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GENERAL INFORMATION

Introduction

The NEC microcomputer data book is issued in two
volumes.

e Volume 1: Single-Chip Products

e Volume 2: Microprocessors, Peripherals, and DSP
Products

NEC offers a wide variety of microprocessors and Digital
Signal Processing (DSP) products for you to choose
from. Volume 2 covers microprocessor, peripheral,
DSP, and speech products. These products are offered
in a variety of processes (NMOS and CMOS) and in a
variety of package types. This extraordinary selection
of products provides the systems designer with a wide
assortment of design alternatives with products that
truly fit your data processing, communications, in-

strumentation, industrial, and telecommunications.

needs.
Volume 2 is divided into the following sections.

1. General Information. This section includes ordering
information, product selection guides, and ROM Code
submission procedures.

2. Quality and Reliability. The NEC concepts of de-
signed-in quality and total quality control as a com-
pany-wide activity are discussed here.

3. CMOS Microprocessors. This section covers NEC’s
8-bit, 16-bitand 32-bit lines of CMOS microprocessors.
Included is NEC's proprietary V-Series of advanced
CMOS microprocessors and co-processors.

4. NMOS Microprocessors. This section covers NEC’s
8-bit, 16-bit lines of NMOS microprocessors.

5. Digital Signal Processors and Speech. This section
covers NEC’s line of low cost 16-bit NMOS and CMOS
Signal Processing Peripherals, advanced Non-Von-
Neuman image Processor, advanced 32-bit CMOS
Signal Processor, and various speech products.

6. Intelligent Peripheral Controllers. This section
covers NEC’s line of Magnetic Media, Communication
and Graphic Controllers. Included are floppy disk,
hard disk, disk support chips, serial controllers, LAN
controller, and GPIB controller.

7. CMOS System Support Products. This section
covers NEC’s line of CMOS System Support Products.
‘These products are CMOS versions of most of the
NMOS System Support Products. They have been
specially designed for low cost, low power system
needs.

3. NMOS System Support Products. This section
covers NEC’s line of 8085/8088/8086 NMOS and Bipolar
system support chips.

9. Development Tools. A comprehensive line of de-
velopment hardware and software products support
NEC'’s single-chip microcomputer families.

10. Packaging. This section provides dimensioned
package drawings and a cross-reference from package
type to device numbers.

Ordering Information

Part numbers for ordering microcomputer products
are listed on the first page of each data sheet. NEC'’s
part numbers consist of four elements as shown in the
example that follows.

Part Numbering System
uP D 71054 C

T—-— Package type
Plastic DIP = C, C-1, C-2,
C-4, C-5,C-6,C-8
Plastic shrink DIP =CT
Plastic skinny DIP = CX
Ceramic DIP = D, D-1,
D-2, D-5,D-8, D-10, D-18
Cerdip DIP =D, D-2 (make
sure you have pointed
out Cerdip.)
Plastic SO = G )
Plastic miniflat = G, G-4,
G-5, G-6, G-8
PLCC =L, L-5L-8
PGA =R, R-8

Device identifier (alphanumeric)

Device type: D = Digital MOS
B = Bipolar

NEC monolithic silicon integrated circuit




GENERAL INFORMATION

NEC

Highlights of New Products Coming
uPD70616 [V60] 32-Bit CMOS Microprocessor

The uPD70616 (V60) is a high-performance, 32-bit
CMOS microprocessor. The V60 includes advanced
features such as thirty-two 32-bit general-purpose
registers and a powerful instruction set optimized for
high-level languages and operating systems such as
UNIX™ and MS-DOS™. The on-chip, demand-paged
memory management and floating point units further
increase performance and design fiexibility.

The V60 has 24-bit address lines and a 16-bit data path.
it will address 16 megabytes in real physical memory
and 4 gigabytes in virtual memory. The device will be
run on 16-MHz speed clock and offered in a 68-pin pin
grid array (PGA) package. The part and data sheet will
be available after June 1986.

uPD70611 Clock Generator/Driver

The uPD70611 is a CMOS clock generator for the V60.
From 32-MHz crystal osciilator, in generates and
supplies 16-MHz clock to the V60, as well as various
synchronized signals. It will be offered in a 20-pin
plastic DIP package and be available after June 1986.

uPD71613 System Controller

The uPD71613 is a CMOS system controller for the V60.
It employs output signals for the V60, e.g. status
signals, providing simple interface with external devices
e.g. memory, 1/0 etc.

uPD7261BD-23 High Speed Hard Disk Controlier

The uPD7261BD-23 is a speed enhanced version of the
uPD7261BD-18. It is designed to work in SMD systems
that have a data rate above 20-MHz.
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CMOS Microprocessor Selection Guide

Power Dissipation

Supply —
Data Clock Voltage Active Standby
Device Description Bits [MHz) W) [mA) (mA) Package Pins
#PD70008C Microprocessor 8 4 +5 30 5 Plastic DIP 40
(CMOS Z80)
uPD70008AC-4 Microprocessor 8 4 +5 30 4 Plastic DIP 40
(CMOS Z80)
uPD70008AC-6 Microprocessor 8 6 +5 30 4 Plastic DIP 40
(CMOS Z80) )
uPD70008AG-4 Microprocessor 8 4 +5 30 4 Plastic Miniflat 44
(CMOS Z80) i
1PD70008AG-6 Microprocessor 8 6 +5 30 4 Plastic Miniflat 44
(CMOS Z80) i
uPD70008AL-6 Microprocessor 8 6 +5 30 4 PLCC 44
(CMOS Z80)
4#PD70108C-5 Microprocessor 8/16 5 +5 45 6 Plastic DIP 40
4#PD70108C-8 Microprocessor 8/16 8 +5 45 6 Plastic DIP 40
uPD70108D-5 Microprocessor 8/16 5 +5 45 6 Ceramic DIP 40
(#PD70108D-8 Microprocessor 8/16 8 +5 45 6 Ceramic DIP 40
1PD70108D-10 Microprocessor 8/16 10 +5 45 6 Ceramic DIP 40
#PD70108G-5 Microprocessor 8/16 5 +5 45 6 Plastic Miniflat 52
uPD70108G-8 Microprocessor 8/16 8 +5 45 6 Plastic Miniflat 52
uPD70108L-5 Microprocessor 8/16 5 +5 45 6 PLCC 44
uPD70108L-8 Microprocessor 8/16 8 +5 45 6 PLCC 44
uPD70116C-5 Microprocessor 16 5 +5 45 6 Plastic DIP 40
#PD70116C-8 Microprocessor 16 8 +5 45 6 Plastic DIP 40
#PD70116D-5 Microprocessor 16 5 +5 45 6 Ceramic DIP 40
uPD70116D-8 Microprocessor 16 8 +5 45 6 Ceramic DIP 40
#PD70116D-10 Microprocessor 16 10 +5 45 6 Ceramic DIP 40
uPD70116G-5 Microprocessor 16 5 +5 45 6 Plastic Miniflat 52
#PD70116G-8 Microprocessor 16 8 +5 45 6 Plastic Miniflat 52
uPD70116L-5 Microprocessor 16 5 +5 45 6 PLCC 44
uPD70116L-8 Microprocessor 16 8 +5 45 6 PLCC 44
uPD70208R-8 Microprocessor 8/16 8 +5 50 10 PGA 68
uPD702081.-8 Microprocessor 8/16 8 +5 50 10 PLCC (Note 1) 68
uPD70208G-8 Microprocessor 8/16 8 +5 50 10 Plastic Miniflat 80
(Note 1)
uPD70216R-8 Microprocessor 16/16 8 +5 50 10 PGA 68
4PD70216L-8 Microprocessor 16/16 8 +5 50 10 PLCC (Note 1) 68
4PD702166G-8 Microprocessor 16/16 8 +5 50 10 Plastic Miniflat 80
(Note 1)
1PD70616R Microprocessor 16/32 16 +5 (Note2) - (Note 2) PGA (Note 2) 68
PD72191D Floating Point 16/32/ 8 +5 (Note 2)  (Note?2) Ceramic DIP 40
Processor 64/80

Jote:
". Available fourth quarter 1986.
!. Not available introduction date.
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NMOS and HMOS Microprocessor Selection Guide

Power Dissipation

Supply
Data Clock Voltage Active Standby
Device Description Bits (MHz) V) {mA) (mA) Package Pins
uPD780C NMOS Microprocessor 8 25 +5 150 - Plastic DIP 40
uPD780C-1 NMOS Microprocessor 8 4 +5 200 — Plastic DIP 40
uPD780C-2 NMOS Microprocessor 8 6 +5 200 — Plastic DIP 40
1PDB085AC-2 ~ NMOS Microprocessor 8 5 +5 170 — Plastic DIP 40
uPDB085AHC HMOS Microprocessor 8 3 +5 135 — Plastic DIP 40
uPDBO85AHC-2 HMOS Microprocessor 8 5 +5 135 — Plastic DIP 40
1PD8086D HMOS Microprocessor 16 5 +5 340 — Ceramic DIP 40
1PDB086D HMOS Microprocessor 16 5 +5 340 — Cerdip 40
uPD8086D-2 HMOS Microprocessor 16 8 +5 350 — Cerdip 40
1PDB088D HMOS Microprocessor 8 5 +5 340 — Ceramic DIP 40
1PDB088D-2 HMOS Microprocessor 8 8 +5 350 — Ceramic DIP 40
Digital Signal Processor and Speech Selection Guide
Supply Power Dissipation
Data Clock Voltage Active Standby
Device Description Bits [MHz) vy (mA) [mA) Package Pins
uPD72810 NMOS Image 16 5 +5 500 — Ceramic DIP 40
Pipelined Processor
#PDI305R CMOS IPP 8/16 10 +5 100 — PGA 132
Support Chip
uPD7720AC NMOS Digital 16 8 +5 170 — Plastic DIP 28
Signal Processor
uPD7720AD NMOS Digital 16 8 +5 170 — Ceramic DIP 28
Signal Processor
uPD77G20D CMOS Digital 16 8 +5 40 — Ceramic DIP 28
Signal Processor
uPD77C20L CMOS Digital 16 8 +5 40 — PLCC 44
Signal Processor
uPD77P20D NMOS Digital 16 8 +5 350 — Cerdip 28
Signal Processor
uPD77230R CMOS Advanced 32 133 +5 340 - PGA 68
Signal Processor
uPD7730C NMOS ADPCM Speech 8 8 +5 210 - Plastic DIP 28
Encoder/Decoder
uPD7755C CMOS ADPCM Speech - 7 271055 0.6 - Plastic DIP 18
Synthesizer
uPD7756C CMOS ADPCM Speech - 7 27t055 0.6 — Plastic DIP 18
Synthesizer v
uPD7759C CMOS ADPCM Speech 8 7 27t055 0.6 — Plastic DIP 40

Synthesizer
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Intelligent Peripheral Controller Selection Guide

Power Dissipation
Supply -
Data Clock Voltage Active Standby

Device Description Bits (MHz) ) [(mA) [mA) Package Pins

Magnetic Media Controllers

uPD765AC NMOS Single/ 8 8 +5 150 — Plastic DIP 40
Doubie Density FDC

uPD765AC-2 NMOS Single/ 8 8 +5 150 — Plastic DIP 40
Double Density FDC

uPD7265C NMQOS Single/ 8 8 +5 150 - Plastic DIP 40
Double Density FDC

uPD7265C-2 NMOS Single/ 8 8 +5 150 - Plastic DIP 40
Double Density FDC

1#PD72065C CMOS Single/ 8 8 +5 10 5 Plastic DIP 40
Double Density FDC

uPD72065G CMOS Single/ 8 8 +5 10 5 Plastic Miniflat 52
Double Density FDC )

1PD72065L CMOS Single/ 8 8 +5 10 5 PLCC 44
Double Density FDC

uPD72066C CMOS Single/ 8 8 +5 10 5 Plastic DIP 40
Double Density FDC ;

1PD72066G CMOS Single/ 8 8 +5 10 5 Plastic Miniflat 52
Double Density FDC )

uPD72066L CMOS Single/ 8 8 +5 10 5 PLCC 44

- Double Density FDC

uPB9201C Bipolar Floppy — 16 +5 270 — Plastic DIP 40
Disk Interface

uPD71065G CMOS Analog - 19.2 +5 25 — Plastic SO 28
Phase-Locked Loop

uPD71066CT CMOS Analog —_ 19.2 +5 25 — Plastic Shrink DIP 30
Phase-Locked Loop

uPD7260D NMOS Hard/Floppy 8 12 +5 320 - Ceramic DIP 40
Disk Controller )

uPD7261AD NMOS Hard Disk 8 12 +5 320 — Ceramic DIP 40
Controller

4PD7261BD-18 NMOS Hard Disk 8 18 +5 320 - Ceramic DIP 40
Controller

(PDI306AC CMOS Hard Disk — 10 +5 30 — Plastic DIP 28
Interface

PD7262D NMOS ESDI 8 18 +5 320 - Ceramic DIP 40
Controller

1-7
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Intelligent Peripheral Controller Selection Guide (cont)

Power Dissipation
Supply -
Data Clock Voltage Active Standby
Device Description . Bits [MHz) V) {mA) [mA) Package Pins
Communications Controllers :
PD7201AC NMOS MPS 8 -4 +5 230 — Plastic DIP 40
Communications :
Controller
uPD7201AD NMOS MPS 8 4 +5 230 - Ceramic DIP 40
Communications
Controller
uPD72001C CMOS'MPS 8 8 +5 40 2 Plastic DIP 40
Communications
Controller :
uPD72001L CMOS MPS 8 8 +5 40 2 PLCC 44
Communications
Controller
uPD72105C CMOS Omninet 8 8 +5 40 2 Plastic DIP 48
Local Network
Controller ;
#P072105L CMOS Omninet 8 8 +5 40 2 .PLCC 52
Local Network
Controller »
#PD7210C NMOS Intelligent 8 8 +5 180 — Plastic DIP 40
Graphics Controllers
uPD7220AD NMOS Graphics 8 6 +5 270 - Ceramic DIP 40
Display Controller
#PD7220AD-1 NMOS Graphics 8 7 +5 270 — Ceramic DIP 40
Disptay Controller ) :
uPD7220AD-2 NMOS Graphics 8 8 +5 270 — Ceramic DIP 40

Display Controller
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CMOS System Support Product Selection Guide

Power Dissipation

Supply -
Data Clock Voltage Active Standby
~ Device " Description Bits (MHz) V) [mA) (mA) Package Pins
uPD71011C Clock Pulse — 20 451055 30 — Plastic DIP 18
Generator/Driver
uPD71011G Clock Pulse — 20 451055 30 - Plastic SO 20
‘ Generator/Driver
uPD71051C Serial Control Unit 8 8 451055 10 .05 Plastic DIP 28
uPD71051G Serial Control Unit 8 8 451055 10 .05 Plastic Miniflat 44
pPD71051L Serial Control Unit 8 8 451055 10 .05 PLCC 28
uPD71054C Programmabie 8 8 451055 30 .05 Plastic DIP 24
Timer/Counter
pPD71054G Programmable 8 8 451055 30 .05 Plastic Miniflat 44
Timer/Counter
uPD71054L Programmable 8 8 451055 30 .05 PLCC 28
Timer/Counter
uPD71055C Baljfllel Interface 8 8 451055 15 .05 Plastic DIP 40
ni
uPD71055G Za(:lllel Interface 8 8 45105.5 15 .05 Plastic Miniflat 44
ni
#PD71055L Parallel interface 8 8 45t055 15 05 PLCC 44
Unit
uPD71059C Interrupt Control Unit 8 8 45105.5 9 .05 Plastic DIP 28
uPD71059G Interrupt Controf Unit 8 8 451055 9 .05 Plastic Miniflat 4
#PD71059L Interrupt Control Unit 8 8 45t05.5 9 .05 PLCC 28
1PD71071C DMA Controller 8/16 8 45t055 30 .01 Plastic DIP 48
uPD71071D DMA Controller 8/16 8 451055 30 .01 Ceramic DIP 48
uPD71071G DMA Controller 8/16 8 451055 30 .01 Plastic Miniflat 52
uPD71071L DMA Controiler 8/16 8 45t055 30 01 PLCC 52
uPD71082C Transparent Latch 8 8 451055 20 .08 Plastic DIP 20
uPD71082G Transparent Latch 8 8 451055 20 .08 Plastic SO 20
uPD71083C Transparent Latch 8 8 451055 20 .08 Plastic DIP Inverted 20
uPD71083G Transparent Latch 8 8 45t055 20 .08 Plastic SO 20
«PD71084C Clock Pulse - 25 45t055 30 — Plastic DIP 18
Generator/Driver
1PD71084G Clock Pulse —_ 25 451055 30 — Ptastic SO 20
Generator/Driver
«PD71086C Bus Buffer/Driver 8 8 451055 40 .08 Plastic DIP 20
PD71086G Bus Buffer/Driver 8 8 451055 40 .08 Plastic SO 20
(PD71087C Bus Buffer/Driver 8 8 451055 40 .08 Plastic DIP Inverted 20
PD71087G Bus Buffer/Driver 8 8 451055 40 .08 Plastic SO 20
1PD71088C System Bus Controller - 8 451055 20 .08 Plastic DIP 20
1PD71088G System Bus Controller — 8 451055 20 .08 Plastic SO 20
‘[PDBZC4SC Input/Output Expander — 5 45t05.5 40 — Plastic DIP 24
[PDBZC43CX Input/Output Expander — 5 451t05.5 40 — Ptastic Skinny DIP 24




GENERAL INFORMATION

NEC

NMOS System Support Product Selection Guide

Power Dissipation

Supply
Data Clock Voltage Active Standby
Device Description Bits [MHz) V) (mA) [mA) Package Pins
¢PD8155C 256 x 8 RAM with ‘8 3 451055 180 — Plastic DIP 40
1/0 Ports and Timer
4PDB155C-2 256 x 8 RAM with 8 5 451055 180 — Plastic DIP 40
1/0 Ports and Timer
uPD8155HC 256 x 8 RAM with 8 3 451055 180 - Plastic DIP 40
1/0 Ports and Timer
uPDB155HC-2 256 x 8 RAM with 8 5 451055 180 — Plastic DIP 40
1/0 Ports and Timer
pPD8156C 256 x 8 RAM with 8 3 45t055 180 — Plastic DIP 40
170 Ports and Timer
1PD8156C-2 256 x 8 RAM with 8 5 451055 180 - Plastic DIP 40
) 1/0 Ports and Timer
uPD8156HC 256 x 8 RAM with 8 3 451055 180 — Plastic DIP 40
1/0 Ports and Timer
uPDB156HC-2 256 x 8 RAM with 8 5 45t055 180 — Plastic DIP 40
1/0 Ports and Timer .
uPD8216C Parallel Bidirectional 4 — 451055 130 — Plastic DIP 16
Bus Driver
uPB8216C Parallel Bidirectional 4 — 451055 130 — Plastic DIP 16
Bus Driver
uPB8226C Parallel Bidirectional 4 — 451055 120 — Plastic DIP 16
Bus Driver
uPD8237AC-5 Programmable 8 5 451055 150 - Plastic DIP 40
DMA Controller ’
#PD8243C Input/Output — 5 451055 20 — Plastic DIP 24
Expander
uPD8243HC HMOS Input/Qutput — 5 451055 20 — Plastic DIP 24
Expander
4#PD8251AC Programmable 8 3/5 451055 100 — Plastic DIP 28
Communication
Interface
uPD8251AFC Programmable 8 3/5 45105.5 100 — Plastic DIP 28
Communication
" Interface
uPD8253C-2 Programmable 8 5 45105.5 140 — Plastic DIP 24
) Internal Timer
uPD8253C-5 ‘Programmable 8 4 451055 140 - Plastic DIP 24
Internal Timer
pPDB255AC-2 Programmable 8 5 451055 120 - Plastic DIP 40
Peripheral Interface
1PD8255AC-5 Programmable 8 4 451055 120 - Plastic DIP 40
Peripheral Interface .
4PD8257C-2 Programmable 8 5 451055 100 - Plastic DIP 40
DMA Controller ‘
1PD8257C-5 Programmable 8 3 451055 120 — Plastic DIP 40
DMA Controller )
1PD8259AC Programmable 8 4 451055 85 — Plastic DIP 28

Interrupt Controller
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- NMOS System Support Product Selection Guide (cont)

Power Dissipation

Supply
Data Clock Voltage Active Standby
Device Description Bits (MHz) V) (mA) {mA) Package Pins
' uPDB8259AC-2 Programmable 8 5 45t055 85 — Plastic DIP 28

Interrupt Controtler

uPD8279C-2 Programmable — 5 45t055 120 — Plastic DIP 40
Keyboard/Display
Interface

uPD8279C-5 Programmable — 3 45t055 120 — Plastic DIP 40
Keyboard/Display
Interface

1PB8282C Octal Latch 8 8 451055 160 - Plastic DIP 20

uPB8283C Octal Latch 8 8 45t055 160 - Plastic DIP 20

uPB8284AD Clock Generator/ — 24 451055 140 — Cerdip 18
Driver

uPB8286C Octal Bus 8 8 451055 160 — Plastic DIP 20
Transceiver

uPB8287C Octal Bus 8 8 451055 130 - Plastic DIP 20
Transceiver

1PB8288D CPU System - 10 451055 230 - Cerdip 20
Bus Controller .

1PB8289D Bus Arbiter - 8 451055 165 - Cerdip 20

uPD7720 Hardware uPD7281 Software

Development Tool Selection Guide Development Tool Selection Guide

Device Description Device Description

EVAKIT-7720B Stand-alone Evakit for uPD7720 Digital Signal SW7281-D52 MS-D0S, 5-1/4" double-density floppy diskette

Processor SW7281-M52 CP/M-86, 5-1/4" double-density floppy diskette
SW7281-M81 CP/M-86, 8" single-density floppy diskette -

uPD70208/216 Hardware Development
Tool Selection Guide

Device Description

E-70208-S008 In-circuit emulator for zPD70208 (with V40 pod)
E-70216-S008 In-circuit emulator for uPD70216 (with V50 pod)
E-70208-1008 Optional pod unit for «PD70208 emulation
E-70216-1008 Optional pod unit for uPD70216 emulation
E-70216-1508 Converts |E-70108/70116-S to IE-70208/70216-S008

CP/M-86 and MP/M-86 are registered trademarks of Digital Research
Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
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uPD7720 Software MD-086 Series Microcomputer
Development Tool Selection Guide Development System Selection Guide
Device ' Description Device Description -
ASM77-C81 CP/M-80, 8" single-density floppy diskette MD-086FD-10 MD-086 series, floppy-disk based system
ASM77-D52 MS-DO0S, 5-1/4" double-density floppy diskette " MD-086HD-10 MD-086 series, floppy-/hard-disk based system
ASM77-181 ISIS-II, 8" single-density floppy diskette MD-086DK Hard-disk upgrade for MD-086FD-10
ASM77-182 IS1S-11, 8" double-density floppy diskette MD-910T™ Character display terminal
ASM77-M52 CP/M-86, 5-1/4" double-density floppy diskette
ASM77-M81 CP/M-86, 8" single-density floppy diskette
ASMT7-F9T1 Fortran IV ANSI X3.9-1966 source program MD-910TM Character Display Terminal
~ 9-track 1600 BP! magnetic tape Development Tool Selection Guide

SIM77-C81 CP/M-80, 8" single-density floppy diskette Device Description
SIM77-D52 MS-DOS, 5-1/4" double-density floppy diskette MD-910TM Character display terminal
SIM77-181 1SIS-11, 8" single-density floppy diskette
SIM77-182 1S1S-11, 8” double-density floppy diskette
SIM77-M52 ~ CP/M-86,5-1/4" double-density floppy diskette =~ PG 1000 PROM Programmer
SIM77-M81 CP/M-86, 8" single-density floppy diskette Selection Guide i

Device Description

PG1003 Plug-in personality module
uPD70108/116/208/216 PG1005 Plug-in personality module

Software Relocatable Assembler
Development Tool Selection Guide

Device Description

RA70116-D52 MS-DO0S, 5-1/4" double-density floppy diskette
RA70116-181 ISIS-11, 8" single-density floppy diskette
RA70116-182 1SIS-I1, 8" double-density floppy diskette
RA70116-M52 CP/M-86, 5-1/4" double-density floppy diskette
RA70116-M81 CP/M-86, 8" single-density floppy diskette
RA70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape
RA70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape

uPD70108/116/208/216 Software
C Compiler Development Tool
Selection Guide

Device Description

CC70116-D52 MS-D0S, 5” double-density floppy diskette
CC70116-181 ISIS-ll, 8” single-density floppy diskette
CC70116-182 ISIS-Hl, 8" double-density floppy diskette
CC70116-M52 CP/M-86, 5” double-density floppy diskette
CC70116-M81 CP/M-86, 8” single-density floppy diskette
CC70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape
CC70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape

UNIX is a trademark of AT&T
VAX and VMS are trademarks of Digital Equipment Corporation
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Ordering Procedure for
ROM-Based Microprocessor Products

The devices listed below are ROM-based micro-
computer products.

uPD7720 uPD77230 uPD77220
Please use the following guidelines for ordering the
above products. Contact your local sales representative

for assistance and to obtain the necessary forms.
A complete order must include:

[0 Two copies of ROM code information contained in
either the equivalent memory EPROMs or EPROM-
based microcomputers.

[0 ROM code submission form (provided by your
local sales representative); see next page.

[0 Your engineering specifications, if applicable.
Please ignore this item if NEC has already reviewed
your specification.

[0 Mask charge payment.

[0 Liability agreement for ROM-based work-in-prog-
ress. The NEC form, “ROM-Based Microprocessors
Agreement,” can be obtained from your local sales
representative.

O Your purchase order.

NEC Electronics Inc. will return the ROM code patterns
inthe EPROM media together with a code listingand a
ROM-code verification form to you. Please return the
verification form to verify the code in the EPROM
provided by NEC. NEC guarantees that the final
product will contain the same code you verified.

Summary:

Step 1 [ Customer submits a complete order, includ-
ing the items listed above.

Step 2 (1 NEC returns ROM pattern to customer
together with a ROM-code verification form
and a code listing.

Step 3 [ Customer verifies code received from NEC
and returns verification form.

Step 4 (1 NEC acknowledges customer order and
begins production.




GENERAL INFORMATION

NEC

NEC

NEC Electronics Inc.

' ROM CODE
SUBMISSION

To: NEC Electronics Inc.
Corporate Headquarters
401 Ellis Street, P.O. Box 7241

Mountain View, CA 94039
Attn: ROM Code Administrator

We are ready to place a purchase order for our , your

Date

,and are

Customer Part Number

O uPD2764
[0 uPD27128

O uPD70P322
O uPD75P108
O uPD77P20

O uPD78P09
O uPD78P312

[J To our engineering specification #

submitting two copies of the ROM code on the following medium/media. (Please check all applicable boxes.)

This device should be manufactured as follows: (Please check all applicable boxes.)

NEC Part Number

0 uPD8741A
O uPD8748H
] uPD8749H
O uPD8755A

O with special marking:

[0 Lead type (if applicable) Bent
O Application

Straight

[ with the 170 port loading options (available only on the devices listed on this form).

NEC Electronics Inc.

Please return the processed ROM code to the following individual for our verification.

Name

Company

Division

Shipping Address (not a P.O. Box, please)

City State

ziP

Telephone Number

Customer

above.
® Two copies of ROM code
Mask charge payment.

Signed “ROM-Based Microprocessors Agreement”
Purchase order

Please send this form and the items listed below in a package clearly marked “ROM CODE Enclosed” to the address

Engineering specification, if applicable. Not required if NEC has already reviewed the specification.

Form No. NEC-0000071 Rev. B 7/86

©1986 NEC Electronics Inc.
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Introduction

As large-scale integration reaches a higher level of
density, reliability of devices imposes a profound
impact on system reliability. And as device reliability
becomes a major factor, test methods to assure accept-
able reliability become more complicated. Simply
performing a reliability test according to a con-
ventional method cannot satisfy the demanding require-
ments for higher reliability. At these new, higher levels
of LSI density, it is increasingly difficult to activate all
the elements in the internal circuits. A different phi-
losophy and methodology is needed for reliability as-
surance. Moreover, as integration density increases,
the degradation of internal elementsin an LS| deviceis
seldom detected by measuring characteristics across
external terminals.

In order to improve and guarantee a certain level of
reliability for large-scale integrated circuits, it is es-
sential to build quality and reliability into the product.
Then, the conventional reliability tests are followed to
ensure that the product demonstrates an acceptable
level of reliability.

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line.
By adopting TQC, NEC can build quality into the
productand thus assure higher reliability. The concept
and methodology of total quality control are company-
wide activities involving workers, engineers, quality
control staffs, and all levels of management.

NEC has also introduced a prescreening method into
the production line that helps eliminate potentially
defective units. The combination of building quality in
and screening projected early failures out has resulted
in superior quality and excellent reliability.

Technology Description

Most large-scale integrated circuits utilize high-density,
MOS technology. State-of-the-art high performance
has been achieved by introducing fine-line generation
techniques. By reducing physical parameters, circuit
density and performance increase while active circuit
power dissipation decreases. The data presented here
shows that this advanced technology yields products
as reliable as those from previous technologies.

Reliability Testing

Reliability is defined as the characteristics of an item
expressed by the probability that it will perform a
required function under stated conditions for a stated
period of time. This involves the concept of probability,
definition of required function(s), and the critical
time used in defining the reliability.

Definition of a required function, by implication, treats
the definition of a failure. Failure is defined as the
termination of the ability of a device to perform its
required function. Furthermore, a device is said to
have failed if it shows inability to perform within
quaranteed parameters as given in an electrical
specification.

Discussion of reliability and failure can be approached
in two ways: with respect to systems or to individual
devices. The accumulation of normal device failure
rates constitutes the expected failure rate of the system
hardware. Important considerations here are the con-
stant failure period, the early failure (infant mortality)
period, and overall reliability level. With regard to
individual devices, areas of prime interest include
specific failure mechanisms, failures in accelerated
tests, and screening tests.

Some of these failure considerations pertain to both
systems and devices. The probability of no failuresina
system is the product of the probability of no failure in
each of its components. The failure rate of system
hardware is then the sum of the failure rates of the
components used to construct the system.

Figure 1. Reliability Life (Bathtub) Curve
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Life Distribution

The fundamental principles of reliability engineering
predict that the failure rate of a group of devices will
follow the well-known bathtub curve in figure 1. The
curve is divided into three regions: infant mortality,
random failures, and wearout failures.

Infant mortality, as the name implies, represents the
early-life failures of devices. These failures are usually
associated with one or more manufacturing defects.

After some period of time, the failure rate reaches a low
value. This is the random failure portion of the curve,
representing the useful portion of the life of a device.
During this random failure period, there is a decline in
the failure rate due to the depletion of potential random
failures from the general population.

The wearout failures occur at the end of the device’s
useful life. They are characterized by a rapidly rising
failure rate over time as devices wear out both physical-
ly and electricatly.

Thus, for devices that have very-long life expectancies
compared to those of systems, the areas of concern
will be the infant mortality and the random failure
portions of the population.

The system failure rates are related to the collective
device failure rates. In a given system, after elimination
of the early failures, the system will be left to the failure
rate of its components. In order to make proper
projections of the failure rate in the operating environ-
ment, time-to-failure must be accelerated in tests in a
predictable way.

Failure Distribution at NEC

Integrated circuits returned to NEC from the field
underwent extensive failure analysis at NEC’s Inte-
grated Circuit Division.

First, approximately 50 percent of the field returns
were found to be damaged either from improper
handling or misuse of the devices. These units were
eliminated from the analysis. The remaining failed
units were classified by their failure mechanisms as
depicted in figure 2. These failures were then related to
the major integrated circuit failure mechanisms and to
their origins in a particular manufacturing step.

As shown in figure 2, the first four failure mechanisms
accounted for more than 90 percent of total failures. As
a result, NEC improved processes and material to
reduce these failures. Additionally, NEC introduced
screening procedures to detect and eliminate defective
devices.

2-4

Temperature, humidity, and bias tests are used for
testing the moisture resistance of plastic encapsulated
integrated circuits. NEC developed a special process
to improve the plastic encapsulation material. As a
result, moisture-related—thus packaging-related—fail-
ures have been drastically reduced.

As a preventive measure, NEC has introduced a special
screening procedure embedded in the production line.
A burn-in at an elevated temperature is performed for
100 percent of the lots. This burn-in effectively removes
the potentially defective units. In addition, improvement
of the plastic encapsulation material has lowered the
failures in a high-temperature and high-humidity
environment.

Figure 2. Failure Distribution of MOS Integrated
Circuits
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Accelerated Reliability Testing

As an example, assume that an electronic system
contains 1000 integrated circuits and can tolerate 1
percent system failures per month. The failure rate per
component is:

0.01 Failures _
720K Device Hours
where FIT = Failure units per 109 device hours

To demonstrate this failure rate, note that 13.8888 FITs
corresponds to one failure in about 7000 devices
during an operating test of 10,000 hours. It is quickly
apparent that a test condition is required to accelerate
the time-to-failure in a predictable and understandable
way. The implicit requirement for the accelerated
stress test is that the relationship between the ac-
celerated stress testing condition and the condition of
actual use be known.

13.888 x 1G9 Failures/Hour
or 13.8888 FiTs

A most common time-to-failure relationship involves
the effect of temperature, which accelerates many
physiochemical reactions leading to device failure.
Other environmental conditions are voltage, current,
humidity, vibration, or some combination of these.
Table 1 lists the reliability assurance tests performed at
NEC for integrated circuits.

Table 1. Monthly NEC Reliability Tests

MIL-STD-883
Test Method Test Conditions
Life Test
High-temperature, 1005A, D Ta =100 to 125°C
operating for 1000 hours
High-temperature, 1008C Ta = 150°C-for 1000 hours

storage

High-temperature, —
high-humidity test

Tp =85°C at 85% RH
for 1000 hours

Ta=125°C at2.3 atm
for 168 hours

Pressure cooker test —

Environmental Test

Soldering heat test 2031 T=260°C for10s

(MIL-STD-750)  without flux
Temperature cycle 1010C T =—65 to +150°C for
10 cycles
‘Thermal shock 1011A T=0to 100°C for
: 15 cycles
'Lead fatigue 2004B2 at 250 gm: 3 leads, 3 bends
‘Solderability 2003 T =230°C for 5 s with flux

Temperature Effect. The effect of temperature .that
concerns us is that which responds to the Arrhenius
relationship. This relates the reaction rate to tem-
perature.

R = R, exp(—Ea/KT)

R, = Constant
E, = Activation energy in eV
k = Boltzmann’s constant
=8.617 x 105 eV/K
T = Absolute temperature in kelvin (K)

where

The significance of this relationship is that the failure
mechanisms of semiconductor devices are directly
applicable to it. A linear relationship between failure
mechanism and time is assumed.

Activation Energy. Associated with each failure mech-
anism is an activation energy value. Table 2 lists some
of the more common failure mechanisms and the
associated activation energy of each.

Table 2. Activation Energy and Detection of Failure

Mechanisms
Activation

Failure Mechanism Energy Detection
Oxide defect 0.3ev High-temperature operating
Silicon defect 03¢V life test
lonic contamination  1.0-1.35eV
Electromigration 04-08 eV
Charge injection 13eV
Gold-aluminum 08eV
interface
Metal corrosion 0.7ev High-humidity operating

life test

High-Temperature Operating Life Test. This test is
used to accelerate failure mechanisms by operating
the devices at an elevated temperature of 125°C. The
data obtained is translated to a lower temperature by
using the Arrhenius relationship.

High-Temperature and High-Humidity Test. Semi-
conductor integrated circuits are highly sensitive to
the general accelerating effect of humidity in causing
electrolytic corrosion between biased lines. The high-
temperature and high-humidity test is performed to
detect failure mechanisms that are accelerated by
these conditions. This test is effective in accelerating
leakage-related failures and drifts in device parameters
due to process instability.
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High-Temperature Storage Test. Another common test
is the high-temperature storage test in which devices
are subjected to elevated temperatures with no‘applied
bias. This test is used to detect mechanical problems
and process instability.

Environmental Test. Other environmental tests are
performed to detect problems related to the package,
material, susceptibility to extremes in environment,
and problems related to usage of the devices.

Failure Rate Calculation and Prediction

Analysis of integrated circuit failure rates can serve
many useful purposes. For example, the early-life
failure rate helps establish a warranty period, while the
mature-life failure rate aids in estimating repair costs,
spare parts stock requirements, or product downtime.
Accurate prediction of failure rates can also be used for
process control.

The following sections describe the failure rate cal-
culation and prediction methods used by NEC’s
Integrated Circuit Division.

The Arrhenius Model

Most integrated circuit failure mechanisms depend to
some degree on temperature. This relationship can be
represented by the Arrhenius model, which includes
the effects of temperature and activation energy of the
failure mechanisms.

As applied to accelerated life testing of integrated
circuits, the Arrhenius model assumes that degradation
of a performance parameter is linear with time. Tem-
perature dependence is taken to be the exponential
function that defines the probability of occurrence.
The relationship of failure rate to temperature is
expressed as:

F1=Fexp[(Ea/k) x (1/T1 — 1/T>)]

Where: Fo = Failure rate at To
Fy = Failure rate at T4
Ea = Activation energy in eV

k = Boltzmann’s constant
T = Operating junction temperature in
kelvin (K)

The equation explains the thermal dependence of
integrated circuit failure rates and is used for derating
the resulting failure rate to a more realistic temperature.

Acceleration Factor

The acceleration factor is the factor by which the
failure rate can be accelerated by increased tem-
perature. This factor is derived from the Arrhenius
failure rate expression, resulting in the following form.

A =F1/F2 = exp[(Ea/k) x (1/T1 — 1/T2)]

where A = Acceleration factor
Fo = Failure rate at To
Fq1 = Failure rate at T

In calculating the field reliability of an integrated
circuit, it is necessary to calculate the junction tem-
perature. In general, the junction temperature will
depend on the ambient temperature, cooling, package
type, operating cycle time, and power dissipation of
the circuit itself. In these terms, the junctlon tem-
perature (T,) is expressed as:

Tyg=Ta+ PgqAsb4a

T, = Junction temperature

Ta = Ambient temperature

P4 = Power dissipation

A¢ = Air flow factor

8, = Package thermal resistance

where

Table 3 lists derating factors of various failure mecha-
nisms. This table is generated assuming that an ac-
celerated test is performed at a junction temperature of
125°C. The result is then derated to 55°C junction
temperature. The acceleration factor may then be
obtained by taking the inverse of the derating factor.

Table 3. Derating Factors of Failure Mechanisms

: Activation
Failure Mechanisms Energy, eV Derating Factor
Oxide defect 0.3 0.1546
Silicon defect 0.3 0.1546
lonic contamination 1.0 0.001984
Electromigration 04 0.08307
Charge injection 1.3 0.0003067
Metal corrosion 0.7 0.01315
Gold-aluminum interface 0.8 0.006886

The acceleration of failure mechanisms in a high-
humidity and high-temperature environment must be
expressed as a function not only of temperature bui
also of humidity.
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According to the reliability test statistics, the ac-
celeration factor in such an environment can best be
approximated with Peck’s model as follows.

A = exp[(Ea/k) X (1/T1 = 1/T2)] x (Ha/H1)45

where E, = Activation energy
k = Boltzmann’s constant
T = Junction temperature

H = Relative humidity

For example, the acceleration factor for high-humidity
and high-temperature or pressure cooker tests ranges
from 100 to 1000 times that of the normal operating
environment.

Failure Rate Calculation

As an example, suppose that product samples are
submitted to a 1000-hour life test at 125°C junction
temperature and two failures are encountered: one
oxide and one metalization defect. The sample size is
885 units.

Thus, the oxide failure rate is 0.11 percent per 1000
hours and the metalization failure rate is 0.11 percent
per 1000 hours. Therefore, the total failure rate at
125°C sums t0 0.22 percent per. 1000 hours at 1K hours.

Failure Rate Prediction

To -derate these failure rates to a normal operating
environment, use the derating factors listed in table 3.

Oxide failures =0.11 x 0.1546 = 0.01701% per 1K hrs
Metal failures = 0.11 x 0.01315 = 0.00145%

per 1K hrs
Total failures = 0.01846% per 1K hrs

Note that the example above is a snapshot of the high-
temperature life test performed on a particular lot. It is
not accumulated data that can be used to represent
overall reliability. This conservative illustration, how-
aver, shows that the failure rate in a normal operating
anvironment is approximately one-twelfth the failure
-ate in a higher-temperature environment.

The failure. rate prediction takes different activation
:nergies into account whenever the causes of failures
ire known through performing failure analysis. In
‘ fome cases, however, an activation energy is assumed
n order to accomplish a quick first-order approxi-
nation. Toyield a conservative estimate of failure rates,
tEC assumes an average activation energy of 0.7 eV
‘ ‘ henever the exact failure mechanism is not known.

Reliability Test Results

Before introducing new technologies or products,
NEC's internal reliability goals must be attained. Several
categories of testing are used in the internal qual-
ification program to assure that product reliability
meets NEC's reliability goals. Once the product is
qualified, its reliability level is regularly monitored in a
monthly reliability test.

NEC’s Goals on Failure Rates

NEC's approach to achieving high reliability is to build
quality into the product, as opposed to merely screen-
ing out defective units. The use of distributed control
methods embedded in the production line, in con-
junction with conventional screening methods, results
in the highest reliability at the lowest cost.

NEC’s maximum failure rate goals for infant mortality
and long-term device operation are listed in table 4.

Table 4. Infant Mortality and Long-Term Failure Rates
Failure Rate -
Type Percent/1000 Hours
Infant mortality 0.10 max
Long-term
1.2M device hours average 0.02 max
3.0M device hours average 0.01 max

Infant Mortality Failure Rate -

The infant mortality goal for each product group is set
at 0.10 percent maximum. When a failure rate exceeds

this level, there is prompt remedial action.

Long-Term Failure Rate

The long-term failure rate goal is based on the
following conditions:

¢ A minimum of 1.2 million device hours at 125°C is
accumulated to resolve 0.02 percent per 1000 hours
at 55°C with a 60-percent confidence level.

e A minimum of 3 million device hours at 125°C is
accumulated to resolve 0.01 percent per 1000 hours
at 55°C with a 60-percent confidence level.
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Infant Mortality Failure Screening

Itis logical to assume theiintegrated circuit that fails at
one temperature would also fail at another temperature,
except it would fail sooner at a higher temperature. As
can be expected, the failure rate is a function of
activation energy. Establishing infant mortality screen-
ing, therefore, requires knowledge of the likely failure
mechanisms and their associated activation energy.

The most likely mechanisms associated with infant
mortality failures are generally manufacturing defects
and process anomalies. These generally consist of
contamination, cracked chips, wire bond shorts, or bad
wire bonds. Since these describe a number of possible
mechanisms, any one of which might predominate ata
given time, the activation energy for infant mortality
might be expected to vary considerably.

The effectiveness of a screening condition, preferably
at some stress level in order to shorten the time, varies
greatly with the failure mechanism being screened for.
Another factor is the economics of the screening
process introduced into the production line. Optimal
conditions and duration of a screening process will be
a compromise of these two factors.

