR = 1, IS/IR = 0). IRQ is composed
of bits that indicate the interrupt status of each interrupt request from INTPO to INTP7. If IRQbit n = 1, itindicates
that there are interrupts from INTPn.

The IRQ data will be sent to priority determination logic, but the interrupt of bits that are masked by IMKW will
be ignored.
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(9)

168

Interrupt in-Service Register (IIS)

Figure 5-55. interrupt In-Service Register (lIS)

7 6 5 4 3 2 1 0
{ us7 | uss | uss | nsa | ns3 [ us2 | us1 | nso |
B

ISn INTPn Interrupt Processing Status
0 Interrupt not being serviced.
1 | Interrupt being serviced.

This register is read enabled by setting the IMDW SR bit and IS/IR bit (SR = 1, ISAR = 1).

IIS is composed of bits that indicate the CPU service condition for each interrupt request of INTPO to INTP7. If

IIS bit n = 1, it indicates that the interrupt routine for INTPn is being serviced.

The IIS data will be sent to priority determination logic. However, in the exceptional nesting mode, optional bits

will be masked by IMKW.
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5.9.6 Interrupt sequence
This subsection describes the interrupt sequence in the single mode and expansion mode.

(1) Single mode
Figure 5-56 shows the interrupt sequence in the single mode. In this mode, the ICU acknowledges an interrupt
request issued from a peripheral.circuit and generates an interrupt request to the CPU. The CPU acknowledges
this interrupt request and performs processing.
This interrupt sequence is described in detail below.

<1>

<3>
<4>

<5>
<6>
<7>

<8>

<>

A peripheral circuit generates an interrupt request signal. This interrupt request signal (INTPn) must remain
active until the interrupt acknowiedge signal (INTAK) from the V40HL/VSOHL becomes active, regardiess
of the level or edge trigger mode.

If interrupt request INTPn is generated, the corresponding bit of the IRQ is set to 1. The ICU acknowledges
only INTPn having the highest priority and corresponding to the IRQ bits that have been set.

The ICU generates an interrupt request (INT) to the CPU when it acknowledges INTPn.

When the CPU acknowledges the interrupt request from the ICU, it activates the first interrupt acknowledge
pulse (INTAK) once execution of the current instruction has completed. As described above, the INTPn
must remain active up to this point.

When the ICU receives the INTAK pulse from the CPU, it starts the interrupt acknowledge sequence.
The CPU activates the second INTAK pulse and requests the ICU for an interrupt vector number.

The ICU outputs an 8-bit interrupt vector to the lower 8 bits of an address in accordance with the second
iNTAK pulse. It also sets bit n of the IIS to 1, indicating that interrupt INTPn is being processed. This
completes the interrupt acknowledge sequence of the ICU. In the self-FI mode, however, bit n of the IS
is cleared at the completion of the interrupt acknowledge sequence.

The CPU receives the interrupt vector and executes interrupt servicing for INTPn. When the interrupt
routine starts, the maskable interrupts and BRK flag (single-step) interrupt are disabled (IE = 0, BRK = 0).
At the end of the processing, an Fl command is issued to inform the ICU of the end of the processing. This
command, however, needs not to be issued in the self-FI mode.

The ICU receives the Fl command, and clears bit n of the lIS. This completes the interrupt service for INTPn.
When the IIS is cleared, it is assumed that the processing of the acknowledged interrupt has ended. After
that, a pending interrupt or newly generated interrupt, if any, will be enabled and can be executed.
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Figure 5-56. Interrupt Sequence

Peripheral circuit CPU
(INTPn) ICU (enables interrupt)

INTPn generates -\l Sets bit n of IRQ ]

5

interrupt request E
cemmeem—e- ceud E
g T No g
priority? '

Yes :

Generates INT :

for INTPn
\wr—“

pulse
on acknowledging INT 1st time

Intemnal operation

Outputs INTAK puise | oy sme
Interrupt Sets bitn of IIS. /I |

sequence { CPU outputs —-[Rocuvesvectornumberl

:

]

]

]

1

]

)

1]

1]

]

]

1

: vector number

- |
]

' Executes interrupt
, Resets bit n of IRQ routine

] Y T
' : "
0 ) '
] ' ]
] ' ]
! \ )
) | 1
) ) '
' ' :
. ! .
X ! X
E ! Issues F command
: [ Resetsbitnotus for INTPn
'

]

1

]

- - -

Note INTPn must remain high until the first INTAK pulse is input in response to the interrupt request.
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Figure 5-57. Interrupt Acknowledge Timing Example (single mode) (1/2)

(8) V4OHL

|T4|T1|72|T3|T4|T1|T2|T3|TI|TI|TI|TI|TI|T4|T1|T2|T3|T4|T1|

CLKOUT
A16/PS0 - A19/PS3 Xinvalidf( invalid ~ Xinvaiid) invalld ~ XAddress{  Invaiid X
AB-A15 X invalid X Invalid (A8 - A10=000) X Address X

------- e - - -- () - - -

Reads vecior table

SNOLLONNd 30078 IYNUILINI § HILAVHO

e 1\ N\ N\ [\
MR\ /[ \__/
WD -/
BUFEN / \N A
BUFRW __ \ [
gUslock  \ /

Remark The broken lines indicate the high-impedance state.
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Figure 5-57. Interrupt Acknowledge Timing Example (single mode) (2/2)

(b) V50HL

[Mim||wB|n|n|n|w|n|2|B|n|n|n|n|n |17 |72|73|T6|T|

CLKOUT
A16/PSO - A19/PS3 Rnvai Invalid — Novelid( Invalid Yaddres( Invalid X
ADG - AD15 T Y - - - === L & - - - -
(AD8 - AD10 = 000)
s R R 5 - - - (o) - -
Reads vector table
ASTB /\ N\ /\_ /\L
INTAK \ / -/
MRD N/
BUFEN 7 /T
BUFRW \ PR
BUSLOCK \ /
BS0O-BS2 / \ / —_ / —

Remark The broken lines indicate the high-impedance state.

SNOWLONNG MJ0T78 TYNUILNI § HILdVHO
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(2) Expansion mode )
The V40HL and VSOHL can accept up to eight external interrupt requests. If more interrupt requests are
necessary, the number of channels can be increased by connecting external interrupt controllers, such as the
uPD71059, in cascade.
Figure 5-58 shows an example of connecting two pPD71059's in cascade. The INT output from a siave interrupt
controller is connected to one of the INTPn of the ICU. Note that the setting of registers/commands for the
expansion mode on initialization is different from that for the single mode.
The ICU operates in two ways in the expansion mode. In one way, the interrupt request is input to the ICU without
going through the slave, in which case the ICU operates in the same manner as in the single mode. The interrupt
request can also be input to the ICU via the slave. In this case, the operation of the ICU is different from that
in the single mode.
When the interrupt request is input to the ICU via the slave, the slave, not the ICU, gives a vector number to the
CPU. The ICU determines which slave must output the vector number. This is done by using the slave address
signal output to AB through A10. (Refer to Figure 5-60, Interrupt Acknowledge Timing Example (Expansion
Mode).)
Figure 5-59 illustrates how the request generated by the INTPi of a uPD71059 is acknowledged when the
uPD71059 is connected to the INTPn pin of the V40HL or V50HL.
The major differences between the expanded mode and single mode are as follows:

(a) A slave address is output to A8 through A10 in the first interrupt acknowledge cycle. This slave address
is output according to the channel connected to the slave uPD71059. Of course, the channel to which the
slave is connected must be correctly set by the IW3.

When the slave is connected to channel 5, for example, address SH is output to A8 through A10.
However, a slave interrupt controlier cannot be connected to the INPO pin. ’

Cascade Channel | A10 | A9 | A8
INTP1 0 0 1
INTP2 0 1 0
INTP3 0 1 1
INTP4 1 0 0
INTPS 1 0 1
INTP6 1 1 0
INTP7 1 1 1
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{b) The interrupt vector is output not by the ICU but by the slave uPD71059 to the lower 8 bits of the data bus.

Caution The INTPn interrupt ssquence in the expansion mode for the channel to which the slave
HPD71059 is not connected is the same as in the single mode.

Figure 5-58. Example of Connecting Slave in Expansion Mode

V40HL, V50HL
RESOUT S
1r al—
*-—
<
% = :
A8 —

—¢
N\

INTAK
1 N7 ¥
iINTAK SA2 iINTAK SA2
pPD71059 m uPD71059 g;
INTP3 f=——4¢ - . - ~
a [+ 8
wea—s | EE - € sEE-- &
INTP5 f~——6
INTPG
INTP7
7 8 14 15 16 22

Caution In this example, a 3-state buffer is necessary between the address bus (A8 through A10) and the
SA0, SA1, and SA2 lines of the slave puPD71059. This is because the VO statuses of SAD, SA1,

_ and SA2 of the IPD71059 are undefined until the pins are initialized. Therefore, if these pins are
directly connected to the address bus, the address information is affected in one way or another.
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Figure 5-59. interrupt Sequence in Expansion Mode

Peripheral device Slave LPD71059 Icy CPU

(INTPY) (SN =n)... slave numberisn  (Sn = 1) ... INTPn s slave (enables interrupt)
l | 5
Generates intsrrupt \| Setsbitiof IRR | 5
request to INTPi ;
Keeps INTPi*® high INTPI ‘ ;
pS g has highest No !
Yes :

. Generates H
WTorNTPE |~ sasbitnofifa |

INTPn

has highest ~NC
priority?
Yes
Generates INT
for INTPn \

. Outputs INTAK puise "
/onaclmowledginglm’ 1sttime

slave
ress (n) to A8 - A10

;I { outputs INTAK puise | 2nd time
¢ Interrupt Sets bit i of ISR. / Sets |_/l

1 acknowledge { | Outputs vector number I bitn of IIS I '

; sequence o data bus ~{ Receives vector number |
I

3 Executes interrupt

5 | ResetsbitiofiRR | | ResetsbitnofiRQ | routine

: i : Issues Fl command
; | Resets biti of ISR ]———'/ for slave INTPi

E : Issues FI command
i | Resetsbitnotis for INTPn of ICU

| |

Note INTPn must be kept high until the first INTAK pulse is input in response to the interrupt request.
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Figure 5-60. Interrupt Acknowledge Timing Example (expansion mode) (1/2)

() VAOHL

IMn|e|n|w|n||w|n|n|n|n|n|vw|m|%n2|B|1|n|

CLKOUT
A16/PS0 - A19/PS3 Xinvaiid( invalid NnvaidX invalid YAddress( Invalid X
As-A1s X Invalid X Slave address (A8 - A10) X Address X
ADO - AD? T Yk - - === - === -~ B T ST iy - - - i) - - - {
Vector number Reads vector table
ASTB /\ AN /\ [\

INTAKR /7 -/
NAD ./
N / \_ /[ \__/ —_/

surAw __ \ Y
SEER "\ /
Bso-Bs2” \___ 7\ 7 | WY AR W

Remark The broken lines indicate the high-impedance state.

SNOLLONNG Y2078 TYNHAINI § HILdVHO
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Figure 5-60. Interrupt Acknowledge Timing Example (Expanded Mode) (2/2)

{b) VSOHL

|Tln ||| n|n|n|w|n|2|wB|n|n|in|n|n|ta|T|T2|T|T|n|

CLKOUT
A16/PSO-A19/PS3  Yvaiid( Invalid Wrvaid( invalid Yaades) invalld X
s T - - (o)L
Slave address (AD8 - AD10)
ADO - AD7 - - - - Yjwakd)- - - - - - oo o oommee s fovaid) - - - {ioput) - - - == - = oo o e mmmmmcoeee ~{aess)- - - -(inpun) - - -
Vector number Reads vector table
'ASTB N\ N\ N\ /\
iINTAK \ / \ /
WRD ./
w7 \__/ __/ (N e
BUFRW ___ \ [
BUSLOCK O\ /
Bso-s2 \______ [ __/ | |

Remark The broken lines indicate the high-impedance state.
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5.9.7 lnéomplote interrupt

In this document, it has been described that INTPn input should be retained until interrupt acknowledge puise
(INTAK) from CPU retumns. This is because no interrupt can be acknowledged or incomplete interrupt is generated
it INTPn is changed before INTAK.

The incomplete interrupt means the state that IIS bit 7 is not set although the ICU operates as if level 7 interrupt
is acknowledged. In the case that incomplete interrupt may occur, incomplete interrupt service routine should be
prepared in the level 7 interrupt service routine.

To recognize the incomplete interrupt occurrence, check the setting of (IS bit 7.

In the incomplete interrupt service routine, if any other processing is not required especially, execute return
instruction. However, Fl command which is used to clear IIS bit should not be issued because IS bit 7 is not set (it
may cause disorder of interrupt nesting.)

Even when the level 7 interrupt is masked by IMKW, CPU executes incomplete interrupt.

Caution 1. Inseif-Flmode, level 7 interrupt and incomplete interrupt cannot be distinguished. In the case
incomplete interrupt may occur, ievels 0 to 6 should be used for interrupts, and level 7 for
incomplete interrupt service only.

2. In the case of employing cascade connection for uPD71059, etc., if incomplete interrupt is
generated in the slave side, the master ICU may also generate incomplete interrupt. In this
case, the ICU outputs the level 7 vector to master side.

At this time, be sure not to issue Fl command to both master and slave because lIS and ISR
bits of master and slave are not set.
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5.10 DMA Controller Unit (DMAU)

DMAU has four DMA channels and functions (subset) of two types of LS| devices: pnPD71071 and uPD71037.

5.10.1 Features

* Two operation modes (1PD71071 mode and pPD71037 mode)

e 20-bit address register

¢ 16-bit count register

* Four independeht DMA channels

* Four clocks/bus cycle

¢ Byte transfer or word transfer selectable

* Three types of transfer modes (can be set per channel) ‘
Single transfer mode, demand transfer mode, and block transfer mode

¢ Two types of bus modes (common to all channels; bus release mode only in pPD71037 mode)
Bus rélease mode
Bus hold mode

¢ DMA request of each channel can be masked

¢ Auto initialization function

¢ Increment or decrement of transfer address

¢ Two types of channel priority (fixed priority/rotating priority)

* TC output at end of transfer

* Forced termination of service by END input

e Cascade connection

5.10.2 Differences with the V40 and V50
o Addition of uPD71037 operation mode
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‘5.10.3 internal block diagram

Intemnal
address bus

internal
data bus

Internal
control bus

BUSRQ=—
BUSAK ——*

DMARQO
- DMARQ3

DMAAKO
- DMAAK3
END/TC

Extemnal

180

-

Intemnal bus
interface

Priority control

DMAU
address bus ml 088
<: decrement
(20)
e <3
register | [Current address (20x 4) | Control registers
[ Base address (20x 4) | V///Channel (8Y/////
(} | Device control (10) |
K DMAU data bus > L___Status (8 J
O | Mode control (7 x 4) |
Count
register | | Base count (16x4) | | Mask (4) ]
| current count (16 x4) | NN Heguest (4NN
Terminal count| Count

(16)

pPD71071 mode only
pPD71037 mode only
[:] Common to both modes
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5.10.4 Differences between uPD71071 mode and uPD71071

The uPD71071 mode of the DMAU has functions equivalent to those of the uPD71071, except for the following
functions:

Table 5-21. Differences between uPD71071 Mode and pPD71071

Function puPD71071 Mode pPD71071
Software request None Provided
Memory-memory transfer None Provided
DMARQ active level High High or low
DMAAK active level Low High or low
Bus cycle 4 clocks 4 or 3 clocks

5.10.5 Differences between |IPD71037 mode and uPD71037
The uPD71037 mode of the DMAU has functions equivalent to those of the uPD71037, except for the following
functions:

Table 5-22. Differences between uPD71037 Mode and pPD71037

Function upPD71037 Mode uPD71037
Memory-memory transfer None Provided
DMARQ active level High High or low
DMAAK active level Low High or iow
Bus cycle 4 clocks 3 or 2 clocks

5.10.6 Differences between the uPD71071 and pPD71037 modes

All the internal registers, except the channel register and request register, are used in commun in both the modes.
The channel register is dedicated to the uPD71071 mode, and the request register is dedicated to the uPD71037
mode (refer to section 5.10.3 Internal block diagram). Even when the mode has been changed, the contents of
each register are retained. The bits not used after the mode has been changed retain the status before the mode
change. .

The differences between the uPD71071 and pPD71037 modes are described below.

(1) Units of transfer
Byte or word transfer can be selected inthe uPD71071 mode. Inthe uPD71037 mode, however, only byte transfer
can be executed.

(2) Channel selection
Because the channel register is not used in the uPD71037 mode, a channel must be specified when a command
is issued. The channel is specified by using part of the data written to the mode control register. The channel
can also be specified by using the address register or count register, by specifying an I/O address to be accessed.
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@)

4

5)

(6)

)
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Accessing base/current register
The address register and count register of each channel consist of a base register and a current register. These

registers are accessed differently depending on the mode, as follows:

(a) WPD71071 mode
The current and/or base register can be selected by using the channel register.

. { Read : current register only
Wirite : both base register and current register
¢ Read/write: base register only

(b) pPD71037 mode
{ Read : current register only
Write : both base register and current register

Software DMA request
In the puPD71037 mode, the request register which is not used in the mPD71071 mode can be used to generate
a DMA request via software.

Bus mode

The nPD71071 mode has a bus release mode and a bus hold mode.

in the uPD71037 mode, the bus mode cannot be selected and operation is always performed in the bus release
mode of the uPD71071 mode.

DMALU location address

In the uPD71071 mode, the I/O addresses of DMAU are always located contiguously. In the mPD71037 mode,
however, location to contiguous addresses orto odd/even addresses can be selected by using SCTL in the system
/O area.

Miscellaneous

The basic commands can be used in both the modes. However, some commands can be used only in the
rPD71071 mode and others can be used only in the uPD71037 mode. The I/O address of each command is
not compatible between the pPD71071 mode and uPD71037 mode. All the commands in the uPD71037 mode
must be executed by the IN/OUT instruction of the byte type.
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5.10.7 Basic operation of DMAU

If external /O devices issue requests for DMA service to the DMARQn pin, V40HL/VS0HL acquires the bus control
and then returns the DMAAKn signal to device that has issued the request with the highest priority. Then DMA transfer
is executed by outputting an address to the memory, selecting an VO device, and performing read/write control.

Figure 5-61. DMAU Operation Flow

No

Yes

Bus request to BAU Idie cycle

Yes

DMA transfer

Updates address DMA cycle
counter

Withdraws bus } Ko cyco

The operation of the DMAU is performed in the DMA cycle and idle cycle.