For example, failures due to ionic contamination have
an activation energy of approximately 1.0 eV. There-
fore, a 15-hour stress at 125°C junction temperature
would be the equivalent of approximately 90 days of
operation at a junction temperature of 55°C. On the
other hand, failures due to oxide defects have an
activation energy of approximately 0.3 eV, and a 15-
hour stress at 125°C junction temperature would be
the equivalent of approximately one week’s operation
at 55°C junction temperature. As indicated by this, the
condition and duration of infant mortality screening
would be a strong function of the allowable component
failures, hence the system failure, in the field.

Empirical data, gathered over more than ayearat NEC,
indicates that early failure does occur after less than 4
hours of stress at 125°C ambient temperature. This
fact is supported by the life test of the same lot, where
the failure rate shows random distribution, as opposed
to a decreasing failure rate that then runs into the
random failure region.

NEC has adopted the initial infant mortality burn-in at
125°C as a standard production screening procedure.
As a result, the field reliability of NEC devices is an
order of magnitude higher than the goals set for NEC’s
integrated circuit products.

Life Tests

The most significant difference between NEC'’s prod-
ucts and those of other integrated circuit manufacturers
is that NEC’s have been prescreened for their infant
mortality defects. The products delivered to customers
are operating at the beginning of the random failure
region of the life curve. The life test data also reflects
this fact, as will be shown.

The failure mechanism distribution from field failures,
as previously shown in figure 2, also contains a very
low percentage due to infant mortality. The majority of
failures are long-term life failures, and these can be
eliminated by stringent process control. Usually, these
failure mechanisms have low activation energy associ-
ated with them.

Another significant improvement devised by NEC is
plastic encapsulation and passivation. As aresult, NEC
products show excellent reliability in both high-
humidity and high-temperature environments. Follow-
ing is life test data accumulated over more than a year
for large-scale integrated circuits.

High-Temperature Operating Life Test

This test is used to accelerate failure mechanisms by
operating the devices at an elevated temperature. For
large-scale integrated circuits, the failure rate is 0.242
percent per 1000 hours at 125°C. This is equivalent to
0.0071 -percent per 1000 hours in an-operating en-
vironment of 55°C (table 5).

Table 5. High-Temperature Operating Life Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
3317 0 0 1 4 3
Total number of failures at 1K hrs =8

Failure rate at 1K hrs at 125°C = 0.242% per 1K hrs
Projected fajlure rate at 1K hrs at 55°C = 0.007% per 1K hrs

High-Temperature and High-Humidity Life Test

This test is used to accelerate failure mechanisms by
operating the devices at high temperature and higr
humidity. Leakage-related failures and device para;
meter drift are accelerated by this test. For these}
large-scale integrated circuits, the failure rate is 0.091
percent per 1000 hours. This is equivalent to 0.0027
percent per 1000 hours in an operating environment o '
55°C. The test conditions are Tp = 85°C and relative
humidity (RH) = 80% (table 6).
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Table 6. High-Temperature and High-Humidity Life

Test
Number of Number of Failures at
Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
2190 0 0 0 0 2
Total number of failures at 1K hrs =2

" Failure rate at 1K hrs at 85°C/80% RH
Projected faiture rate at 1K hrs at
55°C/60% RH

=10.091% per 1K hrs

=0.003% per 1K hrs

High-Temperature Storage Life Test

This test is effective in accelerating the failure
mechanisms related to mechanical reliability problems
and process instability. For these LSI devices, the
failure rate is 0.207 percent per 1000 hours at 125°C.
This is equivalent to 0.0061 percent per 1000 hours in
an operating environment of 55°C (table 7).

Table 7. High-Temperature Storage Life Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
2410 0 0 0 1 4
Total number of failures at 1K hrs =5

Failure rate at 1K hrs at 125°C
\Projected failure rate at 1K hrs
at55°C

=0.207% per 1K hrs

=0.006% per 1K hrs

‘Pressure Cooker Test

This test is effective in accelerating failure mechan-
isms related to metalization corrosion due to moisture.
The failure rate is 0.52 percent per 1000 hours at T =
125°C and 2.3 atm at 100 percent humidity. This is
equivalent to 0.0013 percent per 1000 hours at 55°C
and an environment of 60 percent humidity (table 8).

Table 8. Pressure Cooker Test

Number of Failures at

‘umber of

jamples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
‘718 0 4 5  No test performed
‘otal number of failures at 168 hrs =9

Filure rate at 125°C = 0.54% per 1K hrs

rojected failure rate at 55°C =0.001% per 1K hrs

Life Test Data Summary

iable 9 summarizes the life test results and projected
I'ailure rates in the normal operating environment. The
ilure rate shows random distribution as opposed to a
!ecreasing failure rate. This is a result of infant

portality screening.

Table 9. Life Test Data

. Total

Number of Number of Failures at Number of
Test Time Samples 96 hrs 168 hrs 500 hrs 1K hrs  Failures
High-temperature 3317 0 1 4 3 8
life test
High-humidity 2190 0 0 0 2 2
life test
High-temperature 2410 0 0 1 4 5
storage life test
Pressure 1718 4 5 No test 9
cooker test performed
Total 9635 4 6 5 9 24

The projected failure rate in the normal operating
environment is calculated assuming that the average
activation energy is 0.7 eV.

Figure 3 shows the life distribution of NEC integrated
circuits as a form of the bathtub curve.

This life test data shows improvements of approxi-
mately an order of magnitude better than NEC’s goal.
The hours of operation are equivalent to the normal
operating environment. Wear-out failures, which had
been the main target for reliability improvement, have
also been significantly reduced. This result comes
mainly from process improvements and stringent manu-
facturing process control.

NEC’s main goal has been to improve reliability with
respect to infant mortality and long-term life failures.
This can be achieved by introducing an effective
screening method for infant mortality and building
quality into the product.

Figure 3. Piot of Life Test Results

0.10 +——————————— Infant Mortality Failure Rate Goal
0.10 percent per 1000 hours maximum

0.05 +

Long-Term Life Failure Rate Goal
0.02 percent per 1000 hours maximum

0.01

0.005

T T T T T T T T T T

05K 1K 2K 3K 4K 5K 10K 20K 30K 40K

Hours —»

B3 (3981A
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Thermal Stress Tests

Temperature cycling and thermal shock test the thermal
compatibility of material and metal used to make
integrated circuits. Table 10 lists the reliability test
results of thermal stress tests.

Table 10. Thermal Stress Tests

Number of Number of
Test ltem Samples Failures
Soldering heat test 1891 0
Ta =260°C for 10 seconds
Temperature cycle 1891 0
Ta = —65 to +150°C, 10 cycles
Thermal shock test 1891 0

Ta = 0to +100°C, 15 cycles

Mechanical Stress Tests

In addition to the device life test, NEC performs
mechanical stress tests to detect reliability problems
related to the package, material, and device suscept-
ibility to an extreme environment. Table 11 lists
mechanical stress test results.

Table 11. Mechanical Stress Tests
Number of Number of

Test ltem Samples Failures
Mechanical shock test 315 0

at 15 kg, 3 axis )
Vibration test 315 0

at 100 Hz t0 2 kHz, 20 g
Constant acceleration 315 0

at 20 kg, 3 axis
Lead fatigue test 538 0

at 240 grams
Solderability test 638 0

at 230°C for 5 seconds

Built-In Quality and Reliability

As large-scale integration reaches even higher levels
of density, simple quality inspections cannot assure

adequate levels of product quality and reliability. In

order to ensure the reliability of state-of-the-art VLSI,
NEC has adopted another approach. Highest reliability
and superior quality of a device can only be achieved
by building these characteristics into the product at
each process step. NEC, therefore, has introduced the
notion of total quality control (TQC) into its entire
semiconductor production line. Quality control is dis-
tributed into each process step and then summed to
form a consolidated system.
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Approaches to Total Quality Control

First, the quality control function is embedded into
each process. This method enables early detection of
possible causes of failure and immediate feedback.

Second, the reliability and quality assurance policy is
an integral part of the entire organization. This enables
acompanywide quality control activity. At NEC, every-
one in the company is involved with the concept and
methodology of total quality control.

Third, there is an ongoing research and development
effort to set even higher standards of device quality and
reliability.

Fourth, extensive failure analysis is performed period-
ically and corrective actions are taken as preventive
measures. Process control is based on statistical data
gathered from this analysis.

The goal is to maintain the superior product quality
and reliability that has become synonymous with the
NEC name. The new standard is continuously upgraded
and the iterative process continues.

Implementation of Distributed Quality Control

Building quality into a product requires early detection
of possible causes of failure at each process step.
Then, immediate feedback to remove the causes is a
must. A fixed station quality inspection is often lacking
in immediate feedback. It is, therefore, necessary to
distribute quality control functions to each process
step, including the conceptual stage. NEC has imple-
mented a distributed quality control function at each
step of the process. Following is a breakdown of the
significant steps:

e Product development phase

e Wafer processing

e Chip mounting and packaging

e Electrical testing and thermal aging ‘
e Incoming material inspection '

Product Development Phase. The product developmen" ‘
phase includes conception of a product, review of the
device proposal, organization and physical elemen
design, engineering evaluation, and finally, transfer o
the product to manufacturing. Quality and reliability|
are considered at every step. More significantly, at the
design review stage and prior to product transfer, the:
quality and reliability requirements have to be examinel
and determined to'be satisfactory. This often adds 2 t"
3 months to the product development cycle. Buildin
in high reliability, however, cannot be sacrificed.
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Wafer Processing Stage Inspection. The in-process
quality inspections that occur at the wafer fabrication
stage are listed in table 12.

Table 12. Wafer Processing Inspection

Process Inspection Item

Wafer Resistivity, dimension, and appearance,
(lot sampling inspection)

Mask

Photolithography Alignment and etching (100% inspection)

Cleaning

Diffusion and oxidation Oxide thickness, sheet resistivity (lot

sampling inspection)

Metalization and passivation Thickness, Vi, C-V characteristics (lot
sampling)}

Wafer sort and scribe Dc parameters (100% inspection)

Die sort 100% visual inspection

Chip Mounting and Packaging. The in-process quality
inspections done at the chip mounting and packaging
stage are listed in table 13.

Table 13. Chip Mounting and Packaging Inspection
drogess

Inspection Hem

die Incoming material Inspection

Jie attach Appearance (lot sampling inspection)
Nire bonding Bond strength, appearance (lot sampiing)
’ackaging 100% appearance inspection

‘ine leak* Lot sampling

iross leak* 100% inspection

For ceramic package devices only.

ilectrical Testing and Screening. Electrical testing and
1fant mortality screening are performed at this stage.
\ flowchart of the process is depicted in figure 4.

it the first electrical test, dc parameters are tested
ccording to the electrical specifications on 100% of
ach lot. This is a prescreening prior to the infant
ortality test. At the second electrical test, ac function-
| tests as well as dc parameter tests are performed on
J0% of the subjected lot. If the percentage of defective
nits exceeds the limit, the lot is subjected to an
dditional burn-in. During this time, the defective units
re undergoing a failure analysis, the results of which
e then fed back into the process for corrective action.

Figure 4. Electrical Testing and Screening .

1st Electrical Test DC Parameters

100 Percent Lot Burn-In
Ta=125°C

DC Parameters,

2nd Electrical Test AC Functional

Warehouse ‘E\leclrical, .
Finished Goods Stored ppearance, an
Dimensions

Reliability Assurance
Test [RAT] Sampling

83-003942A

Incoming Material Inspection. Prior to warehouse
storage, lots are subjected to an incoming inspection
according to the following sampling plan.

e Electrical test: Dc parameters LTPD 3%
Functional test LTPD 3%
e Appearance LTPD 3%

Reliability Assurance Test

Samples are continually taken from the warehouse and
subjected to monthly reliability tests as discussed
previously. They are taken from similar process groups
so that it can be assumed that any device is rep-
resentative of the reliability of the group.
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In-Process Screening:

Perhaps the most significant preventive measure that
NEC has implemented is the introduction of 100%
burn-in as an integral part of the standard production
process. Most of the potential infant failures are ef-
fectively screened from every lot, thereby improving
reliability. Assuming average activation energy of 0.7
eV, burn-in at Tp = 125°C for 4 hours is equivalentto a
week’s operation in a normal operating environment.
This appears to be ample time for accelerating the
time-to-failure mechanisms for early failures.

Process automation, as previously mentioned, has also
contributed a great deal toward improving reliability.
Since its introduction, assembly related failure mech-
anisms have been substantially reduced. And, in
combination with in-process screening and materials
improvement, it has helped establish quality and
reliability above NEC's initial goals.
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Summary and Conclusion

As has been discussed, building quality and reliability
into products is the most efficient way to ensure
product reliability. NEC’s approach of distributing
quality control functions to process steps, then forming
a consolidated quality control system, has produced
superior quality and excellent reliability.

Prescreening, introduced as an integral part of large-
scale integrated circuit protection, has been a major
factor in improving reliability. The most recent year’s
production clearly demonstrates continuation of NEC's
high reliability and the effectiveness of this method.

Reliability assurance tests (RATs), performed monthly,
have ensured high outgoing quality levels. The com-
bination of building quality into products, effective
prescreening of potential failures, and the reliability
assurance test has established a singularly high stan-
dard of quality and reliability for NEC’s large-scale
integrated circuits.

With a companywide quality control program, NEC is
committed to building superior quality and highest
reliability into all its products. Through continuous
research and development activities, extensive failure
analysis, and process improvements, a higher standard,
of quality and reliability will continuously be set and
maintained.
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Section 3 — CMOS Microprocessors

uPD70008/A 8-Bit Microprocessors .........c.c..cveeenn
uPD70108 8/16-Bit High-Performance Microprocessor (V20™)
uPD70116 16-Bit High-Performance Microprocessor (V30™)
uPD70208 8/16-Bit High-Integration Microprocessor (V40™)
uPD70216 16-Bit High-Integration Microprocessor (V50™)
uPD70616 32-Bit Virtual Memory Microprocessor (V60™)
uPD72191 Floating Point Processor

V20 through V60 are trademarks of NEC Corporation.



WC PD70008/A
8-BIT CMOS
NEC Electronics Inc. MICROPROCESSORS
Description Pin Configurations
The uPD70008 and uPD70008A are power saving, high 40-Pin Plastic DIP
performance, general purpose 8-bit microprocessor. It
is a CMOS-process part with a standby mode that
greatly reduces power consumption. An O A0
Az 2 1 Ag
Az 3 [] Ag
Features antla =y
O High performance uPD780 instruction set c‘:‘: : 3 :
O Instruction cycle: o7 A
1us at 4 MHz (uPD70008, uPD70008A-4) ;s (1 A3
0.66 us at 6 MHz (uPD70008A-6) e« E A
O Direct addressing of up to 64 K bytes of memory Ds g M
O Memory refresh function V‘;‘: 5 .
O Interrupt functions: . or = ) resi
— Maskable external interrupt (INT) Dy O
— Nonmaskable external interrupt (NMI) b ] RESET
O Low-power standby mode (HALT) INT i BUsRa
O CMOS standby mode (HALT) Nwi WA
. HALT [1 BUSAK
O Single power supply WREG L Wi
. . ioRa 2 7D
drdering Information a0003300A
Max Frequency
iumher Package Type of Operation 44-Pin Plastic Miniflat
‘PD70008C 40-pin plastic DIP 4 MHz
PD70008AC-4 40-pin plastic DIP 4 MHz §i8¥E28z23%5¢
PD70008AC-6 40-pin plastic DIP 6 MHz H H H H H H H H H H H
PD70008AG-4 44-pin plastic miniflat 4 MHz /44 43 42 41 40 39 38 37 36 35 34\
. N . CLK 1 3] _IT_INC
PD70008AG-6 44-pin plastic miniffat 6 MHz N% . O o
3D70008AL-6 44-pin PLCC 6 MHz e A
DsC 1114 30— IT A3
- Ds 1T |5 29[TTTJA2
_\I_»g;!:ute Maximum Ratings gpm— — Y E—
Az D2 CIT—7 27 [T 40
pwer supply voltage, Vpp -0.3Vto +7V b7 T8 26[TT_1GND
iput voltage, Viy ~0.3V1oVpg +0.3V ~ D::“: . :j :D::D: o
Utput vottage, Vg -0.3V1oVpp +0.3V Ne T e

oerating temperature, Topr
uPD70008
| uPD70008A

-10°Cto +70°C
-45°Cto +85°C

||orage temperature, Tstg

—65°C to +150°C

omment: Exposing the device to stresses above those listed in Abso-
| te Maximum Ratings could cause permanent damage. The device is
t meant to be operated under conditions outside the limits de-
‘tnbed in the operational sections of the specification. Exposure to
solute maximum rating conditions for extended periods may affect
vice reliability.

\12 13 14 15 16 17 18 19

QH

[T —

L7 Yo
WREQ [T |
-

WR

' READYTT] s

RD

BUSAK
BUSRQG

- IOR

83-003362A
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Pin Identification
40-Pin Plastic DIP 44-Pin Plastic Minifiat
No. Symbol Function No. Symbol Function
1-5 Aq-Ass Address bus, high bits, outputs 40-44 Ati-Ass Address bus, high bits, outputs
6 CLK Clock input 1 CLK Clock input
7-10 D3-Dg Data bus, bits 3-6, inputs /outputs 2-5 D3-Dg Data bus, bits 3-8, inputs /outputs
1 Vop " Power supply 6 Vpp Power supply
12 Dy Datra bus, bit 2, input /output 7 Dy Datra bus, bit 2, input/output
13 Dy Data bus, bit 7, input /output 8 D7 Data bus, bit 7, input /output
14,15 Do, D4 Data bus, bits 0, 1, inputs /outputs 9-10 Do, Dy Data bus, bits 0, 1, inputs /outputs
16 INT Interrupt input 12 INT interrupt input
17 NMI Nonmaskable interrupt input 13 NMI Nonmaskable interrupt input
18 HALT Halt/ standby mode output 14 HALT Halt / standby mode output
19 MREQ Memory request output 15 MREQ Memory request output
20 I0RQ 1/0 request output 16 T0RQ /0 request output
21 RD Read strobe butput 18 RD Read strobe output
22 WR Write strobe output 19 WR Write strobe output
23 BUSAK " Bus acknowledge output 20 BUSAK Bus acknowledge output
24 WAIT Walit input 21 WAT Wait input
25 BUSRQ Bus request input 22 BUSRQ Bus request input
2 RESET Reset input 23 RESET ~ Resetinput ‘
27 5] Machine cycle 1 output 24 i Machine cycle 1 output
28 RESH Refresh request output 25 RFSH Refresh request output
29 GND Ground 26 GND Ground
30-40 Ag-Aqp Address bus, low bits, outputs 28-32,34-38 Ag-Ap Address bus, low bits, outputs
17 IC Internally connected
Pin Functions 11, 33, 39 NC Not connected

A15-Ag (Address Bus)

These three-state output pins form a 16-bit address bus
for addressing memory or peripheral devices. The ad-
dress bus enters the high impedance state when bus
acknowledge is active. In the standby mode, these pins
output high- or low-level signals.

D7-Dg (Data Bus)

These three-state pins form an 8-bit bidirectional data
bus. On this bus data is transferred between the
uPD70008/A and memory or peripheral devices. This
bus enters the high impedance state when bus ac-
knowledge is active. In the standby mode, these pins
are high-level.

INT (Interrupt)

This pin is an active-low interrupt input which can be
masked by software. NMI has a lower priority than NMi
and BUSRQ. INT releases the standby mode.
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NMI (Nonmaskable Interrupt) ‘

This pin inputs an interrupt which is not maskable b
software. NMi is active-low in the xPD70008, and is fal
ing edge triggered in the uPD70008A. NMi has a has a highe
priority than INT, but a lower priority than BUSRQ an
RESET. NMi releases the standby mode.

MREQ (Memory Request)

This three-state pin_is an active-low output. Thy ‘“
uPD70008/ A asserts MREQ to indicate that the mform"‘“
tion on the address bus is a memory address. This pl.
enters the high_impedance state when bus acknow
edge is active. MREQ is inactive (high) in the standt
mode.
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Pin Functions (cont)

IORQ (I/0 Request)

This three-state pin_is an active-low output. The
uPD70008/ A asserts IORQ to indicate that the informa-
tion on the address bus is a peripheral device address.
IORQ is also asserted during a maskable interrupt serv-
ice to request the interrupting device to output its inter-
rupt vector to the data bus. This pin enters the high
impedance state when bus acknowledge is active.
IORQ is inactive (high) in the standby mode.

RD (Read Strobe)

This three-state active-low output provides a read strobe
for the memory and peripheral devices. The pin enters
the high impedance state when the bus acknowledge is
active. RD is inactive (high) in the standby mode.

WR (Write Strobe)

This three-state active-low output provides a write
strobe for the memory and peripheral devices. This pin
enters the high impedance state when bus acknowl-
edge is active. WR is inactive (high) in the standby
mode.

BUSRQ (Bus Request)

This is an active-low input. Peripheral devices assert
BUSRAQ to request the uPD70008/ A to release control of
the address bus (A15-Ag), data bus (D7-Dg) and control
bus (MREQ, IORQ, RD and WR) and assert bus acknow!-
edge. BUSRQ has a higher priority than either INT or
NMI, but is lower in priority than RESET, BUSRQ will
temporarily suspend the standby mode. The uPD70008/
A leaves standby mode when BUSRQ is asserted, but
-eturns to the standby mode when BUSRQ is released.

BUSAK (Bus Acknowledge)

This active-low output indicates that the data bus
D7-Do), address bus (A15-Ag), and control bus (MREQ,
ORQ, RD and WR) have entered the high impedance
L.tate. This releases the buses from CPU control and
nakes them available to the peripheral devices for data
ixchange. This state cannot be released by NMI or INT,
ut responds only to RESET or the release of BUSRQ.

{ALT (Halt/Standby Mode)

ihis active-low output is asserted after the halt com-
vand has been executed and indicates that the
PD?OOOB/A has entered the standby mode.

WAIT (Wait)

This pin is an active-low input. Memory and peripheral
devices assert this signal to increase read or write ac-
cess time. When WAIT is asserted, the uPD70008/A in-
serts walit states (TW) into the machine cycle until WAIT
is released.

RESET (Reset)

This active-low input Is used to reset the xPD70008/A.
The standby mode is released on Reset. Reset has the
highest priority.

INTT< NMi < BUSRQ < RESET

RFSH (Refresh Request)

This pin is an active-low output. The uPD70008/A as-
serts RFSH to trigger the external memory refresh oper-
ation. When RFSH is low, the lower seven bits of the
address bus (Ag-Ag) are a refresh address. This pin is
inactive (high) in the standby mode.

M1 (Machine Cycle 1)

This pin is an active-low output. When Miis asserted, it
indicates that the uPD70008/A is in the opcode fetch cy-
cle, M1.

CLK (Clock)
This pin is the system clock input.

Vbp (Power Supply)
This pin is the +5V power supply input.

GND (Ground)
This pin is the ground pin.
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Block Diagram
Internal Data Bus (8) J
8
A F
B c Main
) E 8x8
°7-Do Cauttor 8 Requester (3) Decoder H L
I3 F
B [3 At
D B 8x8
H. [
1) R(@®)
1X (16) )
1Y (16)
SP (16)
PC (16)
Inc/Dec (16)
Latch (16)
!13!
Timing & Control
Systom o gt | cpucor - | Sy | Gk Ao s
I 11 &
Mi MREG IORG RD WR RFSH BUSAK BUSRQ INT NMI WA RESET HALT CLK Vpp GND Ass-Ao
83-003364t
DC Characteristics
uPD70008: Tp = —10°C to +70°C, uPD70008A: Ty = — 40°C to +85°C,
Vpp= +5V+10%
Limits Tost ) Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input voltage ~ Viiy 2.2 Voo V. Except CLK, Supply current
high RESET (Note 1)
Viiz Vpp-06 Vpp+0.3 V  CLK, RESET uPD70008  Ippy 10 30 mA  toyk=0.25us
Input voltage ~ V4 -03 0.8 V. Except CLK, 'oo2 500 M lovk=025ps
low RESET uPD70008A-4 Ippy 9 20 mA  toyk=0.25us
Vip =03 0.45 V  CLK, RESET Ipp2 80 240 pA toyk=0.25us
Output voltage  Vou 2.4 V. lgy=—400pA uPD70008A-6 ipp1 14 30 mA toyk=0.185us U
high o2 120 360 A loyk=0.166s
Output voltage Vg 0.4 Vg =2.5mA Note: 5
low (1) Ipp1 Is normal operating current. | ;h
Input leakage Iy 10 vA  Vi=Vpp Ipp2 is standby mode current. “
current high
Input leakage I -10  pA V=0V
current low
Output leakage I on 10 uA  Vo=Vpp
current high
Output leakage I gp -0 pA Vo=0V

current low
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#

Capacitance AC Test Points

Ta=25°C, fc =1MHz
RESET, CLK
-————L—IL Test Vpp-0.6V Vpp-06V
Parameter Symbol Min Typ Max Unit Conditions
CLK input Ck 35 pF (Note 1) X Test Points X
capacitance 0.45V 045V
Input G 5 pF (Note 1) OUTPUT, INPUT
capacitance 28 22v 22V
Output Co 10 pF (Note 1) % Test Points x
i 045
capacitance ey ‘ oy
1/0 capacitance Cg 10 pF (Note 1) 83-003888A
Note:

(1) Allunmeasured pins returned toO V.

AC Characteristics
uPD70008: Tp = —10°C to +70°C, uPD70008A: Ty = —40°Cto +85°C,Vcc=5V+10%
Limits
uPD70008/A-4 uPDT0008A-6 Test
Signal Parameter Symbol Min Max Min Max Unit Conditions
CLK Clock period toyk 0.25 (Note 1) 0.165 (Note 8) us
Clock pulse width high tkkH 0.1 200 0.065 200 us
Clock pulse width low kKL 110 2000 65 2000 ns
Clock pulse rise and fall time tkr. tkF 30 20 ns
A15-Ag Address output delay toka 10 90 ‘ns C, =100 pF
Address delay to float trka 90 80 ns C =100pF
Address stable prior to MREQ, tsam (Note 2) (Note 9) ns C_ =100 pF
memory cycle
Address stable prior to TORQ in tsal toyk=70 (Note 10) ns Cp=100pF
170 cycle
Address stable from RD, WR, tHRA (Note 3) (Note 11) ns CL=100pF
I0RQ, MREQ
Address stable from RD, WR trca (Note 4) (Note 12) ns CL=100pF
during float
7-Do Data output delay tokp 180 130 ns C =100pF
Delay to float during write cycle  trgp 90 80 ns CL=100pF
Data setup time to CLK during M1 tspkr 35 30 ns Cy =100 pF
cycle
Data setup time to CLK during M2 tgpkr 50 40 ns C_ =100 pF
to M5 cycles . )
Data stable prior to WR (memory  tsmpow toyk—170 (Note 13) ns CL=100pF
cycle)
Data stable prior to WR (/0 tsiow tkiL +tkr—170 (Note 14) ns C.=100pF
cycle)
Data stable from WR tro (Note 5) (Note 15) ns CL=100pF
3 WR delay from CLK 1 toWR low  tpkwL 65 60 ns
WR delay from CLK ¢ toWR low  tpkrwL 80 70 ns
WA delay from CLK 4 to WR high  tpirwh 80 70 ns
WR low pulse width twwL toyk—30 (Note 18) ns
‘ M delay from CLK 1 toMTlow  tpgiL 100 80 ns C_=100pF
M delay from CLK #to MThigh  tpxwin 100 80 ns CL=100pF
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AC Characteristics (cont)
uPD70008: Tp = —10°C to +70°C, uPD70008A: Tp = —40°C to +85°C, Vg =5V +10%

Limits
4PD70008/A-4 4PDT0008A-6 Tost
Signal Parameter Symbol Min Max Min Max Unit Conditions
RFSH lRTsﬁ delay from CLK +t0 RFSH  tpyprL _ 130 10 ns C,_=100pF
low
RFSH delay from CLK *to RFSH  tpypen 120 100 ns CL=100pF
high -
WAIT . Wfsetup time to CLK ¢ tswTk 70 60 ns
HALT HALT delay from CLK ¢ tokHT 300 260 ns CL=100pF
INT “INT setup time to CLK 4 tsiTk 80 70 ns
M NMI low pulse width L 80 70 ns
BUSRQ BUSRQ setup time to CLK ¢ tspak 50 50 ns
BUSAK BUSAK delay from CLK 1 to tDKRBA 100 20 ns =100 pF
BUSAK low
BUSAK delay from CLK ¢ to tDKFBA 100 90 ns C_=100pF
BUSAK high
RESET RESET setup to CLK tsrsk 60 60 ns
Other Delay to float (MREG, TORQ, RD,  tekc 80 70 ns
WR)
T stable prior to TORQ (interrupt  tsyy) (Note 7) (Note 19) ns
acknowledge)
Hold time for setup time tH 0 0 ns
MREQ lﬁr@ delay from CLK ¥ to MREQ tpkemL 85 70 ns C,=100pF
ow
Wn delay from CLK t to MREQ  tpkamu 85 70 ns CL=100pF
ig
'MREQ delay from CLK ¢ MREQ  tppmH 85 70 ns CL=100pF
high
Pulse width MREQ low ML toyk—30 (Note 16) ns CL=100pF
Pulse width MREQ high tmu {Note 6) (Note 17) ns CL=100 pF
TO0RQ :OTJ defay from CLK 110 10RQ  tpyRiL 75 65 ns CL=100pF
ow
:OT) delay from CLK $t010RQ  tpyriL 85 70 ns C=100pF
ow
W delay from CLK 110T0RQ  tpkpiy 85 70 ns CL=100pF
ig
T0RQ delay from CLK +10T0RQ tpkeiy 85 70 ns CL=100pF
high
RD RD delay from CLK ttoRDlow  tpypeL 85 70 ns C_ =100 pF
RD delay from CLK $toRDlow  tpkpe( 95 80 ns C, =100 pF
RD delay from CLK *toRD high  tpkgaH 85 70 ns Cy=100pF
RD delay from CLK 4 to RDhigh  tpkerH 85 70 ns CL=100pF
Note: M tsmi =2tovK +tKkH +KF — 65 (14) tgipw =tk +1KR— 140
0 toyk=tkkH +tkKL KR +HKF

(8) tovk =tkkH +kkL HKR+HKF
@

EA

M =tikH +tkF — 85 @) tsam = tkKH +tkF — 50
@) tHra=tkkL +tHR— 50 (10) tgpr=toyk 55
@) troa=1tkkL+tkr—45

©) trop=tkkL+tkr—70

(1) tyra=tkkL +tkg— 50
(12) trca =1tkkL +tkr— 40
©) tmmu =tkkH +Hikg—20 (13) tsmpw =tcyk — 140
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(15) trcp=tkKL +tkr— 56

(1) tymL =tcyk—30

(17) tpmH = tkkH +tkp — 20

(18) twwi=tcyk —30

(19) tgm11 = 2toyK +tKKH +tKF —
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Timing Waveforms
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Register Configuration
Program Counter (PC)

The 16-bit program counter contains the address of the
next instruction to.be fetched and executed. It is set to
0000H at reset.

Stack Pointer (SP)

The 16-bit stack pointer stores the first address of the
portion of main memory used as a LIFO stack. SP is de-
cremented when a CALL or PUSH is executed, or when
an interrupt occurs. It is incremented when a RET, POP,
orinterrupt return is executed.

Index Registers (IX, 1Y)

These two 16-bit registers are used to perform indexed
addressing.

Accumulators (A, A’)

The uPD70008/A has two 8-bit accumulators: the main
accumulator (A) which is used to perform arithmetic
and logic operations, and an alternate accumulator (A’).
The contents of the main and alternate accumulators
can be exchanged using the (EX) instruction. The alter-
nate accumulator can be used for background opera-
tion, or to save the data in the main accumulator when
an interrupt is processed.

Flag Registers (F, F’)

The uPD70008/A has two 8-bit flag registers: main (F)
and alternate (F’) of the format shown in figure 1. The
main flag register (F) has the status flags resulting from
normai operation. The contents of the main and alter-
nate registers can be exchanged using the exchange
(EX) instruction. The alternate (F’) register can be used
for background operation, or to save the state of the
main flag register when an interrupt is processed.

Figure1. Flag Register Format

; [z]-Jac]-Trv[n ]:v] RF
L

Parity/Overtlow
Auxiliary Carry
Zero

sign
83-003889A
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General Purpose Registers

The uPD70008/ A has twelve 8-bit general purpose regis-
ters: six main registers (B, G, D, E, H, and L) and six alter-
nateregisters(B’,C’,D’,E’,H’,and L’). Each register can
be used individually as an 8-bit register, or can be used
in pairs as 16-bit registers (BC, B'C’, DE, D’E’, HL, and
H'L').

The main registers are used when instructions are exe-
cuted normally. The contents of the main and alternate
registers are exchanged using the EX instruction. The
alternate registers may be used for background opera-
tion or to save the contents of the main registers when
an interrupt is processed.

Interrupt Page Address Register (I)

This 8-bit register is used to generate addresses in
maskable interrupt mode 2. See figure 2. These ad-
dresses are used with externally input data to reference
an interrupt start address table.

This register is cleared to 00H at reset.

Figure 2. Interrupt Reference Address
15 87 1 0
[ | Input Data [ o]
83-003890A

Memory Refresh Register (R)

This 7-bit register retains the refresh address for the ex:
ternal dynamic memory. The contents of this registe
are automatically incremented in each opcode fetct
(M1) cycle. The contents of this register are output or
the lower 7 bits of the address bus (Ag-A).

This register is cleared to O0H at reset.

Timing

This section describes read and write timing for merr
ory and 1/O devices in connection with CPU operatiol
timing. A single clock cycle (from one leading edge t
the next) is defined as one timing state. The nth state i
represented as Tn. A single instruction consists of tw
to six machine cycles. A single machine cycle require

three to six timing states. The nth machine cycle is rej
resented as Mn.

Table 1 lists the number of states normally required t
each cycle.
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Table 1. Timing States per Cycle

Opcode Fetch Cycle

The first machine cycle of each instruction, M1, is the
opcode fetch cycle. See figure 3. The opcode is fetched
from memory during the first half of this cycle, and the
dynamic memory is refreshed during the latter haif.

Number of States
Cycle per Machine Cycle
Opcode fetch 4
Memory read 3
Memory write 3
1/0read 4
1/0 write 4

The four states for |/0 read and write include a single
wait state (TW). The uPD70008/ A inserts one wait state
in every 1/0 read or write. Slower external devices may
assert the WAIT signal to request longer read and write
access times. This time will be added to the original
number of clock states. The WAIT signal is monitored
on the trailing edge of clock state T2. If WAIT is as-
serted, a wait state (TW) is generated. The uPD70008/A
continues to monitor WAIT on the clock’s trailing edge,
and supplies additional wait states a long as that signal
is asserted. When WAIT is released the uPD70008/A
proceeds to the T3 state.

Figure 3. Opcode Fetch Cycle

The memory outputs the opcode to the data bus when
MREQ, RD, or M1is asserted. It is thenread into the CPU
at the leading edge of clock state T3.

The CPU outputs a refresh address onto Ag-Ag during
T3. It is applied to the dynamic memory when RFSH or
MREQ are asserted.

Memory Read Cycle

The memory contents are read out to the data bus when
MREQ or RD is asserted. The uPD70008/A reads data
from the data bus on the trailing edge of T3. See figure 4.

Memory Write Cycle

Write data is output to the data bus between the last
half of state T10of the current machine cycle and the first
half of state T1 of the next cycle. It is written to memory
when WR or MREQ is asserted. See figure 5.

Figure 4. Memory Read Cycle
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Figure 5. Memory Write Cycle

Figure 6. 1/0 Read Cycle

=

WREG __\ j
L/

oro0 —— | { l -

|

83-003893A

1/0 Device Number

D7-Do

Input Data

-
-
CP_

83-003894A

1/0 Read Cycle

The contents of an I/0 device are read out to the data
bus when IORQ or RD is asserted. The «uPD70008/A
reads the data bus on the trailing edge of the T3 clock
state. See figure 6. To compensate for /O devices with
longer access times, the uPD70008/A generates one
wait state (TW) regardless of the condition of the WAIT
signal. To extend the access time, the CPU must detect
the WAIT signal asserted at the falling edge of TW.

110 Write Cycle

Write data is output to the data bus between the last
half of state T10of the current machine cycle and the first
half of T1 of the next machine cycle. It is written to an
110 device when TORQ or WR is asserted. As in the 1/0
read cycle, one wait state is automatically inserted in
the 1/O write cycle. See figure 7. The WAIT signal is used
to insert additional wait states in the 1/O write cycle in
exactly the same way as in the read cycle.

3-12

Figure 7. 1/0 Write Cycle
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3 Bus Request State

\ | The bus request causes the uPD70008/A address bus
‘ (A15-Aq), data bus (D7-Dg), and control bus (MREQ,
' IORQ, RD, and WR) pins to enter the high impedance

state.This makes the buses available to external de-

_ vices for DMA access.

\ The bus request state is controlled by the bus request
(BUSRQ) signal. See figure 8. The uPD70008/A detects
. BUSRQ at the rising edge of the last state of each ma-

\ chine cycle. If it is active (low) the uPD70008/ A does not
' move on the next machine cycle, but enters the bus re-
quest state. The uPD70008/A asserts BUSAK to indi-
cate that the BUSRQ signai has been received, and the
three buses have entered the high impedance state.

BUSRQ is checked at the rising edge of all clock states.
When it becomes inactive the uPD70008/A leaves the
bus request state, and proceeds to the next cycle.

BUSRQ temporarily suspends the standby mode. When
'BUSRQ is asserted, the uPD70008/A leaves the standby
mode and enters the bus request state. When BUSRQ is
released the uPD70008/A returns to the standby mode.

Interrupts are disabled during the bus request state.

Interrupts

The uPD70008/A has two types of interrupt: maskable
INT) and nonmaskable (NMI). The nonmaskable inter-
upt request cannot be masked by software. It will be ac-
inowledged uniess the uPD70008/A is in the bus

Figure 8. Bus Request State

request state. The maskable interrupt can be masked by
software. It is controlled by setting or resetting the inter-
rupt enable flip-flop (IFF) using the El or Dl instructions.
INT has a lower priority than the nonmaskable interrupt.
The maskable interrupt will therefore not be acknowl-
edged if there is a nonmaskable interrupt, or if the
uPD70008/A is in the bus request state.

TNTI < NMi < BUSRQ < RESET

Nonmaskable Interrupt Operation

The falling edge of NMI always sets the nonmaskable
interrupt flip-flop. The uPD70008/ A checks the flip-flop
at the rising edge of the last clock state of an instruc-
tion. If it is set, the uPD70008/ A transfers control to the
nonmaskable interrupt service routine. The interrupt
process starts at the opcode fetch cycle, (M1, 5 states)
but the opcode fetched at this point is ignored. The con-
tents of the PC are stored on the stack in the next two
machine cycles (M2, 3 states and M3, 3 states). At the
same time, the address 0066H is loaded into the PC, and
the state of the interrupt enable flip-flop is saved to an
exclusive flip-flop. The entire interrupt routine requires 3
machine cycles (11 states). The contents of the PC and
IFF are restored by the execution of the RETN instruc-
tion at the end of the interrupt procedure.

“_/\ /N

T\ /

s /7

i . - y C
e l ' . ) -

83-003896B
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Maskable Interrupt Operation

Maskable interrupts are processed in three modes. In
each mode, the INT signal is detected at the rising edge
of the last clock state of each instruction. The M1 in-
struction specifies which mode is to be used.

Mode 0. In this mode, the data placed on the bus by the
interrupting device is treated as an instruction. It is
fetched in the opcode fetch cycle (M1, 7 states) and exe-
cuted. The instruction used in this mode is usually a
CALL (3 bytes) or RST (1 byte).

If a 1-byte RST instruction is executed, the contents of
the PC are saved to the stack. A fixed address specified
by the opcode is loaded into the PC during the next M2
(3 states) and M3 (3 states). The execution of this inter-
rupt requires 3 machine cycles or 13 states.

If a 3-byte CALL instruction is executed, the second and
third bytes are fetched during the M2 and M3 cycles (3
states each). During M4 and M5 (3 states each), the con-
tents of the PC are saved to the stack and the second
and third bytes of the CALL instruction are loaded into
the PC. This interrupt requires 5 machine cyces and a
total of 19 clock states.

Mode 1. In this mode, the data fetched during M1 (7
states) is ignored, and the uPD70008/A proceeds to the
next cycle. During the M2 and M3 machine cycles (3
states each), the contents of the PC are saved to the
stack and replaced by the interrupt address 0038H. This
interrupt requires 3 machine cycles or 13 states.

Mode 2. In this mode, the data fetched from the inter-
rupting device and the contents of the interrupt page
register (I) are used to reference an interrupt start ad-
dress table. Program execution jumps to the 16-bit ad-
dress referenced by the table. See figure 9. The data is
fetched during the opcode fetch cycle (M1, 7 states).
During M2 and M3 (3 states each) the contents of the PC
are saved to the stack. During the M4 and M5 cycles, (3
states each) the table is referenced and the contents of
the table location are loaded into the PC. This interrupt
requires 5 machine cycles or 19 states.

Standby Mode

The uPD70008/A is provided with a standby mode
(HALT). In the standby mode, power consumption is ap-
proximately 2% of normal operating power consump-
tion. The standby mode is set by executing the HALT
instruction.

In the standby mode, the state of the yPD70008/A is re-
tained. The contents of all registers and the state of all
flags are retained as well. Clock signals are supplied
only to indispensable circuits in the yPD70008/A to min-
imize power consumption.
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Figure 9. Interrupt Address Table
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External operations such as memory access and mem
ory refresh are not performed in the standby mode.

Table 2 shows the state of each output pin in the
standby mode.

Table 2. Standby Mode

Pin Status

Data bus High level, pulled up through internal
D7-Do resistance

Address bus High or low level signals

Ai5-Ag

Controlbus High level (inactive)

RD, WR, MREQ, I0RQ, M1

RFSH High level (inactive)

AALT Low level (active)

The standby mode is released when a reset or an inte
rupt occurs. The standby mode is temporarily su
pended by a bus request, but not released.

RESET in Standby Mode

When the RESET signal becomes active (low) tl
standby mode is released and a normal reset is p
formed.

NMI in Standby Mode

When the NMI signal is asserted (low) the standby mo
is released and normal nonmaskable interrupt proce:
ing is performed. The interrupt is not performed in t
bus request state.
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INT in Standby Mode

When the INT signal is asserted (low) the standby mode
is released. If the interrupt is enabled, normal interrupt
processing is performed. If the interrupt is disabled, ex-
ecution resumes at the instruction following the HALT
instruction.

BUSRQ in Standby Mode

The BUSRQ signal is detected at the rising edge of each
clock in the standby mode. If the BUSRQ signal is active
(low) the uPD70008/ A leaves the standby mode, and en-
ters the bus request state. When BUSRQ is released, the
standby mode is resumed. The standby mode is not re-
leased by the BUSRQ signal.