Caution If a refresh request with a high priority is issued in the DMA cycle, the V40HL/V50HL may enter
the bus wait status in which It returns the bus control to the REFU.

(1) idie cycle ‘

in the idie cycle, a bus master other than the DMAU holds the bus control. The DMAU does not accept a valid
DMA request, or even if it has accepted the valid DMA request, it does not acquire the bus control.
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In the idle cycle, the DMAU perform the following operations:

(a)

(b)

()

(d)

Sampling of DMA request
The DMAU samples the statuses of the four DMARQn pins (whether DMARQ3 can be used is specified by

OPCN) at every operating clock, and sets the result of the sampling to the status register.

Requesting bus control

When a valid DMA request is issued, the DMAU requests the BAU for bus control by issuing an internal signal
BUSRQ.

The DMAU continues sampling the DMA request until it obtains bus control (until the BUSAK (internal signal)
from the BAU becomes active).

Determining DMA channel

When the DMAU has acquired the bus control, it stops sampling of the DMA request, selects the DMA channel
having the highest priority of the DMA channels that have issued the request, and asserts the corresponding
DMAAKn signal active.

Transter of data with CPU (programming of DMAU)

The transfer address, the number of transfer times, and a DMA operation mode of the DMAU must be
programmed by the CPU before the DMAU executes DMA transfer. In the idie cycle, the DMAU can read
data from or write data to the CPU by executing the IN or OUT instruction to an address determined by OPHA
and DULAinthe system I/O area. Atthistime, aregisterinthe DMAU and acommand are selected by address
signals AO through A3. ’

DMA cycle

A DMA cycle consists of four clocks. If a wait state (TW) is inserted in the DMA cycle, the TW state is inserted
following the T3 state. The TC and DMAAK signal continue the status in the T3 state. (However, in the DMA
cycle with the DMAU connected in cascade to an external DMA controlier, the wait state is controlled by the
external DMA controlier.)

Figure 5-62 shows an example of DMA timing. Take READ and WRITE in the figure as follows:

Signal Name in Diagram 1/0-to-Memory Transfer Memory-to-l/O Transfer
READ IORD MRD
WRITE MWR IOWR
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Figure 5-62. DMA Timing

(a) VAOHL
DMAU cycle lde_wdev DMA cycle vldle cycle
' T | T2 | ™3 | T4 | 70 | T2 | T3 | T4 |
CLKOUT _| L:_| | A [ I L [ A I I O I S I
" DMARQ _/'_“r \
T\ /\ Y a—
A18/PS0 - A19/PS3 __ XAddres)___ Processor status__ XAddress___Processor status X
A8-A15 _X ) e X
e - S - S X
ast8 __/\ /\ /\
A S \
WRITE \_Note \ / \_Note \ / \
&RBITS N s
BUFEN . N
BUFRW \
BSO - BS2 / \ -/ \

Note A low level is output in the expanded write mode.

Remark The broken lines indicate the high-impedance state.
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(b) VSOHL

DMAU cycle Idie cycle DMA cycle Idle cycle
N S

I T | T2 | T3 | T4 | T4 | T2 | T3 | T4 |

cwour UL LM LML L L LI
omara __ /D \

DMAAK 2 \ / \ /
A16/PSO - A19/PS3 __ XAddress{__ Processor status X Address___ Processor status X
B __ X X X_

BSO - BS2 / \ / ___

Note A low level is output in the expanded write mode.

Remark The broken lines indicate the high-impedance state.

@)
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Terminal count (TC)

One DMA service ends if terminal count occurs intemally or if the END signal is input from an exteral source.
(This service ends under other conditions depending on the operation mode.)

Figure 5-63 shows the relationship between the occurrence of the terminal count and the current count register.
The contents of the current count register decrement each time a DMA transfer executes. If a borrow occurs
fromthe current count register, a terminal count occurs, and a low-level signal is outputto the TC pin. The contents
of the current count register are evaluated after 1 byte of data has been transferred. Therefore, the number of
times DMA transfer is executed is one more than the set value of the current count register.
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Figure 5-63. Occurrence of Terminal Count (TC)

DMA transfer
|

Decrements current
count registers®

N°

Yes

Terminal count

Note In pPD71071 mode: DCC
In uPD71037 mode: DRBCxx
DWBCxx

It the DMA service ends due to the END input or occurrence of the terminal count, the bits of the mask register
corresponding to the channel that has ended the service are set (if auto initialization is not set), and the DMARQn
input of that channel is masked.
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5.10.8 uPD71071 mode
The DMAU is set in the uPD71071 mode when the DMAM bit of SCTL in the system I/O area is cleared to 0. The
uPD71071 mode is also set immediately after reset.

(1) Addressing
The internal registers of the DMAU are addressed by OPHA and DULA set in the system /O area and address
signals (A0 through A3). The DMAU has 24 registers as shown in Table 5-23. Of these, the DBA, DCA, DBC,
DCC, and DMD registers are provided to each channel. itis therefore necessary to first specify the channel whose
registers are to be accessed by using the DMA channel register (DCH).

Table 5-23. Registers of DMAU (uPD71071 mode)

Register Name Bit Size
DMA channel register (DCH) S bits
DMA base address register (DBA) 20 bits x 4
DMA current address register (DCA) 20 bits x 4
DMA base count register (DBC) 16 bits x 4
DMA current count register (DCC) 16 bits x 4
DMA mode control register (DMD) 7bits x 4
DMA device control register (DDC) 5 bits
DMA status register (DST) 8 bits
DMA mask register (DMK) 4 bits
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Table 5-24. Addresses of DMAU Internal Registers (LWPD71071 mode)

Higher Address Lower Address Register Operation

0 0 0 0 | DICM Write
0 o 0 1 | DCH Read/write
0 0 1 0 | DBC/DCC (lower byte) Read/write
0 0 1 1 DBC/DCC (higher byte) Read/write
0 1 0 0 | DBA/DCA (lower byte) Read/write
0 1 0 1 | DBA/DCA (middle byte) Read/write
0 1 1 0 | DBA/DCA (higher byte) Read/write

A15 - AB A7 A6 A5 A4 0 1 1 1 | Reserved -

(OPHA) (DULA) 1 0 0 0 | DDC (lower byte) Read/write
1 0 0 1 DDC (higher byte) Read/write
1 0 1 0 | DMD Read/write
1 0 1 1 | DST Read
1 1 0 0 | Reserved -_
1 1 0 1 Reserved —_—
1 1 1 0 | Reserved _—
1 1 1 1 | DMK Read/write

Remark These addresses are not affected by the value of the IOAG bit of SCTL.
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(2) Commands in uWPD71071 mode
Commands that read from or write to the registers of the DMAU are issued by executing the /O instruction to
an address set in the system I/O area and are selected by 4 bits of address signals, A0 through A3. Therefore,
the address of a command is the values of A0 through A3.

Table 5-25. DMAU Command Address (LPD71071 mode)

Address Operation Command
OoH W (B) Initialize (DICM)
1H R (B) Channel register read (DCH)
W (B) Channel register write (DCH)
2H RW Count register read/write (DBC/DCC)
3H RW
4H RW Address register read/write (DBA/DCA)
5H RW
6H R/W (B)
8H RW Device control register read/write (DDC)
9H RW
O0AH RW (B) Mode control register read/write (DMD)
0BH R (B) Status register read (DST)
OFH = | RW(B) Mask register read/write (DMK)

Caution Execute commands marked (B) using the byte INOUT instruc-
tion. Use only the address and operation combinations listed
in this table. *
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(3) Initialization
As shown in Table 5-26, the DMAU is initialized by the reset signal (RESET). It is also initialized in the same
manner when the initialize command shown below is issued. In other words, the DMAU can be initialized by
software as well as hardware.

Figure 5-64. DMA Initialize Command Register (DICM)

7 6 5 4 3 2 1 0
[ x [ x| x| x| x| x| x [res] ourwye

RES Reset
0 No operation
DMAU reset

Remark x: don't care

if the RES bit is set to 1, the internal registers of the DMAU will be initialized as shown in Table 5-26. After
initialization, the RES bit is automatically cleared to 0.

Table 5-26. Initializing Registers by Reset

Register Name State after Initialization
Address register Not affected.
Count register Not affected.
Channel register 7 6 5§ 4 3 2 1 0

[L-[-Tolololo]7] omema

Mode control register All bits are cleared.
Device control register All bits are cleared.
Status register All bits are cleared.
Mask register All bits are set. (all channels are masked.)
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; (4) Registers and commands

(a) DMA channel register (DCH)
This register selects one of the four DMA channels that is to be programmed by the CPU. Theretore, the

channel whose registers are to be programmed is specified by using this register immediately before setting
the address register, count register, and mode control register.
The format of this register differs depending on whether it is read or written.

() When DCH is read

Figure 5-65. DMA Channel Register Read Command

7 6 5 4 3 2 1 0
[ x | x | x [Base|seL3|sEL2|sEL1|sEL0]| IN(oyte)
| | | I

SELn Selected channel
0001 | Channel 0
0010 | Channel 1
0100 | Channel 2
1000 | Channel 3
BASE Access condition
1] Read : Current only
Write: Base and current
1 Read/write: Base only

Remark x: don't care.

‘ ¢ BASE bit
This bit indicates which of the address or count registers is accessed for read or write. [f this bit is
set, the base register can be read from or written to. If it is cleared, the current reglster can be read
from and the base and current registers can be written to.

¢ SEL bits
These bits indicate which channel is currently selected.
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(i) When DCH is written

Figure 5-66. DMA Channel Register Write Command

6 5 4 3 2 1 0

7
[ x [ x [ x | x | x [ease| sewcH | ouTye)

SELCH Selected channel
00 | Channel 0
01 | Channel 1
10 | Channel 2
11 | Channel 3
BASE Access condition
0 Read : Current only
Write: Base and current
1 Read/write: Base only

Remark x: don't care

¢ BASE bit

This bit indicates which of the address or count registers of the channel selected by the SELCH bits
is accessed for reading or writing, in the same manner as when the DCH register is read. If this bit
is set, the base register can be read from or written to. if it is cleared, the current register can be
read from and the base and current registers can be written to.

e SELCH bits

These bits specify which channel is to be selected.
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(b) DMA base/current count register (DBC/DCC)

Figure 5-67. DMA Count Roglstir Read/Write Command

7 6 5 4 3 2 1 0
[ c7 [ce [cs [ca [es|ca|c1|co] wvour

7 6 5 4 3 2 1 0
[c15 [cla|cia|ciz|{cin]cio| co|ca] mwvour

The current register of each channel consists of a base count register and a current count register.

Both the base count register and current count register are allocated to the same address. Which between
the base count and current count registers is selected for read or write is specified by the channel register.
The contents of the current count register decrements by one each time DMA transfer executes. The base
count register holds the current set value until a new count value is set, and the current set value is transferred
to the current count register when auto initialize is executed (refer to section 5.10.11 Auto initialization).
The count register can be read from or written to by using an IN/OUT instruction of the word type.
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(c) DMA base/current address register (DBA/DCA)

Figure 5-68. DMA Address Register Read/Write Command

7 6 5 4 3 2 1 0
[a7 Tas [ as | aa [ A3 | a2 | A1 ]| a0 ] mwour

7 6 5 4 3 2 1 0
[a1s [a1a [a13 [ a2 [a11 [ a0 | a0 | A8 | nvouT

7 6 5 4 3 2 1 0
[ x | x| x| x |aw|as|a7]|a6]| invoUT (byte)

Remark x: don’t care

The address register of each channel consists of a base address register and a current address register.
Both the base address register and current address register are allocated to the same address. Which
between the base address and current address registers is selected for reading or writing is specified by
the channel register. ’

The contents of the current address register are updated (12 for word transfer and +1 for byte transfer) each
time DMA transfer executes. The base address register holds the current set value until a new address value
is set, and the current set value is transferred to the current address register when auto initialization is
executed.

The lower 2 bytes (addresses 4H and 5H) of the address register can be read from or written to by using
a word-length IN/OUT instruction. Use a byte-length IN/OUT instruction to read from or write to the highest
1 byte (address 6H).
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(d) DMA device control register (DDC)
Figure 5-69. DMA Device Control Register Read/Write Command

7 6 5 4 3 2 1 0
| x | x |ew[rot| x [ooma] x | x | wour

DDMA Enables/disables DMA
0 Enabies DMA operation
1 Disables DMA operation

ROT Channel priority
0 | Fixed (CHO > --- > CH3)
1 Rotate (Refer to Figure 5-71.)

Normal write timing
Expanded write timing

EXW Wirite timing
0
1

Remark A small x refers to an optional 1 or 0.

7 6 5 4 3 2 1 0
lx]x[xix]x'xWWEVlBHLDIIN/OUT

BHLD Bus mode
0 Bus release mode
1 Bus hold mode

WEV Wait during verification
0 Disables wait during verification
1 Enables wait during verification

Remark x: don't care

This register selects a mode common to all channels and performs control operations, such as enabling or
disabling DMA operation. This register can be read from or written to by a word-length IN/OUT instruction.
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(1) EXW bit
This bit sets the output timing of the write signal as shown in Figure 5-70.

e Normal write : Active in T3 and TW states
o Expanded write : Active in T2, T3, and TW states

Figure 5-70. Expanded Write Timing

State | T1 | T2 | T3 | Ta | T | T2 | T3 |TW]| T4 |

Readsigd N\ / \ VAR

o "\ _/ N

Expanded /o
READY /C\ \6_/3\

(if) ROT bit
This bit specifies rotating channel priority. When this bit is set, the rotating priority mode is specified.
In the fixed priority mode, channel 0 aiways has the highest priority and channel 3 always has the lowest
priority, as shown in Figure 5-71. In the rotating priority mode, however, the channel whose service has
ended is given the lowest priority. This prevents a particular channel from monopolizing service.

Figure 5-71. DMA Priority

[Fixed] [Rotated]
Highest Highest
Highest | CHO | | CHO | | cH2 |
Lowest Lowest
m - CH1 service
N Y
Lowest [ 3 | (o |
(1i)) DDMA bit

When this bit is set, the DMA operation is temporarily stopped. internally, a bus request signal is not
output to the BAU while DDMA = 1. if the DMA operation is enabled again later by clearing the DDMA
bit to 0, the DMA operation can be resumed from where it was disabled. The DMAU can be programmed
while the DMA operation is disabled.
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(iv) WEV bit
This bit enables or disables the external READY signal and insertion of a wait state by the WCU during
verification transfer.

(v) BHLD bit
This bit sets the bus mode for DMA transfer. The bus mode is used to hold or release the bus.

* Bus release mode
In the bus release mode, the bus control is returmed to the CPU each time one service has ended.
Consequently, even when two or more DMA requests are simultaneously issued, another bus cycle
can be inserted in between the first service and the next service because the bus control is returned
once. Because the bus control is returned each time one DMA cycle has ended, a quick response
to a DMA request cannot be made.

¢ Bus hold mode
If another DMA request is issued after one service has ended in the bus hold mode, the bus master
can hold the bus control and render the service. However, the same channel is not successively
serviced. The bus hold mode enhances the transfer efficiency compared with the bus release mode.

Figure 5-72. Difference in Bus Control Depending on Bus Mode

(a) Bus release mode

Channel Channel
with with
’ Other than DMAU highest second
Bus user
{ DMAU priority priority

(b) Bus hold mode

— with with
Other than DMAU highest : second

Remark It is assumed in the above figure that two requests are made.
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(e) DMA mode control register (DMD)

Figure 5-73. DMA Mode Control Register Read/Write Command

7 6 5 4 3 2 1 0
| ™ope [apm|[aui| TOR | x |wB |

w/B Transter units
0 Byte transfer
Word transfer

TDIR Transfer direction
00 | Verify transfer (address output only)
01 | VO to memory
10 | Memory to I/O
11 | Setting prohibited

AUTI Auto initialization
0 Disables auto initialization
1 Enables auto initialization

ADIR Address direction
0 Increments address
1 Decrements address

TMODE Transfer mode
00 | Demand mode
01 | Single mode
10 | Block mode

1" Cascade mode

Remark x: don't care
This register specifies the operation mode of each channel.

() TMODE bits
These bits specify the memory-to-1/0 DMA transfer mode or the cascade mode when the DMA controller
is cascade-connected externally.
For details, refer to sections 5.10.10 Transfer mode and 5.10.12 Cascade connection.
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ADIR bit
This bit specifies the direction in which the contents of the current address register are updated.

* Increments address

Word transfer: +2, byte transfer: +1
¢ Decrements address

Word transfer: -2, byte transfer: -1

(ilf) AUTI bit

By setting this bit, the auto initialization function is enabled. For details, refer to section 5.10.11 Auto
initialization.

(iv) TDIR bits

v)

These bits specify the direction in which data is transferred between memory and /0. The following
three directions can be specified:

* Read transfer: memory to /O
MRD and IOWR are output at the same time.

* Write transfer: /O to memory
IORD and MWR are output at the same time.

¢ Verily transfer: Transfer is not performed.
Only an address is output and the read/write control signal is not output. This transfer is used for
a verify operation which requires only the DMAAK signal (for CRC check of a floppy disk in a fioppy
disk controller (FDC)).

W/B bit

This bit specifies whether DMA transfer is executed in word units or byte units. In word units, 2 bytes
starting from an even address are treated as one word, and are transferred once by using the 16-bit
data bus. If the transfer address is odd-numbered, the address is automatically decremented by one
and word transfer begins. As a consequence, the last 1 byte cannot be transferred. Therefore, be sure
to specify an even address as the transfer start address.

Table 5-27 shows how the contents of the current count register and current address register are updated
when byte or word transfer is executed. Table 5-28 shows the statuses of the A0 and UBE signals dumj
DMA transfer. '
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Table 5-27. Updating Current Registers

Register Byte Transfer Word Transfer
Current address +1 2
Current count -1 -1

Table 5-28. A0 and UBE Signals during DMA Operation

Byte/Word A0 | UBE Data Bus Status
Byte 0 DO to D7 valid
1 D8 to D15 valid
Word 0 DO to D15 valid
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() DMA status register (DST)

Figure 5-74. DMA Status Register Read Command

7 6 5 4 3 2 1 0

| Ras | Ra2 [ Rat [Rao [ T3 [ Te2 | Te1 | Teo | INoyte)
T T T T [T T 1

TCn Transfer termination
0 Not terminated
1 | END or TC occurs

RQn DMA request status
0 No DMA request
1 DMA request (pending)

This register maintains the status of DMA request of each*channel and the status of the TC or END input.

() RQO through RQ3 bits
These bits indicate the DMA request status of each channel. They indicate the status of the DMARQ

pin (1 it active) regardless of the mask status set by the mask register. Therefore, the DMA request
that is masked and currently kept pending can be checked.

“

(if) TCo through TC3 bits
These bits indicate the TC or END input generation status of each channel. These bits are automatically

cleared each time this register is read.
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(g) DMA mask register (DMK)

Figure 5-75. DMA Mask Register Read/Write Command

7 6 5 4 3 2 1 0
[ x| x| x| x [ m[m|wm]|wm] mwourpye
|

0 DMARQ not masked
1 DMARQ masked

Remark x: don't care

The DMA request of any channel can be masked by setting this register. The mask bit of the corresponding
channel is set when the terminal count occurs or when the DMA operation is forcibly terminated by the END
input. However, the mask bit of the channel for which the auto initialization function is specified is not set.

Caution Mask the DMA request when the DMA operation is disabled.

(5) Cascade connection :
Although the DMAU has four independent DMA channels, it may sometimes be necessary to increase the number
of DMA channels. In this case, extemal DMA controllers such as the uPD71071 can be connected in cascade.
(For details, refer to section 5.10.12 Cascade connection.)
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5109 PPD71037 mode
The DMAU is set in the uPD71037 mode when the DMAM bit of SCTL in the system |/O area is set to 1.

Note that the uPD71071 mode is set immediately after reset.

(1) Addressing
The internal registers of the DMAU during the pPD71037 mode are addressed by OPHA and DULA, which are

set in the system /O area, and by the address signals (A0 through A3 or A1 through A4). Table 5-29 shows

‘the internal register addresses in the pPD71037 mode.
in the nPD71037 mode, the channel register (DCH) is not used because the channel to be set is specified when

a command is issued.
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Table 5-29. Addresses of DMAU's internal Registers (LPD71037 mode) (1/2)

Higher Address Lower Address Register, Command Operation
When A15 - A8 A7 A6 A5 M| 0 O O O | Address register (channel 0) Read/write
I0AG (OPHA) (DULA) 0 O 1 0 Address register (channel 1) Read/write
=1 0 1 0 O | Address register (channel 2) Read/write
0 1 1 0 | Address register (channel 3) Read/write
0 0 0 1 | Countregister (channel 0) Read/write
0 0 1t 1 | Countregister (channel 1) Read/write
0 1 0 1 | Countregister (channel 2) Read/write
0 1 1 1 | Countregister (channel 3) Read/write
1 0 0 0 | Status register/command register Read/write

1 0 0 1 | Requestregister Write

1 0 1 0| Single mask register Write

1 0 1 1 | Mode register Wirite

1 1 0 0 | Clear byte pointer F/F Wirite

1 1 0 1| Initialize Write

1 1 1 0 | Clear mask register Write

1 1 1 1| Al mask registes Write
When A15 - A8 A7 A6 A5| 0 O O O |AO| Address register (channel 0) Read/write
I0AG (OPHA) oua) [0 o 1 o Address register (channel 1) Read/write
=0 o 1 0 O Address register (channel 2) Read/write
o 1 1 0 Address register (channel 3) Read/write
0o 0 o 1 Count register (channel 0) Read/write
o 0o 1 1 Count register (channel 1) Read/write
o 1 0 1 Count register (channel 2) Read/write
o 1 1 1 Count register (channel 3) Read/write
1 0 0 O Status register/command register Read/write

i1 0 0 1 Request register Write

i 0 1 o0 Single mask register Write

i 0o 1t 1 Mode register Wirite

1 1 0 O Clear byte pointer F/F Write

1 1 0 1 Initialize Write

i1 1 1 0 Clear mask register Wirite

1T 1 1 1 All mask registers Write
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Table 5-29. Addresses of DMAU'’s internal Registers (1PD71037 mode) (2/2)

Higher Address Lower Address Register, Command Operation
11111111 {1 1 1 0 0 0 O O|BSEL Read/write
- 11111111 1 1 1 0 0 0 O 1 |BADR Read/write
:gneen A15 - A8 A7 A8 A5 A4 A3 A2-| BNKn | Bank register (channel n) Read/write
=1 (OPHA) (BADR) (BSEL)
}gl;een A15 - A8 A7 A6 A5 A4 A3 | BNKn | A0 | Bank register (channel n) Read/write
=0 (OPHA) (BADR) (BSEL)

Remarks 1. The addresses of BSEL and BADR are FFEOH and FFE1H regardiess of the SCTL IOAG bit, OPHA,
and DULA.

2. n=0t03
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(2) Commands in uPD71037 mode

Table 5-30. Commands in pPD71037 Mode

Addresshote 1
A3 A2 Al A0 Operation F/FiNow 3 Command NameNot 4
(M) | (A3) | (A2) | (A1)
0 channelNote 2 o Read 0 Read current address register (lower byte) (DRCAn)
1 Read current address register (higher byte) (DRCAn)
Write 0 Wirite base & current address register {lower byte) (DWBCAnN)
1 Wirite base & current address register (higher byte) (DWBCAN)
0 channelNote 2 4 Read 0 Read current count register (lower byte) (DRCCn)
1 Read current count register (higher byte) (DRCCn)
Write 0 Wirite base & current count register (lower byte) (DWBCCn)
1 Wirite base & current count register (higher byte) (DWBCCn)
1 0 0 0 Read Read status register (DRST)
Write Write command register (DWC)
1 0 0 1 Write Wirite request register (DWRQ)
1 0 1 0 Write Wirite single mask register (DWSM)
1. 0 1 1 Write Wirite mode register (DWM)
1 1 0 0 Write Clear byte pointer F/F (DCBP)
1 1 0 1 Write Initialize (DINT)
1 1 1 0 Write Clear mask register (DCM)
1 1 1 1 Wirite Wirite all mask register (DWAM)

Notes 1. Address in parentheses apply when IOAG =0

2. If these bits = 00, channel 0 is selected.

If these bits = 01, channel 1 is selected.
If these bits = 10, channel 2 is selected.
If these bits = 11, channe! 3 is selected.

3. F/Fis abyte pointer flip-flop. This flip-flop specifies the higher or lower byte when the address register
and count register are accessed. This flip-flop is cleared to 0 at reset or when the clear byte pointer
F/F command is executed, and inverted each time the address register and count register have been
read or written. Therefore, read or write the lower and higher bytes of the address register and count
register in succession.

4. n = 0 to 3 (channel number)

207



CHAPTER 5 INTERNAL BLOCK FUNCTIONS

(3) Details of the uPD71037 mode command
The detailed format of each control command is shown below. The address is indicated by the A0 through A3

signals when the IOAG bit of SCTL is 1 and by the A1 through A4 signals when the IOAG bit is 0.

(a) Read status register (DRST)
This register maintains information on each channel on the DMA request, terminal count generation and END

signal input.

Figure 5-76. Read Status Register (DRST)

7 6 5 4 3 2 1 0
| Ras | Ra2 | Rat [Roo | Tea | T2 | Te1 | Teo | IN(oyte)
T T T [T T 1

TCn Transfer termination
0 Not terminated
1 | END or TC generated

RQN Pin request status
0 No DMA request
1 DMA request (pending)

() RQO through RQ3 bits
These bits indicate the DMA request status (DMARQ pin input). They are set as long as the DMARQ
input of the same channel is active, even if the corresponding channel is masked. By samplmg these
bits, a DMA request that is masked and kept pending can be detected.

(il) TCO through TC3 bits
These bits indicate the END input or terminal count generation status of each channel.
If a terminal count occurs within a channel, or if the END signal is input to a channel from an external
source, the bit of the relevant channel will be set. Each time the contents of DRST are read, these bits
will be reset.
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(b) Write command register (DWC)
This register determines DMA transfer enable/disable, the priority and write timing.

Figure 5-77. Write Command Register (DWC)

7 6 5 4 3 2 1 0
[ x [ x [owlror| x jooma| x | x | ouTeye

DDMA Enables/disables DMA
0 Enables DMA operation
1 Disables DMA operation

ROT Channel priority
0 Fixed (CHO > --- > CH3)
1 Rotate (Refer to Figure 5-71 DMA priority.)

Normal write timing
Expanded write timing

EXW Write timing
0
1

Remark x: don’t care

(I) EXW bit
When this bit is set, the DMAU outputs the write signal at the same timing as the read signal (expanded

write). Figure 5-78 shows the expanded write timing.

Figure 5-78. Expanded Write Timing

Stae | T1 | T2| T | T4 | TI | T2| T3 |TW]| T4 |

s~ \___ /T \ S
et~ \__/ /T

m
- N/ N\ /
READY 7\ \ /"N
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(i) ROT bit
When this bit is set, the priority of the DMA channel is determined in a rotating nest mode.

(iil) DDMA bit
This bit disables the DMA operation. While this bit is set, the DMAU will not output the HLDRQ signal
to the host CPU even if it has received the valid DMA request. The DDMA bit prevents wrong DMA
transfer from being executed while the program of the DMAU is being executed.
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(c) Write request register (DWRQ)
This register specifies control of software DMA request.

Figure 5-79. Write Request Register (DWRQ)

7 6 5 4 3 2 1 0
[ x | x | x | x | x |sra| sewcH | ouTye)

SELCH Selects software DMA request channel

00 | Selects channel 0

01 Selects channel 1

10 Selects channel 2

1" Selects channel 3

SRQ |. Request setting
0 Reset request bit
1 Set request bit

Remark x: don‘t care

() SRQ bit

This bit controls the software DMA request of the channel selected by bits 0 and 1. When this bit is

1, the request bit of the specified channel is set; when it is 0, the request bit is reset.

(i1) SELCH bit
This bit specifies a channel subject to software DMA request control.
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(d) Write single mask register (DWSM)
This register controls set or reset of the mask bit of each channel.

Figure 5-80. Write Single Mask Register (DWSM)

7 6 5 4 3 2 1 0
[ x | x | x | x | x [smx] setch | out(oye)

SELCH Selects DMARQ mask channel
00 |Selects channel 0
01 | Selects channel 1
10 | Selects channel 2
11 | Selects channel 3

SMK Mask setting
0 Resets mask bit
1 Sets mask bit

Remark x: don't care
() SMK bit
This bit masks the DMA request (DMARQ pin input) of the channel specified by bits 0 and 1. When
this bit is 1, the DMA request is masked; when it is 0, the DMA request is unmasked.

(i) SELCH bit
These bits select a channel subject to DMA request masking.
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(e) Write ali mask register (DWAM)
This register specifies set or reset of the mask bits of all channels.

Figure 5-81. Write All Mask Register (DWAM)
7 ] 5 4 3 2 1 0

| x | x| x [ x {ms[m|m | ™| ourpye
I I

0 DMARQ not masked
1 DMARQ masked

Remark x: don't care

The MO through M3 bits specify whether each of the four DMA channels is masked or unmasked. When
any of these bits is set to 1, the corresponding channel is masked, and the DMA request of that channel
(DMARQ pin input) is disabled. When the bit is cleared to 0, the channel is unmasked.
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(f) Write mode register (DWM)
This register specifies the mode of DMA transfer for each channel.

Figure 5-82. Write Mode Register (DWM)

7 6 5 4 3 2 1 0
| ™™ope [abm|Aumi| TOR | sewcH |

L SELCH Selects channel

00 | Selects channel 0

01 | Selects channel 1

10 Selects channel 2

11 | Selects channel 3

TDIR Transfer direction

00 | Verify transfer

01 /O to memory

10 | Memory to 11O

1 Setting prohibited

AUTI Auto initialization

0 Disables auto initialization

1 | Enables auto initialization

ADIR Address direction

0 Increments address

1 Decrements address

TMODE Transfer mode

00 | Demand mode

01 | Single mode

10 | Block mode

11 | Cascade mode
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() TMODE bits
These bits specify a DMA transfer mode.
For details, refer to section 5.10.10 Transfer mode.
When connecting an external DMA controller to the DMAU in cascade, specify the cascade mode by
using these bits (refer to section 5.10.12 Cascade connection).

(i) ADIR bit
This bit specifies whether the value of the current address register will increment or decrement when
it is to be updated. If this bit is cleared to 0, the value of the current address register will increment by
one each time 1 byte has been transferred; if it is set to 1, the register value will decrement by one.

(iif) AUTI bit
By setting this bit, the auto initialization function is enabled.
For details, refer to section 5.10.11 Auto initialization.

(iv) TDIR bits :
These bits specify a transfer direction.

(v) SELCH bits
These bits specify a DMA channel for which modes are specified by bits 2 through 7.

(g) Clear byte pointer F/F (DCBP), initialize (DINT), and clear mask register (DCM)
The data written by the three commands, DCBP, DINT, and DCM have no meaning. Any value that is written
by a byte-length OUT instruction makes the command valid. '

Command Address Function

DCBP CH Clears byte pointer F/F.
Before accessing the address/count
register, issue this command.

DINT DH Initializes the DMAU (Because same state
as that during RESET input).
DCM EH Clears masks of all channels and enables

acknowledgement of DMA requests.
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(4) Expanded DMA address
The V40HL and V50HL have bank registers (BNKRO through BNKR3) that specify expanded DMA addresses
A16 through A19 of channels 0 through 3 in the uPD71037 mode. The /O address to read/write these registers
in the uPD71037 mode is specified by OPHA and bank address register (BADR) in the system I/O area.

(a) VO addresses of bank registers
The higher 8 bits (A8 through A15) of the I/O addresses of the bank registers (BNKRQ through BNKR3) are

set by OPHA, and the lower 8 bits (A0 through A7) are set by the bank address register (BADR). The bits
that can be set differs depending on the value of the IOAG bit of SCTL, such as the other on-chip peripheral

relocation registers.

Figure 5-83. Bank Address Register (BADR)

(a) When IOAG =1

7 6 5 4 3 2 1 0 /O address
{ A7 | a8 [ as [ ma [ A3 (a2 | —| =] Frem

(b) When IOAG = 0

7 6 5 4 3 2 1 0 VO address
| A7 [ a6 [As [a4 [ A3 | — | — [ A0 |  FrEMH

The I/O addresses of the bank registers are determined by the addresses set to registers OPHA and BADR.
In addition, the bank registers selected by A0 and A1 (when IOAG = 1) or A1 and A2 (when IOAG = 0) are
programmable.
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Figure 5-84. Bank Select Register (BSEL)

7 6 5 4 3 2 1 0  1Oaddress

| Bnks BNK2 | BNKI | BNKO |  FFEOH
n T 1 ]
[ BNKn Specifies address of bank registers

(BNKRO to BNKR3) of channels 0 to 3

When I0AG = 1 When I0AG = 0
00 A0 =0, A1 =0 A1=0,A2=0
01 A0=1,A1=0 Al=1,A2=0
10 AO=0, Al =1 A1=0,A2=1
11 AO=1,Al =1 Al=1,A2=1

(b) Bank registers (BNKRO to BNKR3)

Figure 5-85. Bank Registers (BNKRO to BNKR3)

7 6 5 4 3 2 1 0
[ o | o o] o |ae]|as]|az]ae]

Expanded DMA address bits A16 through A19 are set to the bits 0 through 3 of the bank register. Be sure
to clear the bits 4 through 7 of the bank register to 0 at this time. The contents of the bank register are
undefined after the uPD71071 mode has been used. The bank registers are enabled by OPSEL in the system
I/0 area to be used by the DMAU, and exist in the /O space only in the uPD71037 mode. They do not exist
on the intemal VO space in the pPD71071 mode. However, registers BADR and BSEL exist on the system
I/0 space regardless of the mode of the DMAU. The bank registers use the higher 8 bits of the address

register in the yPD71071 mode.

(c) Carry transfer control

A carry that occurs from A15 to A16 is controlled by the CE bit of SCTL in the system I/O area when the

bank registers are used.

CE Function
0 Carny is not transferred to A16 in uPD71037 mode
1 Carry is transferred to A16 in pPD71037 mode
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5.10.10 fnnsfor mode
The transfer mode in the uPD71071 mode is specified by the TMODE bit of DMD, and the transfer mode in the

uPD71037 mode is specified by the TMODE bit of the write mode register command. The operation in each transfer
mode is the same in both the uPD71071 and uPD71037 modes.

Howaever, only the bus release mode is available in the uPD71037 mode as a bus mode.

Table 5-31 shows the types of transfer modes and transfer end conditions.

Table 5-31. Transfer Modes and DMA Service End Conditions

Transfer Mode Service End Condition
Single mode Transfer end for each 1 byte/1 word
Demand mode External END input -

[ ]
¢ Occurrence of terminal count

+ Withdrawal of DMARQ of service channel

« Occurrence of DMARQ with higher priority (bus hold mode)Net®

Block mode e External END input
¢ Occurrence of terminal count

Note If a DMARQ with the higher priority is generated, DMA transfer under execution is
temporarily stopped and the DMA transfer with the higher priority is executed. When
this DMA transfer has been completed, and if DMARQ is active, the first DMA transfer
is resumed.

ittwo or more DMA requests are issued, the operation to be performed slightly differs depending on the combination
of the transfer mode and the bus mode. Table 5-32 shows the operations in each combination of the transfer mode
and bus mode. ‘
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Table 5-32. DMA Operation for Each Combination of Transter Mode and Bus Mode

Bus Mode
Transfer Bus Release Bus Hold
mode

Single

Remark BUSAK is the internal signal of the V40HL and V50HL, and is the HLDAK signal dedicated to
the DMAU.
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5.10.11 Auto initialization

The auto initialization function automatically initializes the address and count value when the value of the current
count register reaches 0 when a terminal count (TC) occurs, or when the END signal is input. This function can be
set for each channel by DMD (in the uPD71071 mode) or DWM (in the uPD71037 mode).

It the END signal is input or if a TC occurs during service of a channel for which the auto initialization function is
specified, the following operations are performed:

* Thecontents of the base address register and the base count register are automatically transferred to the current

address register and current count register, respectively.
* The relevant bit of the mask register is not set. (The relevant bit of the mask register of the channel for which

auto initialization is not set will set).

The auto initialization function is especially useful for executing the DMA transfers indicated below:

(1) Repetitive input/output of a specified memory area
DMA transfer between a CRT controller and V-RAM can be cited as an example. In this case, if the auto
initialization function is executed with the base register and current register set to the same initial value, DMA
transter will execute repeatedly without subsequent CPU operation.