RESET

The RESET signal must be asserted (low) for over 3
clock cycles to be recognized. The following steps are
the reset initialization process:

¢ The program counter (PC) is cleared to 0000H.

¢ The interrupt enable flip-flop (IFF) is reset to 0, disa-
bling maskable interrupts.The interrupt mode is set
to0.

¢ The interrupt page address register (l) is cleared to
00H.

¢ The memory refresh register (R) is cleared to 00H.

set to high impedance.

All control outputs are set in their inactive state.

The standby mode is released.
The following registers are undefined at reset:

Stack pointer (SP)

Accumulators (A,A’)

Flag registers (FF’)

General purpose registers
(8,B,C,C",D,D,E,E,H,H", L L")

Index registers (IX,1Y)

Vhen RESET is released the program will begin execu-
ion from location 0000H.

nstruction Set

ach operand should be written in the operand column
f an instruction according to the description in table 3.
apital letters are keywords and should be written as
\ey appear.

The address bus (A45-Ag) and data bus (D7-Dg) are .

uPD70008/A

Table 3. Operand Description

Indentifior Description

addr 16-bit immediate data or label

faddr 00H, 08H, 10H, 18H, 20H, 28H, 30H, 38H
immediate data or label

word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label (bit specification of
8-bit register / memory)

d 8-bit displacement (signed 2’s complement)

r A, B,C,D,EH,L

r ALBL,C DB H LY

i BC, DE, HL, AF

rpi BC, DE, HL, SP

P2 BC, DE, IX, SP

3 BC, DE, IY, SP

[ Displacement for relative jump (signed 2's

complement)

Selection of Register and Condition

[ qQq pl  ss,dd p2 7] p3 m
BC 00 BC 00 BC 0o BC 00
DE 01 DE 01 DE 01 DE 01
HL 10 HL 10 IX 10 Y 10
AF 1 SP 1 SP 11 sp 1
nr nr bit b faddr t
BB’ 000 0 000 00H 000
ce 001 1 001 08H 001
hy 010 2 010 10H 010
EE 011 3 on 18H on
HH 100 4 100 20H 100
L 101 5 101 28H 101
AN 111 6 110 30H 110
7 M 38H M
Flag Operation
(Blank): Flag not affected
0: Flag reset
1: Flag set

X: Flag affected according to result of operation
U: Flag unknown

3-15
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Structure of Instruction Byte for Addressing

Byte| OpCode | . By |

(IX+d)yor(Y +d)[ op Code J Op Code ] Displacement |
I Op Code [70;: Code ﬂsplaceman?f Op Code |
o 51" g;“:[ O‘p Code J 6p Code I Displacement r Byte j

e T T MR

I Op Code I Op Code r Wordy, ' Wordy l

Adar| OpCode | adan | adam |

°| Op Code r e-2 1

83-003898A

3-16
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Operation Code No. of No. of Flags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O Clocks Bytes S 2Z H PIV N C
8-Bit Transfer Instructions
LD nr r—r 0 1 r r 4 1
r, byte r < byte 0 0 r 1 1 2
r, (HL) r < (HL) 0 1 r 11 7 1
T, (IX +d) r<—(IX + disp) 1t 1 0 1 1 1 0 0o 1 r 1 1 0 19 3
disp
(Y = d) r<—(iY +disp) 11 1 1 1 1 0 1 0 1 r 1 1 0 19 3
disp
(HL), ¢ (HL) ~r 0 1 1 1 0 r 7 1
(IX +d), r (IX +disp) <—r 1t 1+ 0 1+ 1t 1 0 1 0 t 1 1 0 r 19 3
disp
(Y +d),r (IY + disp) <=t 11 1 1t 1 1 06 1 0 1 1 1 0 r 19 3
disp
(HL), byte (HL) < byte 00 1t 1 0 1t 1 0 10 2
(IX +d),byte  (IX + disp) = byte 1t 1.0 1t 1 1 0 1 0 0 1 1 0 1 1 0 19 4
disp
(IY +d),byte  (IY + disp) < byte i+ 1t 1 1 1 0 1t 0 0 1 1 0 1 1 0 19 4
disp
A, (BC) A < (BC) 0 0 0 0 1 0 1 0 7 1
A, (DE) A < (DE) 6o o 0o 1t 1t 0 1 0 7 1
A, (word) A <— (word) oo 1t 1t 1 0 1 0 13 3
(BC), A (BC) ~—A 00 0 0 0 0 1 O 7 1
(DE), A (DE) <A 0 0 0 1t 0 0 1 O 7 1
{word), A (word) <A 0o 0 1t 1 0 0 1 0 13 3
Al A=<I 11 1 0 1 1 0 1 0 1 0 1 0 1 1 1t 9 2 X-x 0 IFF 0
AR A<—R t+ 1+ 1+ 0 t+ 1 0 1 0 1t 0 1 1 1 1 A1 9 2 x x 0 IFF 0
A <A 11+ 1+ 0 1t 1 0 1 0 1 0 0 0 1 1 1 9 2
R, A R<~—A i1+ 1+ 0 1t 1 0 1 0 1 0 0 1 1 1 1 9 2
rp1, word rp1 <— word 0 0 d ¢ 0 0 0 1 10 3
IX, word X = word 1 1 0 1 1 i 0 1 0 0 1 0 0 0 0 1 14 4
1Y, word 1Y <— word t+ 1+ 111 1 0 1 0 0 1 0 0 0 0 1 14 4
HL, (word) H <— (word + 1), 0o 0o 1t 0 1 0 1 0 16 3
L = (word)

v/gooo.ad"
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Instruction Set (cont)

Operation Code No.of  No.of Flags
Mnemonic Operands Operation 7 6 4 3 2 1 0 7 6 O Clocks Bytes S 2 H PV N C
Sixteen-Bit Transfer Instructions
LD rp1, (word) ply < (word +1), 1 1 o1 1 0 1 0 1 1 20 4
rpty < (word)
X, (word) IXy < (word +1), 101 11 1 0 1 0 0 0 20 4
IXp < (word)
1Y, (word) IYy < (word +1), 1 1 i1 1 0 1 0 0 0 20 4
1YL = (word)
(word), HL (word +1) = H, 0 0 00 0 1 0 16 3
(word) < L
(word), rpt (word + 1) = rply, 11 o1 1 0 1 0 1 1 20 4
{word) <— rpi.
(word), IX (word +1) =< IXy, 101 1t 1 1 0 t 0 O 0 20 4
(word) =— IX_
(word), IY (word + 1) < 1Yy, 101 1 1t 1 0 1 0 0 0 20 4
(word) <— 1Y
SP, HL SP<—HL 11 1 1 0 0 1 6 1
SP, IX SP<—IX 11 1 1 0 1 1 A1 1 10 2
SP 1Y SP-1Y 1 1 t 1 1 0 1 1 1 1 10 2
PUSH 1] (SP — 1) <—rp, 1 1 qg 0 1 0 1 1 1
(SP — 2) <—rpy,
SP<—SP -2
IX (SP — 1) = IX., 11 1t 1 1 0 1 1 1 1 15 2
(SP — 2) < IXR,
SP<—SP -2
Y (SP — 1) < 1Y, 11 1t 11 0 1 1 1 1 15 2
(SP - 2) =Yy,
SP <8P -2
POP 1] pL = (SP), 11 qg 0 0 0 1 10 1
Py < (SP + 1),
SP<~—8P =2
IX IXL < (SP), 1 1 11t 1 0 1 1 1 1 14 2
IXy < (SP + 1),
SP <SP +2
Y 1YL= (SP), 1.1 i 1 1 0 1 1 1 1 14 2
IYy<—(SP +1), :
SP<~—S8P +2

vigooo.ad"
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mstruction set {(cont)

0 .

Mnemonic

Operation Code

1

0

7

6

4

3

2

1

0

No. of
Clocks

No. of
Bytes

Flags

Z HPIVN C

Data Conversion Instructions

EX DE, HL

DE <> HL

AF, AFY

AN, FF

EXX

BC <> BC’,
DE <> DE’, HL <> HL’

EX (SP), HL

(SPy <L,
(SP +1) <> H,
SP—SP +2

(SP), IX

(SP) < IX,,
(SP +1) == X,
SP—SP +2

23

(SP), IY

(SPy =1,
(SP +1) <> I¥y,
SP~—SP+2

23

Block Transfer Instructions

LD

(DE) =— (HL),
DE < DE +1,
HL < HL +1,
BC <—BC -1

LDIR

(DE) < (HL),
DE <— DE +1,
HL <—HL +1,
BC~—BC -1,
EndifBC =0

0

21716(1)

2

LDD

(DE) = (HL),

DE <—DE -1,
HL<—HL -1,
BC <—BC -1

16

LDDR

(DE) <= (HL),
DE<DE -1,
HL == HL -1,
BC«BC -1,
EndifBC = 0

21/16(1)

2

Block Search Instructions

cpPl

A — (HL),
HL<—HL +1,
BC < BC — 1

16

CPIR

A = (HL),
HL<—HL +1,
BC<~BC -1,

EndifA = (HL)orBC = 0 -

21/16(2)

2

JIN

vi/gooo.Lad"
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© Operation Code No.of  No.of Flags
Mnemonic Operand Operati 7 6 5 4 3 2 {1 0 7 6 85 4 3 2 1 0 Clocks Bytes S 2Z H PIV N C
Block Search Instructions (cont)
CPD A - (HL), . 11+ 10 1t 1 01 1 0 1 0 1 0 0 1 16 2 x x x x 1
HL=<—HL =1,
BC ~—BC -1 ‘
CPDR i A — (HL), 1+ 1 1 0 1 1 0 1 1.0 1 1 1 0 0 1 21/16(2) 2 x x x x 1
HL <—HL -1,
BC<—BC -1,

Endif A = (HL)orBC = 0
Eight-Bit Arithmetic Operation Instructions

ADD Ar A<—A+r 1 0 0 0 O r 4 1 X X x V 0 x
A, byte A~A +byte 11 0 0 0 1 1 0 7 2 X x X V 0 x
A, (HL) A<—A+(HL) 1t 0 0 0 0 1 1 0 7 1 X X x V 0 x
A, (IX +d) A<—A +(IX + disp) i 10 1 11 0 1 1 0 0 0 0 1 1 0 19 3 x x x V 0 x
disp
A, (IY +d) A~<—A +(IY + disp) i+ 1 1 1 1 0 1 1 0 0 0 0 1 1 0 19 3 X X x V 0 x
disp
ADC AT A<—A+r+CY 1t 0 0 0 1t r 4 1 X X X V 0 x
A, byte A <A +byte + CY i1 0 0 1 1 1 0 7 2 x x x V 0 x
A, (HL) A=A +(HL) +CY 1 0 0 0 1 1 1 0 7 1 X x x V 0 x
A, (IX +d) A <A +(IX + disp) + CY tt 0 t+ 1 1 0 1 1 0 0 0 1 1 1 0 19 3 X x x V 0 x
, disp v
A (IY +d) A <A +(IY +disp) + CY 1t 11 1 1 1 0 1 1t 0 0 0.1 1t 1 0 19 3 X X x VvV 0 x
disp
SuB Ar A<—A-r i 0 0 1 0 r 4 1 x x x V 1 x
A, byte A<—A = byte i 1.0 1t 0 1 1 0 7 2 x x x vV 1 x
A, (HL) A=A - (HL) 1 0 0 1 0 1 1 0 7 1 X x x V 1 x
A, (IX +d) A <A — (IX + disp) i+ 10 1t 1 1 01 1 0 0 1 0 t 1 0 19 3 X x x V 1 x
disp
A (IY +d) A <A =(IY 4+ disp) it 11 11 1 0 1 1 0 0 1 0 1 1 0 19 3 X x x V 1 x
disp

vigsoooLad"

JAN



le-¢

IISUrUGIoN Set (CoNT)

Operation Code No.of  No.of Flags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 O Clocks Bytes S 2 H PIV N C
Eight-Bit Arithmetic Operation Instructions (cont)
SBC A A<—A-r-CY 1t 0 0 1 1 r 4 1 X x x V 1 x
A, byte A <A - byte - CY 1t 1 0 1 1 1 1 0 7 2 X x x VvV 1 x
A, (HL) A=A — (HL) - CY i 0 0 1 1 1 1 0 7 1 X X x VvV 1 x
A (IX +4d) A~—A - (IX + disp) - CY it 10 1 1 1 0 1 1 0 0 19 3 X x x VvV 1 x
disp
A (Y +d) A<—A - (IY + disp) - CY 11 1 1 1t 1 0 1 1 0 0 19 3 X x x V 1 x
disp
Eight-Bit Logical Operation Instructions
AND Ao A-<—AANDT 10 1 0 0 r 4 1 X x 1t P 0 0
A, byte A <~ A AND byte 1 1 1 0 0 1 1 0 7 2 x x 1 P 0 0
A, (HL) A< AAND (HL) 10 1 0 0 1 1 0 7 1 X x 1 P 0 0
A (IX +d) A ~—AAND (IX +disp) — CY i1 0 t 1 1 0 1 1 0 0 19 3 x x 1 P 0 0
disp
A (IY +d) A <—AAND (Y + disp) t 11 1 1 1 0 1 1 0 0 19 3 x x 1 P 0 O
disp
OR Ar A<—AORT 1t 0 1 1 0 r 4 1 x x 0 P 0 O
A, byte A < AOR byte 11 1.1 0 1 1 0 7 2 X x 0 P 0 O
A, (HL) A~—AOR(HL) i 0 1 1 0 1 1 0 7 1 x x 0 P 0 O
A (IX +d) A<—AOR(IX + disp) i1 0 1 1 1 0 1 1 0 0 19 3 X x 0 P 0 0
) disp
A (Y +d) A~—AOR(IYJ + disp) i1t 1 1 1 1 0 1t 1 0 0 19 3 x x 0 P 0 0
disp
XOR AT A=<AXORT 10 1 0 1 r 4 1 x x 0 P 0 0
A, byte A < A XOR byte 11 1 0 1 1 1 0 7 2 x x 0 P 0 0
A, (HL) A <—AXOR (HL) 10 1 0 1 1 1 0 7 1 x x 0 P 0 0
A, (IX +d) A <—AXOR (IX +disp) t 1 0 1 1 1t 0 1 1 0 0 19 3 X x 0 P 0 O
disp
A (IY +4) A<= AXOR(lY + disp) i1 1 1t 1 1 0 1 1 0 0 19 3 x x 0 P 0 0
disp

IIN

vigooo.lad"
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Instruction Set (cont)

Operation Code No.of  No.of Fiags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O Clocks Bytes S 2 H PIV N C
Eight-Bit Logical Operation Instructions (cont)
cp At A-r 10 1 1 1 3 4 1 X x x vV 1 x
A, byte A — byte 11 1 1-1 1 1 0 7 2 x x x V 1 x
A, (HL) A - (HL) 10 1 1 1 1 1 0 7 1 Xx. x x V 1 x
A, (IX +d) A — (IX + disp) t t+ 0 1 1t 1 0 1 1 0 1t 1 1 1 1t 0 19 3 X x x V 1 x
disp
A, (IY +d) A —~ (IY + disp) t 1+ 1+ 1 1+ 1 0 1 41 0 1 1 1 1 1 0 19 3 X x x V 1 x
disp
Eight-Bit increment / Decrement Instructions
INC r r—r+1 0.0 r 1t 0 0 4 1 X x x V 0
(HL) (HL) == (HL) +1 o0 1t 1 0 1t 0 0 1 1 X x x V 0
(IX +d) (IX + disp) < (IX + disp) +1 i 10 1 1t 1 0 t 0 0 t 1 0 1 0 0 23 3 X x x V 0
disp
(IY +d) (IY + disp) < (IX + disp) +1 tt++ 1t 1.1 0¢ 1 0 0 1t 1 0 1 0 0 23 3 X X x VvV 0
' disp
DEC r r=—r-1 0 0 r 1t 0 1 4 1 X x .x V 1
(HL) (HL) = (HL) - 1 oo 1t 1t 0 1t 0 1 1 1 X x x V 1
(IX +d) (X + disp) <— (IX + disp) — 1 it 1+ 0 t 1t {1+ 0 1 0 0 1t 1 0 1 0 1 23 3 x x x V 1
disp
(IY +d) (1Y + disp).<— (IY + disp) — 1 + 1+ 1+ 1t 1t 1 0 1 0 0 1 1 0 1 0 A1 23 3 x x x vV 1
disp
Sixteen-Bit Arithmetic Operation Instructions
ADD HL, rpt HL <= HL + rp1 0 0 s s 1 0 0 A1 1 1 U 0 x
ADC HL, rpt HL <—HL +rp1 + CY i+t 1 0 1 1 0 t 0 1 s s 1 0 1 0 15 2 x -x U 0 x
SBC HL, rpt HL <—HL - rp1 - CY +t + 1 0 1t 1 0 1 0 1 s s 0 0 1t 0 15 2 x x U 1 x
ADD IX, rp2 IX =X +1p2 t+ 1t 0 11 1 0 1 0 0 p p 1 0 0 1 15 2 U 0 x
1Y, rp3 Y <=1Y +rp3 t+ 11+ 1t 1+ 1t 0 1 0 0 r r 1 0 0 1 15 2 u 0 x
Sixtesn-Bit Increment / Decrement Instructions
INC pl rpl <—rpl +1 0 0 s s 0 0 1 A 6 1
IX IX<—IX+1 t + 0 1t 1t 1+ 0 1 0 0 1 0 0 0 1 1 10 2
Y Y <Y +1 it 1t 1+ 1 1t 0 1 0 0 t 0 0 0 t 1 10 2
DEC pt pl=—rpl—1 0 0 s 's 1 0 1 1 6 1
IX IX<=IX=-1 1t 1t 0 1 1t 1 0 1 0 1 0 1 0 t 1 10 2
[ JY ~—1Y -1 it 111 1 0 1 0 i 0 1 0 1 1 10 2

vigsoooLad"
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—Iimswruction Set (conft)

Operation Code No. of No. of Flags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 {1 O Clocks Byts S 2Z H PIV N
Accumulator Operation Instructions
DAA Decimal adjust accumulator o 0o 1t 0 o0 1t 1 1 4 1 X x x P
CPL A~A 000 1 0 1 1 1 A 4 1 1 1
NEG A<TA+1 i 1+ 1t 0 1 1 0 1 0 t 0 0 0 1 0 0 8 2 X X x vV 1
CCF CY —CY oo 1t 1 1 1 1 1 4 1 u 0
SCF CY —1 0o 0o 1t 1 0o 1 1 1 4 1 0 0
Rotate Instructions
RLCA oo 0o 0 o0 1 1 1 4 1 0 0
RLA o 0o o 1t o 1 1 1 4 1 0 0
RRCA oo o0 0 1 1t 1 1 4 1 0 0
RRA o0 0 1 1 1 1 1 4 1 0 0 x
RLC r i 1+ 0 0 1 0 1 1 0 0 0 0 O r 8 2 x x 0 P O
(HL) i 1+ 0 01 0 t 1 0 0 0 0 0 1t 1 0 15 2 x x 0 P 0
(X +4) i1 0 1t 1 1 0 1 1 1 0 0 1 0 1 1 23 4 X x 0 P 0
disp 00 0 0 0 1 t 0
(Y +d) r,(HL), (X +disp), (Y +disp) 1 1 1 1 1 1 0 1t 1 1 0 0 1 0 1 1 23 4 X x 0 P 0
disp 0 0 0 0 0 t 1 0
RL r i 10 0 t 0 1 1 0 0 0 1 O r 8 2 x x 0 P 0
(HL) t 10 0 t+ 0 1 1 0 0 0 1 0 1 1 O 15 2 x x 0 P 0
(IX +d) i+ 0 1 1 1 0 1 1 1 0 1 1 0 1 1 23 4 X x 0 P 0
disp o 0o 0 1t 0 1 1 0
(Y +d) I, (HL), (IX + disp), (1Y + disp) i1 1 1 1 1 0 1 1 1 0 0 1t 0 1 1 23 4 X x 0 P 0
disp o0 0 1 0 1t 1 0
RRC r i 10 0 1 0 1 1 0 0 0 0 1 r 8 2 X x 0 P O
(HL) i 10 0 1 0 1 1 0 0 0 0 1 1t 1 0 15 2 X x 0 P 0
(IX +d) t + o0 1 1 1 0 1 1 1 0 0 t 0 1 1 23 4 x x 0 P 0
disp 00 0 0 1t 1 1 0
(1Y +d) I, (HL), (IX +disp), (Y +disp) 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 P 0
disp 00 0 0 1 1 1 0

DN
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Instruction Set (cont)

Operation Code No. of No. of Flags
- Mnemonie Operands Operation 4 3 1 0 7 6 5 4 3 2 1 0 Clocks Bytes H PIV N
Rotate Instructions (cont)
RR r 0.1 11 0 0 0 1 1 r 8 2 0 P 0
(HL) 0 1 1t 1+ 0 0 0 1 1 1 1 0 15 2 0 P 0
(IX +d) 1 1 0t 1t 1 0 0 1 0 1 1 23 4 0 P 0
disp o0 0 1 1 1 1 0
(IY +d) T, (HL), (IX + disp), (1Y + disp) 1 1 6 1 1 1 0 0 1 0 1 1 23 4 0 P .0
disp o 0 o 1 1 1t 1 0
RLD 0 1 o 1t 0 1 1 0 1 1t 1 1 18 2 0 P 0
RRD 0 1 o 1 0 1+ 1 0 0 1 1 1 18 2 0 P 0
Shift Instructions
SLA r 0 1 1t 1 0 0 1t 0 O r 8 2 0 P 0
(HL) 0 1 11 0 0 1 0 0 1 1 0 15 2 P 0
(IX +d) 1 1 o1t 1 1 0 0 1 0 1 1 23 4 0 P 0
disp 6 06 1 0 0 1t 1 0
(Y +d) r, (HL), (IX + disp), (IY + disp) 11 o 1 t 1 0 0 1 0 1 1 23 4 0 P 0
disp 0 0 1t 0 0 1 1 0
SRA r 0 1 1t 1 0 0 1 0 1 r 8 2 0o P 0
(HL) 0o 1 1t 1 0 0 1t 0 1 1 1 0 15 2 0 P 0
(X +d) 1 1 o1 t 1 0 0 1 0 1 1 23 4 0 P 0
disp o 0o 1t 0 1 1 1 0
(Y +d) r, (HL), (IX + disp), (IY + disp) 11 01 1t 1 0 0 1 0 1 1 23 4 0 P O
disp o0 1t 0 1 1 1 0
SRL r 0 1 t 1t 0 0 1 1 A1 r 8 2 0 P 0
(HL) 0 1 1t 0 0 t 1+ 1 1 t 0 15 2 0 P O
(IX +d) 11 o1 1t 1 0 0 t 0 1 1 23 4 0 P 0
) disp oo t 1t 1 1 1 0
(Y +d) r, (HL), (IX + disp), {IY + disp) 11 0 1 1t 1 0 0 t 0 1 1 23 4 0 P O
: disp 000 1t 1 1 1 1 0

vigooozad"
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Operation Code No. of No. of Flags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 4 2 1 0 Clocks Bytes H PV
Bit Operation Instructions
BIT bit, r I<Tp i1 0 0 t 0 1t 1 0 1 b r 8 2 1 u
bit, (HL) Z < (D) 11 0 0 1t 0 1 1 0 A b 11 0 1 2 10U
bit, (IX +d) 7 < (IX ¥ disp)p 11 0 1 1 1t 0 1 1 1 0 01 1 2 4 1 U
disp 0 1 b 1 1 0
bit, (IY +d) Z~—(IY +disp)p i1 1 1 1 1 0 1 1 1 0 0o 1 1 20 4 1 U
disp 0 1 b 1 1 0
SET bit, r <1 11 0 0 1 0 1 1t 1 1 b r 8 2
bit, (HL) (HL)p =1 1t 1+ 0 0 1 0 1 1 1 1 b 1 1t 0 15 2
bit (IX + d) (IX + disp)p <1 t 1 0 1 1 1 0 1 1t 1 0 0 1 1 23 4
disp 11 b 1 1 0
bit (1Y + d) (1Y + disp)p =—1 Tt 1t 1 1 1 1 0 1 1 1 0 0o 1 1 23 4
disp 1 1 b 1 1 0
RES bit, r <20 i1 0 0 1 0 1 1 1 0 b r 8 2
bit, (HL) (HL)p =0 11 0 0 1 0 t 1 1 0 b 11 0 15 2
bit (IX + d) (IX. + disp)y <— 0 110 1 1 1 0 1 1 A1 0 0 1 1 23 4
disp 1.0 b 11 0
bit (1Y + d) (IY +disp)p <0 i1 1 1 1 1t 0 1 11 0 0 1 1 23 4
disp 10 b 11 0
Jump Instructions
JP adadr PC <— addr 1 1 0 0 0 O 1 1 10 3
NZ, addr IfZ = 0, PC < addr i 1t 0 0 0 0 1 0 10 3
Z, addr IfZ =1, PC ~— addr i1 0 0 1 0 1 0 10 3
NC, addr IfC = 0, PC = addr i1 0 1 0 0 1t O 10 3
JP C, addr IfC =1, PC < addr t 1. 0 1 1 0 1 0 10 3
PO, addr IfP =0, PC < addr 11 1 0 0 0 1 O 10 3
PE, addr IfP = 1, PC =— addr i 1 1 0 1 0 1 0 10 3
P, addr 1fS = 0, PC =— addr i1 1 1 1 0 0 1t 0 10 3
M, addr IfS = 1, PC < addr 1 1 1 1t 1 0 1 0 10 3

DN
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Instruction Set (cont)

Operation Code No. of No. of Flags
Mnemonic Operands Operation 7 6 5 4 3 2 1 0 17 6 Clocks Bytes S 2 H PIV N C
Jump Instructions (cont)
JR e PC<PC +e o 0 0 1t 1 0 0 O 12 2
NZ, e fZ=0,PC~PC +e o0 t 0 0 0 0 O 12/7(3) 2
Z,e fZ=1,PC=PC +e oo t 0 1 0 0 O 12/7(3) 2
NC, e fC=0,PC~PC +e o 0 1t t 0 0 0 O 12/7(3) 2
C.e IfC=1,PC~PC +e oo 1 1 1 0 0 O 12/7(3) 2
JP (HL) PC <—HL i1 1 1 0 1 0 0 4" 1
(1X) PC —IX t 1 0 1 1 1 0 1 1 1 8 2
(1Y) PC 1Y t 11 1 1 1 0 1 1 1 8 2
DINZ e B<«B-1 0o 0o 0 1 0 0 0 O 8/13(4) 2
fB#0,PC<PC +e
Call Instructions
CALL addr (SP — 1) < PCy, i1 0 0 1 1 0 1 17 3
(SP — 2) == PC,
SP<—SP -2,
PC <— addr
NZ, addr If conditions met, (SP — 1) < 1t 1 0 0 0 1 0 O 17/10(5) 3
H»
(SP — 2) <= PC, SP <SP — 2,
PC <— addr
Z, addr Ifconditions met, SP-1)~— 1 1 0 0 1 1 0 0 17/10(5) 3
PCh,
(SP — 2) «<—PC_, SP <SP - 2,
PC < addr
NC, addr If conditions met, (SP — 1) < t 1.0 1t 0 1 0 O 17/10(5) 3
PCy.
(SP — 2) < PC,SP=—SP - 2,
PC <— addr
C, addr iIf conditions met, (SP — 1) = 11 0 1 1 1 0 0 17/10(5) 3
PCH,
(SP — 2) < PC_, SP=—SP - 2,
PC <— addr
PO, addr If conditions met, (SP — 1) <— i1 1 0 0 1 0 O 17/10(5) 3

PCy,
(SP — 2) <= PC, SP<SP - 2,
PC < addr

vigsooozad"
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Mnemonic Operands

Operation

Operation Code No. of

1 0 7 6 5 4 3 2 1 0 Clocks

No. of
Bytes

Flags

H PIV N

c

Call instructions (cont)

If conditions met, (SP — 1) <
PCy,

(SP - 2) < PCy, SP=—SP - 2,
PC <— addr

If conditions met, (SP — 1) =
PCq,

(SP — 2) <= PCy, SP=—SP - 2,
PC <— addr

If conditions met, (SP — 1) =
PCi,

(SP — 2) <= PCy, SP<—SP - 2,
PC < addr

CALL PE, addr
P, addr
M, addr

RST faddr

(SP — 1) < PCy, (SP — 2) =
PCi, SP <SP - 2, PCy =0,
PCy_ - faddr

Return Instructions

RET

PC_ < (SP), PCH < (SP +1),
SP<SP+2

NZ

If conditions met, PC; < (SP),
PCy<—(SP +1),SP <SP +2

If conditions met, PC} <— (SP),
PCy <—(SP +1), SP ~—SP +2

NC

If conditions met, PC|_ <— (SP),
PGy <= (SP +1), SP <SP +2

If conditions met, PC|_ <— (SP),
PCy =—(SP +1), SP <SP +2

If conditions met, PC|_ <— (SP),
PCH <—(SP +1), SP =—SP +2

If conditions met, PC) <— (SP),
PCH < (SP +1), SP <SP +2

I conditions met, PC; <— (SP),
PCy<—(SP +1),SP~—SP +2

If conditions met, PC <— (SP),
PCy < (SP +1),SP <SP +2

00 17/10(5)
0 0 17/10(5)
0 0 17/10(5)
11 1l

0 1 10

0 0 1/5(6)
) 11/5(6)
0 0 11/5(6)
00 11/5(6)
0 0 11/5(8)
0 0 11/5(6)
0 0 11/5(6)
0 0 1/5(6)

RET!

Return from interrupt

RETN

Return from interrupt,
nonmaskable

JAN
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Instruction Set (cont)

Mnemonic Operands

Operation

No. of
Clocks

No. of
Bytes

Return Instructions (cont)

IN A, byte

A < (byte),
A7-Ag <—byte,
Ais-Ag <— byte

1

r, (C)

r < (C), A7=Ag < C,
Ags-Ag <—B

INI

(HL) == (C),B=—B - 1,
HL < HL +1, A7=Ag = C,
Ais-Ag<—B

IND

(HL) = (C),B—B -1,
HL <= HL — 1, A7=Ag=—C,
Ai5-Ag ~—B

INIR

(HL) == (C),B~—B -1,
HL < HL +1, Ap-Ag < C,
Ags-Ag <—B, EndifB = 0

0

21/16(7)

2

INDR

(HL) = (C),B~—B -1,
HL < HL - 1, A7-Ag < C,
Ag-Ag < B, Endif B = 0

0

21/16(7)

out byte, A

(byte) <— A, A-Ag <— byte,
Ais-Ag<—B

1

©).r

(C)~—r, A7=Ag=—C,
As-Ag B

ouT!

(C)=—(HL),B=—B -1,
HL <= HL +1, A7-Ag =—C,
Ais-Ag <—B

ouTd

(C) <= (HL),B<—B -1,
HL <—HL -1, A7-Ag <G,
Ais-Ag <—B

OUTIR

(€)== (HL),B~B -1,
HL < HL +1, A7-Ag <= C,
Ags-Ag < B, EndifB =0

21/18(7)

2

OUTDR

(C) <—(HL),B=B -1,
HL<—HL -1, A7-Ag<—C,
A5-Ag <—B, EndifB =0

Operation Code
1 0 7 86
11
0ot 0 1
0o 1 1 0
o 1 1 0
0o 1 1 0
o 1 1 0
1 1
ot 0 1
0o 1 1 0
6 t 1t 0
0o 1 1 0
o 1t 1 0

Flags

H PIVN C
x P 0
u u 1
u u 1
u U 1
u u 1
u U 1
u u 1
u u 1
u u 1

e S0 T T
e S —————

vigooozad"
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‘Instruction Set (cont)
Operation Code No. of No. of Flags
Mnemonic Operands Operation 2 1 0 7 6 5 4 3 2 1 0 Clocks Bytes S 2 H PW N C
CPU Control Instructions
NOP No operation 0 0 0 4 1
HALT Halt 1 1 0 4 1
DI Disable interrupts 0o 1 1 4 1
(IFF < 0)
El Enable interrupts 0o 1 1 4 1
(IFF <1)
IM 0 Set interrupt mode 0 1t 0 1 0 t 0 0O O 1 1 0 2
1 Set interrupt mode 1 1t 0 1 0 1 0 t 0 1 1 O 2
2 Set interrupt mode 2 t 0o t 0 1t 0 1t 1 1 1 0 8 2
Note:

(1) 21ifBC+0,161fBC = 0

(2) 21ifBC#0and A # (HL),16ifBC = Oor A = (HL)

(3) 12if condition is met, 7 if not
(4) 8ifB =0,13ifB+#0

(5) 17 if condition is met, 10 if not

(6) 1if condition is met, 5 if not
(7) 21ifB = 0,16if B#0

JUN
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NEC uPD70108 (V20™)
8/16-BIT HIGH-PERFORMANCE

NEC Electronics Inc. CMOS MICROPROCESSOR
Description Ordering Information

The uPD70108 (V20) is a CMOS 16-bit microprocessor Part Max Frequency

with internal 16-bit architecture and an 8-bit external Number Package Type of Operation

data bus. The uPD70108 instruction set is a superset of 4PD70108C-5 40-pin plastic DIP 5 MHz

the uPD8086/8088; however, mnemonics and execution PD70108C-8 40-pin plastic DIP 8 MHz

times are different. The uPD70108 additionally has a

powerful instruction set including bit processing, #PD701080-5 40-pfn ceramTc oIP 5 MHz
packed BCD operations, and high-speed multiplication/ uPD70108D-8 40-pin ceramic DIP 8 MHz
division operations. The uPD70108 can also execute 4PD70108D-10 40-pin ceramic DIP 10 MHz
the entire 8080 instruction set and comes with a 4PD701086-5 52-pin miniflat 5 MHz
standby mode that significantly reduces power con- PD7010868 PrR—— PYVIY
sumption. Itis software-compatible with the yPD70116 ~ _# - -Pin minifia z
16-bit microprocessor. uPD70108L-5 44-pin PLCC 5 MHz
Features 4PD70108L-8 44-pin PLCC 8 MHz
O Minimum instruction execution time: 250 ns . . .

(at 8 MHz) Pin Configurations
O Maximum addressable memory: 1 Mbyte . .
O Abundant memory addressing modes 40-Pin Plastic DIP/Cerdip

O 14 x 16-bit register set

O 101 instructions D voo

O Instruction set is a superset of uPD8086/8088 H A1
instruction set g:::;::

O Bit, byte, word, and block operations B awps,

[0 Bit field operation instructions [ Ate/PSa

O Packed BCD instructions ) LBSa (HIGH)

O Multiplication/division instruction execution g:_te

time: 4 us to 6 us (at 8 MHz)
O High-speed block transfer instructions:
1 Mbyte/s (at 8 MHz)

[] HLDRQ [RQ/AKq]
[ HLDAK [RQ/AK{)
[1 WR [BUSLOCK]

1 High-speed calculation of effective addresses: ot s
2 clock cycles in any addressing mode [ BUFEN (BSo]

1 Maskable (INT) and nonmaskable (NMI) [3 ASTB (GS0)
interrupt inputs D) INTAK [Qs1]

J IEEE-796 bus compatible interface E ooy

_1 8080 emulation mode N RESET

83-000102A

1 CMOS technology

J Low-power consumption

7 Low-power standby mode

J Single power supply

J 5 MHz, 8 MHz or 10 MHz clock
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Pin Configurations (cont)

Pin Identification

Symbol Direction Function
44-Pin Plastic Leadless Chip Carrier (PLCC) Ic* Internally connected
Aq4-Ag Out Address bus, middle bits
AD7 - ADg In/0ut Address/data bus
NMI In Nonmaskable interrupt
. input
NC
A1g/PSs INT In Maskable interrupt input
LBSo [HIGH] CLK In Clock input
s/iG GND Ground potential
RD - RESET In Reset input
HLDRQ (RG/AKs) READY In Ready input
MLDAKRG/RKT) L In Poll input
WR[BUSLOCK] —
INTAK (QS+) Out Interrupt acknowledge
10/M [882) output (queue status bit 1
BUFR/W [BS1] output)
BUFEN (80 ASTB (QSg) Out Address strobe output
(queue status bit 0 output)
0 g B ¥ 8 T 3 BUFEN (BSq) Out Buffer enable output (bus
22233 g3 status bit 0 output)
e @ =
E g BUFR/W (BS1) Out Buffer read/write output
- 83-0018724 (bus status bit 1 output)
52-Pin Plastic Miniflat 10/ (BSy) Out Access is 1/0 or memory
(bus status bit 2 output)
E Ex WR (BUSLOCK) Out Write strobe output (bus
- < < o 5 lock output)
] E BB s2g ——

8 I ¢  x § 82 HLDAK (RQ/AKj) Out Holdacknowledgeoutput,
w388 3 o=EERE (In/Out)  (bus hold request
gi25R22:503i¢2 input/acknowledge
naooanoonononn output 1)

(" 52 40 ) == -
Are/Psa T 1 30 =7 AsTe [0S0] HLDRQ (RQ/AKg) In Hold request input (bus hold
Ar7/PS1 — INTAK (as1] (In/Out) request input/acknowledge
Atg/PSo ] ) powc _ output 0)
ADy5 [ [ READY RD Out Read strobe output
Voo - — RESET s/LG In Small-scale/large-scale
Voo L5 1 aND system input
GND ] [ 1GND
GND ] —Inc LBSy (HIGH) Out Latched bus status output 0
e — — aND (always high in large-scale
A 1 oLk systems)
a3 T INT A19/PS3 - Out Address bus, high bits or
Az e A15/PSp processor status output
e 7 Afs out Address bus, bit 15
Vpp Power supply

NC[]=
A1
A9 ]
A ]
AD7 [
ADg [}
ADs ]
AD4 [
AD3 ]
AD2 ]
AD1 [
ADg [

NC R

83-001871A
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Notes: * IC should be connected to ground.

Where pins have different functions in small- and large-
scale systems, the large-scale system pin symbol and

function are in parentheses.

Unused input pins should be tied to ground or Vpp to
minimize power dissipation and prevent the flow of poten-

tially harmful currents.
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Block Diagram

12 A16/PSp — A19/PS3
Ag — A5
Bus .
Buffer
m ADo— ADy
ADM
/ \ LSBg _
BUFEN [BSo), BUFR/W [BS1]
9 10/M [BS;]
ASTB [QSo), INTAK [QS1)
M RD, WR [BUSLOCK]
PS
Status
sS v Control
DS J—
0 /1 [«—— S/LG
DSy |l«——— READY
\{ |&——— RESET
PFP [——— POLL
) or
TEMP TV
T-State Bus Hold «——> HLDRQ [RQ/AKo)
Qg Q4 Control Control HLDAK [RG/AK]]
Q2 Q3
Cycle Interrupt EE—
Decision Control INT
| Bus
Queue Standby . . ntr
Lte | l Control | | Control ) CLK C%n“(”
PC | {BCU]
BW Execution
. Unit
cw Effective Address : [EXU]
Generator
] ow () »
N x
[Ad
=
&
BP 2
sP _—J—‘> £ _—_]J> ; )
2 Microinstruction _— "
g 15 Storage 29 Microinstruction
°
4
2
2
TC z

TA
[—————————— Shifter o
TB

Microsequence
Control

Queue Data Bus [8]

instruction Decoder

h |

‘ Sub Data Bus [16] Main Data Bus [16)
83-000072C
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Pin Functions

Some pins of the uPD70108 have different functions
according to whether the microprocessor is used in a
small- or large-scale system. Other pins function the
same way in either type of system.

A5 - Ag [Address Bus]
For small- and large-scale systems.

The CPU uses these pins to output the middle 8 bits of
the 20-bit address data. They are three-state outputs
and become high impedance during hold acknowledge.

AD7 - ADg [Address/Data Bus]
For small- and large-scale systems.

The CPU uses these pins as the time-multiplexed
address and data bus. When high, an AD bit is a one;
when low, an AD bit is a zero. This bus contains the
lower 8 bits of the 20-bit address during T1 of the bus
cycle and is used as an 8-bit data bus during T2, T3,
and T4 of the bus cycle.

Sixteen-bit data /O is performed in two steps. The low
byte is sent first, followed by the high byte. The ad-
dress/data bus is a three-state bus and can be ata high
or low level during standby mode. The bus will be high
impedance during hold and interrupt acknowledge.

NMI [Nonmaskable Interrupt]
For small- and large-scale systems.

This pin is used to input nonmaskable interrupt
requests. NMI cannot be masked by software. This
input is positive edge triggered and must be held high
for five clocks to guarantee recognition. Actual inter-
rupt processing begins, however, after completion of
the instruction in progress.

The contents of interrupt vector 2 determine the
starting address for the interrupt-servicing routine.
Note that a hold request will be accepted even during
NM! acknowledge.

This interrupt will cause the uPD70108 to exit the
standby mode.

INT [Maskabile Interrupt]
For small- and large-scale systems.

This pin is an interrupt request that can be masked by
software.

INT is active high level and is sensed during the last
clock of the instruction. The interrupt will be accepted
if the interrupt enable flag IE is set. The CPU outputs
the INTAK signal to inform external devices that the
interrupt request has been granted. INT must be
asserted until the interrupt acknowledge is returned.

If NMI and INT interrupts occur at the same time, NMi
has higher priority than INT and INT cannot be
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accepted. A hold request will be accepted during INT
acknowledge.

This interrupt causes the uPD70108 to exit the standby
mode.

CLK [Clock]
For small- and large-scale systems.

This pin is used for external clock input.

RESET [Reset]
For small- and large-scale systems.

This pin is used for the CPU reset signal. It is an active
high level. Input of this signal has priority over all other
operations. After the reset signal input returns to a low
level, the CPU begins execution of the program starting
at address FFFFOH.

In addition to causing normal CPU start, RESET input
will cause the uPD70108 to exit the standby mode.

READY [Ready]
For small- and large-scale systems.

When the memory or I/O device being accessed
cannot complete data read or write within the CPU
basic access time, it can generate a CPU wait state
(Tw) by setting this signal to inactive (low level) and
requesting a read/write cycle delay.

If the READY signal is active (high level) during either
the T3 or Tw state, the CPU will not generate a wait
state.

POLL [Poll]

For small- and large-scale systems.

The CPU checks this input upon execution of the POLL
instruction. If the input is low, then execution continues.
If the input is high, the CPU will check the POLL input
every five clock cycles until the input becomes low
again. :

The POLL and READY functions are used to syn-
chronize CPU program execution with the operation of
external devices.

RD [Read Strobe]
For small- and large-scale systems.

The CPU outputs this strobe signal during data read
from an I/0O device or memory. The |IO/M signal is used
to select between I/0 and memory.

The three-state output is held high during standby
mode and enters the high-impedance state during hold
acknowledge.

S/LG [Small/Large]

For small- and large-scale systems.

This signal determines the operafion mode of the CPU.
This signal is fixed at either a high or low level. When
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this signal is a high level, the CPU will operate in small-
scale system mode, and when low, in the large-scale
system mode. A small-scale system will have at most
" one bus master such as a DMA controller device on the
bus. A large-scale system can have more than one bus
. master accessing the bus as well as the CPU.