Figure 5-86. Auto Initialization Application Example 1

Memory

CRT

CRTC

DMAAK
DMARQ

MRD VAOHL, VSOHL | IOWR

(2) Continuous transfer to more than one memory area _

Because writing to the base register only is required for writing to the address/count register, the auto initialization
function can be used as follows: ,

During the bus release mode, when the DMAU operates in the single or demand mode, it may be necessary to
transfer two or more contiguous or non-contiguous memory areas. In this case, if information in the next area
is set to the base register while one area is being transferred, information in the next area is transferred to the
current register using the auto initialization function when a terminal count of the area being transferred occurs.
In this way, transfer can be executed continuously. If the auto initialization function is used in this way, the CPU
will have enough time to write data to the DMAU.
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Figure 5-87. Auto Initialization Application Example 2

Memory DMAU _ CPU
|
Wirites data in
area 1 to current
register
Area 1 |
transfer
Wirites data in
area 2 to base
register
Area 2
transfer
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5.10.12 Cascade connection

The DMAU can directly handle up to four channels. Any of these channels can be connected to an external DMA
controller if so specified using DMD, and this will increase the number of channels. Cascade connection is
implemented as follows:

(1) Connect the HLDRQ and HLDAK pins of the uPD71071 and uPD71037 to the DMARQ and DMAAK pins of
any channel of the V40HL and V50HL.

(2) Set the channel of the uPD71071 and pPD71037-connected V40HL and V50HL to the cascade mode.

During the DMA service of the channel set in the cascade mode (cascade channel), the DMAU will always operate
inthe bus release mode, regardless of the setting of DDC. Consequently, requests from the other channels are ignored
during the service of the cascaded channel. When the service of the cascaded channel has ended and the DMAU
enters the idle cycle, it will retumn to the bus mode that was set by DDC.

The cascade channel only grants the bus control to the connected uPD71071 and uPD71037 and does not output
an address or control signal.

Figure 5-88. Example of Cascade Connection

———"DMA1
VAOHL, VSOHL | ——
————"DMA3
Cascade (DMAAK [—>>—={ HLDAK DMA4
channel DMARQ HLDRQ
" DMAS

uPD71071 |=—— DMAS
UPD71037 [ DMA?
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Figure 5-89. Example of Cascade Timing

T T4
awor [ 1,77 ]
S ) 4
omara / \G

DMAAK R \ . /

I

S g WO SO = S C

{4 {i

Y 12
BS0 - BS2 \

Note ADOto AD7(V40HL), A8to A15(V40HL), ADOto AD15(VS0HL), A1610 A19, BUFEN, BUFR/W, MRD, MWR,
IOWR, BUSLOCK

Remark A circle indicates the sampling timing..
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Table 5-33. Pin Status During Cascade Connection

Pin Name 170 Cascade Connection
ADO to AD15Note 1 3-state /O Hi-Z
ADO to AD7Not 2 3-state VO Hi-Z
A8 to A15Note 2 3-state output Hi-Z
A16/PS0 to A19/PS3 3-state output Hi-Z
REFRQ Output H
HLDAK Output L
RESOUT Output L
MRD 3-state output Hi-Z
MWR 3-state output Hi-Z
iORD 3-state output Hi-Z
iOWR 3-state output Hi-Z
ASTB Output L
UBENote 1 3-state output Hi-Z
HighNote 2 3-state output Hi-Z
BUSLOCK 3-state output HI-Z
BUFR/W 3-state output HI-Z
| BUFEN 3-state output Hi-Z
CLKOUT Output @)
BSO to BS2 3-state output H
Qso, as1 Output @)
TOUT2 Output O
INTAK Output H
SRDY O
TOUT1 @)
DMAAK3 Output @)
T*D O
DMAAKO to DMAAK2 Output @)
END/TC Vo H

Note 1. VSOHL only
2. VA40HL only

Remark H: high level, L: low level, H/L: high or low level
Hi-Z: high impedance,
O: not fixed (outputs valid value)
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5.10.13 Status transition diagram
The following figures show the status transition of the DMAU that applies to both the uPD71071 and uPD71037
modes. In the uPD71037 mode, however, the bus mode is always fixed to the bus release mode.

Figure 5-80. idle Cycle

T1 : DMA request walit state

TO : HLDAK walit state

T1 : Address latch state

T2 : Read signal output state

T3 : Wiite signal output state

T4 : Read/write signal recovery state
TW : READY wait state

T4w: Bus wait state

Figure 5-81. DMA Cycle (1/4)

(a) Cascade mode
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Figure 5-91. DMA Cycle (2/4)

(b) Single mode

END flag set
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Figure 5-91. DMA Cycle (3/4)

(c) Demand mode

END flag set
| I
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Figure 5-91. DMA Cycle (4/4)

(d) Block mode

END fiag set
| I
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§.10.14 Precautions

M

(2

@)

Terminal count and number of times of transfer
DCC is decremented each time DMA transfer has been executed to count the number of times of DMA transfer.

The terminal count occurs when a borrow occurs, rather than when the value qf DCC has reached to 0, as shown

by the flowchart in Figure 5-92.
Therefore, the number of times DMA transfer is executed until the terminal count occurs and TG is output is one

more than the value set to DCC.

Figure 5-92. Terminal Count Generation

DMA transfer

DCC decrement

Yes

Terminal count

Bus wait operation

Usually, the DMAU has the highest level of bus control, and its DMA service does not stop due to a request for
the bus from the other bus masters. However, when the REFU is used, and if a refresh request is kept waiting
foralongtime, the level of bus control of the REFU becomes higher than that of the DMAU, and the REFU requests
that the DMAU release the bus.

In this case, the DMAU temporarily stops the DMA service as soon as the DMA cycle currently executing has
completed and relinquishes the bus to the REFU. The REFU executes the refresh requests which have been
kept pending four or five cycles and then returns bus control to the DMAU again.

In this way, the DMA service may stop temporarily due to the REFU.

This bus wait operation, however, does not affect the DMA function at all, except that DMA service stops
temporarily.

Masking DMA requests

Be sure to mask the DMA channels by using the DMA mask register (DMK) when the DMA operation is disabled.
If two or more channels are executing DMA, and if an attempt is made to change the contents of DMK with the
DMA operation enabled, a terminal count (TC) occurs after the register contents have been read. If the bit
corresponding to DMK is set, it will be cleared again by a write access of the program.
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6.1 Wait Function

The V40HL/V50HL has a wait function that can extend the bus cycle in order to connect a low-speed memory and
I/O. This wait function is implemented by using the READY pin or wait control unit (WCU).

6.1.1 Walit function by using READY pin

Wait state(s) (TW) can be inserted in each bus cycle of the memory cycle, external I/O cycle, DMA cycle, and refresh
cycle by controlling the READY pin. However, TW cannot be inserted in the internal I/O cycle (the READY input is
ignored). .

When no TW is inserted in a bus cycle (no-wait status), the READY pin must be at the high level (ready) in the
T2 state of the bus cycle. In the subsequent T3 and T4 states, the READY pin is not sampled, and the bus cycle
ends. Figure 6-1 shows the timing in the no-wait status.

Figure 6-1. Ready Timing (no-walit status)

T1 T2 T3 T4 T

e =

READY (input) Range of change \ Range of change

CLKOUT (output)

Toinsert a TW in a bus cycle, the READY pin must be at the low level (no-ready status) in the T2 state of the bus
cycle. To insert another TW, the READY pin must be at the low level in the subsequent T3 state. To insert a third
TW, the READY pin must be at the low level in the subsequent TW state. If the READY pin is at the high level in
the T3 or TW state, itis assumed that insertion of the the TW state has ended, and the bus cycle ends in the subsequent
TW or T4 state. Consequently, the TW state is inserted two states after the low level of the READY signal has been
sampled. So that execution exits from the TW state and enters the T4 state, make the READY signal high at the
rising edge of the clock two states before the T4 state. Figure 6-2 shows an example of inserting one wait state.

The bus status is extended by the number of inserted wait states.
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Figure 6-2. Ready Timing (with 1 wait state inserted)

T T2 £ ™ T4
CLKOUT (outpt)  / \ y
tsAvix ha— fo—tacAvH
teavic—e-|
READY (nput)  Range of change *{ﬁ-f \ Range of change
l—J L—b«m

Note Range of change.
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6.1.2 Walit function by using WCU

The wait control unit (WCU) functions to insert a TW of 0 to 3 clocks in each bus cycle (memory cycie, external
I/0 cycle, DMA cycle, or refresh cycle). However, a wait cannot be inserted in the internal /O cycle.

If a TW of O to 3 clocks is sufficient for an application system using the V40HL or V50HL, only the WCU is necessary,
and the external READY control circuit is not necessary. In this case, the READY pin must be high.

(1) Walt in CPU cycle
The WCU can insert a TW in the memory cycle and I/O cycle started by the CPU.
The V40HL and V50HL can access a memory space of 1 MB. Because the memory spaces of some systems
do not require wait states, setting the same number of wait states for all memory spaces may cause degradation
of the system performance. To prevent this, the WCU can divide the 1-MB memory space into three blocks and
can independently set zero to three wait states for each of these blocks. In addition, the highest and lowest
memory blocks can be further divided into two (subblocks) to which zero to three wait states can also be inserted.
This means that the 1-MB memory space can be divided into up to five memory blocks and zero to three wait
states can be inserted in each one (refer to Figure 6-6 Dividing Memory Space into Five Blocks).
The V40HL and V50HL can also access an /O space of 64 KB, and the WCU can divide this I/O space into up
to three areas.
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(a) Programmable wait memory area setting register (WMB)

Figure 6-3. Programmable Wait Memory Area Setting Register (WMB)

7 6 5 4 3 2 1 0 /O address

[ x| LMB | x| UMB | FFFan

UMB Upper memory block size
000 |32KB

001 |64KB

010 |96 KB

011 |128KB

100 |192KB

101 | 256 KB

110 |384KB

111 |512KB

LMB Lower memory block size
000 |32KB

001 |64KB

010 |96 KB

011 | 128KB

100 [ 192KB

101 | 256 KB

110 |384KB

111 | 512KB ¢

Remark x: don't care

The programmable wait memory area setting register (WMB) divides the 1-MB memory space into three
blocks: an upper, middle, and lower memory block. The UMB bit of this register sets the upper memory block,
while the LMB bit sets the lower memory block. The rest of the memory space is the middie memory block.
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Figure 6-4. Dividing Memory Space into Three Blocks

FFFFFH

1-MB memory space

Upper memory block

Middie memory block

Lower memory block

Size: Set by UMB bit of WMB
Number of wait states: Set by UMW bit of WCY1

Size: 1 MB - (upper memory block + lower memory block)
Number of walt states: Set by MMW of WCY1

Size: Set by LMB bit of WMB
Number of walt states: Set by LMW of WCY1
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(b) Extended walit block select register (EXWB)
Figure 6-5. Extended Wait Biock Select Register (EXWB)

7 6 5 4 3 2 1 0  UOaddress
{ o Jo| o o] o [iose] memse | rreDH

MEMSP | Specifies extended division of memory blocks
00 | Does not divide memory blocks
01 | Divides upper memory biock into two subblocks
10 | Divides lower memory block into two subblocks
11 | Divides both upper and lower memory blocks
into subblocks

IOSP Specifies dividing of VO area
0 Does not divide I/O area
1 Divides 1/O area

Caution Be sure to clear bits 3 through 7 to 0.

(i) MEMSP bits
Of the three memory blocks into which the memory space is divided by using the WMB register, these
bits further divide the upper and/or lower memory blocks into two subblocks.

(i) IOSP bit
This bit divides the /O area into three blocks. The size of each block is set by using the programmable
wait /O block setting register (WIOB).
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Figure 6-6. Dividing Memory Space into Five Blocks

(Example of dividing upper and lower memory blocks into two subblocks)

(MEMSP bit = 11B)
Size: Set by USMB bit of WSMB
Upper submemory block Number of wait states:
}  FFFFFH Set by USMW bit of WCY3
Upper memory block Size: Upper memory block size -
upper submemory block size
Number of wait states:
Set by UMW bit of WCY11
1-MB space Middie block
erony memory Size: Lower memory block size —
lower submemory block size
Number of wait states:
Set by LMW bit of WCY1
Low block
or memory Size: Sat by LSMB bit of WSMB
00000H Lower submemory block | } Number of wait states:
Set by LSMW bit of WCY3
Figure 6-7. Dividing VO Space into Three Blocks
FFFFH )
Size: Set by UIOB bit of WIOB
Upper UOblock 1 I Number of walt statss: Set by UIOW bit of WCY3
2
Size: 64 KB - (upper L'O block size + lower /O block size)
64-KB 1O space Middie VO block | ' Number of walt states: Set by IOW bit of WCY1
Size: Set by LIOB bit of WIOB
Lower VO block |  Number of walt states: Set by LIOW bit of WCY3
0000H
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(c) Wait submemory block setting register (WSMB)

Figure 6-8. Wailt Submemory Block Setting Register (WSMB)

7 6 5 4 3 2 1 0 1/O address
| o o] s | o [ o | usme | FrecH

UsMB Upper submemory block size
00 |64KB

o1 [128KB

10 |192KB

11 |256kB
LSMB Lower submemory block size
00 [64KB

01 |128KB

10 |[192kB

1 |256KB

Cautions 1. Be sure to clear bits 2, 3, 6, and 7 to 0.

2. Keep the size specified by the LSMB bits and the size specified by USMB bits to within
by the UMB and LMB bits of WMB.

the size of the memory block specified

WSMB specifies the size of the upper and lower submemory blocks selected (divided) by the MEMSP bits

of EXWB.
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(d) Walit VO block setting register (WIOB)
Figure 6-9. Walit VO Block Setting Register (WIOB)

7 6 5 4 3 2 1 0  UOaddess
[ o | LIOB { o | uioB | FFEBH

uvioB Upper VO block size
000 |4KB

001 |8KB

010 |12KB

011 |16KB

100 |24KB

101 |32KB

110 [48KB

111 |64KB

LioB Lower I/O biock size
000 |4KB

001 |8KB

010 |12KB

011 |16KB

100 |24KB

101 |32KB

110 [48KB

111 | 64KB

Caution Be sure to clear bits 3 and 7 to 0.

WIOB sets the size of the upper and lower /O blocks of the three I/O blocks into which the I/O space is divided.
The 1/O block between the upper and lower blocks is the middle block (refer to Figure 6-7).
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(e) Programmablie walit cycle setting register 1 (WCY1)

Figure 6-10. Programmable Wait Cycle Setting Register 1 (WCY1)

7 6 5 4 3 2 1 0 /O address

[ ow | uww | mw | ww | FresH
LMW Number of walt states for lower memory block
00 | Inserts no wait state -
01 Automatically inserts 1 wait state
10 | Automatically inserts 2 walt states
11 | Automatically inserts 3 walt states
MMW | Number of walit states for middie memory block
00 | Inserts no wait state
01 | Automatically inserts 1 wait state
10 | Automatically inserts 2 wait states
11 | Automatically inserts 3 wait states
UMW | Number of wait states for upper memory block
00 | inserts no wait state
01 | Automatically inserts 1 wait state
10 | Automatically inserts 2 wait states
1 Automatically inserts 3 walit states
Iow Number of wait states for I/O block™*
00 | Inserts no wait state
o1 Automatically inserts 1 walit state
10 | Automatically inserts 2 wait states
11 | Automatically inserts 3 walit states

Note If dividing the /O space is specified by the IOSP
bit of EXWB, the number of wait states for the
middle I/O block is specified.

WCY1 specifies the number of wait states for the three memory blocks into which the memory space is divided
by using WMB, and for the middle I/O block of the I/O space that is divided into three blocks by using WIOB.
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(N Programmable wait cycle setting register 3 (WCY3)

Figure 6-11. Programmable Wait Cycle Setting Register 3 (WCY3)

7 6 5 4 8 2 1 0  UOaddress
uow | wuow | usmw | Lsmw | FFEAH

LSMW | Number of wait states for lower submemory block
00 | Inserts no wait state
01 | Automatically inserts 1 wait state
10 | Automatically inserts 2 walit states
11 | Automatically inserts 3 wait states

USMW | Number of wait states for upper submemory block
00 | Inserts no wait state
01 | Automatically inserts 1 wait state
10 | Automaticaily inserts 2 wait states
11 | Automatically inserts 3 walt states

LIOW Number of walit states for lower /O block
00 | Inserts no walt state
01 | Automatically inserts 1 wait state
10 | Automatically inserts 2 wait states
11 | Automatically inserts 3 wait states

UIOW | Number of wait states for upper /O block
00 | Inserts no wait state
01 | Automatically inserts 1 walt state
10 | Automatically inserts 2 wait states
11 | Automatically inserts 3 walt states

WCY3 has the following functions:

(i) The UIOW and LIOW bits set the number of wait states for the upper and lower I/O blocks of the
1/0 space, respectively. (The middle I/O block is set by the IOW bit of WCY1.)
These bits are meaningful only when the dividing I/O space is specified by the IOSP bit of EXWB.

(i) The USMW and LSMW bits set the number of wait states for the upper and lower submemory blocks,
respectively.
These bits are meaningful only when the upper or lower memory biock or both are further divided into
subblocks by using the MEMSP bit of EXWB.
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(2) Wait states for refresh cycie and DMA cycle
The number of wait states to be inserted in the memory refresh cycle started by REFU and the DMA cycle started
by DMAU is specified by using the programmable wait cycle setting register 2 (WCY2) in the system I/O area.
In the refresh cycle and DMA cycle, the memory and /O spaces cannot be divided.

Figure 6-12. Programmable Wait Cycle Setting Register 2 (WCY2)

7 6 5 4 3 2 1 0  UOaddress
[ x [ x| x| x| omaw [ mrew | FrreH

RFW Number of wait states for refresh cycle
00 | Inserts no walt state

01 | Automatically inserts 1 wait state

10 | Automatically inserts 2 wait states

11 | Automatically inserts 3 wait states

DMAW Number of wait states for DMA cycle
00 |inserts no wait state
01 | Automatically inserts 1 wait state
10 | Automatically inserts 2 walt states
11 | Automatically inserts 3 walt states

Remark x: don't care
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6.1.3 Relationship between WCU and READY pin

If wait cycles longer than 3 clocks are necessary, the WCU and READY pin can be used in combination. The number
of wait cycles specified by the set value of the WCU or the number of wait cycles set by using the READY pinis inserted
whichever greater. Figure 6-13 shows the relation between the WCU and READY pin, and Figure 6-14 shows an
example of bus timing when four clocks of TWs are inserted.

Table 6-1 shows the validity of the WCU and READY pin in each bus cycle.

Figure 6-13. Relationship between WCU and READY Pin

V40HL, V50HL

ol
READYO }’ Bus con

Figure 6-14. Example of Bus Timing When 4 Clocks of TWs Are Inserted

T T2 T3 T™W TW TW TW T4
CLKOUT
' ! I

@ READY \ééi'.

@ READY \41 F \ :
@ READY ); '5 / e. §
@ READY \ :! /° §

O - When zero wait state is set by WCU

@ - When one wait state is set by WCU

® - When two wait states are set by WCU
@ ... When three wait states are set by WCU
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Table 6-1. Validity of Wait State in Each Bus Cycle

Bus Cycle Inserting Wait State 'by READY Signal | Inserting Wait State by WCU Setting
External 1/O read cycie O O
Extemal 1/O write cycle
Interrupt acknowledge | Single mode X x
cycle Expanded mode O Qlow?
CPU memory read cycle @) O
CPU memory write cycle (Area can be specified.)
DMA cycle (DMAU) @)
DMA cycle (cascade mode) x Note 2 x Note 2
Refresh cycle 0O Q
Intemnal /O read cycle X b
Internal /O write cycle

QO: valid, x: invalid

Notes 1. When ICU is used in expanded mode, set IOSP bit of EXWB to 0 (The /O area cannot be divided for

wait control).

2. Controlled by DMA controllers cascade-connected.
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6.2 Refresh Function

The V40HL and VSOHL have a refresh function that is used when DRAM is used for the memory space. The refresh
function is implemented by the refresh unit (REFU). REFU outputs a 16-bit refresh address (A0 through A15) and

refresh request signals (such as REFRQ) to refresh the DRAM.

6.2.1 Refresh address

As the refresh address, a row address of AO through A15 is output. Each time one refresh cycle ends, the V40HL
increments the address by 1 and the V50HL increments the address by two to update the address. This refresh
address is not affected by reset when refreshing is enabled (when the RFE bit of the refresh control register (RFC)

is set to 1).

6.2.2 Refresh control register (RFC)

Figure 6-15. Refresh Control Register (RFC)

7 (] 5 4 3 2 1 0 /O address

frre [ x | x | ATM |  FFFeH

RTM N (timer factor) Nose
00000 17

00001 18

00010 19

00011 20

00100 5

00101 6

00110 7

1 11110 31

11111 32

Note Refresh interval = 8 x N x CLOCK
RFE Enables/disables refresh
0 Disables refresh '
1 Enables refresh

Remark x: don't care
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The RFE bit enables or disabies the refresh function of the REFU.

The five RTM bits set the refresh interval. If the refresh interval is too short, the throughput of the CPU drops.
If RTM is setto 00000 to 00011, the timer factor N is 17 to 20, instead of 1 to 4. The actual refresh interval is determined
by 8 x N x CLOCK. For example, where the operating clock is 8 MHz and N = 10, the refresh interval is:

1 —_— =10
8 x OXBOOOOOO (sec) (usec)

The RFE and RTM bits are set or reset as follows by the reset input:

« RFE bit { When power tumed on --- Undefined
By reset input during operation ---- Not affected
* RTM: initialized to 01000 (N = 9)

Cautions 1. The RFE bit is undefined when there is a power-on reset (refreshing may be enabled or
disabled).
To disable refreshing without executing the refresh cycle even only once, clear the RFE bit
to 0 within 72 clocks after RESOUT has become inactive.
2. iftherefresh requestis kept pending in the refresh queue, the refresh cycle will execute even
it the RFE bit is cleared to 0 (disabling refreshing) until the contents of the refresh queue
become 0. The refresh queue is cleared at reset.
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6.2.3 REFU bus control

Normally, the REFU has the lowest priority in using the bus. Therefore, even if the REFU periodically issues a
refresh request, the refresh cycle is not executed unless the bus is available. In this case, the refresh request for
the refresh cycle not executed is stored in the refresh queue. The refresh request in this queue is executed when
the bus is available, and the contents of the refresh queue are decremented.

if the bus is available only for a short time and if the contents of the refresh queue reach the maximum value of
7, the REFU is given the highest priority in using the bus, and the refresh cycle will execute continuously after execution
of the current bus cycle has completed. This will continue until the contents of the refresh queue reaches 3.” After
that, the REFU is given the lowest priority again.

A refresh request that is issued when the content of the refresh queue is 7 is ignored.

While the CPU executes an instruction with BUSLOCK prefix, all bus masters other than the CPU, and including
the REFU, cannot use the bus. Therefore, care must be exercised when appending the BUSLOCK prefix to an
instruction that takes a long time to execute.

Table 6-2. REFU Bus Control

Priority Refresh Operation
Lowest Executed by detecting release of bus in advance
Highest - immediately starts execution after current bus cycle ends,
and execution continues untll contents of refresh queue
reach 3

Figure 6-16. Invalid Refresh Request

Contents of refresh queue 6 5 6 7 7
L A
Retresh request N N N
: invalid
 Refresh cycle N "

6.2.4 Refresh timing

The V40HL and V50HL can change the output timing of the REFRQ signal. REFRQ is output in synchronization
with the rising of the T1 state of the refresh cycle when the EREF bit of SCTL is 0. When the EREF bit is 1, REFRQ
is output in synchronization with the rising of the T4 state immediately before the refresh cycle (for details on setting,
refer to Figure 4-8 System Control Register (SCTL)). Figure 6-17 shows the refresh timing.
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Figure 6-17. Refresh Timing (1/2)

(a) VAOHL
1 bus cycle
T4 T T2 T3 T4
CLKOUT
A16/PS0 - A19/PS3 X Invalid X Processor status X
AB-A15 X Refresh address X

REFRQ \ Note \
BSO - BS2 \ BS0=1,BS1=0,BS2=1 /

Note A low level is output when the EREF bit of SCTL is 1.

Remark The broken lines indicate the high-impedance state.
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Figure 6-17. Refresh Timing (2/2)

(b) V50HL

1 bus cycle

Tt T2 T3 T4

. T4
CLKOUT _I

A16/PSO - A19/PS3 )( Invalid X Processor status X

=\ /

BSO - BS2 \ BSO=1,BS1=0,BS2= 1 / | \

Note A low level is output when the EREF bit of SCTL is 1.

Remark The broken lines indicate the high-impedance state.
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6.3 Interrupt Function

The interrupts of the V40HL and V50HL can be broadly classified into those triggered by hardware interrupt
requests (NMI input, INTP1 through INTP7 inputs, and requests from internal peripheral units) and those triggered
by software. All of these interrupts are vectored interrupts. They are selected by specifying automatically (fixed vector)
or each time (variable vector) one location of an interrupt vector table prepared in advance, to determine the start
address of the corresponding interrupt routine.

(1) Hardware Interrupt
(a) Maskable interrupt (INTLO-INTL? input)
Each interrupt request is arbitrated by the ICU and issued to the CPU. Figure 6-18 shows the interrupt

requests to the ICU.

Figure 6-18. ICU Inputs

Output of TCT#0 of TCU
CPU ICU Intervupt request from SCU
Output of TCT#1 of TCU
INT INTLO
INTL1 SW O INTP1
INTL2 SW I—— oG INTP2
INTL3 O INTP3
— INTL4 O INTP4
INT.
AK INTLS —0 INTP5S
INTL6 O INTP6
INTL? O INTP7

o | S

INTL3 through INTL7 are input from external pins (INTP3 through INTP7). INTL1 and INTL2 can be input
from extemnal pins (INTP1 and INTP2) or TCU and SCU by software. INTLO is fixed to input from TCU. For
details, refer to 5.9 Interrupt Control Unit (ICU).

CPU operation when the ICU generates a maskable interrupt request differs as follows according to the status
of the IE flag of PSW.

() IEflag=0
The CPU ignores interrupt requests and continues executing instructions in sequence.

(ii) IE flag = 1
Following completion of the instruction currently being executed, the CPU accepts the interrupt request
and begins interrupt processing.
Upon receiving an interrupt request, the CPU issues the interrupt acknowledge cycle to supply an
interrupt vector from the ICU or external interrupt controller.
Interrupt requests are not latched inside the CPU, therefore the CPU needs to hold an interrupt request
it accepts until it generates the first interrupt acknowledge cycle.
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(b) Non-maskable interrupt (NMI input)
NMI input is used to notify the microprocessor of catastrophic events such as sudden fluctuations in the power

supply (sudden failure), memory errors, bus errors, etc. interrupts requested by NMI input are called non-

maskable interrupts because they cannot be masked by software.
No interrupt vector needs to be supplied from outside for non-maskable interrupts because they are fixed

to vector 2 of the interrupt vector table. Therefore, no interrupt acknowlege cycle is issued when a non-
maskable interrupt request is accepted.

(2) Software interrupt ‘
Software interrupts are issued in synchronization with instruction execution in response to causes inside the CPU.

. Like non-maskable interrupts, the acceptance of interrupt requests cannot be disabled with the IE flag of PSW.

Moreover, no acknowledge cycle is issued.
Software interrupts are divided into the following four types.

* Interrupts issued by interrupt instruction (BRK and BRKV)
* Interrupts issued upon error detection during execution of DIV, DIVU or CHKIND instruction

* Interrupts issued by specifying BRK flag of PSW (Single-step interrupts)
* interrupts issued as the result of the execution of emulation mode instructions (BRKEM and CALLEM)

The characteristics of software interrupts are summarized below.

* Interrupt vectors are either included in instruction codes (BRK instruction) or determined beforehand.
* No interrupt acknowledge cycle is issued even when an interrupt request is accepted.
¢ Interrupt request acceptance cannot be masked except for break interrupts.

251



CHAPTER 6 INTERNAL/EXTERNAL CONTROL FUNCTI

Table 6-3. Interrupt Sources

Interrupt Source Clockshew Vector Number Priority

Hardware NMI (rising-edge active) 58/38 2

Icu ‘ 68/49 32 to 255
Software Divide error of DIVU 65/45 0 1

Divide error of DIV 85 to 75/45 to 55

CHKIND boundary over 7210 75/52 10 55 5

BRKV 52/40 4

BRK3 50/38 3

BRK imm8 ' 32 to 255

BRKEM imm8

CALLN imm8 58/38

BRK flag (single step) 1 4

Note Minimum number of clocks required from CPU acceptance of interrupt request up to branching to the
interrupt processing routine.

Remark The number of clocks shown at the left of the slash mark apply to the V40HL, and those shown at the
right apply to the V50HL.

Figure 6-19 shows the interrupt vector table. This table is mapped to a 1-KB memory area of addresses 000H
through 3FFH and can have 256 vectors (where 1 vector consists of 4 bytes).
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Figure 6-19. Interrupt Vector Table

3FCH

Vector 255

3FBH

)}
144

080H

O7FH
07CH

078H

)}
AL

018H

017H
014H

013H
010H

00CH

00BH
008H

007H
004H

-+ N 4w+ -+ o+

003H

- O

* ICU interrupt

Reserved

s

CHKIND instruction

BRKY instruction

BRK 3 instruction

NM! input

Break flag

Divide error

For general-purpose use
* BRK imm8 instruction
} * BRKEM instruction

o CALLN instruction

\ Dedicated
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Because the sources that use vectors 0 through 5 are specified, and vectors 6 through 31 are reserved, these
vectors are not for general purpose use.

Vectors 32 through 255 are for general purpose use and can be used for a 2-byte break instruction, BRKEM
instruction, ICU interrupt input, and CALLN instruction (during emulation).

One interrupt vector consists of 4 bytes. The 2 bytes of the lower address are loaded as an offset to the PC, and
the 2 bytes of the higher addresses are loaded as a base to the PS.

Example Vector 0

000H
002H

PS « (003H, 002H)
PC « (001H, 000H)

Based on this format, the programmer initializes the contents of each vector at the beginning of the program. The
basic step to jump to an interrupt processing routine is as follows:

TA « vector, low (offset)

TC « vector, high (segment base)
SP «~SP-2,(SP + 1, SP) « PSW
IE « 0,BRK ¢ 0, MD « 1

SP «SP-2,(SP+1,SP) « PS
PS «TC

SP «SP-2,(SP +1,SP) « PC
PC «TA

Because the IE and BRK flags of the PSW are reset, the maskable interrupts (ICU) and single-step interrupt are
disabled when the interrupt routine is started.
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6.3.1 Operation of ICU Interrupt

If an interrupt request from the ICU is detected in the interrupt enable status (IE = 1) at the end of execution of
a certain instruction, and if the NMI or hold request is not active at the same time, the ICU interrupt request is
acknowledged, and the interrupt acknowledge cycle is started (refer to Figures 6-20 and 6-21).

if the interrupt request is issued only from the ICU, the CPU receives a vector number via the internal bus of the
V40HL or V50HL. If the uPD71059 is cascade-connected to the ICU as a slave interrupt controller, and if the slave
issues an interrupt request, the CPU receives a vector number via the external data bus. Consequently, the operation
to be performed in the interrupt acknowledge cycle when an interrupt request is issued from a master (ICU) is slightly
different from the operation to be performed when an interrupt request is issued from a slave.

The interrupt acknowledge cycle consists of two bus cycles. Inthe firstcycle, the INTAK, ASTB, and address signals
are output. The output address is a meaningless value and no data can be read from or written to this address. At
this time, the refresh request, DMA request, and hold request are not accepted, and the BUSLOCK signal is output
to disable the other devices from using the bus. )

The operation of the second acknowledge cycle differs depending on whether the interrupt request has been issued
from the slave or master. If the interrupt request is issued from the master, the INTAK, ASTB, and (meaningless)
address signals aré output, and the CPU receives an interrupt vector number output by the ICU to the internal data
bus. If the interrupt request is issued from the slave, a slave address for the interrupt controller of the slave is output
to address bits A8 through A10 at the same time as ASTB (any other address is meaningless). When INTAK is
subsequently output, the interrupt controller specified by the slave address outputs an interrupt vector number to the
data bus (ADO through AD7), and the CPU receives this vector number.

In this way, after the second acknowledge cycle has ended, the interrupt vector table corresponding to the interrupt
vector number the CPU has received is accessed, the contents of the PSW, PS, and PC are saved, an interrupt start
address based on the contents of the interrupt vector table is output, and the interrupt processing routine is started.

The first acknowledge cycle is necessary for only synchronizing the ICU or slave interrupt controller.

The interrupt acknowledge cycles of the V40HL and V50HL differ from each other as follows:
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(1) Interrupt acknowiedge cycle of V40HL
The first acknowledge cycle and the second acknowledge cycle always occur in succession.
If the T1 state continues for the duration of five clocks after the second acknowledge cycle, the instruction fetch
cycle (which is actually invalid because execution shifts to the interrupt processing routine) may follow.
If the instruction fetch cycle is completed in four clocks, one clock of Tl state is inserted. This means that at least
five clocks are inserted in between the second acknowledge cycle and vector table read cycle.

(2) Interrupt acknowliedge cycle of V50HL
-~ Three clocks of the Tl state may be inserted or an instruction fetch cycle (four clocks min.) may be inserted in
between the first and second acknowledge cycles.
Therefore, five clocks of Tl state are always inserted in between the second acknowledge cycle and vector table
read cycle.

Both the V40HL and V50HL reads an 8-bit vector number from the ICU or slave interrupt controller in the second
acknowledge cycle. However, the number of subsequent cycles necessary for reading the interrupt vector table and
saving the contents of PSW, PS, and PC differs between the V40HL and VS0HL. This is because of the difference
in the data bus width. The V40HL reads an offset word and a segment word, and saves the contents of the PSW,
PS, and PC in two bus cycles each, whereas the VS0HL executes these operations in 1 bus cycle each.

The UBE signal of the VSOHL is low in the first and second acknowledge cycles and while the offset word and
segment word are subsequently accessed.

256




CHAPTER 6 INTERNAL/EXTERNAL CONTROL

* Interrupt acknowledge operation of V40HL
Acknowledge cycle (first)
Acknowledge cycle (second)
Reading of lower byte of offset word
Reading of higher byte of offset word
Reading of lower byte of segment word
Reading of higher byte of segment word
Saving of lower byte of PSW
Saving of higher byte of PSW
Saving of lower byte of PS

. Saving of higher byte of PS

. Saving of lower byte of PC

. Saving of higher byte of PC

. Output of interrupt start address

- - O 0N LE WN =

- eh
W N

¢ Interrupt acknowledge operation of VS50HL
Acknowledge cycle (first)
Acknowledge cycle (second)

Reading of offset word

Reading of segment word

Saving of PSW

Saving of PS

Saving of PC

Output of interrupt start address

O N O LN




Figure 6-20. Example of interrupt Acknowledge Timing (single mode) (1/2)

(8) VAOHL

|T4|T1|Tz|Ta|T4|T1l1'2|73|T||T||T||'r||T||T4|T1|72|73|T4|T1|

CLKOUT
A16/PS0 - A19/PS3 KNovaidX ~ invalld  XiovaiidX Invalid Xaodess  Invald X
A8 - A15 X Invalid X Invaiid (A8 - A10=000) X Address )¢
ADO - AD7 === - - fald) - - - - == - - -« - - gt} - = == m e ~{sess) - - - - (input} - - -
Reads vector table

ASTB N\ AW /\ /\L
W \____ /[ \__/

MAD /[
i N
BUFAW ___\ [

BUSLOcK  \ /

BSO - BS2 \ / \ /

Remark The broken lines indicate the high-impedance state.

SNOLLONNY TTOHLNOD TVYNUILXIMTVNUILNI 9 HILAVHO



Figure 6-20. Example of Interrupt Acknowledge Timing (single mode) (2/2)

(b) V50HL

|T4|T1|T2|T3|TI|TI|TI|T4|T1|T2|T3|TI|TI|TI|TI|11|T4|T1|T2|T3|T4|T1[

CLKOUT
A16/PS0 - A19/PS3 Yiwaid X invalid Yiovaid Y invaiid WowessX invalid X
T ) e RRITTISTRR [ S ) S
(AD8 - AD10 = 000)
ADO - AD7 - = - - Yo} - - - - - - === == ommmmmeeee o) - oo oo (awes). - - - {input)- - - -
Reads vector table ‘
ASTB M\ N\ N\ /\.
iINTAK \ / \ /
MRD | /7
SUFEN 7 N e
BUFR/W \ —
BUSLIOCK L ]
Bso-Bs2 \___ / /7 _ / \

Remark The broken lines indicate the high-impedance state.