INTAK [iInterrupt Acknowledge]
' For small-scale systems.

The CPU generates the INTAK signal low when it
accepts an INT signal.

Theinterrupting device synchronizes with this signal and
outputs theinterrupt vector to the CPU via the data bus
(AD7 - ADyp).

ASTB [Address Strobe]

For small-scale systems.

The CPU outputs this strobe signal to latch address
information at an external latch.

ASTB is held at a low level during standby mode and
hold acknowledge.

BUFEN [Buffer Enable]
For small-scale systems.

This is used as the output enable signal for an external
bidirectional buffer. The CPU generates this signal during
data transfer operations with external memory or
1/0 devices or during input of an interrupt vector.

This three-state output is held high during standby
mode and enters the high-impedance state during hold
acknowledge. '

BUFR/W [Buffer Read/Write]
For small-scale systems.

The output of this signal determines the direction of
data transfer with an external bidirectional buffer. A
high output causes transmission from the CPU to the
external device; a low signal causes data transfer from
the external device to the CPU.

BUFR/W is a three-state output and becomes high
‘mpedance during hold acknowledge.

|0/M {10/Memory]

“or small-scale systems.

F'he CPU generates this signal to specify either I/0
iccess or memory access. A high-level output specifies
\/O and a low-level signal specifies memory.

‘O/M’s output is three state and becomes high
mpedance during hold acknowledge.

WR [Write Strobe]
For small-scale systems.

The CPU generates this strobe signal during data write
to an I/0 device-or memory. Selection of either 1/0 or
memory is performed by the 10/M signal.

This three-state output is held high during standby
mode and enters the high-impedance state during hold
acknowledge.

HLDAK [Hold Acknowledge]
For small-scale systems.

The HLDAK signal is used to indicate that the CPU
accepts the hold request signal (HLDRQ). When this
sighal is a high level, the address bus, address/data
bus, and the control lines become high impedance.

HLDRQ [Hold Request]

For small-scale systems.

Thisinputsignal is used by external devices to request
the CPU to release the address bus, address/data bus,
and the control bus.

LBSp [Latched Bus Status 0]

For small-scale systems.

The CPU uses this signal along with the 10/M and
BUFR/W signals to inform an external device what the
current bus cycle is.

10/M  BUFR/W  LBSg Bus Cycle
0 0 0 Program fetch
0 0 1 Memory read
0 1 0 Memory write
0 1 1 Passive state
1 0 0 Interrupt acknowledge
1 0 1 110 read
1 1 0 1/0 write
1 1 1 Halt
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A19/PS3- A16/PSq [Address Bus/Processor Status]
For small- and large-scale systems.

These pins are time multiplexed to operate as an
address bus and as processor status signals.

When used as the address bus, these pins are the high 4
bits of the 20-bit memory address. During I/O access,
all 4 bits output data 0.

The processor status signals are provided for both-

memory and I/O use. PS3is always0in the native mode
and 1 in 8080 emulation mode. The interrupt enable
flag (IE) ispinon pin PSo. Pins PS4 and PSy indicate which
memory segment is being accessed.

Seyment

Ay7/PS, Ay/PSg
0 0 Data segment 1
0 1 Stack segment
1 0 Program segment
1 1 Data segment 0

The output of these pins is three state and becomes
high impedance during hold acknowledge.

QS4, QSp [Queue Status]
For large-scale systems.

The CPU uses these signals to allow external devices,
such as the floating-point arithmetic processor chip,
(uPD72091) to monitor the status of the internal CPU
instruction queue.

Instruction Queue Status

08, 08y
0 0 NOP (queue does not change)
0 1 First byte of instruction
1 0 Flush queue
1 1 Subsequent bytes of instruction

The instruction queue status indicated by these signals
is the status when the execution unit (EXU) accesses
the instruction queue. The data output from these pins
is therefore valid only for one clock cycle immediately
following queue access. These status signals are
provided so that the floating-point processor chip can
monitor the CPU’s program execution status and
synchronize its operation with the CPU when control is
passed to it by the FPO (Floating Point Operation)
instructions.

BS, - BSg [Bus Status]

For large-scale systems.

The CPU uses these status signals to allow an external
bus controller to monitor what the current bus cycleis.

The external bus controller decodes these signals and
generates the control signals required to perform
access of the memory or I/0 device.
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BS, BSo Bus Cycle

0 Interrupt acknowledge
1 1/0 read

0 110 write

1 Halt
0

1

0

1

Program fetch

Memory read

Memory write

=D OO O

0
0
1
1
0
0
1
1

Passive state

The output of these signals is three state and becomes
high impedance during hold acknowledge.

BUSLOCK [Bus Lock]
For large-scale systems.

The CPU uses this signal to secure the bus while
executing the instruction immediately following the
BUSLOCK prefix instruction, or during an interrupt
acknowledge cycle. Itis a status signal to the other bus
masters in a multiprocessor system, inhibiting them
from using the system bus during this time.

The output of this signal is three state and becomes
high impedance during hold acknowledge. BUSLOCK
is high during standby mode except if the HALT
instruction has a BUSLOCK prefix.

RQ/AK4, RQ/AKq [Hold Request/Acknowledge]
For large-scale systems.

These pins function as bus hold request mputs (RQ)
and as bus hold acknowledge outputs (AK). RQ/AKO
has a higher priority than RQ/AKj.

These pins have three-state outputs with on-chip pull-,
up resistors which keep the pin ata high level when the
output is high impedance.

Vpp [Power Supply]
For small- and Iarge—scale systems.

This pin is used for the +5 V power supply.

GND [Ground]
For small- and large-scale systems.

This pin is used for ground.

IC [Internally Connected]

This pin is used for tests performed at the factory by !
NEC. The 4uPD70108 is used with this pin at grounc
potential.
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Absolute Maximum Ratings Capacitance
Ta=+25°C Ta=+25°C, Vpp=0V
Power supply voltage, Vpp -05Vto+7.0V Limits Test
Power dissipation, PDyax 05W Parameter Symbol Min Max  Unit Conditions
Input voltage, V, ~0.5VtoVpp+03V Input capacitance g 15 oF Lc =1 Msz i
CLK input voltage, Vi —05VioVpp 10V 1/0 capacitance Cio 15 pF re';umrizfiutr:o'\)lms
Output voltage, Vg —0.5VtoVpp+03V
Operating temperature, Topr —40°C to +85°C
Storage temperature, Tgtg —65°C to +150°C
Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
DC Characteristics
pPD70108-5, Tp = —40°C to +85°C, Vpp = +6V £10%
uPD70108-8, uPD70108-10, Tp = —10°C to +70°C, Vpp = +5 V + 5%
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage high ViH 22 Vpp+0.3 v
Input voltage low ViL ~0.5 0.8 v
CLK input voltage high VkH 3.9 Vpp+1.0 v
CLK input voltage low } Vki —0.5 0.6 v
Output voltage high Vox 0.7 x Vpp v loy = —400 A
Output voltage low VoL 0.4 v lor=25mA
Input leakage current high ILH 10 HA Vi=Vpp
input leakage current low [ -10 A Vi=0V
Output leakage current high 1LoH 10 pA Vo= Vpp
Output leakage current low oL -10 uA Vo=0V
70108-5 30 60 mA Normal operation
5 MHz 5 10 mA Standby mode
Supply current oo 70108-8 45 80 mA Normal operation
8 MHz 6 12 mA Standby mode
70108-10 60 100 mA Normal operation
10 MHz 7 14 mA Standby mode
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AC Characteristics

uPD70108-5, Tp = —40°C to +85°C, Vpp =+5V = 10%
pPD70108-8, uPD70108-10,To = —10°C to +70°C, Vpp = +5V + 5%

1PD70108-5 4PD70108-8 4uPD70108-10
Parameter Symbol " Min Max Min Max Min Max Unit Conditions
Small/Large Scale
Clock cycle oK 200 © 500 125 500 100 500 ns
Clock pulse width high tKKH 69 44 41 ns VkH=30V
Clock pulse width low kKL 90 60 49 ns VkL=15V
Clock rise time tkr 10 5 ns 15Vto3.0V
Clock fall time tk 10 5 ns 30Vio15V
READY inactive setup to CLK! tSRYLK -8 -8 ~-10 ns
READY inactive hold after CLK1 tHKRYH 30 20 20 ns
READY active setup to CLK? tsRyHk kL — 8 tkkL — 8 tkkL —10 ns
READY active hold after CLKt tHKRYL 30 20 20 ns
Data setup time to CLK | tspk 30 20 10 ns
Data hold time after CLK | tHkD 10 10 10 ns
NMI, INT, POLL setup time tgik 30 15 15 ns
to CLK -
Input rise time (except CLK) tR 20 20 20 ns 08Vto22V
Input fall time (except CLK) Y 12 12 12 ns 22Vto08V
Output rise time tor 20 20 20 ns 08Vto22V
Output fall time tor 12 12 12 ns 22V1008V
Small Scale
Address delay time from-CLK tpka 10 90 10 60 10 48 ns
Address hold time from CLK tHKA 10 10 10 ns
PS delay time from CLK ! tpkp 10 90 10 60 10 50 ns
PS float delay time from CLK trkp 10 80 10 60 10 50 ns
Address setup time to ASTB | tsasT tkkL— 60 tkkL — 30 kL — 30 ns
éﬁgrfss float delay time from trKA tHKA 80 tHKA 60 tHka 50 ns CL =100 pF
ASTB 1 delay time from CLK | tpKSTH 80 50 40 ns
ASTB | delay time from CLK t toksTL 85 55 45 ns
ASTB width high tsTsT tkkL — 20 ke — 10 tkk — 10 ns
Address hold time from ASTB } tHSTA tkkn — 10 tkkn —10 ns

tkkn — 10
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AC Characteristics (cont)
I pPD70108-5, To = —40°C to +85°C, Vpp = +5 V = 10%
uPD70108-8, uPD70108-10, T = —10°C to +70°C, Vpp = +5 V = 5%

#PD70108-5 ©PD70108-8 #PD70108-10
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Small Scale (cont)
Control delay time from CLK tokeT 10 110 10 65 10 55 ns
Address float to RD} tAFRL 0 0 0 ns
RD | delay time from CLK tDKRL 10 165 10 80 10 70 ns
RD 1 delay time from CLK | tDKRH 10 150 10 80 10 60 ns
Address delay time from RD toRHA  toyk — 45 toyk — 40 toyk — 35 ns
RD width low 1RR 2tcyk—75 2tcyk—50 2tcyx—40 ns C_ =100 pF
Data output delay time from tpkp 10 90 10 60 10 50 ns
CLK !
Data float delay time from trkp 10 80 10 60 10 50 ns
CLK |
WR width low tww 2tcyk—60 2toyk—40 2tcyk—35 ns
HLDRAQ setup time to CLK 1 tsHoK 35 20 20 ns
HLDAK defay time from CLK | tDKHA 10 160 10 100 10 60 ns
Large Scale
Address delay time from CLK toka 10 90 10 60 10 48 ns
| Address hold time from CLK tHKA 10 10 10 ns
I'ps delay time from CLK | tpkp 10 90 10 60 10 50 ns
PS float delay time from CLK trkp 10 80 10 60 10 50 ns
Address float delay time from trKA tHKA 80 tHKA 60 thka 50 ns
oLk |
Address delay time from RD ! torHa  toyk — 45 toyk — 40 toyk —35 ns
ASTB delay time from BS | tpasT 15 15 15 ns
BS | delay time from CLK 1 tpKBL 10 110 10 60 10 50 ns
BS 1 delay time from CLK | tDKBH 10 130 10 65 10 50 ns
RD | delay time from address tDAFRL 0 0 0 ns Gy =100 pF
float
RD | delay time from CLK | tDKRL 10 165 10 80 10 70 ns
RD 1 delay time from CLK | tDKRH 10 150 10 80 10 60 ns
RD width low trR 2toyk—75 2toyk—50 2toyk—40 ns
Date output delay time from tokp 10 90 10 60 10 50 ns
CLK |
Data float delay time from trkD 10 80 10 60 10 50 ns
CLK t .
AK delay time from CLK | tDKAK 70 50 40 ns
[RQ setup time to CLK 1 tsrRaK 20 10 9 ns

RQ hold time after CLK 1 tHKRQ 40 30 20 ns
‘ .
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Timing Waveforms

AC Test Input Waveform [Except CLK]
2.2V 2.2V

0.8V 0.8V

AC Output Test Points
2.2V 22v

0.8V 0.8v

oy XS TestPoms Y
0av Test Points <)

49-000238A

Clock Timing

43-000239A

Wait [Ready] Timing

il T2 T3

CLK

tsavik

T4

—
Ready \ L’
tsrvhk

POLL, NML, INT Input Timing

CLK

Tn
(SIK
—
POLL v
NMLINT X

BUSLOCK Output Timing

CLK
toka

BUSLOCK

49-000240A
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Timing Waveforms (cont)

Read Timing [Small Scale]

Write Timing [Small Scale]

T4 T T2 13 ‘TL\ T4 T1 T2 T3 T4
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toka—| 4 o La-tiica
r::s' 4 [etrya tsox toka—| - +toko _,':K_"
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AD, - AD, Address T Data input - AD, - AD, Address Data Output
tokstis) [ | —H |i=-tusta g tsast |- [*thka
torsr 1221
ASTB X\ a ASTB / _Jg‘ va
L] __'nxc'r _.I le—tysra
toksT || toxer] toxcT— f"
- DKCT
BUFEN / BUFEN
_:'nxcv _._‘=r_nL tokeT !
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43-000241A 49-0002424
Read Timing [Large Scale] Write Timing [Large Scale]
T4 T4 T 12 T3 T4
CLK * SL/_\ CilK / Sr_/_\ g
tDKA"
Aqo/PSg - + W \Val A1g/PS3 -
Podh [ Address Program Status Yo ponih Address| Program Status i
toka—>] |
LBSo LBSp
o |a-tuka 1, —»! | le~tpkp t
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BS;-BSo | \ Bus Status Vi BS2-BSo  \ Bus Status /
-l
toxeL 4 [+toaprc —’l Ftoxnu
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1 - =tokaL
pkA™™ [+ an
osicaso XX XX As-hs X o
_.tr‘“.‘ 49-000244A
A5 - Ag E
490002437
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

cLK /—'\
—

L—/n_\ ;g_\_/l\ T4 hl T2 3 ul
-1,
le~teka toon 'HKD
2 E___—

AD, - AD,

toker—»
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i A
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BUFR/W -\
1o/M _/

— f=toker
X/ /-

— f‘nu /

BUSLOCK *
—f f—tpga
—_—
A A, 7
* : Large Scale Mode Only
19-0002358
Hold Request/Acknowledge Timing [Small Scale] tor2
or
Xtcyk
CLK /_\_
(SHQK
HLDRQ
tokHa—>| [+— tDKMA"l T
HLDAK /
. ] |—teka ’
* 70108 X ExternaiMaster ) 70108
* 1 Ag/PS, - A/PS,, A, - Ay, AD, - AD, RD, LBS,, 10/M, BUFR/W, WR BUFEN
480002508
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Timing Waveforms (cont)

Bus Request/Acknowledge Timing [Large Scale]

NN\

tokak e—=teyk

CLK

=toyk —>

_’| } tl.')KllK 4_| l*"'NKRQ - l“tDKAK
— Puise 1 o Pulse 2 = Pulse 3
RG/AK . Ra_f el g w

70108 Input 70108 Output 70108 Input

le—texa
\ e

¥ N\, R
* 70108 - ( N Coprocessor )—@8

R
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Register Configuration
Program Counter [PC]

The program counter is a 16-bit binary counter that
contains the segment offset address of the next
instruction which the EXU is to execute.

The PCincrements each time the microprogram fetches
an instruction from the instruction queue. A new
location valueis loaded into the PC each time a branch,
call, return, or break instruction is executed. At this
time, the contents of the PC are the same as the
Prefetch Pointer (PFP).

Prefetch Pointer [PFP]

The prefetch pointer (PFP) is a 16-bit binary counter
which contains a segment offset which is used to
calculate a program memory address that the bus
control unit (BCU) uses to prefetch the next byte for
the instruction queue. The contents of PFP are an
offset from the PS (Program Segment) register.

The PFPisincremented each time the BCU prefetches
an instruction from the program memory. A new
location will be loaded into the PFP whenevera branch,
call, return, or break instruction is executed. At that
time the contents of the PFP will be the same as those
of the PC (Program Counter).

Segment Registers [PS, SS, DSy, and DS4]

The memory addresses accessed by the uPD70108 are
divided into 64K-byte logical segments. The starting
(base) address of each segment is specified by a 16-bit
segment register, and the offset from this starting
address is specified by the contents of another register
or by the effective address.

These are the four types of segment registers used.

Segment Register Default Offset

PS (Program Segment) PFP

SS (Stack Segment) SP, effective address
DSg (Data Segment 0) 1X, effective address
DS4 (Data Segment 1) Y

General-Purpose Registers [AW, BW, CW, and DW]
There are four 16-bit general-purpose registers. Each
one can be used as one 16-bit register or as two 8-bit
registers by dividing them into their high and low bytes
(AH, AL, BH, BL, CH, CL, DH, DL).

Each register is also used as a default register for

processing specific instructions. The default assign-

ments are:

AW: Word multiplication/division, word 1/0, data
conversion
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AL: Byte multiplication/division, byte 1/0, BCD
rotation, data conversion, translation

AH: Byte multiplication/division
BW: Translation
CW: Loop control branch, repeat prefix

CL: Shift instructions, rototation instructions,
BCD operations

DW: Word multiplication/division, indirect
addressing 1/0

Pointers [SP, BP] and Index Registers [IX, 1Y]
These registers serve as base pointers or index registers

- when accessing the memory using based addressing,

indexed addressing, or based indexed addressing.

These registers can also be used for data transfer and
arithmetic and logical operations in the same manner
as the general-purpose registers. They cannot be used
as 8-bit registers.

Also, each of these registers acts as a default register
for specific operations. The default assignments are:

SP: Stack operations
1X: Block transfer (source), BCD string operations
1Y: Block transfer (destination), BCD string operations

Program Status Word [PSW)]

The program status word consists of the following six
status and four control flags.

Status Flags Control Flags

® V (Overflow) ® MD (Mode)

® S (Sign) ® DIR (Direction)

® Z (Zero) ® |E (Interrupt Enable)
® AC (Auxiliary Carry) ® BRK (Break)

e P (Parity)

® CY (Carry)

When the PSW is pushed on the stack, the word images
of the various flags are as shown here.

PSW

15 14 13 12 11 10 9 876543210

M 1 1 1 VvV D I BSZO0OAOPI1C

D I ER c Y
R K

The status flags are set and reset depending upon the
result of each type of instruction executed.

Instructions are provided to set, reset, and complemen
the CY flag directly.

Other instructions set and reset the control flags anc
control the operation of the CPU.
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High-Speed Execution of Instructions
This section highlights the major architectural features
that enhance the performance of the uPD70108.

® Dual data bus in EXU

® Effective address generator

® 16/32-bit temporary registers/shifters (TA, TB)
® 16-bit loop counter

® PC and PFP

Dual Data Bus Method

To reduce the number of processing steps for in-

struction execution, the dual data bus method has’

been adopted for the uPD70108 (figure 1). The two
data buses (the main data bus and the subdata bus) are
both 16 bits wide. For addition/subtraction and logical
and comparison operations, processing time has been
speeded up some 30% over single-bus systems.

Figure 1. Dual Data Buses

] d

* Registers F
16 16
Temporary
registers/shifters < >

AW

)

A L~

Subdata bus Main data bus

PN

! 83-000103A

uPD70108 (V20)
Example
ADD AW,BW ; AW «— AW +BW
Single Bus Dual Bus
Step 1 TA — AW TA < AW, TB «— BW
Step 2 TB — BW AW —TA+TB

Step3AW < TA+TB
Effective Address Generator
This circuit (figure 2) performs high-speed processing to
calculate effective addresses for accessing memory.

Calculating an effective address by the microprogram-
ming method normally requires 5 to 12 clock cycles.
This circuit requires only two clock cycles for
addresses to be generated for any addressing mode.
Thus, processing is several times faster.

Figure 2. Effective Address Generator

First and second byte of instruction

mod rm

EA Generator

Effective address
83-000104A

16/32-Bit Temporary Registers/Shifters [TA, TB]

These 16-bit temporary registers/shifters (TA, TB)
are provided for multiplication/division and shift/
rotation instructions.

These circuits have decreased the execution time of
multiplication/division instructions. In fact, these
instructions can be executed about four times faster
than with the microprogramming method.

TA + TB: 32-bit temporary register/shifter for multi-
plication and division instructions.

TB: 16-bit temporary register/shifter for shift/rotation
instructions.
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Loop Counter [LC]

This counteris used to count the number of loops for a
primitive block transfer instruction controlled by a
repeat prefix instruction and the number of shifts that
will be performed for a multiple bit shift/rotation in-
struction.

The processing performed fora multiple bit rotation of
a register is shown below. The average speed is
approximately doubled over the microprogram method.

Example

RORC AW,CL ;CL=5

Microprogram method LC method

8+ (4x5)=28clocks 7+5=12clocks
Program Counter and Prefetch Pointer [PC and PFP]
The uPD70108 microprocessor has a program counter,
(PC) which addresses the program memory location of
the instruction to be executed next, and a prefetch
pointer(PFP), which addresses the program memory
location to be accessed next. Both functions are
provided in hardware. A time saving of several clocks
is realized for branch, call, return, and break instruction
execution, compared with microprocessors that have
only one instruction pointer.
Enhanced Instructions

In addition to the pPD8088/86 instructions, the
uPD70108 has the following enhanced instructions.

Instruction Function

PUSH imm Pushes immediate data onto stack

PUSHR Pushes 8 general registers onto stack

POPR Pops 8 general registers from stack

MUL imm Executes 16-bit multiply of register or memory contents
by immediate data

SHLimm8 . - Shifts/rotates register or memory by immediate

SHR imm8 value :

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8 .

RORC imm8 .

CHKIND Checks array index against designated boundaries

INM Moves a string from an 1/0 port to memory

0UTM Moves a string from memory to an 1/0 port

PREPARE Allocates anarea for a stack frame and copies previous
frame pointers .

DISPOSE Frees the current stack frame on a procedure exit
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Enhanced Stack Operation Instructions
PUSH imm

This instruction allows immediate data to be pushed
onto the stack.

PUSH R/POP R

These instructions allow the contents of the eight
general registers to be pushed onto or popped from
the stack with a single instruction.

Enhanced Multiplication Instructions
MUL reg16, imm16/MUL mem16, imm16

These instructions allow the contents of a register or
memory location to be 16-bit multiplied by immediate
data.

Enhanced Shift and Rotate Instructions
SHL reg, imm8/SHR reg, imnm8/SHRA reg, imm8

These instructions allow the contents of a register to be
shifted by the number of bits defined by the immediate
data.

ROL reg, imm8/ROR reg, imm8/ROLC reg, imm8/
RORC reg, imm8

These instructions allow the contents of aregister to be
rotated by the number of bits defined by the immediate
data.

Check Array Boundary Instruction
CHKIND reg16, mem32

This instruction is used to verify that index values
pointing to the elements of an array data structure are
within the defined range. The lower limit of the array
should be in memory location mem32, the upper limit
in mem32 + 2. If the index value in reg16 is not between
these limits when CHKIND is executed, a BRK 5 wili
occur, This causes a jump to the location in interrupt
vector 5.

Block 1/0 Instructions

OUTM DW, src-block/INM dst-block, DW

These instructions are used to output or input a string
to or from memory, when preceded by a repeat prefix.
Stack Frame Instructions

PREPARE imm16, imm8

This instruction is used to generate the stack frames
required by block-structured languages, such as
PASCAL and Ada. The stack frame consists of two
areas. One area has a pointer that points to another
frame which has variables that the current frame can
access. The otheris alocal variable area for the current
procedure.
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. DISPOSE

This instruction releases the last stack frame generated
“ by the PREPARE instruction. It returns the stack and

base pointers to the values they had before the

PREPARE instruction was used to call a procedure.

| Unique Instructions

"In addition to the uPD8088/86 instructions and the
 enhanced instructions, the uPD70108 has the following
unique instructions.

Instruction Function

INS Insert bit field
EXT Extract bit field
ADD4S Adds packed decimal strings
SUB4S Subtracts one packed decimal string from another
CMP4S Compares two packed decimal strings
ROL4 Rotates one BCD digit left through AL lower 4 bits
ROR4 Rotates one BCD digit right through AL lower 4 bits
TEST1 Tests a specified bit and sets/resets Z flag
NOT1 Inverts a specified bit
CLR1 Clears a specified bit

‘ SET1 Sets a specified bit

| REPC Repeats next instruction until CY flag is cleared
REPNC Repeats next instruction until CY flag is set
FP02 Additional floating point processor call

Figure 3. BitField Insertion

Variable Length Bit Field Operation Instructions

This category has two instructions: INS (Insert Bit
Field) and EXT (Extract Bit Field). These instructions
are highly effective for computer graphics and high-
level languages. They can, for example, be used for
data structures such as packed arraysand record type
data used in PASCAL.

INS reg8, reg8/INS reg8, imm4

This instruction (figure 3) transfers low bits from the
16-bit AW register (the number of bits is specified by
the second operand) to the memory iocation specified
by the segment base (DS register) plus the byte offset
(1Y register). The starting bit position within this byte is
specified as an offset by the lower 4-bits of the first
operand.

After each complete data transfer, the IY register and
the register specified by the first operand are auto-
matically updated to point to the next bit field.

Either immediate data or a register may specify the
number of bits transferred (second operand). Because
the maximum transferable bit length is 16-bits, only the
lower 4-bits of the specified register (00H to OFH) will
be valid.

Bitfield data may overlap the byte boundary of memory.

Bit fength

0

AW

//

l Bit offset Byte offset (IY)
) S ) B A
& [ T (¢ 7
! ‘/ ! / ! : Memory
. I d ) — -
} ! f
Byte boundary Segment base (DS1)

83-000106A
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EXT reg8, reg8/EXT reg8, imm4

This instruction (figure 4) loads to the AW register the
bit field data whose bit length is specified by the
second operand of the instruction from the memory
location that is specified by the DS0O segment register
(segment base), the IX index register (byte offset), and
the lower 4-bits of the first operand (bit offset).

After the transfer is complete, the IX register and the
lower 4-bits of the first operand are automatically
updated to point to the next bit field.

Eitherimmediate data or a register may be specified for
the second operand. Because the maximum trans-
ferrable bit length is 16 bits, however, only the lower
4-bits of the specified register (OH to OFH) will be valid.

Bit field data may overlap the byte boundary of memory.
Packed BCD Operation Instructions

The instructions described here process packed BCD
data either as strings (ADD4S, SUB4S, CMP4S) or
byte-format operands (ROR4, ROL4). Packed BCD
strings may be from 1 to 254 digits in length.

When the number of digits is even, the zero and carry
flags will be setaccording to the result of the operation.
When the number of digits is odd, the zero and carry
flags may not be set correctly in this case, (CL = odd),
the zero flag will not be set unless the upper 4 bits of the
highest byte are all zero. The carry flag will not be set
unless there is a carry out of the upper 4 bits of the
highest byte. When CL is odd, the contents of the upper
4 bits of the highest byte of the result are undefined.

Figure 4. Bit Field Extraction

ADDA4s

This instruction adds the packed BCD string addressed
by the IX index register to the packed BCD string
addressed by the Y index register, and stores the
result in the string addressed by the |Y register. The
length of the string (number of BCD digits) is specified
by the CL register, and the result of the operation will
affect the overflow flag (V), the carry flag (CY), and
zero flag (Z).

BCD string (lY, CL) < BCD string (1Y, CL) + BCD
string (1X, CL)

SuUB4S

This instruction subtracts the packed BCD string
addressed by the IX index register from the packed
BCD string addressed by the |Y register, and stores the
result in the string addressed by the 1Y register. The
length of the string (number of BCD digits) is specified
by the CL register, and the result of the operation will
affect the overflow flag (V), the carry fiag (CY), and
zero flag (2).

BCD string (lY, CL) < BCD string (IY, CL) — BCD
String (1X, CL)
CMP4S

This instruction performs the same operation as
SUBA4S except that the resultis not stored and only the
overflow (V), carry flags (CY) and zero flag (Z) are
affected.

BCD string (1Y, CL) — BCD string (IX, CL)

Bitlength | Bitoffset Byte offset (IX)
‘ : {( e
5 T )T mm)
' /// '
, ’ : 5 —
i '
Byte Boundary Segment base (DS0)

AW 0

83-0001078B

3-48



NEC

©PD70108 (V20)

ROL4
This instruction (figure 5) treats the byte data of the

register or memory directly specified by the instruction,

byte as BCD data and uses the lower 4-bits of the AL

\ left.

Figure 5. BCD Rotate Left (ROL4)

' register (AL_) to rotate that data one BCD digit to théT

7 AL 0 reg/mem

Upper Lower Upper Lower
4bits 4 bits 4 bits 4 bits

83-000108A

ROR4

This instruction (figure 6) treats the byte data of the
register or memory directly specified by the instruction
byte as BCD data and uses the lower 4-bits of the AL
register (AL|) to rotate that data one BCD digit to the
right.

»

Figure 6. BCD Rotate Right (ROR4)

7 AL 0 reg/mem

Upper Lower Lower

Upper
4bits 4 bits 4 bits 4 bits

83-000109A

3it Manipulation Instructions
FEST1
“his instruction tests a specific bit in a register or

nemory location. If the bitis 1, the Z flag isreset to 0. If
he bit is 0, the Z flag is set to 1. :

10T

fhis instruction inverts a specific bit in a register or
1emory location.
‘LR1 .
his instruction clears a specific bit in a register or
iemory location.
ET1

Lis instruction sets a specific bit in a register or
tmory location.

epeat Prefix Instructions

PC

L|is instruction causes the uPD70108 to repeat the
| ; by .

llowing primitive block transfer instruction untit the

l flag becomes cleared or the CW register becomes
ro.

REPNC

This instruction causes the uPD70108 to repeat the
following primitive block transfer instruction until the
CY flag becomes set or the CW register is decremented
to zero.

Floating Point Instruction
FPO2

This instruction is in addition to the p¢PD8088/86
floating point instruction, FPO1. These instructions
are covered in a later section.

Mode Operation Instructions

The uPD70108 has two operating modes (figure 7).
One is the native mode which executes uPD8088/86,
enhanced and unique instructions. The other is the
8080 emulation mode in which the instruction set of the
uPDB8080OAF is emulated. A mode flag (MD) is provided
to select between these two modes. Native mode is
selected when MD is 1 and emulation mode when MD is
0. MD is set and reset, directly and indirectly, by
executing the mode manipulation instructions.

Two instructions are provided to switch operation from
the native mode to the emulation mode and back:
BRKEM (Break for Emulation), and RETEM (Return
from Emulation).

Two instructions are used to switch from the emulation
mode to the native mode and back: CALLN (Call Native
Routine), and RET! (Return from Interrupt).

The system will return from the 8080 emulation mode
to the native mode when the RESET signal is present,
or when an external interrupt (NMI or INT) is present.

Figure 7. V20 Modes

HOLD REQ/HOLD ACK

Native Mode

8088/86
Enhanced
and Unique
Instruction Set

RESET, NMI, or INT and IE

Halt

INT and ID Idle at
10% Power
\\\ T Standby
S —
8080 Emulation

—— Mode
8080 Mode

} HOLD REQ/HOLD ACK

83-000775A
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BRKEM imm8

This is the basic instruction used to start the 8080
emulation mode. This instruction operates exactly the
same as the BRK instruction, except that BRKEM
resets the mode flag (MD) to 0. PSW, PS, and PC are
saved to the stack. MD is then reset and the interrupt vector
specified by the operand imm8 of this command is
loaded into PS and PC.

The instruction codes of the interrupt processing
routine jumped to are then fetched. Then the CPU
executes these codes as uyPD8080AF instructions.

In 8080 emulation mode, registers and flags of the
uPDB8O08BOAF are performed by the following registers
and flags of the uPD70108.

«PDBOBOAF #PD70108
Registers: A AL
B CH
C CL
D DH
E DL
H BH
L BL
SP BP
PC PC
Flags: c cY
z
S
AC AC

Inthe native mode, SPis used for the stack pointer. In the
8080 emulation mode this function is performed by BP.

This use of independent stack pointers allows indepen-
dent stack areas to be secured for each mode and
keeps the stack of one of the modes from being
destroyed by an erroneous stack operation in the other
mode.

The SP, IX, 1Y and AH registers and the four segment
registers (PS, SS, DSp, and DS;) used in the native
mode are not affected by operations in 8080 emulation
mode.

In the 8080 emulation mode, the segment register for
instructions is determined by the PS register (set
automatically by the interrupt vector) andthe segment
register for data is the DSy register (set by the
programmer immediately before the 8080 emulation
mode is entered).

It is prohibited to nest BRKEM instructions.

RETEM [no operand]

When RETEM is executed in 8080 emulation mode
(interpreted by the CPU as a uPD8080AF instruction),
the CPU restores PS, PC, and PSW (as it would when
returning from an interrupt processing routine), and
returns to the native mode. At the same time, the
contents of the mode flag (MD) which was saved to the
stack by the BRKEM instruction, is restored toMD =1.
The CPU is set to the native mode.

CALLN imm8

This instruction makes it possible to call the native
mode subroutines from the 8080 emulation mode. To

“return from subroutine to the emulation mode, the

RETI instruction is used.

The processing performed when this instruction is
executed in the 8080 emulation mode (it is interpreted
by the CPU as uPDB8080AF instruction), is similar to
that performed when a BRK instruction is executed in the
native mode. The imm8 operand specifies an interrupt
vector type. The contents of PS, PC, and PSW are
pushed on the stack and an MD flag value of O is saved.
The mode flag is set to 1 and the interrupt vector
specified by the operand is loaded into PS and PC.

RETI [no operand]

This is a general-purpose instruction used to returr
from interrupt routines entered by the BRK instructior
or by an external interrupt in the native mode. Wher
this instruction is executed at the end of a subroutine
entered by the execution of the CALLN instruction, the
operation that restores PS, PC, and PSW is exactly th¢
same as the native mode execution. When PSW i
restored, however, the 8080 emulation mode value ¢
the mode flag (MD) is restored, the CPU is set it
emulation mode, and all subsequent instructions ar:
interpreted and executed as uPD8080AF instructions

RETI is also used to return from an interrupt procedur
initiated by an NM1 or INT interrupt in the emulatio
mode.

Floating Point Operation Chip
Instructions

FPO1 fp-op, mem/FPO2 fp-op, mem i

These instructions are used for the external floatir:
point processor. The floating point operation is passeJ T
to the floating point processor when the CPU fetcht !
one of these instructions. From this point the CF

performs only the necessary auxiliary processirlw
(effective address calculation, generation of physic

addresses, and start-up of the memory read cycle). !
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The floating point processor always monitors the
instructions fetched by the CPU. When'itinterprets one
as an instruction to itself, it performs the appropriate
processing. At this time, the floating point processor
chip uses either the address alone or both the address
and read data of the memory read cycle executed by the
CPU. This difference in the data used depends on
which of these instructions is executed.
Note: During the memory read cycle initiated by the CPU for FPO1
or FPO2 execution, the CPU does not accept any read data
on the data bus from memory. Although the CPU generates

the memory address, the data is used by the floating point
processor.

interrupt Operation

The interrupts used in the uPD70108 can be divided
into two types: interrupts generated by external inter-
rupt requests and interrupts generated by software
processing. These are the classifications.

External Interrupts

(a) NMI input (nonmaskable)
(b) INT input (maskable)

Software Processing
As the result of instruction execution

— When a divide error occurs during execution
of the DIV or DIVU instruction
— When a memory-boundary-over error is detected
by the CHKIND instruction
Conditional break instruction
— When V = 1 during execution of the BRKV
instruction
Jnconditional break instructions
— 1-byte break instruction: BRK3
— 2-byte break instruction:. BRK imm8
“lag processing
— When stack operations are used to set the
BRK flag
080 Emulation mode instructions
— BRKEM imm8
— CALLN imm8
nterrupt Vectors
tarting addresses for interrupt processing routines
re either determined automatically by a single location

f the interrupt vector table or selected each time
iterrupt processing is entered.

The interrupt vector table is shown in figure 8. The
table uses 1K bytes of memory addresses 000H to
3FFH and can store starting address data for a
maximum of 256 vectors (4 bytes per vector).

The corresponding interrupt sources for vectors 0
to 5 are predetermined and vectors 6 to 31 are reserved.
These vectors consequently cannot be used for
general applications.

The BRKEM instruction and CALLN instruction (in the
emulation mode) and the INT input are available for
general applications for vectors 32 to 255.

Asingle interrupt vectoris made up of 4 bytes (figure 9).
The 2 bytes in the low addresses of memory are
loaded into PC as the offset, and the high 2 bytes are
loaded into PS as the base address. The bytes are
combined in reverse order. The lower-order bytes in
the vector become the most significant bytes in the PC
and PS, and the higher-order bytes become the least
significant bytes.

Figure 8. Interrupt Vector Table
000H
Vector0 Divide Error
004H
Vector1 Break Flag
008H
Vector2 NMI input
00CH |~ Dedicated
Vector3 BRK 3 Instruction
010H
Vector4 BRKYV Instruction
014H
Vector5 CHKIND instruction
018H -3 -
Vectoré
— Reserved
07CH
Vector 31
080H = .
Vector 32 General Use
- ¢ BRK imm8 Instruction
3FCH & BRKEM Instruction
® INT Input [External]
Vector 225 © CALLN Instruction
83-000111A
Figure 9. Interrupt Vector 0
Vector 0
000H 001H
002H ! 003H
i
PS —(003H, 002H)
PC < (001H, 000H)

83-000112A
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NEC

Based on this format, the contents of each vector
should be initialized at the beginning of the program.

The basic steps to jump to an interrupt processing
routine are now shown.

(SP-1,SP-2) — PSW
(SP-3,SP-4) — PS
(SP-5,SP-6) «— PC
SP«—SP-6

IE « 0, BRK «— 0, MD «1
PS < vector high bytes
PC « vector low bytes

Standby Function

The uPD70108 has a standby mode to reduce power
consumption during program wait states. This mode is
set by the HALT instruction in both the native and the
emulation mode. -

" Inthe standby mode, the internal clock is supplied only
to those circuits related to functions required to
release this mode and bus hold control functions. Asa
result, power consumption can be reduced to 1/10 the
level of normal operation in either native or emulation
mode.

The standby mode is released by inputting a RESET
signal or an external interrupt (NMI, INT).

The bus hold function is effective during standby
mode. The CPU returns to standby mode when the bus
hold request is removed.

During standby mode, all control outputs are disabled
and the addres/data bus will be at either high or low
levels.

Instruction Set
Symbols

Preceding the instruction set, several tables explain
symbols, abbreviations, and codes.

Clocks

Inthe Clocks column of the instruction set, the numbers
cover these operations: instruction decoding, effective
address calculation, operand fetch, and instruction
execution.

Clock timings assume the instruction has been pre-
fetched and is present in the four-byte instruction
queue. Otherwise, add four clocks for each byte not
present.

For instructions that reference memory operands, the
number on the left side of the slash (/) is for byte
operands and the number on the right side is for word
operands.
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For conditional control transfer.or branch instructions,
the number on the left side of the slash is applicable if
the transfer or branch takes place. The number on the
right side is applicable if it does not take place.

If a rang’e of numbers is given, the execution time
depends on the operands involved.

Symbols

Symbol Meaning

acc Accumulator (AW or AL)

disp Displacement (8 or 16 bits)

dmem Direct memory address

dst Destination operand or address

ext-disp8 16-bit displacement (sign-extension byte
+ 8-bit displacement)

far_label Label within a different program
segment

far_proc Procedure within a different program
segment

fp_op Floating point instruction operation

imm 8- or 16-bit immediate operand

imm3/4 3/4-bit immediate bit offset

imm8 8-bit immediate operand

immi6 16-bit immediate operand

mem Memory field (000 to 111);
8- or 16-bit memory location

mem8 8-bit memory location

mem16 16-bit memory location

mem32 32-bit memory location

memptrié Word containing the destination address
within the current segment

memptr32 Double word containing a destination
address in another segment

mod Mode field (00 to 10)

near_label Label within the current segment

near_proc Procedure within the current segment

offset Immediate offset data (16 bits)

pop_value Number of bytes to discard from the stack

reg Register field (000 to 111);
8- or 16-bit general-purpose register

reg8 8-bit general-purpose register

reg16 16-bit general-purpose register

regptr 16-bit register containing-a destination
address within the current segment

regptr16 Register containing a destination address
within the current segment

seg Immediate segment data (16 bits)

short_iabel Label between —128 and +127 bytes from

the end of the current instruction
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Symbols (cont) Symbols
Symbol Meaning Symbol Meaning
sr Segment register Iy Index register {destination) (16 bits)
sre Source operand or address MD Mode flag
temp Temporary register (8/16/32 bits) OR Logical sum
. tmpey Temporary carry flag (1 bit) P Parity flag
AC Aucxiliary carry flag PC Program counter (16 bits)
" AH Accumulator (high byte) PS Program segment register (16 bits)
AL Accumulator (low byte) PSW Program status word (16 bits)
AND Logical product R Register set
AW Accumulator (16 bits) S Sign extend operand field
o S et g ) S by
BL BW register (fow byte) operand
BP BP register S Sign flag
BRK Break flag SP Stack pointer (16 bits)
BW BW register (16 bits) SS Stack segment register (16 bits)
CH CW register (high byte) v Overflow flag
CL CW register (low byte) w Word/byte field (0 to 1)
W CW register (16 bits) X, XXX, YYY, ZZZ Data to identify the instruction code of the
3y Carry flag external floating point arithmetic chip
H DW register (high byte) XOR Exclusive logical sum
IR Direction flag XXH Two-digit hexadecimal value
n DW register (low byte) XXXXH Four-digit hexadecimal value
1S0 Data segment 0 register (16 bits) z Zero flag
S1 Data segment 1 register (16 bits) () Values in parentheses are memory contents
W DW register (16 bits) e Transfer direction
: Interrupt enable flag * Addition
{ Index register (source) (16 bits) — Subtraction
X Multiplication
+ Division
% Modulo
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Flag Operations

Register Selection (mod = 11)

Symbol Meaning reg W=0 B W=1

(blank) No change 000 AL AW

0 Cleared to 0 001 CL cw

1 Setto 1 010 DL : DW

X Set or cleared according to result o BL BW

u Undefined 100 AH SP

R " Restored to previous state 101 CH BP
110 DH X

Memory Addressing Modes m BH Iy

mem mod = 00 mod =01.. mod = 10

000 BW + IX BW +IX+disp8  BW -+ IX -+ disp6 Segment Register Selection

001 BW + IY BW + 1Y + disp8 BW -+ 1Y + disp16 sr Segment Register

010 BP +IX BP + IX + disp8 BP + IX + disp16 00 DS1

01 BP +1Y BP + 1Y + disp8 BP + 1Y + disp16 01 PS

100 IX - IX + disp8 IX + disp16 10 SS

101 Y 1Y + disp8 1Y + disp16 1 DS0O

110 Direct BP + disp8 BP + disp16

m BW BW + disp8 BW + disp16
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Instruction Set

Opcode Flags

Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P 8§ Z
Data Transfer Instructions
Mov reg, reg 1000101W 11 reg reg 2 2

mem, reg 100010 0W mod reg mem 9/13 2-4

reg, mem 1000 101W mod reg mem 11/15 2-4

mem, imm 110001 1W mod reg mem 11/15 3-6

reg, imm 101 1W reg 4 2-3

acc, dmem 1010000W 10/4 3

dmem, acc 101000 1W 9/13 3

sr, reg16 10001110 110 sr reg 2 2

s, mem16 10001110 mod 0 sr mem 1/16 24

reg16, sr 10001100 110 sr reg 2 2

mem16, sr 10001100 mod 0 sr mem 10/14 24

DS0, reg16, mem32 11000101 mod reg mem 18/26 24

DS1, reg16, mem32 11000100 mod reg mem 18/26 24

AH, PSW 10011111 2 1

PSW, AH 10011110 3 1 X X X X X
LDEA reg16, mem16 10001101 mod reg mem 4 2-4
TRANS src_table 11010111 9 1
XCH reg, reg 100001T1TW 11 reg reg 3 2

mem, reg 100001 1W mod reg mem 16/26 24

AW, reg16 10010 reg 3 1
Repeat Prefixes ‘
3EPC 0110010 2 1
EPNC 01100100 2 1
3EP 11110011 2 1
{EPE
IEPZ
{EPNE 11110010 2 1
{EPNZ
3lock Transfer Instructions
10VBK dst, src 1010010W 11+8n 1
MPBK dst, src 101001 1W 7+14n 1 X X X X X X
MPM dst 101011 1W 7+10n 1 X X X X X X
pLY src 1t010110W 74+9n 1
™ dst 1010101W 7+4n 1

= number of transfers

‘O Instructions
: acc, imm8 111001 0W 9/13 2

-acc, DW 1110110W 8/12 1
‘JT imm8, acc 1110011 W 8/12 2

DW, acc 111011 1W 8/12 1
M dst, DW 01101 10W 9+8n 1
™ DW, src 011011 1W 9+8n 1

n = number of transfers
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand : 76643210 76543210 Clocks Bytes ACCYV P S8 Z
BCD Instructions ]
ADJBA 00110111 3 1 X X U uuu
ADJ4A 00100111 3 1 X XU X X X
ADJBS 0oo0111111 7 1 X X U U Uuu
ADJ4S 00101111 7 1 X X U X X X
ADD4S dst, src 00001111 00100000 7+1n 2 U X U uux
SUB4S dst, src 00001111 00100010 74+19n 2 U X U uuXx
CMP4S dst, src 00001111 00100110 7+19n 2 U X uuu X
ROL4 reg8 000O01T1T1T1 00101000 25 3
11000 reg
mem8 oo0o001111 00101000 28 35
mod 0 0 0 mem
ROR4 reg8 oo0oo001111 00101010 29 3
11000 reg
mem8 oo0o001111 00101010 33 35
mod 0 0 0 mem
n = number of BCD digits divided by 2
Data Type Conversion Instructions
CVTBD 11010100 00001010 15 2 UuuauXx x x
CVTDB 11010101 00001010 7 2 U uu x x X
CVTBW 10011000 2 1
CVTWL 10011001 45 1
Arithmetic Instructions
ADD reg, reg 000O0O0O0CTW 11 reg reg 2 2 X X X X X X
mem, reg 0000O0O0O0OW mod reg mem 16/24 24 X X X X X X
reg, mem 000O0O0CO0CT1TW mod reg mem 1/15 24 X X X X X X
reg, imm 100000SW 11000 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 000 mem 18/26 36 X X X X X X
acc, imm 000001 0W 4 2-3 X X X X X X
ADDC reg, reg 000100 1TW 11 reg reg 2 2 X X X X X X
mem, reg 000100O0W mod reg mem 16/24 24 X X X X X X
reg, mem 000100 1W mod reg mem 11/15 2-4 X X X X X X
reg, imm 100000SW 11010 reg 4 34 X X X X X X
mem, imm 1 00000SW mod 010 mem 18/26 36 X X X X X X
acc, imm 0001010W 4 2-3 X X X X X X
SuB reg, reg 0010101TW 11 -reg reg 2 2 X X X X X X
mem, reg 0010100W mod reg mem 16/24 24 X X X X X X
reg, mem 0010101W mod reg mem 11/15 2-4 X X X X X X
reg, imm 100000SW 11101 reg 4 34 X X X X X X
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 766543210 Clcks Bytes ACCYV P S Z
+ Arithmetic Instructions (cont)
mem, imm 100000SW mod 1 0 1 mem 18/26 36 X X X X X X
acc, imm 0010110W 4 2-3 X X X X X X
' SuBC reg, reg 0001101 wW 11 reg reg 2 2 X X X X X X
mem, reg 0001100W mod reg mem 16/24 2-4 X X X X X X
reg, mem 000110 1W mod reg mem 1/15 24 X X X X X X
reg, imm 10000O0SW 11011 reg 4 34 X X X X X X
mem, imm 100000SW mod 0 1 1 mem 18/26 36 X X X X X X
acc, imm 000111 0W 4 2-3 X X X X X
INC reg8 11111110 11000 reg 2 2 X X X X X
mem 11111 11W mod 000 mem 16/24 24 X X X X X
reg16 01000 reg 2 1 X X X X X
DEC reg8 11111110 11001 reg 2 2 X X X X X
mem 11111 1t1W mod 00 1 mem 16/24 24 X X X X X
reg16 01001 reg 2 1 X X X X X
MULU reg 111101 1W 11100 reg 21-30 2 U X X U Uuu
mem 111101 1W mod 100 mem 27-36 2-4 U X X uwuwu
MUL reg t111011tW 111201 reg 33-47 2 U X X uuu
mem 111101 1W mod 101 mem 3957 24 U X X uuu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X U U u
reg16,mem16,imm8 01101011 mod reg mem:  34-44 35 U X X U uwu
reg16,reg16,imm16 01101001 11 reg reg 36-42 4 U X X Uuuu
reg16,mem16,imm16 01101001 mod  reg mem 46-52 4-6 U X X U uu
vy reg 111101 1W 11110 reg 19-25 2 Uuuuuu
mem 111101 1W mod 110 mem 25-35 24 Uuuuuuu
v reg 111101 1W 11111 reg 29-43 2 Uuuuuuu
mem 111101 1W mod 111 mem 35-53 2-4 uuuuwuu
somparison Instructions
mMP reg, reg oo0t1t1101WwW 11 reg reg 2 2 X X X X X X
mem, reg 0011100W mo reg mem 1/5 24 X X X X X X
reg, mem 001110 1W mod reg mem 1/15 2-4 X X X X X X
reg, imm 10000O0SW 11111 reg 4 3-4 X X X X X X
mem, imm 10000O0SW mod 111 mem 13117 36 X X X X X X
acc, imm 001 1110W 4 2-3 X X X X X X
ogical Instructions
T reg 1111 011W 11010 reg 2 2
‘ mem 111101 1W mod 010 mem 16/24 24
G reg 111101 1W 11011 reg 2 2 X X X X X X
“ mem 111101 1tW mod 011 mem 16/24 2-4 X X X X X .X
ST reg, reg 100001O0W 11 reg reg 2 2 ul 0 x x x
i mem, reg 10000 10W mod reg mem 10/14 2-4 u 00 x x x
‘ reg, imm 1111011W 11000 vreg 4 34 U0 o0 X x x
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 76543210 Clocks Bytes ACCYV P § Z
Logical Instructions (cont)
mem, imm 111101 1W mod 000 mem 1/15 36 u 00 x x x
acc, imm 1010100W 4 2-3 u 00 x x x
AND reg, reg 001000 T1W t1 reg reg 2 2 u 00 x x x
mem, reg 0 010000W mod reg mem 16/20 24 u00x x x
reg, mem 001000 1W mod reg mem 11/15 2-4 u 00 x x x
reg, imm 100000O0W 11100 reg 4 3-4 uo00 x x x
mem, imm 1000000W mod 100 mem 18/26 36 u 00 x x x
acc, imm 001001 0W 4 2-3 u 00 x x x
OR reg, reg 000010 1W 11 " reg reg 2 2 u 00 x x X
mem, reg 000010 0W mod reg mem 16/24 2-4 u 00 x x x
reg, mem 000010 1W mod reg mem 11/15 2-4 u 00 x x x
reg, imm 100000O0W 11001 reg 4 34 u 00 x x x
mem, imm 100000 O0W mod 001 mem 18/26 36 uo00x x x
acc, imm 001001 0W 4 2-3 u00 x x x
XO0R reg, reg 0011001W 11 reg reg 2 2 u00 x x x
mem, reg 001100O0W mod reg mem  16/24 24 u00 x x x
reg, mem 0011001W mod reg mem 11/15 2-4 u 00 x x X
reg, imm 1000000W 11110 reg 4 34 u00 x x x
mem, imm 100000 O0W mod t 10 mem 18/26 36 u00x x x
acc, imm 0010010W 4 2-3 u 00 x x x
Bit Manipulation Instructions
INS reg8, reg8 0000O0T1T1 11 00110001 35133 3
11 reg reg ’
reg8, imm8 00001111 0600111001 35133 4
110 0 reg
EXT reg8, reg8 00001111 00110011 345 3
11 reg reg
reg8, imm8 60001111t 00111011 345 4
11000 reg
TESTH reg, CL 00001111 0001000W 3 3 u00uux
11000 reg
mem, CL 00001111 0001000W 12/ 35 ud0uux
mod 0 0 0O mem
reg, imm3/4 00001111 0001100W 4 4 u 00 uux
11000 reg
mem, imm3/4 00001111 0001T100W 13/21 46 u0o0uux,
mod 0 0 0 mem :
SET1 reg, CL 00001t1t111 000101 0W 4 3
11000 reg :
mem, CL 000O0CT1TT1T 11 00010 10W 13/21 35
mod 0 0 0 mem
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 7625432710 Clocks Bytes ACCYV P § Z
Bit Manipulation Instructions (cont) )
reg, imm3/4 000O0T°1111 0001110W 5 4
11000 reg
mem, imm3/4 00001111 06011 10W 142 4-6
mod 0 0 0 mem
cY 11111001 2 1 1
DIR 11111101 2
CLR1 reg, CL 00001111 0001001W 5 3
1100 0 reg
mem, CL 00001111 000100 1W 1#4/22 35
mod 0 0 0 mem
reg, imm3/4 co00O0tT111 0001101W 6 4
11000 reg
mem, imm3/4 00001111 000110 1W 1527 4-6
mod 0 0 0 mem
cY 11111000 2 1 0
DIR 11111100 2 1
NOT? reg, CL 060001111 000101T1W 4 3
11000 reg
mem, CL 00001111 000101 1W 182 35
mod 0 0 0 mem
reg, imm3/4 00001111 600111 1W 5 4
1100 0 reg
mem, imm3/4 00001111 00011 11W 1927 4-6
mod 0 0 0 mem
cy 111101801 2 1 X
Shift/Rotate Instructions
SHL reg, 1 1101000W 11100 reg 2 2 U X X X X X
mem, 1 1101000W mod 100 mem 16/24 2-4 U X X X X X
reg, CL 1101001 W 11100  reg 7+n 2 Uu X u x x x
mem, CL 110100 1W mod 100 mem 19/27 +n 2-4 U X uXx x x
reg, imm8 1100000W 11100 reg 7+n 3 uXx ux x x
mem, imm8 1100000W mod t 00 mem 19/27 +n 35 U X ux x X
HR reg, 1 1101000W 11101 reg 2 2 U X X X X X
mem, 1 1101 000W mod 1 01 mem 16/24 2-4 U X X X X X
reg, CL 1101001TW 11101 reg 7+n 2 u X U X ;X X
mem, CL 1101001W mod 101 mem 19/27 +n 2-4 U Xx u'x x x
reg, imm8 1100000W 11101 reg 7+n 3 U X uXx x X
mem, imm8 1100000W mod 101 mem 19/27 +n 35 ux ux x X
n = number of shifts
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Instruction Set (cont)

Opcode -~ Flags
Mnemonic Operands 7654321080 76543 1 Clocks Bytes ACCYV P 8 2
Shift/Rotate Instructions (cont)
SHRA reg, 1 1101000W 11111 reg 2 2 ux 0 x x x
mem, 1 1101000W mod 11 1 mem 16/24 2-4 ux 0 x x x
reg, CL 110100 twW 11111 reg 7+n 2 U X u X x X
mem, CL 110100 1W mod 1 1 1 mem 19/27 +n 2-4 U X u Xx x X
reg, imm8 1100000W 11111 reg 7+n 3 U X u x X X
mem, imm8 1100000W mod 11 1 mem 19/27 +n 35 U X u x x X
ROL reg, 1 t101000W 11000 reg 2 2 X X
mem, 1 1101000W mod 000 mem 16724 2-4 X X
reg, CL 1101001W 11000 reg 7+n 2 X u
mem, CL 1101 001W mod 000 mem 19/27 +n 2-4 X u
reg, imm 1100000W 11000 reg 7+n 3 X u
mem, imm 1100000W mod 000 mem 19/27 +n 35 X u
ROR reg, 1 1101000W 116001 reg 2 2 X u
mem, 1 1101000W mod 00 1 mem 16/24 2-4 X X
reg, CL 1101001WwW 11001 reg 7+n 2 X u
mem, CL 110100 1W mod 0.0 1 mem 19/27 +n 2-4 X u
reg, imm8 110000 0W 11001 reg 7+n 3 X u
mem, imm8 1100000W mod 00 1 mem 19/27 +n 35 X u
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 1101000W mod 010 mem 16/28 24 X X
reg, CL 1101001W 11010 reg 7+n 2 X u
mem, CL 1101001W mod 010 mem 19/27 +n 2-4 X U
reg, imms 1100000W 11010 reg 7+n 3 X u
mem, imm8 1100000W mod 010 mem 19/27 +n 3-5 X u
RORC reg, 1 t101000wW 11011 reg 2 2 X X
mem, 1 1101000W mod 0 1 1 mem 16/24 2-4 X X
reg, CL 110100 1TW 11011 reg 7+n 2 X u
mem, CL 1101001W mod 011 mem 19/27 +n 24 X u
reg, imm8 1100000W 11011 reg 7+n 3 X U
mem, imm8 1100000W mod 01 1 mem 19/27 +n 35 X u
n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 mod 1 1 0 mem 26 24
reg16 01010 reg 12 1
sr 000 sr 110 12 1
PSW 10011100 12 1
R 01100000 67 1
imm 0110108090 1/12 2-3
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Instruction Set (cont)

Opcode Flags
Mnemonic Gperands 76543210 76543210 Clocks Bytes ACCYV P S 2
Stack Manipulation Instructions (cont)
POP mem16 10001111 mod 0 0 0 mem 25 2-4
reg16 01011 reg 12 1
sr 000 sr 111 12 1
PSW 100 101 12 1 RRRRRR
R 01100001 75 1
PREPARE imm16, imm8 110 000 * 4
*imm8 =0:12
imm8>1:19 + 8 (imm8 — 1)
DISPOSE 11001001 10 1
Control Transfer Instructions
CALL near_proc 11101000 20 3
regptr tT1 111111 110 1 0 reg 18 1
memptri6 11111111 mod 0 1 0 . mem 31 2-4
far_proc 10011010 29 5
memptr32 t1111111 med 0 1 1 mem 47 2-4
RET 110000 11 19 1
pop_value 11000010 24 3
11001011 29 1
pop_value 11001010 32 3
3R near_iabel 11101001 13 3
short_label 11101001 12 2
reg t1 111111 11100 reg 1 2
memptrié 11111111 mod 1 0. 0 mem 24 2-4
far_label 11101010 15 5
memptra2 11111111 mod 1 0 1 mem 35 2-4
v near_label 01110000 W4 2
NV near_label 61110001 14/4 2
C,BL near_label 0t110010 14/4 2
NC, BNL near_label 01110011 14/4 2
E, BZ near_label 61110100 14/4 2
\E, BNZ near_iabel 0t110101 14/4 2
\H nearlabel 01110110 14/4 2
1 near_iabel 01110111 14/4 2
{ near_tabel 061111000 14/4 2
» near_label 01111001 a4 2
’E near_label 01111010 14/4 2
‘0 near_label 01111011 14/4 2
T near_tabel 61111100 14/4 2
E near_label 01111101 14/4 2
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Instruction Set (cont)

Opcode Flags

Mnemonic Operand 76543210 76054321 0 Clcks Bytes ACCYV P 8§ Z
Control Transfer Instructions (cont)
BLE near_label 01111110 14/4 2
BGT near_label 011t 11111 14/4 2
DBNZNE near_label 11100000 14/5 2
DBNZE near_label 11100001 14/5 2
DBNZ near_label 11100010 13/5 2
BCWZ near_label 11100011 13/5 2
Interrupt Instructions )
BRK 3 11001100 50 1

imm8 11001101 50 2
BRKV imm8 11001111 52/3 1
RETI 11001110 39 1 RRRRRR
CHKIND reg16, mem32 01100010 mod reg mem  73-76/26 2-4
BRKEM © imm8 00001111 11111111 5 3
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZZZ 2 2

- fp_op, mem 11011 XXX mod Y Y Y mem 15 2-4

FPO2 fp_op 0110011X 11YYYZZ2Z 2 2

fp-op, mem 0t10011X mod Y Y Y mem 15 2-4
POLL 10011011 2450 1

n = number of times POLL pin is sampled.

NOP 10010000 3 1
DI 11111010 2 1
El 11111011 2 1
8080 Instruction Set Enhancements .
RETEM 11101101 11111101 39 2 RRRRRR
CALLN imm8 11101101 11101101 58 3 .
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16-BIT HIGH-PERFORMANCE

NEC Electronics Inc. CMOS MICROPROCESSOR
Description Ordering Information
The uPD70116 (V30) isa CMOS 16-bit microprocessor  Part Max Frequency
with an internal 16-bitarchitecture and a 16-bitexternal ~ Number Package Type of Operation
data bus. The uPD70116 instruction setis a superset of uPD70116C-5 . 40-pin piastic DIP 5 MHz
theuPD8086/8088; however, mnemonics and execution uPDT0116C-8 40-pin plastic DIP 8 MHz
times are different. The uPD70116 additionally has a PD70116D5 40-0in ceramic DIP ™
powerful instruction set including bit processing, o p. -
packed BCD operations, and high-speed multiplication/ ~ #PD70116D-8 40-pin ceramic DIP 8 MHz
division operations. The uPD70116 can aiso execute  uPD70116D-10 40-pin ceramic DIP 10 MHz
the del;]tire 30310 tinstnfjctiotr: se; and comes with a pp7o1166-5 52-pin plastic miniflat 5 MHz
standby mode that significantly reduces power consump- y _. —
tion. It is software-compatible with the uPD70108 % PO7O11EG 8 52-pin plastic minilat 8 MHz
microprocessor. uPD70116L-5 44-pin PLCC 5 MHz
Features uPD70116L-8 44-pin PLCC 8 MHz
O Minimum instruction execution time: . . .

250 ns (at 8 MHz) Pin Configurations
0O Maximum addressable memory: 1 Mbyte )
O Abundant memory addressing modes 40-Pin Plastic DIP/Cerdip
7 14 x 16-bit register set
[1 101 instructions ic 1 40[] vpp
[ Instruction set is a superset of uPD8086/8088 apy [ 2 39[] AD4s

instruction set AD3 [ 3 asp] ‘"i:s"
[1 Bit, byte, word, and block operations :2:: : :: g :1:/:
O Bit field operation instructions apwd e s5F] Arps,
[J Packed BCD instructions ADg ] 7 34[] GBE
7 Multiplication/division instruction execution ADs ] 8 33f) siG

time: 4 us to 6 us (at 8 MHz) Ay e e w2pAE
J High-speed block transfer instructions: :ss vog g:tz::[[:_g/’g":

2 Mbyte/s (at 8 MHz) PoOl DS Sy =tk

. " 29[ WR {BUSLOCK]

J High-speed calculation of effective addresses: AD: : gwmmsﬂ

2 clock cycles in any addressing mode AD, [1 BUFR/W [BS1]
J Maskable (INT) and nonmaskable (NMI) AD; 1) BUFEN (8So]

interrupt inputs ADg [1 ASTB [QSo]

[1 INTAK [Qs1]
1 POLL

1 IEEE-796 bus compatible interface NME
1 8080 emulation mode [ Reaoy

1 CMOS technology ) B Reser

] Low-power consumption 83-0001724
1 Low-power standby mode

1 Single power supply

1 5-MHz, 8-MHz or 10-MHz clock
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Pin Configurations (cont) Pin Identification

44-Pin Plastic Lead! Chib Carrier (PL Symbol Direction Function
-7in Flasfic feadless p Carrier ( VCC IC* Internally connected
v: g g ' AD14 - ADy In/Out Address/data bus
§ 9% NMI In Nonmaskable interrupt
input
e INT In Maskable interrupt input
ps CLK In Clock input
OBE GND Ground potential
SAG RESET In Reset input
fb READY In Ready input
HLDRQ (RQ/AKs) POLL In Poll input
RG/AK ——
HLDAKIRAIRGI iNTAK (0S4) Out Interrupt acknowledge
WR [BUSLOCK] output (queue status bit 1
10/M [BS2) output)
BUFA/W [BS1] ASTB (QSg) Out Address strobe output
BUFEN (BS0) ‘ (queue status bit 0 output)
BUFEN (BSp) Qut Buffer enable output (bus
g 3 P E 2 ¢ E = 2 T 7 _ status bit 0 output)
@ 45 @ s s BUFR/W (BS+) Out Buffer read/write output
l; 5 (bus status bit 1 output)
— 22 10/M (BSp) Out Access is /0 or memory
(bus status bit 2 output)
52-Pin Plastic Minifiat WR (BUSLOCK) out Write strobe output (bus
L lock output)
£ Eg - HLDAK (RQ/AK) out Holdacknowledgeoutput,
E B s88 (In/Out) (bus hold request input/
g; Yo g 3B ;,; E acknowledge output 1)
¢ IBEpZe2BR2R¢ HLDRQ (RQ/AKg) In Hold request input (bus
aopoooononagng (In/Out) hold request input/
(52 40 acknowledge output 0)
AtalPS2 g ! % [ asTs [asal RD Out Read strobe output
Aq7/PS1 INTAK [QS1} —
Arg/PSo ] poLL S/LG In Small-sgale/ large-scale
AD15 ] READY system input
Voo ' RESET UBE Out Upper byte enable
- R - Atg/PS3 - Out Address bus, high bits or
aND NC A+6/PSg processor status output
1c ] : GND AD15 In/Qut Address/data bus, bit 15
AD1a ] CLK
Ao ] r Voo Power supply
AD1z [ Nwi Notes: * IC should be connected to ground. |
Ab1 :L“" o N Where pins have different functions in small-and large-sc: |
U U U U U U U U U U U U U systems, the large-scale system pin symbol and functione j
O PP e rBP R o N RO in parentheses.
-] 29222832222 Unused input pins should be tied to ground or Vpp
83-001873A minimize power dissipation and prevent the flow of pote

tially harmful currents.
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Block Diagram

—__4__:> Ate/PSo — Arg/PS;
Bus
Buffer
“ ADq - ADss
ADM .
UBE _
BUFEN|BSo], BUFR/W (BS+]
) i0/M [BSy)
ASTB [QSp), INTAK [QS1]
. RD, WR [BUSLOCK]
Ps 1
Status
ss Control
DSy
ﬂ N |e——— s/iG
DSy \ ) re«——— READY
RESET
PFP [:: FOLL
———> oP
TEMP o
o o T-State Bus Hold (——— HLDRQ [RQ/AKo]
Control Control, HLDAK [RO/AKG]
Q2 Q3
Qq Qs e
I Cycle Interrupt NmI
Decision Control ‘ INT
—_l-——————— - — |
. | Bus
| Queue I Standby Control
Lc I | Control l Control GLK :’n“
| pPC ] [BCU]
AW M ————_
Execution
BW N
Unit
Etfective Address EXU
cw ﬁ Generator ! I

X
[\ 4
ko
BP 2
g
«
SP @ "
H Mlcr;:mtruc!mn Microinstruction
5 orage
3
e
L
TC 2

TA
| Shifter
TB 1

/-

)
=

Sub Data Bus [16] Main Data Bus [16]

Microsequence
Control

Queue Data Bus {8]

" Instruction Decoder

I

83-000173C
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Pin Functions

Some pins of the uPD70116 have different functions
according to whether the microprocessor is used in a
small- or large-scale system. Other pins function the
same way in either type of system.

AD15 - ADg [Address/Data Bus]
For small- and large-scale systems.

AD15-ADgis atime-muitiplexed address and data bus.
When high, an AD bit is a one; when low, an AD bitisa
zero. This bus contains the lower 16 bits of the 20-bit
address during T1 of the bus cycle. It is used as a 16-bit
data bus during T2, T3, and T4 of the bus cycle.

The address/data bus is a three-state bus and can be at
a high or low level during standby mode. The bus will
be high impedance during hold and interrupt
acknowledge.

NMI [Nonmaskable Interrupt]
For small- and large-scale systems.

This pin is used to input nonmaskable interrupt
requests. NMI cannot be masked by software. This
input is positive edge triggered and must be held high
for five clocks to guarantee recognition. Actual inter-
rupt processing begins, however, after completion
of the instruction in progress.

The contents of interrupt vector 2 determine the
starting address for the interrupt-servicing routine.
Note that a hold request will be accepted even during
NMI acknowledge.

This interrupt will cause the uPD70116 to exit the
standby mode.

INT [Maskable interrupt]

For small- and large-scale systems.

This pin is an interrupt request that can be masked by
software.

INT is active high level and is sensed during the last
clock of the instruction. The interrupt will be accepted
if the interrupt enable flag IE is set. The CPU outputs
the INTAK signal to inform external devices that the
interrupt request has been granted. INT must be
asserted until the interrupt acknowledge signal is
returned.

If NMI and INT interrupts occur at the same time, NM!
has higher priority than INT and INT cannot be
accepted. A hold request will be accepted during INT
acknowledge.

This interrupt causes the uPD70116 to exit the standby
mode.

CLK [Clock]

For small- and large-scale systems.

This pin is used for external clock input.
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RESET [Reset]

For small- and large-scale systems.

This pin is-used for the CPU reset signal. It is an active
high level. Input of this signal has priority over all other
operations. After the reset signal input returns to a low
level, the CPU begins execution of the program starting
at address FFFFOH.

In addition to causing normal CPU start, RESET input
will cause the uPD70116 to exit the standby mode.
READY [Ready]

For small- and large-scale systems.

When the memory or I/O device being accessed
cannot complete data read or write within the CPU
basic access time, it can generate a CPU wait state
(Tw) by setting this signal to inactive (low level) and
requesting a read/write cycle delay.

If the READY signal is active (high level) during either
the T3 or Tw state, the CPU will not generate a wait
state.

POLL [Poll]

For small- and large-scale systems.

The CPU checks this input upon execution of the POLL
instruction. If the inputis low, then execution continues.
If the input is high, the CPU will check the POLL input
every five clock cycles until the input becomes low
again.

The POLL and READY functions are used to syn-
chronize CPU program execution with the operation of
external devices.

RD [Read Strobe]

For small- and large-scale systems.

The CPU outputs this strobe signal during data reac
from an 1/0 device or memory. The I0/M signal is usec
to select between 1/0 and memory.

This three-state output is held high during standb:
mode and enters the high-impedance state during hol
acknowledge.

S/LG [Small/Large]
For small- and large-scale systems.

This signal determines the operation mode of the CPL
This signal is fixed at either a high or low level. Whe
this signal is a high level, the CPU will operate in smal'
scale system mode, and when low, in the large-scal -
system mode. A small-scale system will have at mos
one bus master such as a DMA controller device on th
bus. A large-scale system can have more than one bu
master accessing the bus as well as the CPU.
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INTAK [interrupt Acknowledge]
For small-scale systems.

The CPU generates the INTAK signal low when it
accepts an INT signal.

The interrupting device synchronizes with this signal
and outputs the interrupt vector to the CPU via the data
bus (AD7 - ADg).

ASTB [Address Strobe]

For small-scale systems.

The CPU outputs this strobe signal to latch address
information at an external latch.

ASTB is held at a low level during standby mode and
hold acknowledge.

BUFEN [Buffer Enable]
For small-scale systems.

This is used as the output enable signal for an external
bidirectional buffer. The CPU generates this signal
during data transfer operations with external memory
or 1/0 devices or during input of an interrupt vector.

This three-state output is held high during standby
mode and enters the high-impedance state during hold
|lacknowledge.

IBUFR/W [Buffer Read/Write]
For smali-scale systems.

The output of this signal determines the direction of
data transfer with an external bidirectional buffer. A
high output causes transmission from the CPU to the
external device; a low signal causes data transfer from
the external device to the CPU.

BUFR/W is a three-state output and enters the high-
mpedance state during hold acknowledge.

o/M [10/Memory]
‘or small-scale systems.

"he CPU generates this signal to specify either I/0
Iccess or memory access. A low-level output specifies
/0 and a high-level signal specifies memory.

O/M’s output is three state and becomes high
npedance during hold acknowledge.

VR [Write Strobe]
or small-scale systems.

|

‘he CPU generates this strobe signal during data write
5 an I/O device or memory. Selection of either 1/0 or
iemory is performed by the 10/M signal.

his three-state output is held high during standby
1ode and enters the high-impedance state during hold
sknowledge.

HLDAK [Hold Acknowledge]
For small-scale systems.

The HLDAK signal is used to indicate that the CPU
accepts the hold request signal (HLDRQ). When this
signal is a high level, the address bus, address/data
bus, the control lines become high impedance.

HLDRQ [Hold Request]
For small-scale systems.

Thisinput signal is used by external devices to request
the CPU to release the address bus, address/data bus,
and the control bus.

UBE [Upper Byte Enable]
For small- and large-scale systems.

UBE indicates the use of the upper eight bits (ADqg
-ADg) of the address/data bus during a bus cycle. This
signal is active low during T1 for read, write, and
interrupt acknowledge cycles when ADq5 - ADg are to
be used. Bus cycles in which UBE is active are shown in
the following table.

Type of - Number of

Bus Operation BE ADg Bus Cycles
Word at even address 0 0 1
Word at odd address ? (1):, 2
Byte at even address 1 0 1
Byte at odd address 0 1 1

Notes: * First bus cycle
** Second bus cycle

UBE is low continuously during the interrupt acknow-
ledge state.

The three-state output is held high during standby
mode and enters the high-impedance state during hold
acknowledge.

A19/PS3-A16/PSo [Address Bus/Processor Status)
For small- and large-scale systems.

These pins are time multiplexed to operate as an
address bus and as processor status signals.

When used as the address bus, these pins are the high 4
bits of the 20-bit memory address. During 1/O access,
all 4 bits output data 0.
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The processor status signals are provided for both
memory and I/O use. PS3 is always 0 in the native mode
and 1 in 8080 emulation mode. The interrupt enable
flag (IE) is output on pin PS,. Pins PS; and PSpindicate
which memory segment is being accessed.

Ay7/PS, A/PSy Segment
0 0 Data segment 1
0 1 Stack segment
1 0 Program segment
1 1 Data segment 0

The output of these pins is three state and becomes
high impedance during hold acknowledge.

QS4, QSg [Queue Status]
For large-scale systems.

The CPU uses these signais to allow external devices,
such as the floating-point arithmetic processor chip
(uPD72091), to monitor the status of the internal CPU
instruction queue.

0S; 0Sg Instruction Queue Status
0 0 NOP (queue does not change)
0 1 First byte of instruction
1 0 Flush queue
1 1 Subsequent bytes of instruction

The instruction queue status indicated by these signals
is the status when the execution unit (EXU) accesses
the instruction queue. The data output from these pins
is therefore valid only for one clock cycle immediately
following queue access. These status signals are
provided so that the floating-point processor chip can
monitor the CPU’s program execution status and
synchronize its operation with the CPU when control is
passed to it by the FPO (Floatmg Point Operation)
instructions.

BS; - BSg [Bus Status]
For large-scale systems.

The CPU uses these status signals to allow an external
bus controller to monitor what the current bus cycle is.

The external bus controller decodes these signals and
generates the control signals required to perform
access of the memory or I/O device.
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BS; BS, BSg Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1 1/0 read
0 1 0 1/0 write
0 1 1 Halt
1 0 0 Program fetch
1 0 1 Memory read
1 1 0 Memory write
1 1 1 Passive state

The output of these signals is three state and becomes
high impedance during hold acknowledge.

BUSLOCK [Bus Lock]
For large-scale systems.

The CPU uses this signal to secure the bus while
executing the instruction immediately following the
BUSLOCK prefix instruction and during interrupt
acknowledge cycles. It is a status signal to the other
bus masters in a multiprocessor system inhibiting
them from using the system bus during this-time.

The output of this signal is three state and becomes
high impedance during hold acknowledge. BUSLOCK
is high during standby mode except if the HALT
instruction has a BUSLOCK prefix.

RQ/AK;, RQ/AKj [Hold Request/Acknow|edge]
For large-scale systems.

These pins function as bus hold request inputs (RQ!
and as bus hold acknowledge outputs (AK). RQ/AK;
has a higher priority than RQ/AKj.

These pins have three-state outputs with on-chip pull:
up resistors which keep the pin ata high level when the
output is high impedance.

Vpp [Power Supply]

For small- and large-scale systems.

This pin is used for the +5 V power supply.

GND [Ground]
For small- and large-scale systems.

This pin is used for ground. ‘

IC [Internally Connected]

This pin is used for tests performed at the factory b‘
NEC. The uPD70116 is used with this pin at grount
potential. g
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Absolute Maximum Ratings Capacitance
Ta=+25°C Ta=+25°C, Vpp =0V
Power supply voltage, Vpp —05Vto+7.0V Limits Test
Power dissipation, PDyax 05w Parameter Symhol Min Max Unit  Conditions
Input voltage, V| —0.5VtoVpp+03V Input capacitance ¢ 15 oF Lc r=n1 Msz )
CLK input voltage, Vi ~05VtoVpp +10V /0 capacitance  Cyg 15 pF re?ur?lifiutroeo [\’/ms
Output voltage, Vo —0.5VtoVpp+03V
Operating temperature, Topt —40°C to +85°C
Storage temperature, Tgrg —65°C to +150°C
Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
DC Characteristics
4PD70116-5, T = —40°C to +85°C, Vpp = +5 V £ 10%
uPD70116-8, uPD70116-10, Tp = —10°C to +70°C, Vpp =+5V £ 5%
Limits Test
Parameter Symhol Min Typ Max Unit Gonditions
Input voltage high Viy 22 Vpp+0.3 v
Input voltage low ViL —0.5 0.8 v
CLK input voltage high VKH 39 Vpp+1.0 v
CLK input voltage low Vki -0.5 0.6 v
Output voltage high VoH 0.7 x Vpp v loy = —400 pA
Output voitage low VoL 04 v lor =2.5mA
Input leakage current high LM 10 HA Vi=Vpp
Input leakage current low L =10 uA Vi=0V
Output leakage current high ILon 10 uA Vo =Vpp
Output leakage current low oL =10 pA Vo=0V
70116-5 30 60 mA Normal operation
5 MHz 5 10 mA Standby mode
Supply current Iop 70116-8 45 80 mA Normal operation
8 MHz 6 12 mA Standby mode
70116-10 60 100 mA Normal operation
10 MHz 7 14 mA Standby mode
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AC Characteristics

uPD70116-6, Ta = —40°C to +85°C, Vpp = +5 V £ 10%

#PD70116-8, uPD70116-10 Ta = —10°C to +70°C, Vpp =+5 V + 5%

4PB70116-5 4PD70116-8 4PD70116-10
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Small/Large Scale
Clock cycle tovk 200 500 125 500 100 500 ns
Clock pulse width high tKKH 69 4 4 ns  Vgy=30V
Clock puise width low kL 90 60 49 ns Ve =15V
Clock rise time kR 10 8 5 ns 15Vt 3.0V
Clock fall time tkr 10 7 5 ns 30Vto15V
READY inactive setup to CLK} tSRYLK -8 -8 -10 ns
READY inactive hold after CLK!  tukryn 30 20 20 ns
READY active setup to CLK! tSRYHK tkk — 8 tkkL — 8 tkke —10 ns
READY active hold after CLK? tHKRYL 30 20 20 ns
Data setup time to CLK } tsok 30 20 10 ns
Data hold time after CLK | tikp 10 10 10 ns
NMI, INT, POLL setup time tsik 30 15 15 ns
to CLK !
Input rise time (except CLK) tR 20 20 20 ns 08Vto22V
Input fall time (except CLK) 113 12 12 12 ns 22Vt008V
Output rise time tor 20 20 20 ns 08Vto22V
Output fall time toF 12 12 12 ns 22Vt 08V
Small Scale
Address delay time from CLK kA 10 90 10 60 10 48 ns
Address hold time from CLK tHkA 10 10 10 ns
PS delay time from CLK | tokp 10 %0 10 60 10 50 ns
PS float delay time from CLK 1 trkp 10 80 10 60 10 50 ns
Address setup time to ASTB } tsasT tkkL— 60 txke — 30 tyke — 30 ns
Address float delay time from trka tHKA 80 tHkA 60 tHKA 50 ns Cp =100 pF
ASTB 1 delay time from CLK | tDKsTH 80 50 40 ns
ASTB | delay time from CLK tpKsTL 85 55 45 ns
ASTB width high tsTST tkxe — 20 tkke — 10 txk — 10 ns
Address hold time from ASTB { thsTA  tkkH — 10 txkn — 10 tykn —10 n$
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AC Characteristics (cont)
uPD70116-5, T = —40°C to +85°C, Vpp = +5 V + 10%
uPD70116-8, uPD70116-10, Ty = —10°C to +70°C, Vpp =+5V £ 5%

#PD70116-5 #PD70116-8 uPD70116-10
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Small Scale [cont)
Control delay time from CLK toker 10 110 10 65 10 55 ns
Address float to RD ! tAFRL 0 0 0 ns
RD | delay time from CLK | tDKRL 10 165 10 80 10 70 ns
RD 1 delay time from CLK | tDKRH 10 150 10 80 10 60 ns
Address delay time from RD 1 tDRHA toyk — 45 toyk — 40 toyk — 35 ns
RD width low tRR 2tcyk—75 2tcyk—50 2tcyk—40 ns CL = 100 pF
Data output delay time from tpkp 10 90 10 60 10 50 ns
CLK d
Data float delay time from trkD 10 80 10 60 10 50 ns
CLK }
WR width low tww 2tcyk—60 2tcyk—40 2teyk—35 ns
HLDRQ setup time to CLK 1 tsHaK k' 20 20 ns
HLDAK delay time from CLK } tpKHA 10 160 10 100 10 60 ns
Large Scale
Address delay time from CLK tpka 10 90 10 60 10 48 ns
Address hold time from CLK tHKA 10 10 10 ns
PS delay time from CLK | tokp 10 90 10 60 10 50 ns
PS float delay time from CLK trkp 10 80 10 60 10 50 ns
éﬂgrfss float delay time from teka tHKA 80 tHKA 60 tHKA 50 ns
Address delay time from RD 1 tbRHA  toyk — 45 toyk — 40 toyk —35 ns
ASTB delay time from BS | tpBsT 15 15 15 ns
BS | delay time from CLK 1 tpKBL 10 110 10 60 10 50 ns
BS 1 delay time from CLK | tDKBH 10 130 10 65 10 50 ns
RD ! delay time from address tDAFRL 0 0 0 ns  C_=100pF
float
RD } delay time from CLK } tDKRL 10 165 10 80 10 70 ns
RD 1 delay time from CLK } tDKRH 10 150 10 80 10 60 ns
RD width low tRR 2toyk—75 2tcyk—50 2toyk—40 ns
Date output delay time from tokp 10 90 10 60 10 50 ns
CLK |
Data float delay time from trkp 10 80 10 60 10 50 ns
CLk t
AK delay time from CLK | tpKAK 70 50 40 ns
RQ setup time to CLK 1 tsrak 20 10 9 ns
RQ hold time after CLK 1 tHKRQ 40 30 20 ns
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Timing Waveforms

AC Test input Waveform [Except CLK]

22v 22v
2 X Test points )
: 08V 0.8V

AC Output Test Points
2.2V 22V

0.8V o.8v

49-000247A

Clock Timing

CLK

49-000248A

Wait [Ready] Timing

T T2 T3. ™w

CLK

T4

P L
Ready S‘ . '1\_\‘

POLL,NMI, INT Input Timing

POLL 4
NMI,INT >]L____

BUSLOCK Output Timing

BUSLOCK

CLK/}/—\J—}F_/—\_

49-0002498 :
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Timing Waveforms (cont)

Read Timing [Small Scale] Write Timing [Small Scale]
T4 m T2 3 T4 T4 ™ T2 T T4
ey M N\ /N A WANVA W
F_
toka— | ! |a—tuka o leteyp ’
} A, /PS, -
Aw/PSs - Address Program Status [% A /PS, gram Status )
A,/PS, I . K A/PS,
toka=>| [+ ! | ltokp
1 —_
_ SAST UBE
UBE x
t,
oka™] f— ] fa—tuka tsox toka™ =~ ], [T loxe texp— {*—
[*tsast :“-'m — AD,, - AD, ==  Address [X Data Output E
AD,, - AD, Address {_ Datalnput ’;_ I !l toa
. e
[ - ¢ [t [ o foast
DKSTH HSTA HKD
tetst ASTB _4 /
ret,
ASTB j/ toxer—] HSTA > FIDKN
toksTL I" et toker gl toker BUFEN
BUFEN _| /
BUFR/W
b toxer - tarA toker —/ \'——
- p [ | e toer - toxer
BUFR/W
h WR \
X 7
= f=—tpkRL - toxRH
BR - — (WW
BT\ -~
10/M x *
- L$tr:»«:'r  a——TY torHa—>]
o/m 8 x
49-000231A 49-000232A
]7 Read Timing [Large Scale] Write Timing [Large Scale]
T4 T T2 T3 T4 T4 T T2 T3 T4
o /Y & N aVaValalall
; > e—tia
oka > = s toee [+—teke
A/PS, - A/PS, -
A"/ ey Address Program Status *[;E A/PS, Address Program Status ___)—
16’ o
toxka == |=—
UBE
UBE ). X g v
toxa—f [+ oKD
— fe—tuka [+ tspi = —= | [*—tuka teko ™ [
oxa > [+— —f fa—tega — ety AD,; - AD, Address N Data Output
AD,; - AD, Address Data Input
" AsTB
[+—torua: (71088 / \ /
ASTB Output)
(71088 /
Output)
B R B8, \___ Bwsaus  /
BS, - BS, Bus Status /
o oscas, X XX XX
b~ tparaL — toxan
D 7
B P o

os-as, XX X X

s

49-000233A

49-000234A
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Timing Waveforms (cont)

T

cLK /}_ﬂ
l-tea

Interrupt Acknowledge Timing

T T

T4

m T2

T

T

o A \_/_\_/—\_/'\,_/—\_/—\_/—\_/}_/'_\

—

BUFRW

AD,, - AD,
ASTB / \
toxer—>|
INTAK

[ toker

{ ; N

S

10/M —\

™ toxa
BUSLOCK

N

49-0002358
Hold Request/Acknowledge Timing [Small Scale]
1or2
ztcvx—-‘ Xtevk
ek M\
5ok = tshax
HLDRQ { -
tokHA—> r‘— ‘DKNA"I r
HLDAK
~| [«—texa
A 70116 ‘( External Master )-—@16 .
*: A /PS, - A,,/PS,, AD,, - AD,,AD, UBE, 10/M, BUFR/W, WR BUFEN
B 43-0002368
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Timing Waveforms (cont)

Bus Request/Acknowledge Timing [Large Scale]

RO/AK
70116 Input 70116 Output 70118 Input
(—teca
e i}
» 70116 N K Coprocessor ) 70116
i i

*: A JPS, - A,/PS;, AD, - AD,, BS, - BS,, RD, BUSLOCK

49-0002378
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Register Configuration
Program Counter [PC]

The program counter is a 16-bit binary counter that
contains the segment offset address of the next
instruction which the EXU is to execute.