SNOILONNI TOHINOD TYNUILXA/TYNHIINI 9 HILAVHO



Figure 6-21. Example of Interrupt Acknowledge Timing (expanded mode) (1/2)

(a) V40HL

|T4|T1|T2|T3|T4|T1|T2|T3|TI|T||TI|TIITI|T4|T1|T2|T3|T4|T1|

CLKOUT
A16/PS0 - A19/PS3 Xovaid  Invalid Nnvaldf Invalid Xhddress X' Invalid X
A8-A15 X |M X Slave address (A8 - A10) X Address X
AD0 - D7 Yk - - - - - - -+~ T R (T fm)- - - - () - - {
Vector number Reads vector table
ASTB /\ /\ /\ [\

/[

-/

BUFRW \ [
BUStock L /
Bso-Bs2  \_____ [ 7/ 7/ \

Remark The broken lines indicate the high-impedance state.

SNOLLONNS TOHLNOD TVNUILXIMTVNUILNI 9 HILAVHI
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Figure 8-21. Example of Interrupt Acknowledge Timing (expanded mode) (2/2)

(b) VSOHL

|T4|T1|T2|T3|TI|TI|TI|T4|‘I'1|T2|T3|TI|TI|TI|TI|TI|T4|T1|T2|T3|T4|T1|

CLKOUT
Al &Pso-A19/Psa Wevaid Y invalid — Yiwaid)( Invalid Yoowes)  Invalld X
ADG - ADI5 == Jul)- - - - == W) - - i) - - -(ep8) - --{
: - Slave address (ADS - AD10) ‘
s (o) - i) -+ =wmnemneanee ) - ) - {
Vector number Reads vector table

ast8 1\ . N\ /\ T\

WTAK \ / \ /
MRD \ U A
BUoFeEN ___/  \ / —\ / \ 2
BUFAW ___ \ [

BUSLOCK \ /

Bso-Bs2 \_____ /[ — / 7 \

Remark The broken lines indicate the high-impedance state.

SNOLLONNI TOHULINOD TVYNUILXI/TYNHILNI 8 HILAVHO
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6.3.2 BRK flag (single-step) interrupt

The V40HL and V50HL have a single-step interrupt function useful for debugging the program. This interrupt is
controlled by the BRK flag (bit 8 of the PSW). However, there is no instruction available that directly sets or resets
the BRK flag. To manipulate the BRK flag, save the PSW to the stack, manipulate the flag, and then restore the PSW.
In this way, the BRK flag is indirectly set or reset.

When the BRK flag has been set, the next one instruction is executed, and then the interrupt routine (monitor
program, etc.) specified by vector 1 is started. At this time, the BRK flag and IE flag are reset.

When vector 1 interrupt has started once, the instructions of the interrupt routine are executed not on a one-by-
one basis, but continuously in the same manner as the other interrupts. While the instructions are executed, the
statuses of the internal registers and flags, and memory contents can be checked or dumped.

In this interrupt routine, the number of times the single-step operation is to be executed is checked. Ifit is all right
to end the single-step operation, the BRK flag in the stack is reset by a memory manipulation instruction and execution
returns to the main routine. Consequently, instructions can be executed successively after execution has returned
to the main routine.

If execution returns without the BRK flag operation, BRK = 1 saved to the stack is restored to PSW. In this case,
vector 1 interrupt occurs again after one instruction in the main routine has been executed.

6.3.3 Timing when interrupts not acknowiedged

The NMlinput, ICU interrupt request, and single-step interrupt request are not acknowledged at the following timing
(1) through (4), thatis, in between an instruction that directly sets data to the segment register or three types of prefixes
and the next one instruction. Only the ICU interrupt is not acknowiedged in between the El instruction in (5) and the
next one instruction. .

(1) Between MOV sreg, reg16; MOV sreg, mem16; MOV reg16, sreg; MOV mem16, sreg; or POPsreg instruction
and next one instruction

(2) Between segment override prefix (PS:, SS:, DS0:, or DS1:) and next one instruction

(3) Between repeat prefix (REPC, REPNC, REP, REPE, REPZ, REPNE, or REPNZ) and next one instruction

(4) Between bus lock prefix (BUSLOCK) and next one instruction

(5) Between EI instruction and next one instruction (Only ICU interrupt is not acknowledged.)

However, the NMI request signal generated in the interrupt disable timing (1) to (4) above is kept pending intemnally,
and is acknowledged after the next one instruction has been executed.
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6.3.4 Interrupt processing during execution of block processing instruction

If an external interrupt (NMI or ICU interrupt in the El status) occurs in the middle of execution of the primitive block
transter/comparison, or primitive /O instruction, the CPU acknowledges the interrupt, and branches to the corresponding
interrupt address. Atthe beginning of the interrupt processing routine started in this way, CW which serves as a block
data counter, is saved to the stack. If CW is restored at the end of the interrupt processing routine and execution
is retumed to the original routine by using the RET!I instruction, the block processing that has been interrupted can
be resumed.

Up to three types of prefixes that are placed at addresses before that of the block processing instruction can be
recorded. When retuming from the interrupt processing routine, the return addresses are modified (one address per
type of prefix) and saved so that a return to the addresses with the prefixes is possible.

To use these functions effectively, it is necessary to keep the total number of prefixes placed before a biock
processing instruction to within 3.

Example 1, Good example
In this example, all BUSLOCK, REPC, and SS: function effectively when execution returns from the
NMI interrupt processing.

BUSLOCK
REPC
NMI - CMPBKB SS: src-block, dst-block

2. Poor example
In this example, the nuber of prefixes is regarded as 3 (all repeat prefixes are regarded as the
same), and three retun addresses are modified. Actually, however, execution cannot return to
BUSLOCK from the interrupt processing routine. It returns to REP because the prefixes take up four
addresses.

BUSLOCK

REP

REPC .
NMI - CMPBK SS: src-block, dst-block
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6.4 Bus Hold Function

An external device can function as a bus master by requesting the V40HL and V50HL to release the address,
address/data, and control buses. When the V40HL or V50HL accepts a hold request (HLDRQ) from the extemnal
device, it asserts the HLDAK signal active (high) and releases the bus. While the HLDAK signal is active, the address
bus, address/data bus, and three-state output contro! signals go into a high-impedance state.

If the refresh request or DMA request that has a priority higher than HLDRQ occurs in the hold acknowledge status,
HLDAK goes low, and the V40HL or VSOHL requests the external device to return bus control (in which HLDRQ is
asserted inactive (low)). If an internal and external bus request overiap in this manner, the high-level width of the
HLDAK signal is one clock minimum. For the details on the bus priority, refer to 5.4 Bus Arbitration Unit (BAU).

The timing chart in Figure 6-22 illustrates how the V40HL or V50HL enters and ends the bus hold status. Signals
BSO0 through BS2 have a phase difference of 1/2 clock from the other signals.

Table 6-4 shows the statuses of the output pins in the hold status.

Figure 6-22. Bus Hold Timing
Bus hoid

|T4.| Tll T kL | L | TII

CLKOUT _I I_iJ

Nots Peeenennes PNt O {

) S— N — {
HLDAK / . \

Note A16/PS0-A19/PS3, MRD, MWR, IORD, IOWR, BUFR/W, BUFEN, BUSLOCK, ADO to AD7 (V40HL), A8 to
A15 (V40HL), ADO to AD15 (V50HL), UBE (V50HL)
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Table 6-4. Pin Status in Hold Status

Pin Name vo in Hold Status
ADO to AD15Note 1 3-state VO Hi-Z
ADO to AD7Now 2 3-state /O Hi-Z
A8 to A15Note 2 3-state output Hi-Z
A16/PS0 to A19/PS3 3-state output Hi-Z
REFRQ Output H
HLDAK Output H
RESOUT Output L
MRD 3-state output HI-Z
MWR 3-state output HI-Z
iORD 3-state output HI-Z
iOWR 3-state output Hi-Z
ASTB Output L
UBENot 1 3-state output Hi-Z
HighNote 2 3-state output Hi-Z
BUSLOCK 3-gtate output HI-Z
BUFRW 3-state output Hi-Z
BUFEN 3-state output Hi-Z
CLKOUT Output o
BSO to BS2 3-state output Hi-Z
Qso, as1 Output 0]
TOUT2 Output o
INTAK Output H
SRDY ®)
TOUT ®)
DMAAK3 Output H
TxD (o)
DMAAKO to DMAAK2 Output H
END/TC Vo HI-Z

Notes 1. VSOHL only
2. V40HL only

Remark H : high level, L: low level, Hi-Z: high impedance,

O: not fixed (outputs valid value)
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6.5 Variable Instruction Cycle Time Function

The V40HL and V50HL have a function to reduce the power dissipation by setting the division ratio of the intemal
clock to SBCR in the system 1/O area and thereby reducing the operating frequency.

Table 6-5. Relationship between Division Ratio and Internal Clock

Oscillation Frequency Division RatioNotw Internal Clock (fcux)
40 MHz 1/2 (00) 20 MHz
' 1/4 (01) 10 MHz
1/8 (10) 5 MHz
116 (11) 2.5 MHz

Note Parentheses indicate the set value of the CLKC bit of SBCR.

Caution The timing at which the current operating frequency actually changes after a new operating
frequency has been set is undefined. However, the operating frequency changes within 8 clocks
from the clock next to T2 in the write cycle in which data is written to SBCR, as follows:

Instruction writing to SBCR Next instruction
':1|T2|TW|TW|TIITI|TI|TI,T1'T2‘

- (UL

fa—i(2

{2\
7

{4)
Y/

(1) Range of operating frequency change if the frequency division ratio is changed from 1/16
(2) Range of operating frequency change if the frequency division ratio is changed from 1/8
(3) Range of operating frequency change if the frequency division ratio is changed from 1/4
(4) Range of operating frequency change if the frequency division ratio is changed from 1/2
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6.6 Standby Function

The V40HL and V50HL have a standby function that sets program execution in the standby status. This function
is effected by the HALT instruction.

6.6.1 Features
(1) HALT mode
in this mode, the supply of the clock to the internal circuits of the CPU (except the circuits used to cancel the
HALT mode) is stopped.
(2) STOP mode
In this mode, the supply of all the clocks to the CPU and intemal I/O is stopped.
Use this mode when an oscillator is connected to the X1 and X2 pins.

Remark The HALT or STOP mode is selected by the STOP bit of SBCR in the system I/O area.
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6.6.2 Standby control register (SBCR)
The standby function of the V40HL and V50HL is controlled by SBCR in the system /O area.

Figure 6-23. Standby Control Register (SBCR)

7 6 5 4 3 2 1 0  VOaddress
[ x [ x| x| cke | wr_|stop| FFRIH

|— STOP Selects HALT or STOP mode
0 Enters HALT mode when HALT instruction is executed
1 Enters STOP mode when HALT instruction is executed

wT Specifies oscillation stabilization timeNo*
00 | Oscitiation stabilization time = 2'¥hx (13.11 ms)
01 | Oscitlation stabilization time = 2'¥hx (6.55 ms)
10 | Oscillation stabilization time = 27 (3.28 ms)
11 | Oscitlation stabitization time = 2'%xx (1.64 ms)

Note Times in parentheses indicate the values
when fxx = 40 MHz.

Remark fxx denotes the oscillation frequency.
CLKC |- Specifies intemal clock frequency (fcux)
00 | feu = oscillation frequency x 1/2
01 | fax = oscillation frequency x 1/4
10 | fou = oscilation frequency x 1/8
11 | fax = oscillation frequency x 1/16

Remark x: don't care

The oscillation stabilization time depends on the characteristics of the resonator used and the oscillation circuit.
Therefore, set a value that satisfies the oscillation stabilization time, by using the WT bit, based on the result of actual
evaluation, .

To cancel the STOP mode by using the non-maskable interrupt request (NMI input) or maskable interrupt request
(INTPn input), the oscillation stabilization time set by SBCR will be obtained.

To cancel the STOP mode by using the RESET input, obtaining of the oscillation stabilization time is ensured by
the active level width of the RESET input. Make the RESET input active for a period of time that is sufficient for the
time required for oscillation stabilization.
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6.6.3 HALT mode

(1

(2)

Setting
The VA40HL and V50HL enter the HALT mode when the HALT instruction is executed with the STOP bit of SBCR

cleared to 0.

HALT mode

In the HALT mode, the intemnal clock is supplied to the CPU circuits that have a function necessary for canceliing
the HALT mode and those that are related to the bus hold control function. The supply of the clock to the other
circuits stops. As a result, the power dissipation can be reduced to about 1/3 of the normal level. Even in the
HALT mode, the clock is supplied to peripheral functions, such as the interrupt, DMA, timer/counter, refresh, and
bus hold functions, enabling operations in the HALT mode. The output pins when the respective functions do
not operate are fixed to the status shown in Table 6-6.
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Table 6-6. Pin Status in HALT Mode (when peripheral functions do not operate)

Pin Name 1o in HALT Mode
ADO to AD15Now 1 3-state /O HAL
ADO to AD7Note 2 3-gtate 1O HA
AB to A15Note 2 3-state output HA
A16/PS0 to A19/PS3 3-state output HA
REFRQ Output (0]
HLDAK Output o
RESOUT Output L
MRD 3-state output H
MWR 3-state output H
iORD 3-state output H
IOWR 3-state output H
ASTB Output L
UBENote 1 3-state output H
HighNote 2 3-state output H
BUSLOCK 3-state output HA
BUFR/W 3-state output HAL
BUFEN 3-state output H
CLKOUT Output O
BSO to BS2 3-state output H
Qso, as1 Output L
TOUT2 Output o
INTAK Output H
SRDY O
TOUT1 (o)
DMAAK3 Output 0]
TxD o
DMAAKO to DMAAK2 Output o
END/TC o ®)

Notes 1. V50HL only
2, VA40HL only

Remark H: high level, L: low level, H/L: high or low level,
Hi-Z: high impedance, O : not fixed (outputs valid value)
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(3) Canceliing the HALT mode
The HALT mode that has been once set can be cancelled by using external signals in the following three ways:

(o)

(b)

(c)

Using RESET input ‘
When the RESET signal is input, the V40HL and V50HL are initialized, and start normal operation by fetching
the instruction at address FFFFOH because PS (FFFFH) and PC (0000H) are set anew.

Using interrupt (NMI input or INTPn input) '

The HALT mode is aiso cancelied when a maskable interrupt request that can be acknowledged occurs or
when an NMI signal is input. The CPU starts execution of the interrupt processing program. When the RETI
instruction is executed at the end of the interrupt processing program, the PC, PS, and PSW are restored
from the stack, and execution resumes starting from the instruction next to the HALT instruction.

If INTPn is made active for a duration of 5 clocks or longer in the interrupt disable status (IE = 0), the HALT
mode is cancelled, and execution resumes starting from the instruction next to the HALT instruction (the
interrupt processing is not executed).

It INTPn is masked (if the MO through M7 bits of the interrupt mask word register (IMKW) are set to 1), the
HALT mode is not cancelied.

Using HLDRQ input
When the HLDRQ signal (bus hold request) is input, a bus hold acknowledge signal (HLDAK) is immediately
generated, the address/data bus and control signals go into the high-impedance state, and bus control is
granted to the bus master requesting the bus. When the bus hold request signal is deasserted, the CPU
acquires bus control again, and enters the standby status again. Therefore, the bus hold request is not the
cancellation of the standby status.
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6.6.4 STOP mode

M

Setting
The V40HL and V50HL enter the STOP mode when the HALT instruction is executed with the STOP bit of SBCR

‘setto 1.

)

272

STOP mode

In the STOP mode, the intemnal clock stops complietely. As a result, the power dissipation is reduced to 50 uA
maximum at 5 V (about 1/3600 of the normal operation at 5 V, 20 MHz) and 30 A maximum at 3 V (about
1/1800 of the normal operation at 3 V, 10 MHz). All the functions, except TCU (when the TCLK input is used), -
stop. When the peripheral functions do not operate, the output pins are fixed to the status shown in Table 6-
7 in the same manner as in the HALT mode.

When the peripheral functions operate, the output pins retain the bus status immediately before the HALT
instruction was executed to set the STOP mode.
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Table 6-7. Pin Status in STOP Mode (when peripheral functions do not operate)

Pin Name Vo In STOP Mode
ADO to AD15Nete 1 3-state VO HAL
ADO to AD7Note 2 3-state /O HA
AB 10 A15Now 2 3-state output HA
A16/PS0 to A19/PS3 3-state output HA
REFRQ Output H
HLDAK Output L
RESOUT Output L
MRD 3-state output H
MWR 3-state output H
iORD 3-state output H
iOWR 3-state output H
ASTB Output L
UBENote 1 3-state output H
HighNote 2 3-state output H
BUSLOCK 3-state output HAL
BUFR/W 3-state output HA
BUFEN 3-state output H
CLKOUT Output L
BS0, BS1 3-state output H
BS2 3-state output L
Qso, as1 Output L
TOUT2 Output HA
INTAK ~ Output H
SRDY H
TOUT1 HA
DMAAK3 Output H
TxD H
DMAAKO to DMAAK2 Output H
END/TC vo HI-Z

Notes 1. V50HL only
2. V40HL only

Remark H: high level, L: low level, H/L: high or low level,
Hi-Z: high impedance
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(3) Cancelling the STOP mode
The STOP mode that has been once set can be cancelled in the following three ways:

274

(a)

(b)

(c)

Using RESET input

When the RESET signalis input, the V40HL and V50HL are initialized, and start normal operation by fetching
the instruction at address FFFFOH because PS (FFFFH) and PC (0000H) are set anew. It is necessary that
the RESET input be made active during the oscillation stabilization time period (if the RESET signal is made
inactive midway, the operation after that cannot be guaranteed).

Using maskable interrupt (INTPn input)

The STOP mode is also cancelled when an interrupt request that can be acknowledged is input to the INTPn
pin.

In the interrupt enable status, the interrupt processing starts as soon as the STOP mode is cancelled. At
this time, the INTPn pin must be kept active until the interrupt acknowledge cycle is issued. If it is made
inactive midway, either of the following two situations will take place:

(i) The standby mode is changed from STOP to HALT.
(i) Execution will resume starting from the instruction next to the HALT instruction.

In the interrupt disable status, execution resumes starting from the instruction next to the HALT instruction
after the STOP mode has been released (interrupt processing is not executed). At this time, the INTPn pin
must be kept active during the oscillation stabilization time. If it is made inactive midway, the HALT mode
may be set instead of the STOP mode.

If INTPn is masked (if the MO through M7 bits of the interrupt mask word register (IMKW) are set to 1), the
STOP mode is not cancelled.