The PC increments each time the microprogram fetches
an instruction from the instruction queue. A new
location value is loaded into the PC each time a branch,
call, return, or break instruction is executed. At this
time, the contents of the PC are the same as the
Prefetch Pointer (PFP).

Prefetch Pointer [PFP]

The prefetch pointer (PFP) is a 16-bit binary counter
which contains a segment offset which is used to
calculate a program memory address that the bus
control unit (BCU) uses to prefetch the next word for
the instruction queue. The contents of PFP are an
offset from the PS (Program Segment) register.

The PFP isincremented each time the BCU prefetches
an instruction from the program memory. A new
location will be loaded into the PFP whenever a branch,
call, return, or break instruction is executed. At that
time the contents of the PFP will be the same as those
of the PC (Program Counter).

Segment Registers [PS, SS, DSg, and DS4]

The memory addresses accessed by the uPD70116 are
divided into 64K-byte logical segments. The starting
(base) address of each segment is specified by a
16-bit segment register, and the offset from this starting
address is specified by the contents of another register
or by the effective address.

These are the four types of segment registers used.

Segment Register Default Offset

PS (Program Segment) PFP

SS (Stack Segment) SP, effective address
DSy (Data Segment 0) IX, effective address
DS4 (Data Segment 1) Y

General-Purpose Registers [AW, BW, CW, and DW]
There are four 16-bit general-purpose registers. Each
one can be used as one 16-bit register or as two 8-bit
registers by dividing them into their high and low bytes
(AH, AL, BH, BL, CH, CL, DH, DL).

Each register is also used as a default register for
processing specific instructions. The default assign-
ments are:

AW: Word multiplication/division, word 1/O, data
conversion
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AL: Byte multiplication/division, byte 1/0, BCD
rotation, data conversion, translation

AH: Byte multiplication/division
BW: Translation
CW: Loop control branch, repeat prefix

CL: Shift instructions, rototation instructions,
BCD operations

DW: Word multiplication/division, indirect
addressing I/0O

Pointers [SP, BP] and Index Registers [IX, 1Y]

These registers serve as base pointers or index registers
when accessing the memory using based addressing,
indexed addressing, or based indexed addressing.

These registers can also be used for data transfer and
arithmetic and logical operations in the same manner
as the general-purpose registers. They cannot be used
as 8-bit registers.

Also, each of these registers acts as a default register
for specific operations. The default assignments are:

SP: Stack operations
1X: Block transfer (source), BCD string operations
1Y: Block transfer (destination), BCD string operations

Program Status Word [PSW]

The program status word consists of the following six
status and four control flags.

Status Flags Control Flags

® V (Overflow) e MD (Mode)

® S (Sign) ® DIR (Direction)

® Z (Zero) ® [E (Interrupt Enable)
® AC (Auxiliary Carry) e BRK (Break)

® P (Parity)

® CY (Carry)

When the PSW is pushed on the stack, the word images
of the various flags are as shown here.

PSW

15 14 13 12 11 10 9 87 65 43 210

M 1 i 1 VvV D IBSZOAOPI1TC

D I ER C Y
R K

The status flags are set and reset depending upon the
result of each type of instruction executed.

Instructions are provided to set, reset, and complement
the CY flag directly.

Other instructions set and reset the control flags and
control the operation of the CPU.
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High-Speed Execution of Instructions

This section highlights the major architectural features
that enhance the performance of the uPD70116.

® Dual data bus in EXU

® Effective address generator

® 16/32-bit temporary registers/shifters (TA, TB)
® 16-bit loop counter i

® PC and PFP

Dual Data Bus Method

To reduce the number of processing steps for in-
struction execution, the dual data bus method has
been adopted for the uPD70116 (figure 1). The two
data buses (the main data bus and the subdata bus) are
both 16 bits wide. For addition/subtraction and logical
and comparison operations, processing time has been
speeded up some 30% over single-bus systems.

Figure 1. Dual Data Buses

i )

( Registers E
16 16
Temporary
registers/shifters
ALY

——
U -~

Subdata bus Main data bus
83-000103A

Example
ADD AW,BW ; AW <— AW +BW
Single Bus Dual Bus
Step 1 TA «— AW TA < AW, TB «— BW
Step2TB«—BW AW —TA+TB

Step AW — TA +TB
Effective Address Generator

This circuit (figure 2) performs high-speed processing to
calculate effective addresses for accessing memory.

Calculating an effective address by the microprogram-
ming method normally requires 5 to 12 clock cycles.
This circuit requires only two clock cycles for
addresses to be generated for any addressing mode.
Thus, processing is several times faster.

16/32-Bit Temporary Registers/Shifters [TA, TB]
These 16-bit temporary registers/shifters (TA, TB)
are provided for multiplication/division and shift/
rotation instructions.

These circuits have decreased the execution time of
multiplication/division instructions. In fact, these
instructions can be executed about four times faster
than with the microprogramming method.

TA + TB: 32-bit temporary register/shifter for multi-
plication and division instructions.

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

Figure 2. Effective Address Generator

First and second byte of instruction

EA Generator

Effective address

83-000174A
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Loop Counter [LC]

This counter is used to count the number of loops fora
primitive block transfer instruction controlled by a
repeat prefix instruction and the number of shifts that
will be performed for a multiple bit shift/rotation in-
struction.

The processing performed for a multiple bit rotation of
a register is shown below. The average speed is
approximately doubled over the microprogram method.

Example

RORC AW, CL

Microprogram method LC method

8+ (4x5)=28clocks 7+5=12clocks
Program Counter and Prefetch Pointer [PC and PFP]
The uPD70116 microprocessor has a program counter,
(PC) which addresses the program memory location of
the instruction to be executed next, and a prefetch
pointer(PFP), which addresses the program memory
location to be accessed next. Both functions are
provided in hardware. A time saving of several clocks
is realized for branch, call, return, and break instruction

execution, compared with microprocessors that have
only one instruction pointer.

Enhanced Instructions

In addition to the uPD8088/86 instructions, the
uPD70116 has the following enhanced instructions.

;CL=5

Instruction Function

PUSH imm Pushes immediate data onto stack

PUSHR Pushes 8 general registers onto stack

POP R Pops 8 general registers from stack

MUL imm Executes 16-bit multiply of register or memaory contents
by immediate data

SHL imm8 Shifts/rotates register or memory by immediate

SHR imm8 value

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Checks array index against designated boundaries

INM Moves a string from an 1/0 port to memory

OUT™M Moves a string from memory to an 1/0 port

PREPARE Allocates an area for a stack frame and copies previous
frame pointers

DISPOSE Frees the current stack frame on a procedure exit

3-78

Enhanced Stack Operation Instructions
PUSH imm

This instruction allows immediate data to be pushed
onto the stack.

PUSH R/POP R

These instructions allow the contents of the eight
general registers to be pushed onto or popped from
the stack with a single instruction.

Enhanced Multiplication Instructions
MUL reg16, imm16/MUL mem16, imm16

These instructions allow the contents of a register or
memory location to be multiplied by immediate data.

Enhanced Shift and Rotate Instructions
SHL reg, imm8/SHR reg, inm8/SHRA reg, imm8

These instructions allow the contents of a register to be
shifted by the number of bits defined by the immediate
data.

ROL reg, imm8/ROR reg, imm8/ROLC reg, immﬁ/
RORC reg, imm8

These instructions allow the contents of a register to be
rotated by the number of bits defined by the immediate
data.

Check Array Boundary Instruction
CHKIND reg16, mem32

This instruction is used to verify that index values
pointing to the elements of an array data structure are
within the defined range. The lower limit of the array
should be in memory location mem32, the upper limit
inmem32 + 2. If the index value in reg16 is not between
these limits when CHKIND is executed, a BRK 5 will
occur. This causes a jump to the location in interrupt
vector 5.

Block 1/0 Instructions

OUTM DW, src-block/INM dst-block, DW

These instructions are used to output or input a string
to or from memory, when preceded by a repeat prefix.
Stack Frame Instructions

PREPARE imm16, imm8

This instruction is used to generate the stack frames |
required by block-structured languages, such as
PASCAL and Ada. The stack frame consists of two
areas. One area has a pointer that points to another
frame which has variables that the current frame car
access. The otheris alocal variable area for the current
procedure.
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DISPOSE

This instruction releases the last stack frame generated
by the PREPARE instruction. It returns the stack and
base pointers to the values they had before the
PREPARE instruction was used to call a procedure.
Unique Instructions '

In addition to the uPD8088/86 instructions and the

enhanced instructions, the uPD70116 has the following
unique instructions.

Instruction Function

INS Insert bit field

EXT Extract bit field

ADD4S Adds packed decimal strings

SUB4S Subtracts one packed decimal string from another
CMP4S Compares two packed decimal strings

ROL4 Rotates one BCD digit left through AL lower 4 bits
ROR4 Rotates one BCD digit right through AL lower 4 bits
TESTH Tests a specified bit and sets/resets Z flag

NOT1 Inverts a specified bit

CLR1 Clears a specified bit

SET1 Sets a specified bit

REPC Repeats next instruction until CY flag is cleared
REPNC Repeats next instruction until CY flag is set

FPO2 Additional floating point processor call

Figure 3. Bit Field Insertion

Variable Length Bit Field Operation Instructions

This category has two instructions: INS (Insert Bit
Field) and EXT (Extract Bit Field). These instructions
are highly effective for computer graphics and high-
level languages. They can, for example, be used for
data structures such as packed arrays and record type
data used in PASCAL.

INS reg8, reg8/INS reg8, imm4

This instruction (figure 3) transfers low bits from the
16-bit AW register (the number of bits is specified by
the second operand) to the memory location specified
by the segment base (DS, register) plus the byte offset
(1Y register). The starting bit position within this byte is
specified as an offset by the lower 4-bits of the first
operand.

After each complete data transfer, the IY register and
the register specified by the first operand are auto-
matically updated to point to the next bit field.

Either immediate data or a register may specify the
number of bits transferred (second operand). Because
the maximum transferable bit length is 16-bits, only the
lower 4-bits of the specified register (00H to OFH) will
be valid.

Bit field data may overlap the byte boundary of memory.

Bitlength

Bit offset Byte offset (IY)

)l

h]

1€ T
: Memory

b)) )

—~

>§

A u 1

Byte boundary Segment base (DS1)

83-0001068
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EXT reg8, reg8/EXT reg8, imm4

This instruction (figure 4) loads to the AW register the
bit field data whose bit length is specified by the
second operand of the instruction from the memory
location that is specified by the DSO segment register
(segment base), the IXindex register (byte offset), and
the lower 4-bits of the first operand (bit offset).

After the transfer is complete, the IX register and the
lower 4-bits of the first operand are automatically
updated to point to the next bit field.

Eitherimmediate data or aregister may be specified for
the second operand. Because the maximum trans-
ferrable bit length is 16 bits, however, only the lower
4-bits of the specified register (OH to OFH) wiil be valid.

Bitfield data may overlap the byte boundary of memory.
Packed BCD Operation Instructions

The instructions described here process packed BCD
data either as strings (ADD4S, SUB4S, CMP4S) or
byte-format operands (ROR4, ROL4). Packed BCD
strings may be from 1 to 254 digits in length.

When the number of digits is even, the zero and carry
flags will be set according to the result of the operation.
When the number of digits is odd, the zero and carry
flags may not be set correctly in this case, (CL = odd),
the zero flag will not be set unless the upper 4 bits of the
highest byte are all zero. The carry flag will not be set
unless there is a carry out of the upper 4 bits of the
highest byte. When CL is odd, the contents of the upper
4 bits of the highest byte of the result are undefined.

Figure 4. Bit Field Extraction

ADDAS

This instruction adds the packed BCD string addressed
by the IX index register to the packed BCD string
addressed by the 1Y index register, and stores the
result in the string addressed by the Y register. The
length of the string (number of BCD digits) is specified
by the CL register, and the result of the operation will
affect the overflow flag (V), the carry flag (CY), and
zero flag (2). :

BCD string (lY, CL) <« BCD string (lY, CL) + BCD
string (IX, CL)

SuB4S

This instruction subtracts the packed BCD string
addressed by the IX index register from the packed
BCD string addressed by the |Y register, and stores the
result in the string addressed by the |Y register. The
length of the string (number of BCD digits) is specified
by the CL register, and the resulit of the operation will
affect the overflow flag (V), the carry flag (CY), and
zero flag (2):

BCD string (IY, CL) < BCD string (lY, CL) — BCD
String (1X, CL)

CMP4S

This instruction performs the same operation as
SUB4S except that the resultis not stored and only the

overflow (V), carry flags (CY) and zero flag (Z) are
affected. :

BCD string (IY, CL) — BCD string (IX, CL)

Bitlength

Byte offset(IX)

///

{{ {
)T )

-
—— ]

///

L {
J )

Byte Segment base (DS0)

83-000107B

3-80



NEC

xPD70116 (V30)

ROL4

This instruction (figure 5) treats the byte data of the
register or memory operand specified by the instruction
as BCD data and uses the lower 4 bits of the AL register
(ALy) to rotate that data one BCD digit to the left.

Figure 5. BCD Rotate Left (ROL4)

7 AL [} reg/mem

Upper Lower — Upper

Lower
4 bits 4 bits 4 bits 4 bits

I ]

83-000108A

ROR4

This instruction (figure 6) treats the byte data of the
register or memory specified by the instruction as BCD
data and uses the lower 4 bits of the AL register (AL ) to
rotate that data one BCD digit to the right.

Figure 6. BCD Rotate Right (ROR4)

7 AL (] regimem

Upper Upper Lower
4 bits 4 bits 4 bits 4 bits

B

83-000108A

Bit Manipulation Instructions
TEST1 '

This instruction tests a specific bit in a register or
memory location. Ifthe bitis 1,the Z flagis reset t0 0. If
‘he bit is 0, the Z flag is set to 1.

NOT1

This instruction inverts a specific bit in a register or
nemory location.

>LR1

"his instruction clears a specific bit in a register or
nemory location.

iET1

‘his instruction sets a specific bit in a register or
1emory location.

“Llepeat Prefix Instructions

‘EPC
lhis instruction causes the uPD70116 to repeat the

\‘?Ilowing primitive block transfer instruction until the
1Y flag becomes cleared or the CW register becomes

2ro.
I

REPNC

This instruction causes the uPD70116 to repeat the
following primitive block transfer instruction until the
CY flag becomes set or the CW register becomes zero.

Floating Point Instruction
FPO2

This instruction is in addition to the uPD8088/86
floating point instruction, FPO1. These instructions
are covered in a later section.

Mode Operation Instruction

The uPD70116 has two operating modes (figure 7).
One is the native mode which executes uPD8088/86,
enhanced and unique instructions. The other is the
8080 emulation mode in which the instruction set of
the uPD808B0OAF is emulated. A mode flag (MD) is
provided to select between these two modes. Native
mode is selected when MD is 1 and emulation mode
when MD is 0. MD is set and reset, directly and
indirectly, by executing the mode manipulation
instructions.

Two instructions are provided to switch operation
from the native mode to the emulation mode and back.
BRKEM (Break for Emulation)
RETEM (Return from Emulation)

Two instructions are used to switch from the emulation
mode to the native mode and back.

CALLN (Call Native Routine)
RETI (Return from Interrupt)

The system will return from the 8080 emulation mode
to the native mode when the RESET signal is present,
or when an external interrupt (NMI or INT) is present.

Figure 7. V30 Modes

HOLD REQ/HOLD ACK

Native Mode

8088/86
Enhanced
and Unique
Instruction Set

RESET, NMI, orINT and IE

tdle at
10% Power

Standby

INT and ID

— Mode

8080 Emulation f HOLD REQ/HOLD ACK

8080 Mode

83-000775A
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BRKEM imm8

This is the basic instruction used to start the 8080
emulation mode. This instruction opera@es exactly the
same as the BRK instruction, except that BRKEM
resets the mode flag (MD) to 0. PSW, PS, and PC are
saved to the stack. MD is then reset and the interrupt vector
specified by the operand imm8 of this command is
loaded into PS and PC.

The instruction codes of ‘the interrupt processing
routine jumped to are then fetched. Then the CPU
executes these codes as uPD8080AF instructions.

In 8080 emulation mode, registers and flags of the
uPDB80O8OAF are performed by the following registers
and flags of the uPD70116.

uPDBOBOAF 4PD70116

Registers: A AL
B CH

C CL

D DH

E DL

H BH

L BL

SP BP

PC PC

Flags: o C cY
AC AC

Inthe native mode, SP is used for the stack pointer. inthe
8080 emulation mode this function is performed by BP.

This use of independent stack pointers aliows indepen-
dent stack areas to be secured for each mode and
keeps the stack of one of the modes from being
destroyed by an erroneous stack operation in the other
mode.

The SP, IX, 1Y and AH registers and the four segment
registers (PS, SS, DSg, and DS4) used in the native
mode are not affected by operations in 8080 emulation
mode.

In the 8080 emulation mode, the segment register for
instructions is determined by the PS register (set
automatically by the interrupt vector) and the segment
register for data is the DSy register (set by the
programmer immediately before the 8080 emulation
mode is entered).

Itis prohibited to nest BRKEM instructions.
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" point processor. The floating point operation is passed

RETEM [no operand]

When RETEM is executed in 8080 emulation mode
(interpreted by the CPU as a uPD8080AF instruction),
the CPU restores PS, PC, and PSW (as it would when
returning from an interrupt processing routine), and
returns to the native mode. At the same time, the
contents of the mode flag (MD) which was saved to the
stack by the BRKEM instruction, is restored to MD =1.
The CPU is set to the native mode.

CALLN imm8

This instruction makes it possible to call the native
mode subroutines from the 8080 emulation mode. To
return from subroutine to the 8080 emulation mode, the
RET]I instruction is used.

The processing performed when this instruction is
executed in the 8080 emulation mode (it is interpreted
by the CPU as uPD8080AF instruction), is similar to
that performed when a BRK instruction is executed in the
native mode. The imm8 operand specifies an interrupt
vector type. The contents of PS, PC, and PSW are
pushed on the stack and an MD flag value of O is saved.
The mode flag is set to 1 and the interrupt vector
specified by the operand is loaded into PS and PC.

RETI [no operand]

This is a general-purpose instruction used to return
from interrupt routines entered by the BRK instruction
or by an external interrupt in the native mode. When
this instruction is executed at the end of a subroutine J
entered by the execution of the CALLN instruction, the !
operation that restores PS, PC, and PSW is exactly the
same as the native mode execution. When PSW is
restored, however, the 8080 emulation mode value of
the mode flag (MD) is restored, the CPU is set in
emulation mode, and all subsequent instructions are'
interpreted and executed as uPD8080AF instructions. !

RETI isalso used to return from an interrupt procedure
initiated by an NMI or INT interrupt in the emulation
mode.

Floating Point Opei'ation Chip
Instructions

FPO1 fp-op, mem
FPO2 fp-op, mem
These instructions are used for the external floating

to the floating point processor when the CPU fetches
one of these instructions. From this point the CPU
performs only the necessary auxiliary processing“
(effective address calculation, generation of physicall
addresses, and start-up of the memory read cycle).
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The floating point processor always monitors the
instructions fetched by the CPU. When itinterprets one
as an instruction to itself, it performs the appropriate
processing. At this time, the floating point processor
chip uses either the address alone or both the address
and read data of the memory read cycle executed by the
CPU. This difference in the data used depends on
which of these instructions is executed.
Note: During the memory read cycle initiated by the CPU for FPO1
or FPO2 execution, the CPU does not accept any read data
on the data bus from memory. Although the CPU generates

the memory address, the data is used by the floating point
processor.

Interrupt Operation

The interrupts used in the uPD70116 can be divided
into two types: interrupts generated by external inter-
rupt requests and interrupts generated by software
processing. These are the classifications.

External interrupts

(a) NMI input (nonmaskabie)
(b) INT input (maskable)

Software processing
As the result of instruction execution

— When a divide error occurs during execution
of the DIV or DIVU instruction

— When a memory-boundary-over error is detected
by the CHKIND instruction

Conditional break instruction

— When V = 1 during execution of the BRKV
instruction

Unconditional break instructions

BRK3
BRK imm8

— 1-byte break instruction:
— 2-byte break instruction:

“lag processing

— When stack operations are used to set the
BRK flag

3080 Emulation mode instructions

— BRKEM imm8
— CALLN imm8

Starting addresses for interrupt processing routines
ire either determined automatically by a single location
if the interrupt vector table or selected each time
nterrupt processing is entered.

The interrupt vector table is shown in figure 8. The
table uses 1K bytes of memory addresses 000H to
3FFH and can store starting address data for a
maximum of 256 vectors (4 bytes per vector).

The corresponding interrupt sources for vectors 0
to 5 are predetermined and vectors 6 to 31 are reserved.
These vectors consequently cannot be used for
general applications.

The BRKEM instruction and CALLN instruction (in the
emulation mode) and the INT input are available for
general applications for vectors 32 to 255.

Asingle interrupt vector is made up of 4 bytes (figure 9).
The 2 bytes in the low addresses of memory are
loaded into PC as the offset, and the high 2 bytes are
loaded into PS as the base address. The bytes are
combined in reverse order. The lower-order bytes in
the vector become the most significantbytes in the PC
and PS, and the higher-order bytes become the least
significant bytes.

Figure 8. Interrupt Vector Table
000H
Vector0 Divide Ervor T
004H
Vector 1 " Break Flag
008H -
Vector2 NMI Input
00CH — Dedicated
Vector3 BRK 3 Instruction
010H .
Vectord BRKYV Instruction
014H
Vector5 CHKIND Instruction
018H - -
Vector6

[— Reserved

07CH
Vector31

080H

Vector32 General Use

¢ BRK imm8 Instruction
* BRKEM Instruction

3FCH ® INT Input {Externat]

Vector225 @ CALLN Instruction

83-000111A
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Figure 9. Interrupt Vector 0 Instruction Set
Symbols
Vector0
000H E 001H Preceding the instruction set, several tables explain
t symbols, abbreviations, and codes.
00 : 003H -
PS « (003H, 002H) Clocks
PC <« (001H, 000H)

83-000112A

Based on this format, the contents of each vector
should be initialized at the beginning of the program.

The basic steps to jump to an interrupt processing
routine are now shown.

(SP -1, SP-2) «— PSW
(SP-3,SP-4) < PS
(SP-5,SP-6) «— PC

SP <« SP-6

IE «— 0, BRK <— 0, MD <1
PS <« vector high bytes
PC < vector low bytes

Standby Function

The yPD70116 has a standby mode to reduce power
consumption during program wait states. This mode is
set by the HALT instruction in both the native and the
emulation mode.

Inthe standby mode, the internal clock is supplied only
to those circuits related to functions required to
release this mode and bus hold control functions. Asa
result, power consumption can be reduced to 1/10 the
level of normal operation in either native or emulation
mode. .

The standby mode is released by inputting a RESET
signal or an external interrupt (NMI, INT).

The bus hold function is effective during standby
mode. The CPU returns to standby.mode when the bus
hold request is removed.

During standby mode, all control outputs are disabled
and the addres/data bus will be at either high or low
levels.
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In the Clocks column of the instruction set, the numbers
cover these operations:instruction decoding, effective
address calculation, operand fetch, and instruction
execution. '

Clock timings assume the instruction has been pre-
fetched and is present in the six-byte instruction
queue. Otherwise, add four clocks for each pair of
bytes not present.

Add four clocks to the numbers given for-each word
transfer to an odd address.

For instructions that reference memory operands, the
number on the left side of the slash (/) is for byte
operands and the number on the right side is for word
operands.

For conditional control transfer or branch instructions,
the number on the left side of the slash is applicable if
the transfer or branch takes place. The number on the
right side is applicable if it does not take place.

If a range of numbers is given, the execution time
depends on the operands involved..

Symbols
Symbol Meaning
ace Accumulator (AW or AL)
disp Displacement (8 or 16 bits)
dmem Direct memory address
dst Destination operand or address
ext-disp8 16-bit displacement (sign-extension byte
+ 8-bit displacement)
far_label Label within a different program
segment )
far_proc Procedure within a different program
! segment . I
fp_op Floating point instruction operation i
imm 8- or 16-bit immediate operand I
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Symbols (cont)
Symbol Meaning Symbel Meaning
imm3/4 3/4-bit immediate bit offset cw CW register (16 bits)
imm8 8-bit immediate operand cy Carry flag
imm16 16-bit immediate operand DH DW register (high byte)
mem Memory field (000 to 111); DIR Direction flag
8- or 16-bit memory location oL DW register (low byte)
mem8 8-bit memory location DSO Data segment 0 register (16 bits)
mem16 16-bit memory location DS1 Data segment 1 register (16 bits)
mem32 32-bit memory location W DW register (16 bits)
memptr16 &Vg;?nc?hn;i?rlpgn{h; gﬁ]s::‘r;atlon address IE Interrupt enable flag
memptr32 Double word containing a destination X Index register (source) (16 bits)
address in another segment Y Index register (destination) (16 bits)
mod Mode field (00 to 10) MD Mode flag
near_label Label within the current segment OR Logical sum
near_proc Procedure within the current segment P Parity flag
offset Immediate offset data (16 bits) PC Program counter (16 bits)
pop_value Number of bytes to discard from the stack PS Program segment register (16 bits)
reg Register field (000 to 111); PSW Program status word (16 bits)
8- or 16-bit general-purpose register R Register set
reg8 B-bit general-purpose register S Sign extend operand field
reg16 16-bit general-purpose register S=0 No sign extension
regptr 16-bit register containing a destination §=1 Sign extend immediate byte
address within the current segment operand
regptr16 Register containing a destination address S Sign flag
within the current segment SP Stack pointer (16 bits)
seg Immediate segment data (16 bits) SS Stack segment register (16 bits)
short_label Label between —128 and +127 bytes from v Overflow flag
the end of the current instruction W Word/byte field (0 to 1)
ol Segment register X, XXX, YYY, 222 Data to identify the instruction code of the
Src Source operand or address external floating point arithmetic chip
temp Temporary register (8/16/32 bits) XOR Exclusive logical sum
tmpey Temporary carry flag (1 bit) XXH Two-digit hexadecimal value
AC Auxiliary carry flag XXXXH Four-digit hexadecima! value
AH Accumulator (high byte) z Zero flag
AL Accumulator (low byte) (8] Values in parentheses are memory contents
AND Logical product ha Transfer direction
‘AW Accumulator (16 bits) + Addition
BH BW register (high byte) - Subtraction
BL BW register (low byte) X Multiplication
BP BP register + Division
pRK Break flag % Modulo
fSW BW register (16 bits)
CH CW register (high byte)
oL CW register (low byte)
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Flag Operations Register Selection (mod = 11)

Symbol Meaning reg wW=0 wW=1

(btank) No change 000 AL AW

0 Cleared to 0 001 CL cw

1 Setto 1 010 DL DwW

X Set or cleared according to result o1 BL BW

u Undefined 100 AH SP

R Restored to previous state 101 CH BP
110 DH IX

Memory Addressing Modes oom BH Y

mem mod = 00 - mod =01 mod = 10

000 BW -+ IX BW + IX + disp8 BW + IX + disp16 Segment Register Selection

001 BW + 1Y BW + 1Y + disp8 BW + 1Y + disp16 sr Segment Register

010 BP + IX BP + IX + disp8 BP + IX + disp16 00 DS1

011 BP + 1Y BP + 1Y + disp8 BP +1Y + disp16 01 PS

100 IX IX + disp8 IX + disp16 10 SS

101 [\ 1Y + disp8 1Y + disp16 11 DSO

110 Direct BP + disp8 BP + disp16

m BW BW + disp8 BW + disp16

Instruction Set

Opcode Flags

Mnemonic Operand 76543210 76054321 0 Clocks Bytes ACCYV P S Z
Data Transfer Instructions
MoV reg, reg 100010 1W- 11 reg  reg 2 2

mem, reg 100010 0W mod reg mem 9 2-4

reg, mem 100010 1W mod reg mem 1 2-4

mem, imm 110001 1W mod reg mem 1 3-6

reg, imm 1011 W reg 4 2-3

acc, dmem 1010000W 10 3

dmem, acc 101000 1W 9 3

sr, reg16 10001110 110 sr reg 2 2

sr, memt6 - 10001110 mod 0 sr mem 1 2-4

reg16, sr 10001t100 110 sr reg 2 2

mem16, st 10001100 mod 0 sr mem 10 2-4

DS, reg16, mem32 11000101 mod reg mem 18 24 -

DS1, reg16, mem32 11000100 mod reg mem 18 2-4

AH, PSW 10011111 2 1

PSW, AH 10011110 3 1 X X xxxw
LDEA reg16, mem16 10001101 mod reg mem 4 24 '
TRANS src_table 11010111 9 1
XCH reg, reg 10000T1T1W 11 reg reg 3 2

mem, reg 100001 1TW mod reg mem 16 24

AW, reg16 10010 reg 3 1

3-86



NEC ©PD70116 (V30)

Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 760543210 Clocks Bytes ACCYV P S Z
Repeat Prefixes
REPC 01100101 2 1
REPNG 01100100 2 1
REP 11110011 2 1
REPE
REPZ
REPNE 11110010 2 1
REPNZ
Block Transfer Instructions
MOVBK dst, src 1010010W 11+8n 1
CMPBK dst, src 101001 1W 7+14n 1 X X X X X X
CMPM dst 1010111W 7+10n 1 X X X X X X
LDM src 1010110W 7+9n 1
ST™ dst 1010101W 7+4n 1
n = number of transfers
1/0 Instructions
IN acc, imm8 1110010W 9 2
acc, DW 11101 10W 8 1
ouT imm8, acc 111001 1W 8 2
DW, acc 111011 1W 8 1
INM dst, DW 01 10110W 9+8n 1
OUT™M DW, src 011011 1WwW 9+8n 1
n = number of transfers
BCD Instructions .
ADJBA 006110111 3 1 X X U uuwu
ADJ4A 00100111 3 1 X X U X X X
ADJBS 00111111 7 1 X X U U uu
ADJ4S 001o0o 1111 7 1 X X U X X X
ADD4S dst, src oo0oo0o01 111 00100000 7+19n 2 U X U UuuXx
SUB4S dst, src 00001111 00100010 7+19n 2 U X uuux
CMP4S dst, src 000011111 00100110 7+19n 2 U X uuux
ROL4 reg8 00001111 00101000 25 3
11000 reg
mem8 oo0oo00tt1t11 00101000 28 35
mod 0 0 0 mem
ROR4 reg8 60001111 00101010 29 3
11000 reg
mem8 6000011t 1 00101010 33 35
mod 0 0 0 mem

n = number of BCD digits divided by 2
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P § Z
Data Type Conversion Instructions
CVTBD 11010100 00 15 2 U uux x x
CVTDB 11010101 00 2 U uuXx x X
CVIBW 10011000 1
CVTWL 10011001 45 1
Arithmetic Instructions
ADD reg, reg 0000O0O0CTW 11 reg reg 2 2 X X X X X X
mem, reg 000O0OOOW mod reg mem 16 2-4 X X X X X X
reg, mem 000O0COO0O1TW mod reg mem 1 2-4 X X X X X X
reg, imm 100000SW 11000 reg 4 34 X X X X X X
mem, imm 100000SW mod 000 mem 18 3-6 X X X X X X
acc, imm 0000010W 4 2-3 X X X X X X
ADDC reg, reg 0001001W 11 reg reg 2 2 X X X X X X
mem, reg 000100O0W mod reg mem 16 2-4 X X X X X X
reg, mem 000100 1W mod reg mem 11 2-4 X X X X X X
reg, imm 100000SW 11010 reg 4 34 X X X X X X
mem, imm 100000SW mod 010 mem 18 3-6 X X X X X X
ace, imm 000101 0W 4 2-3 X X X X X X
SuB reg, reg 0010101tw 11 reg reg 2 2 X X X X X X
mem, reg 0010100W mod reg mem 16 2-4 X X X X X X
reg, mem 0061010 1W mod reg mem 1 2-4 X X X X X X
reg, imm 100000SW 11101 reg 4 34 X X X X X X
mem, imm 100000SW mod 1 0 1 mem 18 36 X X X X X X
acc, imm 001011 0W 4 2-3 X X X X X X
SuBC reg, reg 0001101W 11 reg reg 2 2 X X X X X X
mem, reg 000110 O0W mod reg mem 16 2-4 X X X X X X
reg, mem 000110 1W mod reg mem 1 2-4 X X X X X X
reg,imm 10000O0OSW 11011 reg 4 3-4 X X X X X X
mem, imm 10000O0SW mod 011 mem 18 3-6 X X X X X X
acc, imm 0001t110W 4 2-3 X X X X X X
INC reg8 11111110 11000 reg 2 2 X X X X X
mem 111111 1W mod 0 0 mem 16 2-4 X X X X X
reg16 0100 0 reg 2 1 X X X X X
DEC reg8 11111110 11001 reg 2 2 X X X X X
mem 111111 1W mod 0 1 mem 16 2-4 X X X X X
reg16 0100 1 reg 2 1 X X X X X
MULU reg 1111 011w 11100 reg 21-30 2 U X X u uu
mem 111101 1W mod 100 mem 27-36 24 U X X Uuwuwu
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Instruction Set (cont)

Opcode Flags

Mnemonic Operand 76543210 7654321 0 Clocks Bytes ACCYV P S Z

Arithmetic Instructions (cont)

MUL reg 111101 1W 11101 reg 3347 2 U X X uuu
mem t111011W mod 101 mem 39-53 2-4 U X X uuu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X uuu
reg16,mem16,imm8 01101011 mod reg mem 34-40 35 U X X uuu
reg16,reg16,imm16 01101001 11 reg reg 36-42 4 U X X U uu
reg16,mem16,imm16 01101001 mod reg mem 46-48 4-6 U X X uuu

DIivU reg 111101 1wW 11110 reg 1925 2 U U uuuu
mem 111101 1W mod 110 mem 25-31 2-4 Uuuuuou

DIV reg 111101 1W 11111 reg 29-43 2 Uuuwuwuu
mem 111101 1W mod 1 1t 1 mem 3549 24 Uuuuuu

Comparison Instructions

CmpP reg, reg oo0ot11o01wW 11 reg reg 2 2 X X X X X X
mem, reg 0011100W mod reg mem 11 24 X X X X X X
reg, mem 0011101W mod reg mem 1 2-4 X X X X X X
reg, imm 100000SW 11111 reg 4 34 X X X X X X
mem, imm 100000SW mod 111 mem 13 36 - X X X X X X
acc, imm 0011110W 4 2-3 X X X X X X

Logical Instructions

NOT reg 111101 1W 11010 reg 2 2
mem 111101 1W mod 010 mem 16 2-4

NEG reg 111101 1W 11011 reg 2 2 X X X X X X
mem 111101 1W mod 011 mem 16 2-4 X X X X X X

TEST reg, reg 100001O0W 11 reg reg 2 2 uldo0 x x x
mem, reg 10000 10W mod reg mem 10 2-4 u00 x x x
reg, imm 111101 1W 11000 reg 4 34 u0 0 x x x
mem, imm 111101 1W mod 000 mem 1 36 u0d0 x x x
acc, imm 1010100W 4 23 ulo0 x x x

AND reg, reg 0010001TW 11 reg reg 2 2 u00 x x x
mem, reg 001000O0W mod reg mem 16 2-4 u00 x x x
reg, mem 001000 1W mod reg mem 11 2-4 u00 x x x
reg, imm 10600000W 11100 reg 4 34 U 00 x x x
mem, imm 17000000W mod 100 mem 18 36 U 00 x x x
acc, imm 001001O0W 4 2-3 uldo0x x x

R reg, reg 000O0101W 11 9reg reg 2 2 00 x x x
mem, reg 00001 0O0W mod reg mem 16 2-4 t 00 x x x
reg, mem 0000101W mod reg mem 1 24 u0o0 x x x
reg, imm 10000O0O0W 11001 reg 4 34 u 00 x x x
mem, imm 10000O0O0OW mod 001 mem 18 36 u00 x x x
acc, imm 001001 0W 4 2-3 u0o0 x x x
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 76543210 Clcks Byles ACCYV P § Z
Logical Instructions (cont) : )
XOR reg, reg 6 011001W 1 1 reg reg 2 2 u 00 x x x
mem, reg 001100C0W mod reg mem 16 2-4 u00 x x x
reg, mem 0011001W mod reg mem 11 2-4 u0do0x x x
reg, imm 100000O0W 11110 reg 4 3-4 u 00 x x x
mem, imm 100000 0W mod 110 mem 18 3-6 ~u 00 x x x
acc, imm 00100T1TO0W 4 2-3 u00x x x
Bit Manipulation Instructions
INS reg8, reg8 0oo0o001 111 00110001 3117 3
11 reg reg
reg8, imm8 00001111 00111001 3117 4
11000 reg
EXT reg8, reg8 0000 111 00110011 25 3
11 reg reg
reg8, imm8 00001111 001110611 265 4
11000 reg
TEST1 reg, CL 00001111 000100O0W 3 3 u00uux
11000 reg
mem, CL 00001111 0001000O0W 12 35 u00wuux
mod 0 0 0 mem
reg, imm3/4 00001111 000110O0W 4 4 ul0o0uux
11000 reg :
mem, imm3/4 600001111t 0001100W 13 4-6 u0o0uux
med 0 0 0 mem
SET1 reg, CL 00001111 0001010W 4 3
1100 0 reg
mem, CL 00001111 0001010W 13 35
mod 0 0 0 mem
reg, imm3/4 60001111 0001110W 5 4
11000 reg
mem, imm3/4 00001111 0001110W 14 46
mod 0 0 0 mem
cY 11111001 2 1 1
DIR 11111101 2 1
CLR1 reg, CL 00001111 0001tO0O01TW 5 3
11000 reg
mem, CL o000 1111 0001001W H 35
mod 0 0 0 mem .
reg, imm3/4 00001111 6 001101W 6 4 i
) 1100 0 reg
mem, imm3/4 00001111 0001101W 15 4-6
mod 0 0-0 mem
cYy 11111000 2 1 0
DIR 11111100 2 1
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 765 43 2 1 0 Clocks Bytes ACCYV P § 2
Bit Manipulation Instructions (cont)
NOT1 reg, CL oo0o001T1t11 00O01t1tTO0OI11W 4 3
11000 reg
mem, CL 00001111 000101 1W 18 35
mod 0 0 0 mem
reg, imm3/4 oo0oo001t1T111 000111 1W 5 4
11000 reg
mem, imm3/4 00001111 000111 1W 19 4-6
mod 0 0 0 mem
cY 11110101 2 1 X
Shift/Rotate Instructions
SHL reg, 1 1101000W 11100 reg 2 2 U X X X X X
mem, 1 1101000W med 100 mem 16 24 U X X X X X
reg, CL 1t101001W 11100 reg 7+n 2 U X ux x X
mem, CL 1101001 W mod 100 mem 19+n 24 U X u X X X
reg, imm8 1100000W 11100 reg 7+n 3 U X u Xx x X
mem, imm8 110000O0W mod 100 mem 9+n 35 U X u X X X
SHR reg, 1 1101000W 11101 reg 2 2 U X X X X X
mem, 1 1101000W mod 101 mem 16 2-4 U X X X X X
reg, CL 1101001W 11101 reg 7+n 2 U X ux x X
mem, CL 1101001W mod 101 mem 19+n 24 U X uXx x X
reg, imm8 tr1700000W 11101 reg 7+n 3 U X U X X X
mem, imm8 1100000W mod 10 1 mem 19+n 35 U X U X X Xx
n = number of shifts
SHRA reg, 1 1101000W 11111 reg 2 2 ux 0 x x x
mem, 1 1101000W mod 111 mem 16 2-4 U x 0 x x x
reg, CL 1101001TW 11111 reg 7+n 2 u X u Xx x X
mem, CL 1101001W mod 111 mem 9+n 24 U X U X X X
reg, imm8 1100000W 11111 reg'7+n 3 U X u X X X
mem, imm8 1'100000W mod 111 mem 9+n 35 U X u X X X
ROL reg, 1 1101000W 11000 reg 2 2 X X
mem, 1 1101000W mod 000 mem 16 2-4 X X
reg, CL 1101001TW 11000 reg 7+n 2 X u
mem, CL 1101001W mod 000 mem 19+n 24 X u
reg, imm 1100000W 11000 reg 7+n 3 X u
‘ mem, imm 1100000W mod 000 mem 9+n 35 X U
{0R reg, 1 1101000W 11001 reg 2 2 X u
mem, 1 1101000W mod 00 1 mem 16 2-4 X X
reg, CL 1101001W 11001 reg 7+n 2 X u
mem, CL 110100 1W mod 001 mem 19+n 24 X u
reg, imm8 1100000W 11001 reg 7+n 3 X u
mem, imm8 110000O0W mod 00 1 mem 19+n 35 X u
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 7654321 0 Clocks Bytes ACCYV P § 2Z
Shift/Rotate Instructions (cont)
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 1101000W mod 010 mem 16 2-4 X X
reg, CL 1101t001W 11010 reg 7+n 2 X U
mem, CL 1101001TW mod 010 mem 19+n 24 X u
reg, imms8 1100000W 11010 reg 7+n 3 X u
mem, imm8 110000O0W mod 010 mem 19+n 35 X u
RORC reg, 1 1101000W 11011 reg 2 2 X X
mem, 1 1101000W mod 01 1 mem 16 2-4 X X
reg, CL 110100 1W 11011 reg 7+n 2 X U
mem, CL 1101001W mod 0 11 mem 19+n .24 X u
reg, imm8 1100000W 11011 reg 7+n 3 X
mem, imms 1100000W mod 01 1 mem 19+n 35 X u
n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 mod 1 1 0 mem 18 2-4
reg16 01010 reg 8 1
sr 000 sr 110 8 1
PSW 10011100 8 1
R 01100000 35 1
imm 06011010S0 7-8 2-3
POP mem16 10001111 mod 0 0 0 mem 17 2-4
reg16 01011 reg 8 1
sr 000 sr 111 8 1
PSW 10011101 8 1 RRRRRBRR
R 01100001 43 1
PREPARE imm16, imm8 110 1000 * 4
*imm8=0:12
imm8>1:19 + 8 (imm8 — 1)
DISPOSE 11001001 6 1
Control Transfer Instructions
CALL near_proc 11101000 16 3
regptr 11111111 11010 reg 14 1
memptri6 11111111 mod 0 1 0 mem 23 2-4
far_proc 10011010 21 5
memptr32 111 1t1111 mod 0 1 1 mem 3 2-4
RET 110000 11 15 1
pop_value 11000010 20 3
11001011 21 1
pop_value 11001010 24 3
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 760543210 GClocks Bytes ACCYV P § Z
Control Transfer Instructions (cont)
BR near_label 11101001 13 3
short_label 11101001 12 2
reg 11111111 11100 reg 1 2
memptr16 11111111 mod 1 0 0 mem 20 2-4
far_label 11101010 15 5
memptr32 11111111 mod 1 0 1 mem 27 2-4
BV near_label 01110000 14/4 2
BNV near_label 01110001 14/4 2
BC, BL near_label 01 1t10010 14/4 2
BNC, BNL near_Jabel 01110011 14/4 2
BE, BZ near_label 01110100 14/4 2
BNE, BNZ near_label 01110101 14/4 2
BNH near_label 01110110 14/4 2
BH near_label 01110111 14/4 2
BN near_label 01111000 14/4 2
BP near_label 01111001 14/4 2
‘BPE near_label 01111010 14/4 2
IBPO near_label 01111011 14/4 2
BLT near_label 01111100 14/4 2
BGE near_label 01111101 14/4 2
BLE near_label 01111110 14/4 2
BGT near_label 01111111 14/4 2
DBNZNE near_label 11100000 14/5 2
DBNZE near_label 11100001 14/5 2
DBNZ near_label 11100010 13/5 2
BCWZ near_label 11100011 13/5 2
Interrupt Instructions
3RK 3 11001100 38 1
imm8 11001101 38 2
3RKV imm8 11001111 40/3 1
{ETI 11001110 27 1 RRRRRR
sHKIND reg16, mem32 01100010 mod reg mem  53-56/18 2-4
IRKEM imm8 00001111 11111111 38 3
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Instruction Set (cont)

Opcode Flags

Mnemonic Operand 76543210 760543210 Clocks Bytes ACCYV P § Z
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZZ2Z 2 2

fp_op, mem 11011 XXX mod Y Y Y mem 11 24
FPO2 fp_op 0110011 X 11YYYZZ2Z 2 2

fp_op, mem 011001 1X mod Y Y Y mem 1 2-4
POLL 10011011 - 2450 1

n = number of times POLL pin is sampled.

NOP 00 0000 3 1
DI 11111010 2 1
El 11111011 2 1
8080 Instruction Set Enhancements
RETEM 1110110 11111101 27 2 RRRRRR
CALLN imm8 1110110 11101101 38 3
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N EC uPD70208 (V40™)

_ 8/16-BIT, HIGH-INTEGRATION
NEC Electronics Inc. CMOS MICROPROCESSOR
PRELIMINARY INFORMATION

Description Ordering Information

The uPD70208 (V40™) is a high-performance, low-  Part Number Package Maximum Frequency
power 16-bit microprocessor integrating a number of  ;PD70208R-8 68-pin PGA 8 MHz
commonly used peripherals to dramatically reduce the 4PD70208L-8 68-pin PLCC 8 MHz

' size of microprocessor systems. The CMOS construc-

tion makes the uPD70208 ideal for the design of “FD70208G8 80-pin plastic minifiat 8 MHz
portable computers, instrumentation, and process
 control equipment. ; Pin Configurations
The uPD70208 contains a powerful instruction set that 68-Pin PGA
is compatible with the uPD70108/uPD70116 (V20™/
V30™) and uPD8086/uPD8088 instruction sets. In- Bottom View
struction set support includes a wide range of arith- 4
metic, logical, and control operations as well as bit . CHONORONONONORCGHO)
manipulation, BCD arithmetic, and high-speed block
transfer instructions. The uPD70208 can also execute : CRCRCRCHCRCHONCRCRONC
the entire uPDB0BOAF instruction set using the 8080 3| OO O O
‘emulationmode.AIsoavaiIabIeistheuPD70216(V50“‘), . 00 OO
identical to the uPD70208 but with a 16-bit external
data bus. s|] OO ONO)
Features | 00 sroresse 00
‘01 V20/V30 instructi t tibl 100 © O
instruction set compatible
' 1 Minimum instruction execution time: 250 ns sl OO O )
(at 8 MHz) ] OO0 oNe)
1 Direct addressing of 1M bytes of memory
J Powerful set of addressing modes v OCO0O0O0OOOO0O00 9,,
7 14 16-bit registers " CNONONONONONONONG)
.1 On-chip peripherals including
— Clock generator A 8 ¢ D E F G H 4 kK 1
— Bus interface
—BUS arbitraﬁon Pin__ Symbol Pin_ Symbol Pin Symbol Pin - Symbol
. A2 INTP?7 B9 DMARQ1| F10 AD K4 NMI
— Programmable wait state generator A2 INTPS 510 oMARo | F1i GNL < REET
— DRAM refresh control A4 INTP3 B11 ADg 61 X1 K6 RESOUT
— Three 16-bit timer/counters AS INTP1 c1 TcTi2 | G2 cLkouT | k7  HLDRQ
— Asynchronous serial I/0 control 20 ";m““”"" ok :’f“ g1 o Ks awrss
— Eight-input interrupt control P N T L
— Four-channel DMA control A9 DMAAKO D1 Qs H2 BUFR/W | K11 A5
1 Hardware effective address calculation logic A0 _END/C D2 QSp H10 Ao L2 iORD
1 Maskable and nonmaskable interrupts T o A2 :‘1“ e o ::"
1 uPD72191 Floating Point Processor interface B3 INTPe o asis Tn own s meanv
1 IEEE 796 compatible bus interface 84 INTP4 E2 [High) |J10 Ayp L6 Vop
| Low-power standby mode Bs_INTP2 __ | E10 ADs n_ A L7 HLDAK
' LOW'pOWer CMOS technology B6 I!{rLAuK.I{"SHDY/ E11 ADg K1 MWR Ls REFRQ
B7 DMARQ3/RxD | F1 GND K2 WRD L9 A18/PS2
%0, V30, V40, and V50 are trademarks of NEC Corporation. B8 _DMARQ2 F2_x2 K3 _BS1 L10 A1g/PSo
83-002716B
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Pin Configurations (cont)

68-Pin PLCC 80-Pin Plastic Miniflat
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uPD70208 (V40)
Pin identification
Symbol Function Symbol Function
Aqg-A16/PS3-PSg Multiplexed address/processor status outputs TOoUT2 Timer/counter 2 output
Aq5-Ag Address bus outputs Vpp +5 V power supply input
AD7-ADg Multiplexed address/data bus X1, X2 Crystal/external clock inputs
ASTB Address strobe output
BUFEN Data bus transceiver enable output Pin Functions
BUFR/W Data bus transceiver direction output A19-A16/PS3-PSg [Address/Status Bus]
BUSLOCK Buslock output These three-state output pins contain the upper 4 bits
BS,-BSg Bus status outputs of the 20-bit address during T1 and processor status
CLKOUT System clock output information during T2, T3, Tw, and T4. During T1 of a
DMAAKD DMA channel 0 acknowledge output memory .read or wrltg cycle, these pins contain the
upper 4 bits of the 20-bit address. These pins are forced
DMAAK1 DMA channel 1 acknowledge output low during T1 of an IO bus cycle.
DMAAK2 DMA channel 2 acknowledge output
— 904 - Processor status is output during T2, T3, Tw, and T4 of
DMAAK3/TxD DMA channel 3 acknowledge output/Serial both memory and 1/O bus cycles. PS; is zero during
transmit data output . .
- any CPU native mode bus cycle. During any DMA,
OMARQO DMA channel 0 request input refresh, or 8080 emulation mode bus cycle, PS; outputs
DMARQ1 DMA channe! 1 request input a high level. PS; outputs the contents of the interrupt
DMARQ2 DMA channel 2 request input enable (IE) flag in the CPU PSW register. PS; and PSg
DMARQ3/RxD DMA channel 3 request input/Serial receive indicate the segment register used to fo.rm the physical
\ data input address of a CPU bus cycle as follows:
WITC End input/Terminal count output
SND Ground PS; PSp Segment
- - - 0 0 Data segment 1 (DS1)
{igh High-level output except during hold
acknowledge when it is placed in the 0 ! Stack segment (SS)
high-impedance state 1 0 Program segment (PS)
ILDAK Hold acknowledge output ! ! Data segment 0 (DSO)
ILDRQ Hold request input These pins are in the high-impedance state during hold
M Internal connection; leave unconnected acknowledge.
{TAK/TOUT1/SRDY Interrupt acknowledge output/Timer/counter 1
output/Serial ready output A15-Ag [Address Bus]
ITP1-INTP7 Interrupt request inputs These three-state pins form the active-high address
IRD 110 read strobe output bus. During any CPU, DMA, or refresh bus cycle,
WR. 1/0 write strobe output Aq5-Agoutputthe middle'abits ofthe 2Q-bit_memory or
= Y FPrmTR— I/0 address. The As-Agpins enter the high-impedance
i emory read strobe outpu state during hold acknowledge or an internal interrupt
WR Memory write strobe output acknowledge bus cycle. During a slave interrupt
4 No connection acknowledge bus cycle, A1g-Ag contain the address of
n Nonmaskable interrupt input the slave interrupt controlier.
Ih R
= Poll input AD7-ADg [Address/Data Bus]
1-0Sg CPU queue status outputs . . .
ADY Foad inom These three-state pins form the active-high, time-multi-
— y inpu plexed address/data bus. During T1 of a bus cycle,
“f“o Refresh request output AD7-ADg output the lower 8 bits of the 20-bit memory
| SET Reset input or I/0 address. During the T2, T3, Tw, and T4 states,
30UT Synchronized reset output AD7-ADq form the 8-bit bidirectional data bus.
K Timer/counter external clock input The AD7-ADg pins enter the high-impedance state
e Timer/counter 2 control input during hold acknowledge or internal interrupt acknow-

ledge bus cycles or while RESET is asserted.
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ASTB [Address Strobe]

This active-high output is used to latch the address
from the multiplexed address bus inan external address
latch during T1 of a bus cycle. ASTB is held at a low
level during hold acknowledge.

BUFEN [Buffer Enable]

BUFEN s an active-low output for enabling an external
data bus transceiver during a bus cycle. BUFEN is
asserted during T2 through T4 of a read cycle, T2
through T3 of aslave interrupt acknowledge cycle, and
T1through T4 of a write cycle. BUFEN is not asserted
when the bus cycle corresponds to an internal pe-
ripheral, DMA, refresh, or internal interrupt acknow-
ledge cycle. BUFEN enters the high-impedance state
during hold acknowledge.

BUFR/W [Buffer Read/Write]

BUFR/W is a three-state, active-low output used to
control the direction of an external data bus trans-
ceiver. A high level indicates the uPD70208 will perform
a write cycle and a low level indicates a read cycle.
BUFR/W enters the high-impedance state during hold
acknowledge.

BUSLOCK

This active-low output provides a means forthe CPU to
indicate to an external bus arbiter that the bus cycles of
the next instruction are to be kept contiguous.
BUSLOCK is asserted for the duration of the instruction
following the BUSLOCK prefix. BUSLOCK is also
asserted during interrupt acknowledge cycles and
enters the high-impedance state during hold acknow-
ledge. While BUSLOCK is asserted, DMAU, RCU, and
external bus requests are disabled.
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BS2-BSg [Bus Status]

Outputs BS2-BSy indicate the type of bus cycle being
performed as follows.

BSy BS; BSy Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1 1/0 read
0 1 0 110 write
0 1 1 Halt
1 0 0 Instruction fetch
1 0 1 Memory read (1)
1 1 0 Memory write (2)
1 1 1 Passive state
Note:

(1) Memory read bus cycles include CPU, DMA read, DMA verify,
. and refresh bus cycles.

(2) Memory write bus cycles include CPU and DMA write bus cycles.

BS,-BSq are three-state outputs and are high imped-
ance during hold acknowledge.

CLKOUT

The CLKOUT output is used to generate all internal
timing for the uPD70208. CLKOUT has a 50-percent
duty cycle at half the frequency of the input clock
source. ‘

DMAAKO-DMAAK2 [DMA Acknowledge]

This set of outputs contains the DMA acknowledge
signals for channels 0-2 from the internal DMA control:
ler and indicate that the peripheral can perform the
requested transfer.

DMAAKS3/TxD [DMA Acknowledge 3]/[Serial
Transmit Data)
Two output signals multiplexed on this pin are selecte\‘

by the PF field of the on-chip peripheral connectio‘
register.

_ ‘ \

¢ DMAAKS is an active-low output and enables a
external DMA peripheral to perform the requeste
DMA transfer for channel 3.

i
4
o TxD is the serial output from the serial control uni

DMARQO-DMARQ2 [DMA Request] |

These synchronized inputs are used by external pd‘r‘
ripherals to request DMA service for channels 0-2 frojj
the internal DMA controlier.
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DMARQ3/RxD [DMA Request 3]/[Serial Receive
| Data]

i Two input signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

o DMARQSis usedby an external peripheral to request
a DMA transfer cycle for channel 3.

. ¢ RxD is the serial input to the serial control unit.

' END/TC [End/Terminal Count]

This active-low bidirectional pin controls the termin-
ation of a DMA service. Assertion of END by external
hardware during DMA service causes the service to
terminate. When a DMA channel reaches its terminal
count, the DMAU asserts TC, indicating the program-
med operation has completed.

END/TC is an open-drain 1/0 pin, and requires an
‘external 2.2-kQ pull-up resistor.

'HLDAK [Hold Acknowledge]

When an external bus requester has become the
highest priority requester, the internal bus arbiter will
‘Essert the HLDAK output indicating the address, data,
and control buses have entered a high-impedance state
and are available for use by the external bus master.

Should the internal DMAU or RCU (demand mode)
“equest the bus, the bus arbiter will drive HLDAK low.
Nhen this occurs, the external bus master should
somplete the current bus cycle and negate the HLDRQ
signal. This allows the bus arbiter to reassign the bus to

he higher priority requester.

i-ILDRQ [Hold Request]

"his active-high signal is asserted by an external bus
naster requesting to use the local address, data, and
ontrol buses. The HLDRQ input is used by the internal
wus arbiter, which gives control of the buses to the
ighest priority bus requester in the following order.

L

Is Master Priority

Mi] Highest (demand mode)
VAU .

..DRQ .

)U 'y

U Lowest (normal operation)

INTAK/TOUT1/SRDY [Interrupt Acknowledge]/
[Timer 1 Output]/[Serial Ready]

Three output signals multiplexed on this pin are
selected by the PF field of the on-chip peripheral
connection register.

e INTAK is an interrupt acknowledge signal used to
cascade external slave uPD71059 Interrupt Control-
lers. INTAK is asserted during T2, T3, and Tw states
of an interrupt acknowledge cycle.

e TOUT1 is the output of timer/counter 1.

e SRDY is an active-low output and indicates that the
serial control unit is ready to receive the next
character.

INTP1-INTP7? [Peripheral Interrupts)

INTP1-INTP7 accept either rising-edge or high-level
triggered asynchronous interrupt requests from external
peripherals. These INTP1-INTP7 inputs are internally
synchronized and prioritized by the interrupt control
unit, which requests the CPU to perform an interrupt
acknowledge bus cycle. External interrupt controilers
such as the uPD71059 can be cascaded to increase the
number c* vectored interrupts.

These interrupt inputs cause the CPU to exit both the
standby and 8080 emulation modes.

INTP1-INTP7 contain internal pull-up resistors and
may be left unconnected.

IORD [I/0 Read]

This three-state pin outputs an active-low I/O read
strobe during T2, T3, and Tw of an I/O read bus cycle.
Both CPU 1/0 read and DMA write bus cycles assert
IORD. IORD is not asserted when the bus cycle
corresponds to an internal peripheral. It enters the
high-impedance state during hold acknowledge.

TOWR [I/O Write]

This three-state pin outputs an active-low /0 write
strobe during T2, T3, and Tw of a CPU [/O write or an
extended DMA read cycle and during T3 and Tw of a
DMA read bus cycle. IOWR is not asserted when the
bus cycle corresponds to an internal peripheral. It
enters the high-impedance state during hold acknow-
ledge.
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MRD [Memory Read Strobe]

This three-state pin outputs an active-low memory
read strobe during T2, T3, and Tw of a memory read
bus cycle. CPU memory read, DMA read, and refresh
bus cycles all assert MRD. MRD enters the high-
impedance state during hold acknowledge.

MWR [Memory Write Strobe}]

This three-state pin outputs an active-low memory
write strobe during T2, T3, and Tw of a CPU memory
write or DMA extended write bus cycle and during T3
and Tw of a DMA normal write bus cycle. MWR enters
the high-impedance state during hold acknowledge.

NMI [Nonmaskable Interrupt]

The NMI pin is a rising-edge-triggered interrupt input
that cannot be masked by software. NMl is sampled by
CPU logic each clock cycie and when found valid for
five or more CLKOUT cycles, the NMI interrupt is
accepted. The CPU will process the NMI interrupt
immediately after the current instruction finishes
execution by fetching the segment and offset of the
NMI handler from interrupt vector 2. The NMl interrupt
causes the CPU to exit both the standby and 8080
emulation modes. The NMI input takes precedence
over the maskable interrupt inputs.

POLL [Poll]

The active-low POLL input is used to synchronize the
operation of external devices with the CPU. During
execution of the POLL instruction, the CPU checks the
POLL input state every five clocks until POLL is once
again asserted.

QS1-QSg [Queue Status]

The QS84 and QSp outputs maintain instruction syn-
chronization between the uPD70208 CPU and external
devices such as the uPD72191 Floating Point Processor.
These outputs are interpreted as follows.

08 0Sg Instruction Queue Status
0 0 No operation )
0 1 First byte of instruction fetched
1 0 Flush queue contents
1 1 Subsequent byte of instruction fetched

Queue status is valid for one clock cycie after the CPU
has accessed the instruction queue.

3-100

READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the yPD70208. Slow
memory and |/O devices can lengthen a bus cycle by
negating the READY input and forcing the BlU to insert
Tw states. READY must be negated prior to the rising
edge of CLKOUT during the T2 state to guarantee
recognition. When READY is once again asserted and
recognized by the BIU, the BIU will proceed to the T4
state.

The READY input operates in parallel with the internal
uPD70208 wait control unit and can be used to insert
more than three wait states into a bus cycle.

REFRQ [Refresh Request]

REFRQ is an active-low output indicating the current
bus cycle is a memory refresh operation. REFRQ is
used to disable memory address decode logic and
refresh dynamic memories. The 9-bit refresh row
address is placed on Ag-Ag during a refresh bus cycle.

RESET [Reset]

The RESET input is used to force the uPD70208 to 2
known state by resetting the CPU and on-chip periph-
erals. RESET must be asserted for a minimum of four
clocks to guarantee recognition. After RESET has
been released, the CPU will start program executior
from address FFFFOH. ‘

RESET will release the CPU from the low-powe
standby mode and force it to the native mode.

RESOUT [Reset Output]

This active-high output is available to perform a system
wide reset function. Reset is internally synchronize
with CLKOUT and output on the RESOUT pin.
TCLK

TCLK is an external clock source for the timer contr
unit. The three timer/counters can be programmed !
operate with either the TCLK input or a prescale
CLKOUT input. . ,1
[
TCTL2 ’ﬁ
TCTL2 is the control input for timer/counter 2.
TOUT2
TOUT2 is the output of timer/counter 2.
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X1, X2 [Clock Inputs]

' These pins accept either a parallel resonant, funda-
mental mode crystal or an external oscillator input with
a frequency twice the desired operating frequency.

Block Diagram

o
17
o
&
4
® s g
> 23 < < o
22 2 2 2 5 & gg
i c < 23 < @ 8 [« ]
TOUT2 <] | «— POLL
- |—» BUSLOCK
TOUT1 <+ scu wcu BUFER
TCTL2 —*] — BUFE
TCLK —» BUFR/W
‘ r___l L> ASTB
BIU e
INTP? — [OWR
INTP6 —| —» IORD
INTP5 ] — MWR
‘ INTPa —s] ICU | —» WRD
| INTP3 —»] cPU «— READY
INTP2 > L —» RESOUT
INTP1 <+— RESET
INTAK < " L+ HLDAK
NMI BAU le— HLDRQ
X e DAMU
X2 ~— RCU
cLKOUT
ScxalE gRE 2
c< e |<ac|d el > ™
K < <I< << |0 oy
SE=EEsESEfz =
nloaoabaoloplo'w
83-002730B
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Absolute Maximum Ratings

AC Characteristics

Ta=+25°C Ta=—10to +70°C; VDD=+5Vi10°/_o; CL =100 pF
Power supply voltage, Vpp -05t0+7.0V Limits Test
Input voltage, V| —05t0 Vpp+0.3V Parameter Symbol  Min  Max Unit  Conditions
CLK input voltage, Vg -05t0 Vpp+1.0V External clock input  tgyx 62 250 s
Output voltage, Vg -0.5t0 Vpp+ 0.3V oycle time
Operating temperature, Topr —10to +70°C 5’;&9‘{1"?‘2 ;::’CK pulse  tyxH 2 s Vku=30V
Storage temperature, Tstg ~B510+150°C  External clock pulse tyx, 20 s Vg =15V
Comment: Exposing the device to stresses above those listed in the width, low
Absolute Maximum Ratings could cause permanent damage. The External clock rise xR 10 ns 15—-30V
device is not meant to be operated under conditions outside the time
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended External clock fall XF 10 ns 3015V
periods may affect device reliability. time
CLKOUT cycle time  tgyk 124 500 ns
DC Characteristics CLKOUT pulse width, texy 0.5 toyk ns  Vky=30V
Ta= —10 to +70°C; Vpp =+5 V £10% h|gh -7
Limits Test CLKOUT pulse width, tkx. 0.5 toyk ns VgL =15V
Parameter Symbol  Min  Max Unit Conditions low —7
Input voltage, high Vi 22 Vpp+ V CLKOUT rise time tkr 7 s 15—30V
0.3 CLKOUT fall time ke 7 ns 30—15V
Input voltage, low V. —-05 08 V CLKOUT delay time  tpxk 55 s
X1, X2 input Vi 39 Vpp v from external clock
voltage, high 1.0 Input rise time tiR 20 ns  08—22V
X1, X2 input Vb 05 06 V (?XCEP‘ external
voltage, low clock)
f - Input fall time tEe 2 ns 2208V
Output voltage, high Voy 0.7 Vpp v loy = —400 wA (except external
Output voltage, low Vg 04 Vv loL=25mA clock)
Input leakage 1L 0 A Vi=Vpp Output rise time tor 20 ns  08-—22V
current, high (except CLKOUT)
Input leakage ILipL —300 pA  Vi=0V,INTP Output fall time tor 2 ns 2208V
current, low input pins (except CLKOUT)
Iy -0 pA V=0V, other RESET setup timeto  tspesk 25 ns
input pins CLKOUT!
Qutput leakage ILon 10 pA Vo=Vpp RESET hold time tHKRES 35 ns
current, high after CLKOUT!
Output leakage oL -0 pA Vo=0V RESOUT delay time  tpkRes 5 60 ns
current, low from CLKOUT!
Supply current lop 90 mA Normal mode READY inactive SRYLK 15 ns
200 mA Standby mode setup time to
cLkoutt
Capacitance READY inactive tHKRYL 25 ns
Ta=+25°C, Vpp =0V hold time after
. — cLKouTt
_ Limits Test READY active setup  tspynk 15 ns
Parameter Symbol Min  Max Unit Conditions time to CLKOUT
Input capacitance G 1% pF fc=1MHz READY active hold  tykryn 25 ns
Output capacitance  Cg 15 pF ::Trg::]r::g fomdc‘v time afﬁr_CLKOUT?
. N, POLL setup tsIK 15 ns
time to CLKOUT?
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AC Characteristics (cont)

Limits Test Limits Tost
Parameter Symbol Min  Max  Unit Conditions Parameter Symbol Min  Max Unit Conditions
Data setup timeto  tgpk 20 ns HLDRQ setup time tsHOK 20 ns
© cLkouTd to CLKOUT!
Data hold time after tykp 15 ns HLDAK delay time  tpgHa 10 100 ns
CLKouT! from CLKOUT!
Address delay time  tpka 10 60 ns Address drive delay  tpka2 teyk ns
from CLKOUT} time from CLKOUT
Address hold time  tyka 10 ns DMAAK delay time  tpkpaL 10 70 ns
after CLKOUT} from CLKOUT?
PS delay time from  tpkp 10 60 ns DMAAK delay time  tpkpaH 10 115 ns Cascade mode
CLKOUT! from CLKOUT!
PS float delay time  trxp 10 60 ns WR pulse width, twwi  2toyk — ns DMA extended
from CLKOUT? low (DMA cycle) 40 write cycle
Address setup time  tgasT  tkk — 30 ns WR pulse width, twwe  tovk — ns DMA normal
to ASTB! low (DMA cycle) 40 write cycle
Address float delay  trka tika 60 ns TC output delay toKTCL 60 ns
time from CLKOUTY time from CLKOUT?
ASTB! delay time  tpksTH 50 ns , TC off delay time  tpkycF 60 ns
from CLKOUT! from CLKOUT?
ASTBI delay time  tpksTL 5 ns TC pulse width, low  trereL toyk — 15 ns
from CLKOUTH TC pullup delay toKTCH tkki+ NS
ASTB pulse width, tssT  tyge — 10 ns time from CLKOUTt toyk —
pigh 10
Address hold time  tysTa  tkkn — 10 ns END setup time tsEDK 35 ns
after ASTB! to CLKOUT?
Sontrol delay time  tpgt 15 60 ns END pulse width, ~ tgpgp. 100 ns
‘rom CLKOUT low
304 delay time tDAFRL 0 ns DMARQ setup time  tspq 35 ns
rom address float to CLKOUT?
iD! delay time tpKRL 10 70 ns INTPn pulse width,  tjpjpL 100 ns
rom CLKOUT! low
Dt delay time tDKRH 15 60 ns RxD setup timeto  tspy 1 us
-om CLKOUT! SCU internal clock!
ddress delay time tppya  toyk —40 ns RxD hold time after  tyrx 1 us
‘om CLKOUT SCU internal clock!
D pulse width, fow tgg 2teyk — ns SRDY delay time toKksR 150 ns
50 from CLKOUT!
UFR/W delay from tpgecT  tkkL — ns Read cycle TxD delay time from  tpyx 500 ns
UFENT 20 TouT1!
tower kL — ns  Write cycle TCTL2 setup time tsex 50 ns
20 from CLKOUT!
ita output delay  tpkp 10 60 ns TCTL setup time tsgTK 50 ns
ne from CLKOUT} to TCLK?
1ta float delay tekp 10 60 ns TCTL2 hold time tHkG 100 ns
ne from CLKOUT! after CLKOUT!
R pulse width, low tww  2tgyk — ns TCTL2 hold time tHTKG 50 ns
40 after TCLK?
| delay time tokBL 10 60 ns TCTL2 pulse width,  tggH 50 ns
im cLKoUTt high
It delay time tDKBH 10 65 ns .

m CLKouT!
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AC Characteristics (cont) Clock Input Configurations
Limits Test

Parameter © Symbol Min  Max Unit  Conditions Crystal-Controlled Internal Clock
TCTL2 pulse width, tggL 50 ns — X1
low 15 pF
TOUT output delay  tpkTo 200 ns "I'_J =
time from CLKOUT! 15 pF T %2
TOUT output delay  tprkTo 150 ns I
time from TOUT!
TOUT output delay  tpgro 120 - ns Extemal Clock 1
time from TCTL2 CLK — X1
TCLK rise time ~ trkg 25 ns
TCLK fall time tTkF 25 ns
TCLK pulse width,  trxTku 50 ns X2
high »
TOLK pulse width,  trgrke 50 ns External Clock 2
low

: clk———P>o—Ix1
TCLK cycle time toyTK 124 Dc ns
RD{, WR! dellay topARW  tKKH ns
from DMAAK -3 Buffers are high-speed
DMAAK? delay tDRHDAH KL ns CMOS inverters.
from RD1 ) -30 83-004019A
RD1 delay from towHRH 5 ns '
WR?

Timing Measurement Points

Input 24V
(except Clock] )1 22V 72 zX
0av - o8V §
xqz v 22V
Output L 0.8V 0.8V 4
83-00181¢
Timing Waveforms
Clock Timing
[e———toyx———

XXH

External
Clock __/_—\
[X1]

*ToxK texe
tevk
r——-'xxn———b e tkr
. \ j
CLKOUT \ 7{ &( 4
———— KL ————

83-00184¢
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Timing Waveforms (cont)

Reset and Ready Timing

Reset Timing

oo <_./_\e /S
|- tsRESK tHKRES
RESET
52
LY 1
[+— tDKRES le—tDKRES:
2 A
¢
RESOUT
Ready Timing, No Wait States
il T2 T3 T4 m

CLKOUT

tHKRYH
tSRYHK
READY

Ready Timng, Wait States

T

tsRYLK le— tHKRYH

T2 T3 ™™ T4

READY

—] tHKRYL

83-002725B
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Timing Waveforms (cont)

Poll, NMI, and Buslock Timing

CLKOUT
POLL, NMI Input Timing '~—> tsik
POLL, NMI X
CLKOUT
BUSLOCK Output Timing [_-QDKA tokA
BUSLOCK
L, —
83-0018318B
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Timing Waveforms (cont)

.,

Read Timing
T4 m T2 3 Ta
cu(our/ n/ n/ \_/_1 h___/ l_—\__
—»] [e—1hka — —tFkp
A49IPS3-
A16/PSo Alddress Program Status
toka —>| —» tokp
tsasT —
A1s-Ag ) <
tsast —» J *—trka le———tspk —|
l A 4 \ —
AD7-ADg Add N g Data Input % y
' S
tDKSTH— l — le—tHsTA to—> . )
=b|° e
\ /_
ASTB =

toksTL — % l<*

—»| [e—tokct  [Note 1] —»  [e—tpker
/ \ S /!
SUFEN — \
T [*—tpBECT
—> tockT —H [*—tpAFAL g toker
BUFRIW
f

44 [ tDKRL [Note 1] —% le—tpKRH

= S

- tRR — | [&———tppHA——¥
]
BS2-BS0 \
-
—» [*— tbKBL —> tokeH
Note:
[1] Excep 170

83-001848B
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Timing Waveforms (cont)

Write Timing

T4 T T2 3 Ta
e/ / ﬁx__/—_\t_/_\‘-—/ :
‘ —
::::';:: Address Program Status —<
As-Ag
tokaA—»] e —  [@—tpkD —» |4— trxD
4
AD7-ADg 17 Add Data Output ?—-
K 2 7
—f l— tHKA
[e—tsast
ASTEL _A__/_— J/
—’I le—— tHSTA [Note 1}
tokeT — — F toker
BUFEN -
BUFRIW -/ \—.__
—»  |e—tpker [Note1]  __, ]‘——tm(cr
MWR’ _ e — e
owR \ Z‘
N
d tww
BS2-BSO -
— tokBL — tokeH
Note:
[1] Except internal I/O accesses.
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Timing Waveforms (cont)

Status Timing

T4 T T2 T3 T4
oot / }x_/—\k__/—\_/—‘ y
tHKA —
: [— trkp
— -— tpkp
A1alPSg Address g Pro Status 3
-A1siPSp A gram Statu
toka—
Ats-Ag x
r—— tgpgk —™
tFKA — [+ — }¢— tHKD
T\ / V
AD7-ADg ress ata input
% Add } { Data | 5
¥, 7 \N
l¢—— tprHA —>|

ASTB / \

—> “* tokBH
I
BS2-BS0 Bus Status j
]

N

— tDKBL [+ tDAFRL —;] —| [« toKRH
MRD, IORD 4
MWR, iOWR /
toka —] ‘4 tokRL
| tRR

XXX

M

83-0027248
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

T T2 T3 T4 Tt T2 T3 TI
CLKOUT_/ \__/ \_/ \\__/
kA= |a— toka | ~€—trka — [ thko
~ —tsor—>
. J — —_
AD7-ADg Y ' - -
Vector number
[Note 2]
Ais-Ag X [Note 1]
ASTB / \
tokeT—> . .
INTAK ! \ /

toker —-d [~—1tpKCcT

[Note 2] : \ [Note 2] /

BUFEN

BUFRIW

— toxa

BUSLOCK

Note:

(1] Slave address when from ext I uPD71059. L when internal ICU
interrupt.

[2] Solid line when interrupt from external xPD71059. Dash line when internal ICU interrupt.

83-001840B
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Timing Waveforms (cont)

Timing, Normal Operation

NOTE: * A19/PS3-A16/PSo, AD7-ADp, A1s-As, BUFEN, BUFR/W, MRD, iORD, MWR, IOWR, BS2-BS0

T ! m ™ T4 ™
Y/ _/ / /Y " \K__/ \
cLkout é—/ - -
—>l 1sHak tsHaK
o >a
—d G
HLDRQ J [
— '<vinm tDKHA
52
HLDAK 0 f
—+{  |e—trxa 1| toka
>a
: 3 7 Internal
Internal M; O
(1) Internal Bus lstel;, P T Bus Master
—»  fe—tpxa toka
———? L
(2) Internal Bus Master O % Internal Bus Master
_—
NOTES: (1) A1g/PS3-A14/PSg, AD7-ADg, Ar5-Ag, BUFEN,BUFR/W,MRD,/ORD,MWR,IOWR
(2) BS2-8S0
83-0018428
Timing, Bus Wait
cLKOUT \ / \ / \ / \ / X / \ /———\_
tsHok
HLDRQ — ¢
1
toKHA —
HLDAK
[ 2 ¢
¢ toKAz————
52
02 SmE—
External Bus Master )-————-] Internal Bus Master
., S
—_ —

83-0027328
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Timing Waveforms (cont)

Refresh Timing

CLKOUT

A4glPS3
-A16/PSp

A1sAg

AD7-ADg

ASTB

BUFEN

MRD

REFRQ

BS2-BS0

T4 T T2 T3 T4
— ‘ toke -
Invalid
Invalid
tDKA—> F— — F———'HKA

hfﬁ?ﬁ?ﬁH

—%L N
—p1 tDAFRL
v tokRL

-—q

tokcT —» {

(chr—ﬂ

Tlr

<— tDKBL

— '«fDKBH

X

BS2=1, BS1=0, BS0=1

7

83-002731
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

T4 ™ T2 T3 T4
o NN N N
toksL le— — |«—tokBH
) 4
BS2-BSO
K
ASTB / \
—»  e—thka
toka —»| ,‘ )
—»| te—tokp
A19lPS3 f
-A16/PSo
A15-Ag
— F—‘FKA
N
AD7-ADg lg
|
tDKHDA —]
DMAAK
tDKRL — }4—
—+| je—1DAFRL
tDDARW — tRR
MRD, IORD
tOKCT —{  |e— —s|  Je—toker ——-{
tDDARW —»| twwi
"l Ve
P \
MWR, IOWR %LEarly write mode
f . _18____1

83-0027238
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Timing Waveforms (cont)

DMA Timing
END/TC Timing
T T2 T3 Ta
cLKouT / \
tokTcF
fokTeL .
“_ ‘d—'ox'rcn
% N
1seDK | fa—
je——trereL
je—teDEDL
END \
DMA Request Timing
CLKOUT
—|tspak
s
DMARQn }
(n=0-3)
Cascade Mode, Normal Operation
T T4
CcLKOUT
tsbak tspak
RS ‘l‘(
DMARQ
tDKLDA |DKLDA
-2
DMAAK
s
Cascade Mode, Refresh Cycle Insertion
e NU / r /
—- —t
DMARQ /
tDKLDA tDKLDA
DMAAK — -\ @

83-001826(
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Timing Waveforms (cont)

SCU Timing
RxD 5
) - ) (
———— tgpx ————wre¢—— typx ———
s IWﬂJ L
16 or 64 TOUT1 pulses
[4——16 or 64 TOUT! pulses
™0
+—1tprx
CLKOUT
tpksr
SRDY
83-0018498
ICU Timing
tpipL
INTPn
{n=17)
83-0040208
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Timing Waveforms (cont)

TCU, Internal Clock Source

CLKOUT

TCTL2 7{1 ll\r ) Z

— [«— tpGgTO [TOUT2] —  tokT0
/
TOUTn [n=1,2] s
83-0027228B
TCU Timing, TCLK Source
trkR trke t
TKTKH
-— le— teyrk ——»
|
N N\
|
trKTKL
tHTke .
- SGTK
tsaTk [ tagH tHTka
TCTL2 K
teaL

tbGTO —* — totkTo
[TOUT2)

TOUTn [n=1,2]

83-001823E
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Functional Description

Refer to the uPD70208 block diagram for an overview
of the ten major functional blocks listed below.

Central processing unit (CPU)
Clock generator (CG)

Bus interface unit (BIU).

Bus arbitration unit (BAU)
Refresh control unit (RCU)
Wait control unit (WCU)
Timer/counter unit (TCU)
Serial control unit (SCU)
Interrupt control unit (ICU)
DMA control unit (DMAU)

Figure 1. uPD70208 CPU Block Diagram

Central Processing Unit

The uPD70208 CPU functions similarly to the CPU of
the uPD70108 CMOS microprocessor. However, be-
cause the uPD70208 has internal peripheral devices,
its bus architecture has been modified to permit
sharing the bus with internal peripherals. The uPD70208
CPU is object code compatible with both the uPD70108/
pPD70116 and the uPD8086/uPD8088 microprocessors.

Figure 1 is the uPD70208 CPU block diagram. A listing
of the uPD70208 instruction set is at the end of this data
sheet.

Internal address/data bus (20)

> To BIU
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PS TState
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PFP Cycle Interrupt NMI
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TEMP U (from ICU)
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l Control Controi (from CG)
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= _ _ _ BCU
o EXU
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J ] o |
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v Register s ROM 29 > Micro data bus
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<
SP =
©
Ss Py
uSequence
c é g Control
TA [ ]
Shifter
T8 Instruction Decoder ]
oK e
v KOl

Subdata bus(16)

Main data bus(16)
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Register Configuration

Program Counter [PC]. The program counter is a 16-
bit binary counter that contains the program segment
offset of the next instruction to be executed. The PG is
incremented each time the microprogram fetches an
instruction from the instruction queue. The contents of
the PC are replaced whenever a branch, call, return, or
break instruction is executed and during interrupt
processing. At this time, the contents of the PC are the
same as the prefetch pointer (PFP).

Pretetch Pointer [PFP]. The prefetch pointer is a
16-bit binary counter that contains the program seg-
ment offset of the next instruction to be fetched for the
instruction queue. Because instruction queue prefetch
is independent of instruction execution, the contents
of the PFP and PC are not always identical. The PFP is
updated each time the bus interface unit (BIU) fetches
an instruction for the instruction queue. The contents
ofthe PFP are replaced whenever a branch, call, return
or break instruction is executed and during interrupt
processing. At this time, the contents of the PFP and
PC are the same.

Segment Registers [PS, S8, DSg, DS¢]. The uPD70208
memory address space is divided into 64K-byte logical
segments. A memory address is determined by the sum
of a 20-bit base address (obtained from a segment
register) and a 16-bit offset known as the effective
address (EA). 1/0 address space is not segmented and
no segment register is used. The four segment registers
are program segment (PS), stack segment (SS), data
segment 0 (DSp), and data segment 1 (DS4). The
following table lists their offsets and overrides.

Default
Segment Register Offset Override

PS PFP register ~ Invalid

SS SP register Invalid

SS Effective address (BP-based) PS, DSp, DS¢
DSg Effective address (non BP-based) PS, SS, DS4
DSg IX register (1) PS, SS, DS4
DS4 1Y register (2) Invalid

Note:

(1) Includes source block transfer, output, BCD string, and bit field
extraction.

(2) Includes destination block transfer, input, BCD string, and bit
field insertion.
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General-Purpose Registers. The uPD70208 CPU con-
tains four 16-bit general-purpose registers (AW, BW,
CW, DW), each of which can be used as a pair of 8-bit
registers by dividing into upper and lower bytes (AH,
AL, BH, BL, CH, CL, DH, DL).. General-purpose
registers may also be specified implicitly in an in-
struction. The implicit assignments are:

AW  Word multiplication/division, word 1/0,
data conversion

AL  Byte multiplication/division, byte I/O, BCD
rotation, data conversion, translation

AH  Byte multiplication/division

BW Translation

CW Loop control, repeat prefix

CL - Shift/rotate bit counts, BCD operations

DW  Word multiplication/division, indirect
1/0 addressing

Pointer [SP, BP] and Index Registers [IX, 1Y]. These
registers serve as base pointers or index registers
when accessing memory using one of the base,
indexed, or base indexed addressing modes. Pointer
and index registers can also be used as operands for
word data transfer, arithmetic, and logical instructions.
These registers are implicitly selected by certain
instructions as follows.

SP  Stack operations, interrupts

1X Source block transfer, BCD string
operations, bit field extraction

Y Destination block transfer, BCD string
operations, bit field insertion
Program Status Word [PSW]

The program status word consists of six status flag
and four control flags.

Status Flags Control Flags

e V (Overflow) ¢ MD (Mode)

e S (Sign) o DIR (Direction)

o Z (Zero) o |E (Interrupt Enable)
e AC (Auxiliary Carry) ¢ BRK (Break)

e P (Parity)

e CY (Carry)
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~ When pushed onto the stack, the word image of the
PSW is as follows:

15 ‘ 8

T T T T T T T
|MD 1 1 1 V. DIR IE BRK|

‘ 7 0
T T T T T T T
rS Z 0 AC 0 P 1 CYJ

The status flags are set and cleared automatically

' depending upon the result of the previous instruction
execution. Instructions are provided to set, clear, and
complement certain status and control flags. Other
flags can be manipulated by using the POP PSW
instruction.

Between execution of the BRKEM and RETEM in-
structions, the native mode RET! and POP PSW
instructions can modify the MD bit. Care must be
exercised by emulation mode programs to prevent
inadvertent alteration of this bit.

CPU Architectural Features

‘The major architectural features of the uPD70208 CPU
are:

'{e Dual data buses

o Effective address generator
‘s Loop counter

¢ PC and PFP

!‘Dual Data Buses. To increase performance, dual data
buses (figure 2) have been employed in the CPU to
fetch operands in parallel and avoid the bottleneck ofa
single bus. For two-operand instructions and effective
address calculations, the dual data bus approach is 30
percent faster than single-bus systems.

Effective Address Generator. Effective address (EA)
Falculation requires only two clocks regardless of the
‘addressing mode complexity due to the hardware
sffective address generator (figure 3). When compared
with microprogrammed methods, the hardware ap-
broach saves between 3 and 10 clock cycles during
sffective address calculation.