Using non-maskable interrupt

If the NMI pin is active (high), the STOP mode is cancelled, and NMI processing is executed after the
oscillation stabilization time has elapsed. However, the NMI pin must be kept active during the oscillation
stabilization time (until the NMi vector read cycle at address 8). If itis made inactive midway, the HALT mode
may be set instead of the STOP mode.

Caution If the NMI pin is made active before the HALT instruction Is executed, the STOP mode
Is not set. ’
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6.7 Reset Function

When a low-level signal is input to the RESET pin for a duration of 4 clocks or longer, the V40HL and V50HL are
reset.

6.7.1 CPU reset operation
The CPU is initialized as follows at reset:

Table 6-8. Resetting CPU

Target Initial Value
PFP 0000H
PC 0000H
PS FFFFH
S8 0000H
DSo 0000H
DSt 0000H
PSW MD V DR I[E BRK

High 1 1 1 1 0 0 0 0

s z AC P cy
tow o {ofo]ofofo[1]0]

Other registers Undefined

Queue Clear

If a low-level signal is input to the RESET pin for a duration of 4 clocks or longer and then the RESET pin is made
high, the CPU starts prefetching instructions from address FFFFOH.

6.7.2 Reset operations of system VO area and internal peripheral units

Some of the system I/O area and internal peripheral units are initialized at reset. Tables 6-9 and 6-10 listthe system
I/O area and internal peripheral units that are reset and the initial vaiues. Those notlisted in these tables are undefined
at reset because they are not initialized.
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Table 6-9. Resetting System VO Area (1/2)

Target initial Value Remarks

¢ DMA channel 3 can be used.
L-1-{-[-loJoJofo] |. iFaxis outpu frompin
OPSEL 7 6 5 4 3 2 1 0 SCU, TCU, ICU, and DMAU cannot be used.
-1-1-1- 0

SCTL [V4OHL]
7 6 5 4 3 2 1 0 ¢ REFRQ normal timing

olo lo 0 * Input clock of SCU --- TOUT1
e Cary is not transferred to A16 in pPD71037 mode.

o V40HL - 8-bit boundary

76 5 4 3 2 1 0 |, vs0HL - 16-bit boundary

ojojojojojojo
WCY2 7 6 5 4 3 2 1 0 Wait state of 3 clocks is inserted in both DMA and refresh
les.
-l=-1]=-]=-]1}1]1]1 e
wWCY1 7 6 5 4 3 2 1 0 Wait state of 3 clocks is inserted in both memory and external
VO cycles.
111 111 ]1}1]1 ovd
wMB 7 6 5 4 3 2 1 0 Upper and lower memory blocks are set to 512 KB,
NN EREEE respectively.
RFC 7 6 5 4 3 2 1 0 Timer factor (N) = 9
-{-1-10 0
SBCR 7 6 5 4 3 2 1 0 ¢ HALT mode is set by HALT instruction.
o o * Osclliation stabilization time = 2'9/fx
* intemnal clock frequency (fcux) = oscillation frequency x 1/2
TCKS 7 6 5 4 3 2 1 0 Clock of TCT#0 to TCT#2 of TCU is intemal clock divided by
two.
-1-1- 0o
EXWB 7 6 5 4 3 2 1 0 |* Extended division of memory space - None
ol o ¢ Extended division of IO space -« None
wSsMB 7 6 5 4 3 2 1 0 ¢ Upper submemory block size --- 256 KB
T-T+T+1-T-T113 * Lower submemory block size .- 256 KB
WIOB 7 6 5 4 3 2 1 0 * Upper 1/O submemory block size - 64 KB
i T-Ta T+ T * Lower /O submemory block size - 64 KB

Remark -: Undefined
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Table 6-8. Resstting System VO Area (2/2)

Target Initial Value Remarks

wWCY3 7 6 5 4 3 2 1 0 * Number of upper and lower submemory block wait states --- 3
* Number of upper and lower /O block walit states --- 3

11§11 |11 |1]1]1

BRC 7 6 5 4 3 2 1 0 Baud rate counter value: 02H

Remark -: Undefined
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Table 6-10. Resetting Internal Peripheral Unit

(a) SCU
Target Initial Value Remarks
SMD 7 6 5 4 3 2 e Baud rate --- x 64
ol1lolol1 ¢ Character length --- 7 bits
e Parity --- None
e Stop bit length --- 1 bit
SCM 7 6 5 4 3 2 * Transmission/reception disabled
Y
“T-Tololo e SRDY = 1 (mask)
SIMK 7 6 5 4 3 2 Interrupt from SCU is masked.
SST 7 5 4 2 * No break detection
¢ No error
1
Sl ! « Buffer not-ready
(b) DMAU
Target Initial Value _ Remarks
DCH 7 6 5 4 3 * DMA channel 0 is-selected
-I-T-Tolo ¢ Current (read)
e Base and current (write)
DMD 7 6 5 ¢ Demand mode with address incremented
0 ] o]o ¢ Auto initialize disabled
s Verify transfer, byte transfer
DDC [Upper]
7 6 5 4 3 2 * Normal write timing
-] =] ]<1]- ¢ Fixed priority
* DMA enabled
[Lower] * Bus release mode -
7 6 3 2 e Wait state disabled during verification
DST 7 6 4 e Al channels no requests
Lo I 0 | 0 ¢ Al channels not terminated
DMK Requests from all channels masked

Remark — Undefined
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6.7.3 Output pin status at reset
The output pin status is as follows after the RESET signal has been input until the RESET goes high again.

Table 6-11. Pin Status at Reset

Pin Name 110 At Reset

ADO to AD15Now 1 3-state 'O Hi-Z
ADO to AD7Note 2 3-state 1O Hi-Z
A8 to A15Note 2 3-state output HA
A16/PS0 to A19/PS3 3-state output HA
REFRQ Output H
HLDAK Output L
RESOUT Output H
MRD 3-state output H
MWR 3-state output H
iORD 3-state output H
IOWR 3-state output H
ASTB Output L
UBENote 1 3-state output HA
HighNote 2 3-state output H
BUSLOCK 3-state output H
BUFR/W 3-state output H
BUFEN 3-state output H
CLKOUT Output o
B8S0 to BS2 3-state output H
Qso, as1 Output L
TOUT2 Output o
INTAK Output H
SRDY ’ H
TOUT1 H
DMAAK3 Output H
TxD H
DMAAKO to DMAAK2 Output H
END/TC vo Hi-Z

Notes 1. V50HL only
2. V40HL only

Remark H: high level, L: low level, H/L: high or low level,

Hi-Z: high impedance, O : not fixed (outputs valid vaiue)
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The V40HL and V50HL have two CPU operating modes , the native mode in which the instructions of the V4OHL/
V50HL are executed, and the emulation mode in which the instructions of the uPD80B0AF are executed. These modes
are selected by using a specially prepared instruction or interrupt processing. In addition, as a flag that controls the
mode, an MD flag is provided to the most significant bit position of the PSW.

7.1 Changing from Native Mode to Emulation Mode

To change the operating mode from the native mode to the emulation mode, two types of instructions can be used:
BRKEM (Break for Emulation) and RET! (Return from Interrupt).

7.1.1 BRKEM imm8 instruction

This is a basic instruction that starts the emulation mode. This instruction saves PSW, PS, and PC to the stack,
resets the MD flag to 0, and loads the segment base of the interrupt vector specified by the operand to PS and the
offset to PC.

In this way, the emulation mode starts as interrupt processing (however, MD = 0). In this mode, program execution
starts from an address indicated by PC loaded. The address is in a 64-KB segment space specified by PS loaded.
The instruction codes to be fetched in this mode are interpreted and executed as the instructions of the uPDB08S0AF
(refer to Figure 7-1).

When the BRKEM imm8 instruction is executed, the MD flag is enabled and can be written, and the value saved
to the stack is restored to the MD flag when the RETI or POP PSW instruction is executed.

Figure 7-1. Changing Mode by BRKEM Instruction

PC
PS stack area
PSW
0—iMD}
mamgtvecor e, "S5} [T
imm8x4+2 base PS
imm8 x 4 | Offset PC - pc__ |
Native mode Emul lation
register set register set
(Native mode) | (Emulation mode)
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7.1.2 RETI instruction

In the native mode (MD = 1), this is a general instruction used when returning from an interrupt routine that was
started by the BRK instruction or an external interrupt. In the emulation mode, however, if this instruction is executed
atthe end of an interrupt processing routine started in the native mode by an interrupt instruction (CALLN) or external
interrupt, the mode switches to emulation mode again. This is because the value of the mode flag (MD = 0) that was
saved to the stack when the mode was changed from the emulation mode to the native mode is restored to the MD
flag when PSW is restored. As a result, the CPU is set in the emulation mode, though PS, PC, and PSW are restored
in the same manner as the normal operation by the RET! instruction (refer to Figure 7-2).

Figure 7-2. Changing Mode by RETI Instruction

PC
Memory
stack area Ps
- FLAG
Native mode "E"o“:.w
register set ister set
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7.2 Changing Mode from Emulation Mode to Native Mode

The operating mode can be changed from the emulation mode to the native mode in the following four ways:

(1) RESET input

(2) NMI input or ICU interrupt request

(3) CALLN (Call Native) instruction

(4) RETEM (Return from Emulation) instruction

7.2.1 RESET input
The normal reset operation is performed in the same manner as in the native mode. Emulation stops.

7.2.2 NMI and ICU request

The normal interrupt operation is performed in the same manner as in the native mode. In the interrupt processing
routine in the native mode, the emulation mode can be set by using the RETI instruction, and emulation can be resumed
(refer to Figure 7-3).

7.2.3 CALLN immS8 instruction

This instruction is dedicated to the emulation mode in which an undefined code of the pnPD80BOAF has been
assigned. When the CALLN instruction is executed in the emulation mode, the CPU saves PS, PC, and PSW to the
stack area (at this time, MD = 0 is saved), sets the MD flag to 1, and loads the segment base of an interrupt vector
specified by the operand to PS and the offset to PC (refer to Figure 7-3).

The interrupt routine started in the native mode by the CALLN instruction executes the RETI instruction at the end
to restore the emulation mode.

By using this function, a program prepared for the V40HL and VSOHL can be executed while the program of the
KHPDBO08OAF is executed, and the result of the program of the V40HL/VS0HL can be used.

Figure 7-3. Changing Mode by NMI Ihput, ICU Interrupt Request, and CALLN Instruction

PC
Memory
stack area Ps :
! FLAG
Interrupt vector table
PS Segment base
PC Offset
Native mode ; s\odo
'.gimf set mr set
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7.2.4 RETEM instruction

This instruction is dedicated to the emulation mode in which an undefined code of the uPDB0OS0AF has been
assigned. if the RETEM instruction is executed in the emulation mode, the CPU restores PS, PC, and PSW, so that
execution returns from interrupt processing, and then retumns to the native mode. At this time, the content (*17) of
the MD flag saved in the native mode by the BRKEM instruction to the stack area is restored. As a resutt, the CPU
is set in the native mode (refer to Figure 7-4).

Figure 7-4. Changing Mode by RETEM instruction

PC
Memory
PS stack area H
PSwW
Emulation
register set register set
(Native mode) {Emulation mode)

It the RETEM instruction is executed, the MD flag is disabled and cannot be written. Therefore, the MD flag cannot
be restored even if the RETI or POP PSW instruction is executed.
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7.2.5 Nesting of emulation
The emulation mode cannot be called again by the BRKEM instruction in the native mode called by the NMI, ICU

interrupt, or CALLN instruction in the emulation mode.
If emulation is nested in this way, the MD flag is set to an unexpected value, making normal operation impossible.

Figure 7-5. Trouble due to Nesting of Emulation

First native mode

First emulation mode EEEEE MD flag write disabled state

In Figure 7-5, the CPU which has retumed from the second emulation mode to the second native mode, disables
writing to the MD flag using the RETEM instruction. Consequently, the MD flag is not restored and remains set to
1 even when the RET! instruction is executed. If instruction XXX of the first emulation is executed in this status, the
CPU cannot perform the normal operation because it is in the native mode (MD = 1).

7.3 Emuiation Mode

When the operating mode switches between the native mode and emulation mode, the CPU environments are
transferred between the modes as shown in Figure 7-6.

The lower 8 bits (AL) of AW, and the higher and lower 8 bits of BW, CW, and DW of the V40HL and V50HL play
the roles of the accumulator and six general-purpose registers of the uPD808B0AF.

The lower 8 bits of the V40HL and V50HL take the place of the FLAG of the uPD8080AF. Each bit of the FLAG
corresponds to the bits of the lower byte of the PSW.



CHAPTER 7 uPD80B0OAF EMULATION

Figure 7-6. Correspondence of Register Set

VA
A AL e .
B cH . S E
c cL R S, :
D DH . L A :
E - DL eeeeeennens SS e 3
m BH : DS1 :
L BL | DSO |
[ SP ]| BP ]
| PSW ]
| PC i
tI PS |
(Emulation mode) (Native mode)

Figure 7-7. Correspondence of PSW and FLAG

® 8 7 6 5 4 3 2 1 0
| € [eak| s |z o lac|o|p |1 [cy]| psw

7 6 5 4 3 2 1 0
[ s|z]oflalolprp|[1]c]| naa

h)

When the stack is manipulated, SP serves as the stack pointer in the native mode, and BP serves as the stack
pointer in the emulation mode. Using an independent stack pointer like this reserves an independent stack area for
both mode, and prevents the stack in one mode from being destroyed by improper stack manipulation in another mode.

AH, SP, IX, 1Y, and the four segment registers (PS, SS, DS0, and DS1) in the native mode are not affected by
the emulation mode.

In the emulation mode, the segment base of the program is determined by PS (which is determined by an interrupt
vector when the emulation mode is set). The segment base of the memory operand (including stack) is determined
by DSO (whose contents are determined by the programmer immediately before the emulation mode is set).

Even in the emulation mode, the bus hold function (hold request/acknowledge) and standby function (due to an
HLT instruction) are valid in the same manner as in the native mode.
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in the emulation mode, the V40HL and VSOHL operate in terms of hardware. Therefore, the input/output operations
with the peripheral circuits and memory are performed in the same manner as the V40HL and VS0HL. However, the
operations that are performed only by the instructions dedicated to the V40HL and VSOHL, such as BUSLOCK signal
output, are not performed.

PS3 (processor status signal) always outputs a high level in the emulation mode. In the native mode, it always
output a low level, except in the refresh cycle.

Figure 7-8 shows the mode transition of the CPU.

Figure 7-8. CPU Mode Transition

RESET;
NMI, ICU request

RESET,NM|, ICU request

ICU request (D)

When the standby mode is set in the emulation mode, the emulation mode is set again by the ICU interrupt request
in the interrupt disable status, and the program is restarted from the instruction next to the HLT instruction. However,
if the ICU interrupt request is issued at RESET or NMI input, or in the interrupt enable status, the native mode is set.

In this case, the emulation mode can be restored using the RETI instruction executed in the interrupt routine of
NMI or ICU.

When the standby mode is set in.the native mode, the original native mode can be restored using RESET or NMI
input or an ICU interrupt request (interrupt enable/disable).
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APPENDIX A REGISTER INDEX (IN ALPHABETICAL ORDER)

Abbreviation Name Unit Page
BADR Bank address register DMAU (37) 216

BNKRO to Bank register DMAU (37) 217
BNKR3

BRC Baud rate counter SCU 139
BSEL Bank selection register DMAU (37) 217
DBA DMA base address register DMAU (71) 195
DBC DMA base count register DMAU (71) 194
DCA DMA current address register DMAU (71) 195
DCBP Clear byte pointer F/F DMAU (37) 215
DCC DMA current count register DMAU (71) 194
DCH DMA channel register DMAU (71) 192
DCM Clear mask register DMAU (37) 215
DDC DMA device control register DMAU (71) 186
DICM DMA initialize command register DMAU (71) 191

DINT Initialization DMAU (37) 215
DMD DMA mode control register * DMAU (71) 199
DMK DMA mask register DMAU (71) 203
DRCAOto | Read current address register DMAU (37) 207
DRCA3

DRCCO to Read current count register DMAU (37) 207
DRCC3

DRST Read status register DMAU (37) 208
DST DMA status register DMAU (71) 202
DULA DMAU low address register System 1/O 48

DWAM Wirite all mask register DMAU (37) 213
DWBCAO to | Write base and current address register DMAU (37) 207
DWBCA3

DWBCCO to | Write base and current count register DMAU (37) 207
DWBCC3

DWC Write command register DMAU (37) 209
DWM Wirite mode register DMAU (37) 214
DWRQ Wirite request register DMAU (37) 21

DWSM Write single mask register DMAU (37) 212
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Abbreviation Name Unit Page
EXwWB Extended wait block selection register wCu 236
s Interrupt in-service register ICU 168
w1 Interrupt initialization word 1 register ICU 152
w2 Interrupt initialization word 2 register ICU 155
w3 Interrupt initialization word 3 register IcU’ 156
w4 interrupt initialization word 4 register icu 157
IMDW Interrupt mode word register icU 165
IMKW Interrupt mask word register ICU 160
IPFW Interrupt priority finish word register ICU 161
IPOL Interrupt polling register iIcU 167
IRQ Interrupt request register ICU 167
IULA ICU low address register System 1/0 48
OPCN On-chip peripheral connection register System 1/O 42
OPHA On-chip peripheral high address register System /O 47
OPSEL On-chip peripheral selection register System 1/O 43
RFC Refresh control register REFU 245
SBCR Standby control register cG 267
| scm Serial command register scu 134
SCTL Systemn control register System /O 44
SIMK Serial interrupt mask register SCuU 138
SMD Serial mode register SCuU 132
SRB Serial receive data buffer SCU 131
SST Serial status register scu 136
STB Serial transmit data buffer SCU 131
SULA SCU low address register scu 47
TCKS Timer/clock selection register TCU 104
TCTn Timer count register TCU 106
TMD Timer mode register (mode word) TCU 102
Timer mode register (count latch command) 107
Timer mode register (muttiple latch command) 108
TSTn Timer status register TCU 109
TULA TCU low address register System /O 47
WCY1 Programmable number of wait cycles register 1 wcu 240
WCY2 Programmable number of wait cycies register 2 wCu 242
WCY3 Programmable number of wait cycles register 3 wCu 241
wios Wait /O block setting register wcu 239
WMB Programmable wait memory area setting register WCU 234
WSMB Wait submemory biock setting register wCuU 238
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Remark DMAU (71): DMAU in the pyPD71071 mode
DMAU (37): DMAU in the pPD71037 mode
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[A]

A16 to A19 .- 23

AB to A15 --- 23

AC flag --- 82

ADO to AD15 ... 22
Address generation --- 65

Address modification circuit (ADM) ... 78

Addressing [DMAU: uPD71037 mode) - 204

Addressing [DMAU: uPD71071 mode] --- 188

Addressing [ICU] --- 149
Addressing [SCU] --- 127
Addressing [TCU] -.- 99
ADIR bit [DMD] --- 200

ADIR bit [DWM] --- 215

ADM ... 78

ALU --- 80

Applications --- 17
Architecture --- 35

Arithmetic logic unit (ALU) .- 80
ASTB --- 25

AUTI bit [DMD] --- 200

AUT! bit [DWM] --. 215

Auto initialization -.. 220
Auxiliary carry flag (AC) --- 82

AW ... 79

[B]
BADR - 216

Bank address register (BADR) --- 216

Bank registers (BNKRO to BNKR3) -.- 217

Bank selection register (BSEL) --- 217
BASE bit --- 192, 193

Based addressing --- 68

Based indexed addressing --- 69
Based pointer (BP) --- 79

BAU --- 80

Baud raie clock generation diagram -.- 140

Baud rate counter (BRC) --- 139
BCU .- 76

BD bit [TMD] --- 103

BD bit [TSTn] --- 109

BF bit --- 133

BHLD bit --- 198

Bit addressing --- 70

BIV --- 89

BKD bit - 137

BNKO bit to BNK3 bit --- 217
BNKRO to BNKR3 ... 217
BP..79

BRC - 139

Break flag (BRK) - 84
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BRK flag (single step) interrupt -- 261 Clear byte pointer F/F (DCBP) -- 215
BRK flag --- 84 Clear mask register (DCM) --- 215
BSO to BS2 .- 27 CLKC bit --- 267
BSEL --- 217 CLKOUT ... 27
BUFEN .- 27 Clock generator (CG) --- 87
BUFRW ... 27 CMODE bit [TMD} --- 103
Bus arbitration unit (BAU) -.- 90 CMODE bit [TSTn] --- 109
Bus control unit (BCU) -.- 76 Control pin, triggerable one-shot --- 114
Bus cycle and wait state validity --- 244 Count end signal output - 112
Bus hold function -.- 263 Count latch command --- 107
-Bus hold mode --- 198 Count mode --- 111
Bus hold timing --- 263 CPU reset --- 274
Bus interface unit (BIU) --- 89 CPU ... 75
Bus masters list --- 90 ~ CSO bit - 104
Bus release mode --- 198 CS1 bit --- 104
Bus wait operation --- 91 - , CS2 bit --- 104
BUSLOCK - 26 CTO bit to CT2 bit --- 108
BW ... 79 | | CW .. 79
CY flag --- 81
[C]
Carry flag (CY) --- 81 [D]
Cascade connections -.- 222 Data addresses --- 66
Cascade timing examples ... 223 Data pointer (DP) --- 77
CE bit ... 45 Data segment 0 register (DS0) --- 78
CG - 87 . Data segment 0 --- 63
Character bits --- 128 Data segment 1 register (DS1) --- 78
CL bit [SMD] --- 133 , Data segment 1 --- 63
CL bit [TMD] --- 108 DBA - 195
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DBC --- 194

DCA ... 195

DCBP - 215

DCC -.- 194

DCH --- 192

DCM ... 215

DDC --- 196

DDMA bit [DDC] --- 197

DDMA bit [DWC] --- 210

DICM --. 191

DINT -.- 215

DIR flag --- 84

Direct addressing - 65, 68

Direction flag (DIR) --- 84

DMA base address register (DBA) - 195
DMA base count register (DBC) --- 194
DMA channel register (DCH) -.- 192

DMA control unit (DMAU) --- 179

DMA current address register (DCA) --- 195
DMA current count register (DCC) --- 194
DMA cycle --- 184

DMA device control register (DDC) --- 196
DMA initialize command register (DICM) -.- 191
DMA mask register (DMK) --- 203

DMA mode control register (DMD) -- 199
DMA request acknowledge wait time --- 93
DMA status register (DST) -.- 202

DMA timing -.- 185

DMAAKO to DMAAK2 --- 30
DMAM bit --- 45

DMARQO to DMARQ2 --- 30
DMARQS3 --- 30

DMAU basic operation --- 183
DMAU low-address register (DULA) --- 48
DMAU operation flow --- 183
DMAU - 179

DMAW bit ... 242

DMD --- 199

DMK ... 203

DP ... 77

DRCAO to DRCAS3 -.- 207
DRCCO to DRCCS3 --- 207
DRST --- 208

DS bit --- 43

DSO --- 78

DSt ... 78

DST --- 202

Dual data bus mode --- 71
DULA --- 48

DW ... 79

DWAM ... 213

DWBCAO to DWBCAS --- 207
DWBCCO to DWBCCS3 --- 207
DWC -.- 209

DWM ... 214
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DWRQ --- 211 Fl bit --- 161

DWSM ... 212 Functional descriptions --- 14

Dynamic relocation --- 64

[G]
[E] General description of the ICU registers - 152
EAG .- 72, 85 General purpose registers (AW, BW, CW, DW) ... 79
ECL bit --- 135 GND --- 31
Effective address generation circuit (EAG) --- 72, 85
Emulation mode --- 279, 283 [H]
END - 30 HALT mode --- 268
EREF bit --- 45 Handling of unused pins --- 31

Exception hesting mode - 165 Hardware triggered strobe (retriggerable) --- 122

EXCN bit --- 165 HLDAK - 24

Execution unit (EXU) - 76 HLDRQ --- 23 -

Expanded DMA address - 216 Hold request acceptance waiting time --- 93

Expanded nesting mode --- 159
0]

IC ... 31

Expanded wait block selection register (EXWB) --- 236

Expanded write timing (DMAU: 1PD71037 mode) ---209
ICV interrupt operation --- 254
Expanded write timing (DMAU: uPD71071 mode) ---197

ICU low-address register (IULA) --- 48
Expansion mode --- 173

ICU -.- 148
EXTN bit --- 157

Idle cycle --- 183
EXU --- 76

IE flag --- 84
EXW bit [DDC] --- 197

14 bit --- 154
EXW bit [DWC] --- 209

IS - 168
EXWB -.- 236

W1 ... 152
[F W2 ... 155
FE bit ... 137 ' W3 ... 156
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w4 ... 157

ILO bit to IL2 bit - 161

IMDW ... 165

IMKW ... 160

Immediate addressing --- 67

Incomplete interrupts --- 178

Index registers (IX, 1Y) ... 79

indexed addressing --- 69

Initialization (DINT) - 215

Input/output circuit type --- 31

Instruction addresses - 65

Instruction cycle time varying function --- 265
Instruction decoder --- 86

INTAK --- 29

Interfacing with memory --- 36, 37
Internal block diagram [CG] -- 88
Intemal block diagram [CPU] --- 76
intemal block diaéram [DMAU] --- 180
intenal block diagram [ICU] - 148
Internal block diagram [SCU] --- 126
Intemal block diagram [TCU] --- 98
Intemal block diagram [V40HL] --- 11
Internal block diagram [V50HL) --- 12
Intemal block functions - 75
Internal/external controf functions --- 231
Intemal peripheral unit mapping exampies --- 46

Intemnal peripheral unit reset operations --- 274

Interrupt acknowledge cycle .- 254

Interrupt acknowiedge timing examples (expansion
mode) --- 176, 259

Interrupt acknowledge timing examples (single mode)

w171, 257

Interrupt control unit (ICU) --- 148
Interrupt enable flag (IE) --- 84

Interrupt functions --- 250

interrupt in-service register (lIS) --- 168

Interrupt initialization word 1 register (IIW1) ... 152
Interrupt initialization word 2 register (IIW2) --- 155
Interrupt initialization word 3 register (IIW3) -.- 156
Interrupt initialization word 4 register (IIW4) ... 157
interrupt mask word register (IMKW) --- 160
Interrupt mode word register (IMDW) -.. 165
Interrupt polling register (IPOL) --- 167

Interrupt priority, finish word register (IPFW) --- 161

Interrupt processing during execution of block instruction
processing instruction --- 262

Interrupt request register (IRQ) --- 167
Interrupt sequence --- 169

Interrupt sources .- 251

Interrupt vectors table --- 252
Interrupts not accepted timings --- 261
INTP1 to INTP7 ... 29

VO addressing --- 67

IOAG bit --- 45

YO mapping and accessing --- 39
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" VO read/write timing - 49

IORD - 256

/O space dividing into three blocks --- 237

IOSP bit ... 236
IOW bit --- 240
IOWR -.- 25
IPFW -.. 161
IPOL -.. 167
IRQ - 167
IRSW bit --- 42
IS bit --- 43
IS/R bit --- 167
IULA ..- 48
IX-..79

Y ... 79

[L]

LC - 73,85
LEV bit --- 153
LIOB bit - 239
LIOW bit -.- 241
LMB bit - 234

LMW bit --- 240

Logical addresses .- 62

Loop counter (LC) --- 73, 85

LSMB bit --- 238

LSMW bit --- 241

M]

MO bit to M3 bit [DWAM] -.- 213

MO bit to M7 bit [IMKW] --- 160

MO to M3 --- 203

Mark status --- 128

MD flag --- 84

Memory addressing --- 68

Memory area 3-partition diagram .- 235
Memory area 5-partition diagram .- 237
Memory indirect addressing --- 66
Memory /O read and write timing --- 49
Memory mapped /O configuration --- 40
Memory mapping and access methods --- 35
Memory read/write timing --- 49
MEMSP bit --- 236

Micro address register --- 86

Micro instruction ROM --- 86

Micro instruction sequence circuit --- 86
MMW bit --- 240

Mode flag (MD) --- 84

MRD --- 25

MRDY bit - 135

Multiple latch command --- 108

MWR ... 25

[N]

Native mode --- 279
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NC bit --- 109

NMI --- 24

Non-memory addressing --- 66
Normal Fl command --- 162
Normal nesting mode --- 157

Normal rotating FI command --- 163

[0]

OL bit --- 109

On-chip peripheral connéction register (OPCN) --- 42
On-chip peripheral high address register (OPHA) -.- 47
On-chip peripheral relocation register -.- 46

On-chip peripheral selection register (OPSEL) --- 43
OPCN - 42

OPHA ... 47

OPSEL .- 43

Ordering information --- 3

Output pin status at reset --- 278

OVE bit --- 137

Overfiow flag (V) --- 83

[Pl

P flag --- 82

Parity bit ... 128

Parity flag (P) - 82

PC relative addressing --- 65
PC .- 73,85

PE bit ... 137

PF bit .- 42

PFP ... 73, 77

Physical addresses --- 62

Pin configuration --- 4

Pin functions --- 19

Pin processing when not used --- 31

Pin status in HALT mode --- 269

Pin status in STOP mode --- 272

Pointers (SP, BP) - 79

POL bit --- 166

POLL - 27

Precautions [DMAU] --- 229

Precautions {SCU] --- 146

Precaut;ons [TCU] --- 124

Prefetch pointer (PFP) --- 73, 77

Prefetch queue (V40HL: QO to Q3, V50HL: QO to Q5) ---77
Program counter (PC) --- 73, 85

Program segment register (PS) --- 78

Program segment --- 62

Program status word (PSW) --- 80

Programmable wait cycie number register 1 (WCY1) ... 240
Programmable wait cycle number regisfer 2 (WCY2) --- 242
Programmable wait cycle number register 3 (WCY3) -.- 241
Programmable wait memory area register (WMB) ... 234
PS bit [SMD] - 133 '

PS bit [TCKS] --- 104

PS ... 78
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PSO to PS3 - 23
PSW ... 80

[Q]

Q0 to Q5 - 77
Qso, Qs1 - 28
[R]

Rate generator --- 116
RBRDY bit --- 137

RE bit --- 135

Read current address registers (DRCAO to DRCAS) --- 20

Read current count registers (DRCCO to DRCC3) --- 20

Read status register (DRST) --- 208
READY -.- 24

Ready timing (1 wait) ..- 232

Ready timing (no wait) --- 231
Refresh address --- 245

Refresh control register (RFC) --- 245
Refresh control unit (REFU) -:- 97
Refresh cycle wait ... 242

Refresh functions ... 245

Refresh timing ... 247

REFRQ .. 23

REFU bus control -.. 247

REFU ... 97

Register addressing --- 66

Register indirect addressing --- 65, 68
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Relationship between WCU and READY pin -.- 243

RES bit --- 191

RESET --- 24
RESET and READY signal synchronization --- 89
Reset functions --- 274

RESOUT --- 24

RFC - 245

RFE bit -- 245

RFW bit .- 242

RM bit --- 138

ROT bit [DDC] - 197

ROT bit [DWC] - 210

RP bit --- 161

RQO bit to RQ3 bit [DRST] --- 208

RQO bit to RQ3 bit [DST] - 202

RTM bit - 245

RWM bit [TMD] - 103

RWM bit [TSTn] --- 109

RxD --- 30
[S]
S flag --- 83

S1 bit to S7 bit --- 156
SBCR --- 267

SBRK bit --- 135

SC bit [SCTL] --- 45

SC bit [TMD] --- 103, 107

SCM ... 134
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SCTL - 44 SL bit --- 108

SCU low-address register (SULA) --- 47 SMD ... 132

SCU operation procedure --- 130 SMK bit --- 212

SCU .- 125 SNGL bit --- 154

Segment mode --- 62 SNM bit - 165

Segment registers (PS, SS, DSO, DS1) --- 78 Software-triggered strobe --- 120

SEL bit --- 192 SP...79

SELCH bit [DCH] ---193 Specified circuit command --- 163

SELCH bit [DWM] --- 215 | Specified circuit Fl command --- 163

SELCH bit [DWRQ] --- 211 Specified Fl command - 162

SELCH bit [DWSM] -.. 212 Speeding up instruction execution --- 71

Self Fl command --- 164 Square wave generator --- 118

Serial command register (SCM) --- 134 SR bit --- 167

Serial control unit (SCU) --- 125 SRB --- 131

Serial data format - 128 SRDY - 29

Serial interrupt masking register (SIMK) --- 138 SRQ bit --- 211

Serial mode register (SMD) --- 132 SS bit --- 43

Serial receive data buffer (SRB) --- 131 8S..78

Serial receive operation --- 144 SST ... 136 ,

Serial status register (SST) --- 136 Stack pointer (SP) - 79

Serial transmit data buffer (STB) --- 131 Stack segment register (SS) --- 78

Serial transmit operation .- 142 Stack segment --- 63

SFi bit -.- 159 Standby control register (SBCR) --- 267
. Sign flag (S) --- 83 Standby function --- 266

SILbit- 161 Start bit .- 128

SIMK -.- 138 : Status transition diagram .. 225

Single mode --- 169 STB ... 131 |
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STL bit --- 132

STOP bit ... 267

STOP mode --- 271

Stop bit --- 129

SULA ... 47

Supﬂy a clock to the TCU -.- 105
System control register (SCTL) --- 44
System /O area reset operation --- 274

System VO area --- 41

(7]

TA - 72, 80

Table of pin status during cascading --- 224
Table of pin status in hold status -.- 264
TB .- 72, 80

TBRDY bit --- 137

TC .- 186

TCO bit to TC3 bit [DRST] --- 208

TCO bit to TC3 bit [DST] --- 202

TCKS -.- 104

TCLK -.. 29

‘!:CT#O to TCT#2 --- 106

TCTL2 -.- 29

TCU basic operation procedure --- 100
TCU low-address register (TULA) --- 47
TCU ... 98

TDIR bit [DMD] --- 200
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TDIR bit [DWM] -.- 215
TE bit .- 135

TEMP ... 77
Temporary communications register (TEMP) ... 77
Temporary register C (TC) --- 80

Temporary register/shifter A/B (TA/TB) --- 72, 80
Terminal count (TC) --- 186

Timer/clock selection register (TCKS) --- 104
Timer/counter unit (TCU) ... 98

Timer count registers #0 to #2 (TCT#0 to
TCT#2) --- 106

Timer mode register (TMD) --- 102, 107, 108
Timer status registers (TSTn) --- 109

Timing of bus priority switching --- 92

Timing when interrupts not acknowledged --- 261
TM bit --- 138

TMD [count latch command] --- 107

TMD [mode word] --- 102

TMD [multiple latch command] --- 108

T™MD --- 102

TMODE bit [DMD] --- 199

TMODE bit [DWM] --- 215

TOUT1 --- 29

TOUT2 ... 29

Transfer mode --- 218

Transmission and reception baud rates -.- 139
TS bit --- 43

TSTn --- 109
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TULA ... 47

TxD - 29

V]

UBE - 26

UIOB bit --- 239
UIOW bit --- 241
UMB bit -.- 234
UMW bit --- 240
USMB bit --- 238
USMW bit --- 241
vl

V flag - 83

V3 bit to V7 bit .- 155
V40 and V50 differences --- 13

W]

W/B bit --- 200

Wait by READY pin --- 231.

Wait by WCU ... 233

Wait control unit (WCU) --- 96

Wait function --- 231 |

Wait /O block setting register (WIOB) --- 239
Wait in CPU cycle --- 233

Wait in DMA cycle --- 242

Wait submemory block setting register (WSMB) --- 238

WCU ..- 96

WCU / READY pin relationship ... 243
WCY1 -.- 240

WCY2 --- 242

WCY3 - 241

WEV bit --- 198

WIOB -.- 239

WMB ... 234

Wirite all mask register (DWAM) .- 213

Wirite base and current address registers (DWBCAQ to
DWBCAB) --- 207

Wirite base and current count registers(DWBCCO to
DWBCC3) --- 207

Write command register (DWC) -.- 209

Wirite mode register (DWM) - 214

-Write request register (DWRQ) --- 211

Wirite single mask register (DWSM) ... 212
WSMB -.- 238

WT bit --- 267

(X1

X1, X2 ...27

[zl

Zero flag (Z) --- 83
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" [Others]

68-pin plastic QFJ [V4OHL] --- 3, 6

68-pin plastic QFJ [V50HL] --- 3, 9

80-pin plastic QFP [V4OHL] - 3, 4

80-pin plastic QFP [V50HL] - 3, 7

80-pin plastic TQFP [V4OHL] - 3, § .
80-pin plastic TQFP [V50HL] --- 3, 8

pPD71037 mode --- 204

HPD71071 mode - 188

HPDBOBOAF emulation --- 279

uPD71037 mode / uPD71037 diferences --- 181
HPD71071 mode / uPD71037 mode differences --- 181

uPD71071 mode / nPD71071 differences --- 181
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