Figure 2. Dual Data Buses
e
il

Registers

Temporary
Registers/Shifters

ALU

< D
g U

Subdata bus Main data bus
83-003828B

Figure 3. Effective Address Generator

mod rim

EA Generator

Effective Address
83-002737A

Loop Counter and Shifters. A dedicated loop counteris
used to count the iterations of block transfer and
multiple shift instructions. This logic offers a significant
performance advantage over architectures that control
block transfers and multiple shifts using microprogram-
ming. Dedicated shift registers also speed up the
execution of the multiply and divide instructions.
Compared with microprogrammed methods, multiply
and divide instructions execute approximately four
times faster.
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Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupled inthe uPD70208. By avoiding a single-instruc-
tion pointer and providing separate PC and PFP
registers, the execution time of control transfers and
the interrupt response latency can be minimized.
Several clocks are saved by avoiding the need to
readjust an instruction pointer to account for prefetch-
ing before computing the new destination address.

Enhanced Instruction Set

In addition to the uPD8086/88 instruction set, the
uPD70208 has added the following enhanced instruc-
tions.

Instruction Function

PUSH imm Push immediate data onto stack
PUSHR Push all general registers onto stack
POP R Pop all general registers from stack
MUL imm Multiply register/memory by immediate data
SHL imm8 Shift/rotate by immediate count
SHR imm8

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Check array index

INM Input multiple

ouT™ Output multiple

PREPARE Prepare new stack frame

DISPOSE Dispose current stack frame

Unique Instruction Set

In addition to the uPD70208 enhanced instruction set,
the following unique instructions are supported.

Instruction Function

INS Insert bit field

EXT ' Extract bit fietd

ADD4S BCD string addition
SuB4s BCD string subtraction
CMP4S ) BCD string comparison
ROL4 : Rotate BCD digit left
ROR4 Rotate BCD digit right
TEST1 Test bit

SET1 Set bit

CLR1 ’ Clear bit

NOT1 Complement bit

REPC Repeat while carry set
REPNC Repeat while carry cleared
FPO2 Floating point operation 2
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Bit Fields. Bit fields are data structures that range in
length from 1 to 16 bits. Two separate operations on bit
fields, insertion and extraction, with no restrictions on
the position of the bit field in memory are supported.
Separate segment, byte offset, and bit offset registers
are used for bit field insertion and extraction. Because
of their power and flexibility, these instructions are
highly effective for graphics, high-level languages, and
data packing/unpacking applications.

Insert bit field (INS) copies the bit field of specified
length (0 = 1 bit, 15 = 16 bits) from the AW register to
the bit field addressed by DS1:1Y:reg8 (figure 4). The
bit field length can be located in any byte register or
supplied as an immediate value. The value inreg8is a
bit field offset. A content of 0 selects bit 0 and 15 selects
bit 15 of the word DS0:1X points to. Following execution,
the 1Y and bit offset register are updated to point to the
start of the next bit field.

Bit field extraction (EXT) copies the bit field of specified
length (0 = 1 bit, 16 = 16 bits) from the bit field
addressed by DS0:1X:reg8 to the AW register (figure 5).
Ifthe bit field is less than 16 bits, it is right justified with
azerofill. The bit field length can be located in any byte
register or supplied as immediate data. The value in
reg8 is a bit field offset. A content of 0 selects bit 0 and
15 selects bit 15 of the word DSO0:IX points to. Following
execution, the IX and bit offset register are updated to
point to the start of the next bit field.

Packed BCD Strings. These instructions are provideq
to efficiently manipulate packed BCD data as strings
(length from 110 254 digits) or as a byte data type with a
single instruction.

BCD string arithmetic is supported by the ADD4S,
SUBA4S, and CMP4S instructions. These instructions
allow the source string (addressed by DS0:1X) and thé
destination string (addressed by DS1:1Y) to be manip-
ulated with a single instruction. When the number o}
BCD digits iseven, the Zand CY flags are set according}
to the result of the operation. If the number of digits i
odd, the Z flag will not be correctly set unless the uppe;|
4 bits of the result are zero. The CY flag will not b
correctly set unless there is a carry out of the upper
bits of the result.

The two BCD rotate instructions (ROR4, ROL4) perforn
rotation of a single BCD digit in the lower half of the Al
register through the register or memory operand.

Bit Manipulation. Four bit manipulation instruction
have been added to the uPD70208 instruction set. Th
ability to test, set, clear, orcomplementasingle bitin
register or memory operand increases code readabilit
as well as performance over the logical operation
traditionally used to manipulate bit data.
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Figure 4. Bit Field Insertion
Bitlength
15 0
AW / /
l Bit offset Byte offset IY) |
| ] !
\ | [// L e
| | ! .
Byte boundary Segment Iase {DS1)
83-000106B
Figure 5. Bit Field Extraction
Bitiength | Bitoffset Byte offset (IX)
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83-0001078

Repeat Prefixes. Two repeat prefixes (REPC, REPNC)
illow conditional block transfer instructions to use the
state of the CY flag as a terminating condition. The use
»f these prefixes allows inequalities to be used when
vorking on ordered data, increasing the performance
»f searching and sorting algorithms.

‘loating Point Operation Instructions. Two floating
ointoperation (FPO) instruction types are recognized
)y the uPD70208 CPU. These instructions are detected
y the CPU, which performs any auxiliary processing
uch as effective address calculation and the initial bus
‘ycle if specified by the instruction. It is the responsi-
lility of the external coprocessor to latch the address
rformation and data (if a read cycle) from the bus and
omplete the execution of the instruction.

8080 Emulation Mode. The uPD70208 CPU can operate
in either of two modes; see figure 6. Native mode allows
the execution of the uPD8086/88, enhanced and unique
instructions. The other operating mode is 8080 emu-
lation mode, which allows the entire yPD8080AF
instruction set to be executed. A mode (MD) flag is
provided to distinguish between the two operating
modes. Native mode is active when MD is 1 and 8080
emulation mode is active when MD is 0.

Two instructions are provided to switch from native to
8080 emulation mode and return back. Break for
emulation (BRKEM) operates similarly to a BRK
instruction, except that after the PSW has been pushed
on the native mode stack, the MD flag is cleared.
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During 8080 emulation mode, the registers and flags of
the 8080 are mapped onto the native mode registers
and flags as shown below. Note that PS, SS, DS, DS4,
1X, 1Y, AH, and the upper half of the PSW registers are
inaccessible to 8080 programs.

PDBOBOAF uPD70208

Registers AL
CH

cL

DH
DL
BH

BL
BP
PC

Flags cY
z

S

p
AC

Bv|loNo|S3grzmo|lowm>

Figure 6. ©PD70208 Modes

During 8080 emulation mode, the BP register functions
as the 8080 stack pointer. The use of separate stack
pointers prevents inadvertent damage to the native
stack pointer by emulation mode programs.

The 8080 emulation mode PC is combined with the PS
register to form the 20-bit physical address. All emu-
lation mode data references use DSO as the segment
register. For compatibility with older 8080 software
these registers must be equal. By using different
segment register contents, separate 64K-byte code
and data spaces are possible. ) .

Either an NMI or maskable interrupt will cause the 8080
emulation mode to be suspended. The CPU pushes the
PS, PC, and PSW registers on the native mode stack,
sets the MD bit (indicating native mode), and enters the
specified interrupt handler. When the return from
interrupt (RETI) instruction is executed, the PS, PC,
and PSW (containing MD=0) are popped from the
native stack and execution in 8080 emulation mode
continues. Reset will also force a return to native mode.

Bus Hold

Native Mode

Bus Hold

Standby Mode

RESET,
NMI, INT

INT[DI]

Emulation Mode

83-003830€
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The 8080 emulation mode programs also have the
capability to invoke native mode interrupt handiers by
means of the call native (CALLN) instruction. This
instruction operates the same as the BRK instruction
except that the saved PSW indicates 8080 emulation
mode.

To exit 8080 emulation mode, the return from emulation
(RETEM) instruction pops the PS, PC, and PSW from
the native mode stack and execution continues with
the instruction following the BRKEM instruction. Nest-
ing of 8080 emulation modes is prohibited.

Interrupt Operation

The uPD70208 supports a number of external interrupts
and software exceptions. External interrupts are events
asynchronous to program execution. On the other
hand, exceptions always occur as a result of program
execution.

The two types of external interrupts are:

o Nonmaskable interrupt (NMI)
» Maskable interrupt (INT)

The six software exceptions are:

Divide error (DIV, DIVU instructions)

Array bound error (CHKIND instruction)
Break on overflow (BRKYV instruction)
Break (BRK, BRKS instructions)

Single step (BRK bit in PSW set)

Mode switch (BRKEM, CALLN instructions)

nterrupt vectors are determined automatically for
1xceptions and the NMI interrupt or supplied by
\ardware for maskable interrupts. The 256 interrupt
ectors are stored in a table (figure 7) located at
.ddress 00000H. Vectors 0 to 5 are predetermined and
ectors 6 to 31 are reserved. Interrupt vectors 32 to 255
re available for use by application software.

‘ach vector is made up of two words. The word located
t the lower address contains the new PC for the
iterrupt handler. The word at the next-higher address
; the new PS value for the interrupt handler. These
wst beinitialized by software at the start of a program.

tandby Mode

e uPD70208 CPU has a low-power standby mode,
lhich can dramatically reduce power consumption
uring idle periods. Standby mode is entered by simply
<ecuting a native or 8080 emulation HALT instruction;
> external hardware is required. All other peripherals
ich as the timer/counter unit, refresh control unit,
1d DMA control unit continue to operate as pro-
ammed.

During standby mode, the clock is distributed only to
the circuits required to release the standby mode.
When a RESET, NMI, or INT event is detected, the
standby mode is released. Both NM| and unmaskable
interrupts are processed before control returns to the
instruction following the HALT. In the case of the INT
input being masked, execution will begin with the
instruction immediately following the HALT instruction
without an intervening interrupt acknowledge bus
cycle. When maskable interrupts are again enabled, the
interrupt will be serviced.

Output signal states in the standby -mode are listed
below.

Output Signal Status in Standby Mede

INTAK, BUFEN High level

MRD, MWR, IOWR

I0RD

BSy-BSg (Note 2) High level

0S4-0Sg, ASTB Low level

BUSLOCK High leve! (low level if the
HALT instruction follows the
BUSLOCK prefix)

BUFR/W, High or low level

Aqg-A4g/ PS3-PSp,

Ass-Ag, AD7-ADy

Note:

(1) Output pin states during refresh and DMA bus cycles will be as
defined for those operations.

(2) Halt status is presented prior to entering the passive state.

Figure 7. Interrupt Vector Table

000H
Vector0 Divide Error

004aH

Vector1 Break Flag

008H

Vector2 NMI Input
00CH — Dedicated
Vector3 BRK 3 Instruction

010H

Vector4 BRKV Instruction

014H

Vector§ CHKIND Instruction
018H = -
Vectoré

— Reserved
07CH

Vector31
080H

Vector 32 General Use

[~ ® BRK imm8 Instruction

& BRKEM Instruction
3FCH ® INT Input [External]
® CALLN Instruction

Vector 255

83-000111A
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clock Generator

The clock generator (CG) generates a clock signal half
the frequency of a parallel-resonant, fundamental
mode crystal connected to pins X1 and X2. Figure 8
shows the recommended circuit configuration. Capac-
itors C1 and C2 are required for frequency stability.
Their values can be calculated from the load capaci-
tance (CL) specified by the crystal manufacturer.

C1=C2=2(CL—CS)

CS is any stray capacitance in parallel with the crystal,
such as the uPD70208 input capacitance.

External clock sources (figure 9) are also accom-
modated by applying the external clock to the X1 pin
and its complement to the X2 pin. The CG distributes
the clock to the CLKOUT pin and to each functional
block of the uPD70208. The generated clock signal has
a 50-percent duty cycle.

Figure 8. Crystal Configuration

Bus Interface Unit

The bus interface unit (BIU) controls the external
address, data, and control buses for the three internal
bus masters: CPU, DMA control unit (DMAU), and
refresh controt unit (RCU). The BiU is also responsible
for synchronization of the RESET and READY inputs
with the clock. The synchronized reset signal is used
internally by the uPD70208 and provided externally at
the RESOUT pin as a system-wide reset. The synch-
ronized READY signal is combined with the output of
the wait control unit (WCU) and is distributed internally
to the CPU, DMAU, and RCU. Figure 10 shows the
synchronization of RESET and READY.

X1

Oscillator

osc

Frequency Divider

=2 l> CcLKOUT

C1=C2=151030pF

+-——

I
1
1
1]

(CLKOUT)

osC _/—\_/—\_/—\_/_\_
wo /N /  \__

CLOCK (to internal circuit)

1
1
|

\J

-——

83-0018228

Figure 9. External Osclllator Configuration

Figure 10. RESET/READY Synchronization

uPD70208
X1 X2

.

External
Clock

83-002740A
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Bus Arbitration Unit

The bus arbitration unit (BAU) arbitrates the local bus
between the internal CPU, DMAU, and RCU bus
requesters and an external bus master. The BAU bus
priorities from the highest: priority requester to the
lowest are:

RCU (Demand mode)
DMAU

HLDRQ

CPU

RCU (Normal mode)

Note that RCU requests the bus at either the highest or
lowest priority depending on the status of the refresh
request queue. Bus masters other than the CPU are
prohibited from using the bus when the CPU is
executing an instruction containing a BUSLOCK prefix.
Therefore, caution should be exercised when using the
BUSLOCK prefix with instructions having a long
execution time.

If a bus master with higher priority than the current bus
master requests the bus, the BAU inactivates the
current bus master’s acknowledge signal. When the
BAU sees the bus request from the current master go
inactive, the BAU gives control of the bus to the higher
priority bus master. The BAU performs bus switching

between internal bus masters without the introduction -

of idle bus cycles, enhancing system throughput.

System 170 Area

The I/O address space from addresses FFOOH to
FFFFH is reserved for use as the system 1/O area.
-ocated in this area are the 12 uPD70208 registers that

Figure 11.  OPCN Register Format

determine the 1/0 addressing, enable/disable periph-
erals, and control pin multiplexing.

1/0 Address Register Operation
FFFFH Reserved —

FFFEH OPCN Read/Write
FFFDH OPSEL Read/Write
FFFCH OPHA Read/Write
FFFBH DULA Read/Write
FFFAH IULA Read/Write
FFFOH TULAL Read/Write
FFF8H SULA Read/Write
FFF7H Reserved —

FFF6H WCY2 Read/Write
FFF5H WCY1 Read/Write
FFF4H WMB Read/Write
FFF3H Reserved — .
FFF2H RFC Read/Write
FFF1H Reserved —

FFFOH TCKS Read/Write

On-Chip Peripheral Connection Register

The on-chip peripheral connection (OPCN) register
controls multiplexing of the uPD70208 multiplexed
pins. Figure 11 shows the format of the OPCN register.
The interrupt request switch (IRSW) field controls
multiplexing of ICU interrupt inputs INT1 and INT2.
The output of an internal peripheral or an external
interrupt source can be selected as the INT1 and INT2
inputs to the ICU.

The pin function (PF) field in the OPCN selects one of
four possible states for the DMARQ3/RxD, DMAAK3/
TxD, and INTAK/SRDY/TOUT1 pins. Bit 0 of the

7 6 5 4 3 2 1 0
[ -j-=1-]—-]msw | pr |orcn

[ ————

Pin Function | DMARQ3/RxD | DMAAK3/TxD | INTAK/SRDY/TOUT1
- 00 DMARQ3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUT1
10 RxD XD INTAK
11 _RxD TxD SRDY
Interrupt Request Switch INT1 INT2
00 INTP1 Pin | INTP2 Pin
01 SCU~ [ INTP2 Pin
10 INTP1 Pin| TOUT2
1 SCU TOUT2

83-0018278B
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OPCN controls the function of the INTAK/SRDY/
TOUT1 pin. If cleared, INTAK will appear: on ‘this
output pin. If bit 0 is set, either TOUT1 or SRDY will
appear at the output depending on the state of bit 1. If
bit 1 is cleared, DMA channe! 3 1/0 signals will appear
on the DMARQ3/RxD and DMAAK3/TxD pins. If the
SCU is to be used, bit 1 of the PF field must be set.

On-Chip Peripheral Selection Register

The on-chip peripheral selection (OPSEL) register is
used to enable or disable the uPD70208 internal periph-
erals. Figure 12 shows the format of the OPSEL
register. Any of the four (DMAU, TCU, ICU, SCU)
peripherals can be independently enabled or disabled
by setting or clearing the appropriate OPSEL bit.

Figure 12. OPSEL Register Format

0
DS | OPSEL

[CI=[=[=Tss[le
.

Peripheral
Selected

DMAU
iIcU

Operation

> o
-1

Internal Peripheral Relocation Registers

The five internal peripheral relocation registers (figure
13) are used tofixthe I/0 addresses of the DMAU, ICU,
TCU, and SCU. The on-chip peripheral high-address
(OPHA) register is common to all four internal periph-
erals and fixes the high-order byte of the 16-bit I/0
address. The individual DMAU low-address (DULA)
register, ICU low-address (IULA) register, TCU low-
address (TULA) register, and the SCU low-address
(SULA) register select the low-order byte of the 1/0
addresses for the DMAU, ICU, TCU, and SCU periph-
erals.

The contents of the OPHA register are:
7 OPHA 0

I 1 ] | ] | 1
Ais Ay Az A A Ay Ay Ag

The formats for the individual internal peripheral re-
gisters appear below. Since address checking is not
performed, do not overlap two peripheral I/O address
spaces.

7 DULA 0
T T T | E— T
LA7 Ae, As Ay — — - = I
7 IULA

AN 1 T 1 ] T I
[ A7 Ag  As Ay Az Ao —

=

7 TULA 0

Y-
[}
n o

> TCU
SCU

83-001813A

Figure 13. uPD70208 Perlphelal Relocation

T | ol | ] | |
[ Ar A A Al Ag A, —  — |
; SULA 0
T I T T 1 T |
D7 Ag As Ay Az Ao - —‘I

64 K byte 1/0 space
FFFFH

Reserved
System /0 Area
FFOOH

e

0100H

0000H

ﬁ/

L
e —

256 byte area

TTTTTTRTTTIT7] o voin

LIS} sua
77777

..,
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Timer Clock Selection Register

The timer clock selection (TCKS) register selects the
clock source for each of the timer/counters as well as
the divisor for the internal clock prescaler. Figure 14
shows the format of the TCKS register. The clock

source foreach timer/counter isindependently select-
ed from either the prescaled CLKOUT signal or froman
external clock source (TCLK). The internal clock is
derived from the CLKOUT signal and can be divided by
2, 4, 8, or 16 before being presented to the clock select
logic.

Figure 14. Timer Clock Selection Register

7 6 5 4 3 2 1 0

| =] =] = Jcs2fcsi]cso s

TCKS

Internai Clock

Prescale Select Prescaled by:

00 2
01 4
10 8
11 16
Clock Selection Clock
for TCTn Input
0 Internal Clock
1 TCLK Pin
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Refresh Control Unit

The refresh control unit (RCU) refreshes external
dynamic RAM devices by outputting a 9-bit row address
on address lines Ag-Ag and performing a memory read
bus cycle. External logic can distinguish a refresh bus
cycle by monitoring the refresh request (REFRQ) pin.
Following each refresh bus cycle, the refresh row
counter is incremented.

The refresh control (RFC) register in the system 1/0
area contains two fields. The refresh enable field
enables ordisables the refreshing function. The refresh
timer (RTM) field selects a refresh interval to match the
dynamic memory refresh requirements. Figure 15
shows the format for the RFC register.

To minimize the impact of refresh on the system bus
bandwidth, the uPD70208 utilizes a refresh request
queue to store refresh requests and perform refresh
bus cycles in otherwise idle bus cycles.

The RCU normally requests the bus as the lowest-
oriority bus requester (normal mode). However, if
seven refresh requests are allowed to accumulate in
‘he RCU refresh request queue, the RCU will change to
‘he highest-priority bus requester (demand mode).
The RCU will then perform back-to-back refresh cycles
intil three requests remain in the queue. This guar-
intees the integrity of the DRAM system while maximiz-
ng performance.

The refresh countinterval can be calculated as follows:
Refresh interval = 8 x N x tgyk

where N is the timer factor selected by the RTM
field.

When the uPD70208 is reset, the RE field in the RFC
register is unaffected and the RTM field is set to 01000
(N = 9). No refresh bus cycles occur while RESET is
asserted.

Figure 15. Refresh Control Register

7 6 5 4 3 2 1°0
RE| — [ —] RTM | rFc
| Refresh Timer | N (Timer Factor)
00000 17
00001 18
00010 19
00011 20 J
00100 5
00101 6
11110 N
1N 32
Refresh Enable Function
0 Disables Refresh
1 Enables Refresh
83-001814A
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Wait Control Unit -

The wait control unit (WCU) inserts from zero to three
wait states into a bus cycle in.order to compensate for
the varying access times of memory and I/0 devices.
The number of wait states for CPU, DMAU, and RCU
bus cycles is separately programmable. In addition,
the memory address space is divided into three in-
dependent partitions to accommodate a wide range of
system designs. RESET initializes the WCU to insert
three wait states in all bus cycles. This allows operation
with slow memory and peripheral devices before the
initialization of the WCU registers.

The three system 1/O area registers that control the
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2),
and wait state memory boundary (WMB). The WCU
always inserts wait states corresponding. to the wait
count programmed in WCY1 or WCY2 registers into a
bus cycle, regardless of the state of the external
READY input. After the programmed number of wait
states occurs, the WCU will insert Tw states as long as

Figure 16. Wait State Memory Boundary Register

the READY pin remains inactive. When READY isagain
asserted, the bus cycle continues with T4 as the next
cycle. The uPD70208 internal peripherals never require
wait states; four clock cycles will terminate an internal
peripheral bus cycle.

CPU Wait States

The WMB registerdivides the 1M-byte memory address
space into three independent partitions: lower, middle,
and upper. Figure 16 shows the WMB register format.

Initialization software can then set the number of wait
states for each memory partition and the 1/0 partition
via the WCY1 register (figure 17).

DMA and Refresh Wait States

The WCY2 register (figure 18) specifies the number of
wait states to be automatically inserted in DMA and
refresh bus cycles.

7 6 5 4 3 2 1.0
[-=] ms |—] um  Jwme
—»] Lower Memory Block Size! i y
—1 Upper Memory Block Size Memory Block Size (KB)

000 32
001 64
010 96
011 128
100 192
101 256
10 | . 384
11 512

FFFFFH - .

Higher Memory Block Specified by the UMB Field
"'Middle Memory Block
Lower Memory Block }Speciﬁed by the LMB Field
00000H -
NOTE: 1. By default, the address space remaining between
the UBM and LBM is the middle memory block.
83-0018208
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Figure 17. Wait Cycle 1 Register Figure 18. Wait Cycle 2 Register
7 6 5432 10
7 6 5 4 3 2 1 0
mw | wert
0w Jumnw [unrw I=1—=1—=]—-]pomaw | RFrw Jwey2
Lower Memory Block Wait States Refresh Wait States| Number of
Middle Memory Block Wait States| Nymber of ) | DMA Wiait States Wait States
| Upper Memory Block Wait States | Wait States ' 00 0
110 Wait States
01 1
00 0 m 2
01 1 " 3
10 2
11 3 83-001815A
83-001818A
Timer/Counter Unit uPD71054 Programmable Timer/Counter. Figure 19

The timer/counter unit (TCU) provides a set of three shows the internal block diagram of the TCU.

independent 16-bit timer/counters. The output signal The TCU has the following features:
oftimer/counter 0 is hardwired internally as an interrupt
source. The output of timer/counter 1 is available
internally as an interrupt source, used as a baud rate
generator, or used as an external output. The timer/
counter 2 output is available as an external output. Due
to mode restrictions, the TCU is a subset of the

Three 16-bit timer/counters

Six programmable count modes
Binary/BCD counting

Multiple latch command
Choice of two clock sources

e & & o o

Figure 19. TCU Block Diagram

TCLK (EXT) CLOCK  1cTLO=High TCTL1=High TCTL2 (EXT)
ORD iIOWR Ag Ay TUS - . TOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT)
rescaler
p— To ICU/SCU
Mux Mux Mux
TCTO0 CLK CLK CLK
r ¢ -
Read/Write Control |l > !
Circuit I Control Logic — |
| %
|
| |
|
(I Status Down Counter (16) | Tcn TcT2
| Register | .
} ) (16) |
1 (16)] |
TMD Le H |
(Mode : Status L] '!SE)J- _(-.) . _.H_(G_)_L I;(E.)_ |
Register) Latch Count Count |
: Register Latch |
Ltf—| |- === | ==
j rf ® @) ®) 1 4> f @
2 Internal Data Bus 7
|
| 83-001834B

3-129



©uPD70208 (V40)

NEC

Because RESET i{eaves the TCU in an uninitialized
state, each timer/counter must be initialized by
specifying an operating mode and a count. Once
programmed, a timer/counter will continue to operate
in that mode until another mode is selected. When the
count has been written to the counter and transferred
to the down counter, a new count operation starts.
Both the current count and the counter status can be
read while count operations are in progress.

TCU Commands

The TCU is programmed by issuing |/0 instructions to
the 1/0O port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits A1 and Ag as follows.

Register Operation

A Ag

0 0 TCTO Read/Write
TS70 - Read

0 1 TCT1 Read/Write
ST Read

1 0 TCT2 Read/Write
TST2 Read

1 1 T™MD Write

The timer mode (TMD) register selects the operating
mode for each timer/counter and issues the latch
command for one or more timer/counters. Figure 20
shows the format for the TMD register.

Writes to the timer/counter 2-0 (TCT2-TCTO) registers
stores the new count in the appropriate timer/counter.
The count latch command is used before reading
count data in order. to latch the current count and
prevent inaccuracies.

The timer status 2-0 (TST2-TSTO0) registers contain
status information for the specified counter (figure 21).
The latch command is used to latch the appropriate
counter status before reading status information. If
both status and counter data are latched for a counter,
the first read operation returns the status data and
subsequent read operations obtain the count data.

Count Modes

There are six programmable timer/counter modes. The
timing waveforms for these modes are in figure 22.

Mode 0 [Interrupt on End of Count]. In this mode,
TOUT changes from the low to high level when the
specified count is reached. This mode is available on
all timer/counters.

3-130

Mode 1 [Retriggerable One-Shot]. In mode 1, a low-
level one-shot pulse, triggered by TCTL2 is output
from the TOUT2 pin. This mode is available only on
timer/counter 2.

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically
goes low for one clock period when the counter
reaches the 0001H’ count.-A counter in this mode
operates as a frequency divider. All timer/counteérs can
operate using mode 2.

Mode 3 [Square-Wave Generator]. Mode 3is afrequency
divider similar to mode 2, but the output has a sym-
metrical duty cycle. This mode is available on all three
timer/counters. For counts of N = 2, use mode 2.

Mode 4 [Software-Triggered Strobe]. In mode 4, when
the specified count is reached, TOUT goes low for the
duration of one clock pulse. Mode 4 is available on all
timer/counters. :

Mode 5 [Hardware-Triggered Strobe]. Mode 5 is similar
to mode 4 except that operation is triggered by the
TCTL2 input and can be retriggered. This mode is
available only on timer/counter 2.

Serial Control Unit

The serial control unit (SCU) is a single asynchronous
serial channel that performs serial communication
between the uPD70208 and an external serial device.
The SCU is similar to the uPD71051 Serial Control Unit
except for the lack of synchronous communication
protocols. Figure 23 is the block diagram of the
SCU.

The SCU has the following features.

Full-duplex asynchronous serial controller
Clock rate divisor (x16, x64)

Baud rates to 38.4 kb/s supported

7-, 8-bit character lengths

1-, 2-bit stop bit lengths

Break transmission and detection

Full-duplex, double-buffered transmitter/receiver
Even, odd, or no parity

Parity, overrun, and framing error detection
Receiver full and transmitter empty interrupts

The SCU contains four separately addressable registers:
for reading/writing data, reading status, and control-.
ling operation of the SCU. The serial receive buffer
(SRB) and the serial transmit buffer (STB) store the
incoming and outgoing character data. The serial
status (SST) register allows software to determine the
current state of both the transmitter and receiver. The
serial command (SCM) and serial mode (SMD) registers
determine the operating mode of the SCU while the
serial interrupt mask (SIMK) register allows software
control of the SCU receive and transmit interrupts.
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Figure 20. Timer Mode Register

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
™| sc [ rwm | cmobe | 8D ] o[ sc Joflo]o[o]o] ol
Binary or BCD Count sC Counter to be Latched
0 Binary 00 TCTO0
1 BCD 01 TCT1
10 TCT2
~»] Count Mode Mode
000 0
001 1
%10 2 7 6 5 4 3 2 1 0
T s o[ 1 | 1 Jou|sLferzfenfcero] o |
100 4
101 5
Read/Write .
Mode Operation
t h C d
(())(1’ (::‘::'e; ';:“;nl omman Counter Selection Operation
0 Hiah ; ° ); 0 TCTn not selected
igher Byte Only 1 TCTn selected
1 nger Byte Followed by
Higher Byte —] Status Latched Operation
0 Latched
Count m
Selectoo ToTo op 1 Not Latched
01 TCT1 Count Latched Operation
10 TCT2 ) 0 Latched
11 Muitiple Latch Command 1 Not Latched
Note: x = Don’t care
83-0018178

Figure 21.  TCU Status Register

7 6 5 4 3 2 1 0
tsm[o. [nc] rwm | cmobe | ep |
Indicates the current mode setting.
The ing of each field is the same
as that of the TMD register.
— Null Count Count Data
0 Valid
1 invalid
Output Level Level
0 Low
1 High

83-001821B
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Figure 22. TCU Waveforms (Sheet 1 of 3)

Mode 0

CW=10H
TouT
CountValue | n | n1 | n2 |0003H | 0002H | 0001H | 000OH | FrFem | FFFEH IFFFDHl 0002H
JEa— LB=3 LB=4
TOWR ‘ ’
Tout
CountValue | n | n-1 |0003H | 0002H | 0004H | 0003H | 0002H | 000TH | 0000H IFFFFH | FFFEH
owr 273
TCTL2 U
TOUT2
CountValue | n | n-1 |0003H | 0002H | 0002H | 0001H | 000OH |FFFFH IFFFEH |FFFDH| FFFCH
Mode 1
____ —B=2
OWR ~

e i 1 — 1] I —
TOUT2
Count Value I n I n-1 | n-2 [ 0002H | 0001H | 0000H | FFFFH { 0002H | 0001H | 0000H l FFFFH | 0002H ] 0001H | 0002H I 0001H [

OWR LB=5 ‘ LB=3 '
e IF1 T
ToUT2 [

Count Value | n l n-1 I n-2 ooosu,ooo4u|ooosulooozn]oooaulooozu | 0001H | oooon

83-0018518
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Figure 22. TCU Waveforms (Sheet 2 of 3)

Mode 2

LB=3

IOWR

TCTL l__J

TOUT

?/ount ‘ n | n-1 I 0003H ‘ 0002H | 0001H | 0003H \ 0002H | 0001H | 0003H I 0002H | 0002H l 0003H \ 0002H | 0001H
alue

LB=6 |LB:4,
IOWR

TOUT

Count | n l n-1 i 0006H ‘ 0005H ] 0004H ‘ 0003H \ 0002H | 0001H | 0004H | 0003H | 0002H

Mode 3

e T e T e T e Y e T T s Y o I e B o B e

TCTL \ ’
Tour ‘ ’ L—l 0004H

Count I
Value

n | n-1 | 0004H | 0002H l 0004H ‘ 0002H ‘ 0004H ' 0002H | 0004H I 0004H |

[
o

LB=5

TOUT 1 I

Count
Value

0004H
n | n-1 | 0004H | 0002H l 0000H | 0004H I 0002H l 0004H | 0002H ! 0000H l
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Figure 22. TCU Waveforms (Sheet 3 of 3)

Mode 4

. Tout

IOWR
TCTL
TOUT
Count Value

IOWR

TOUT

Mode 5
CLK

IOWR
TCTL2

TOUT2

Count Value

IOWR
TCTL2

TouT2

Count Value

Count Value

LB=4

’ n l n-1 | 0004H I 0003H I 0002H l 0001H | 0000H | FFFFH IFFFEH IFFFDHI FFFCH
LB=4

I n | n-1 | 0004H I 0004H I 0004H ' 0003H I 0002H ‘ 0001H | 0000H | FFFFH ’ FFFEH

LB=5 - ]LB::”

I n I n-1 | 0005H | 0004H | 0003H l 0002H I 0003H I 0002H | 0001H | 0000H | FFFFH

I n I n-1 I n-2 I n-3 |0002H|0001H' 0000H

I n I n-1 |0004H|0003H|0002H|0001H|OOOOH

FFFFH IFFFEH I 0003H I 0002H
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Figure 23. - SCU Block Diagram

Mask Register)

RESET CLOCK
-\‘ j+— TORD
SST l¢———————— [OWR
(Status Register) ) Read/Write ———— Ay
' Control
: é fe————mmmmA¢
|3
(© d Regi
( ) 3 RTCLK (from TCU)
[ <\__.___ SRB (L o) ) Receive Buffer) - SRDY
‘: \e (Receive Data Buffer) -
2 —»0 RxD
a
g N 0 TxD
H —'——’> sTB @ )
£ - N
£ —/1 ( Data Bufter) Transmitter
» Buffer)
2
SMD k-]
(Mode Register) g
2
C> SIMK (Interrupt . Interrupt » SINT (To ICU)

Generation Logic

83-001838 B

Receiver Operation

While the RxD pin is high, the SCU is in an idle state. A
transition on RxD from high to low indicates the start of
anew serial data reception. When a complete character
has been received, it is transferred to the SRB; the
receive buffer ready (RBRDY) bit in the SST register is
set and (if unmasked) an interrupt is generated. The
SST also latches any parity, overrun, or framing errors
at this time.

The receiver detects a break condition when a null
character with zero parity is received. The BRK bit is
set for as long as the subsequent receive data is low
and resets when RxD returns to a high level. The MRDY
Jit (SCM) and RBRDY (SST) are gated to form the
butput SRDY. SRDY prevents overruns from occurring
~hen the program is unable to process the input data.
Software can control MRDY to prevent data from being
sent from the remote transmitter while RBRDY can
syrevent the immediate overrun of a received character.

fransmitter Operation

“xDis kept high while the STB register isempty. When
he transmitter is enabled and a character is written to
he STB register, the data is converted to serial format
ind output on the TxD pin. The start bit indicates the
tart of the transmission and is followed by the character

stream (LSB to MSB) and an optional parity bit. One or
two stop bits are then appended, depending on the
programmed mode. When the character has been
transferred from the STB, the TRBDY bit inthe SST is
set and if unmasked, a transmit buffer empty interrupt
is generated.

Serial data can be transmitted and received by polling
the SST register and checking the TBRDY or RBRDY
flags. Data can also be transmitted and received by
SCU-generated interrupts to the interrupt control unit.
The SCU generates an interrupt in either of these
conditions:

(1) Thereceiverisenabled, the SRB s full, and receive
interrupts are unmasked.

(2) The transmitter is enabled, the STB is empty, and
transmit interrupts are unmasked.

3-135
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SCU Registers and Commands

1/0 instructions to the I/0 addresses selected by the
OPHA and SULA registers are used to read/write the
SCU registers. Address bits Ay and Ag and the read/
write lines select one of the six internal registers as
follows:

A Ay Register Operation
0 0 SRB Read
STB Write
0 1 SST : Read
_ SCM Write
1 0 SMD . Write
1 1 SIMK Read/Write

The SRB and STB are 8-bit registers. When the
character length is 7 bits, the lower 7 bits of the SRB
register are valid and bit 7 is cleared to 0. If programmed
for 7-bit characters, bit 7 of the STB is ignored.

Figure 24. SST Register

The SST register (figure 24) contains the status of the
transmit and receive data buffers and the error flags.
Error flags are persistent. Once an error flag is set, it
remains set until a clear error flags command is issued.

Figure 25 shows the SCM and SMD registers. The SCM
register stores the command word that controls
transmission, reception, error flag reset, break trans-
mission, and the state of the SRDY pin. The SMD
register stores the mode word that determines serial
characteristics such as baud rate divisor, parity, char-
acter length, and stop bit length.

Initialization software should first program the SMD
register followed by the SCM register. Unlike the
uPD71051, the SMD register can be modified at any
time without resetting the SCU.

The SIMK register (figure 26) controls the occurrence
of RBRDY and TBRDY interrupts. When an interrupt is
masked, it is prevented from propagating to the inter-
rupt control unit.

7 6 5 4 3 2 1

0

sst{ 1 [eko| Fe [ove| pe [ 1 [merov|TBROY|

Transmit Buffer Ready Operation
0 STB Full
1 STB Empty
Receive Buffer Ready Operation
0 SRB Empty
1 SRB Full
Parity Error Operation
0 No Error

1

Error Occurred

Overrun Error

Operation

0

No Error

1

Error Occurred

Framing Error

Operation

No Error

Error Occurred

Operation

Normal Reception

Break Detected

83-0018328B
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Figure 25. SCM and SMD Registers

SCM Register

7 6 5 3 2 1 0
scm| — [ — |mroY| EcL [sBRk| Re | — [ TE |
T Tter Enablod) Op
0 Transmitter Disabled
1 Transmitter Enabled
Reacaivar Enablad Operati
0 Receiver Disabled
1 Receiver Enabied
Send Break Operation
0 Normal Operation
1 TXD = 0 (Break)
Error Clear Operation
0 No Operation
1 Error Flag Clear
MRDY Mask Ready
0 SRDY = 1 (Mask)
1 Normal Operation of
SRDY Output

SMD Register

7 6 5 4 3 2 1 0

smo| st | ps | o | BF |
Baud Rate Factor Operation
0- Nlegal
10 RTCLK Frequency + 16
1 RTCLK Frequency + 64
> Character Length Operation
0- lllegal
10 7 Bit Characters
11 8 Bit Characters
Parity Select Operation
-0 No Parity
01 0dd Parity
1 Even Parity
Stop Bit Length Operation
-0 egal
o1 1 Stop Bit
1 2 Stop Bits

83-00183868
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Figure 26. SIMK Register

7 6 5 4 3 2 1 0
smk[—[—|—]—[—|~[mm]ru]
Operation
Receiver 0 | Unmask
Int Mask 1 | Mask
Transmitter | 0 | Unmask
Int Mask 1 | Mask
83-002736A

Interrupt Control Unit ;

The interrupt control unit (ICU) is a programmable
interrupt controller equivalent to the uPD71059. The
ICU arbitrates up to eight interrupt inputs, generates a
CPU interrupt request, and outputs the interrupt vector
number on the internal data bus during an interrupt
acknowledge cycle. Cascading up to seven external
slave uPD71059s permits the uPD70208 to support up
to 56 interrupt sources. Figure 27 is the block diagram
for the ICU.

The ICU has the following features.

e Eight interrupt request inputs

e Cascadable with zPD71059 Interrupt Controllers

o Programmable edge- or level-triggered interrupts
(TCU, edge-triggered interrupts only)

e Individually maskable interrupt requests

e Programmable interrupt request priority

e Polling mode

ICU Registers

Use i/0 instructions to the 1/0O addresses selected by
the OPHA and IULA registers to read from and write to
the ICU registers. Address bit Ag and the command
word selects an ICU internal register.

Ag  Other Condition Operation
Read 0  IMD selects IRQ CPU < IRQ data

0  IMD selects IIS CPU < IS data

0 Polling phase CPU < Polling data

1 — CPU < IMKW
Write 0 D4=1 CPU — lIW1

0 D4=0andD3=0 CPU — IPFW

0 D4=0andD3=1 CPU — IMDW

1 During initialization ~ CPU — 1IW2

1 CPU — IW3

1 CPU — lIW4

1 After initialization CPU — IMKW
Note:

(1) In polling phase, polling data has priority over the contents of
the IRQ or IS register when read.

Figure 27. ICU Block Diagram
Initialize and ) i > SAo oADg
)] Command Word - Slave Control . |——— SA¢ } To BlUs{ ——=0ADyg
Register Group Y
TORD—+] * Sk oAb
IOWR—} ' U t
Ay Read/Write
A Control — : - l——— INTAK (from CPU)
0" ] Control Logic
{US—~ [—————— INT (to CPU)
TOUTO (from TCU)
SINT (from SCU)
TOUT1 (from TCU)
Priority INTg
) Determination K FINT - oINTP¢
- Logic LINT,—L Mux =5 NTP
In- - - Interrupt 2 2
service Request [INT3———INTP3
Re(?liss;er -(IRXO) FINT, INTP4 }External Pins
Interrupt FINTs———————INTPs
Rqu:‘ HNTg——————INTPg '
‘(’lg,',i)"" LINT,——oINTP;
U U
Y Internal Data Bus b}
83-0018378
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Initializing the ICU

The ICU is always used to service maskable interrupts
in a uPD70208 system. Prior to accepting maskable
interrupts, the ICU must first be initialized (figure 28).
Following initialization, command words from the CPU
can change the interrupt request priorities, mask/un-
mask interrupt requests, and select the polling mode.
Figures 29 and 30 list the ICU initialization and com-
mand words.

Interrupt initialization words 1-4 (IIW1-11W4) initialize
the ICU, indicate whether external uPD71059s are
connected as slaves, select the base interrupt vector,
and select edge- or level-triggered inputs for INT1-
INT7. Interrupt sources from the TCU are fixed as
edge-triggering. INTO is internally connected to
TOUTO, and INT2 may be connected to TOUT1 by the
IRSW field in the OPCN.

The interrupt mask word (IMKW) contains program-
mable mask bits for each of the eight interrupt inputs.
The interrupt priority and finish word (IPFW) is used by
the interrupt handler to terminate processing of an
interrupt or change interrupt priorities. The interrupt
mode word (IMDW) selects the polling register, inter-
rupt request (IRQ) or interrupt in service (11S) register,
and the nesting mode.

The initialization words are written in consecutive
order starting with [IW1. 1IW2 sets the interrupt vector.
IIW3 specifies which interrupts are connected to slaves.
1IW3 is only required in extended systems. The ICU will
only expect toreceive [IW3 if SNGL =0 (bit D1 of 1IW1).
11W4 is only written if 114 = 1 (bit Dy of 1IW1).

uPD71059 Cascade Connection

To increase the number of maskable interrupts, up to
seven slave uPD71059 Interrupt Controllers can be
cascaded. During cascade operation (figure 31), each

Figure 28. |Initialization Sequence
. [ W1 | Bits SNGL and 114 are set.
The default initialization
is performed.
W2
Ap =1 :
SNGL=0, l4=1  SNGL=0, [14=0 | SNGL=t1, H4=1 SNGL=1, ll4=0

[ wws P ] uws ]
[Re= J [R=1]

i

Initialization
Completed

83-003821A

slave uPD71059 INT output is routed to one of the
puPD70208 INTP inputs. During the second interrupt
acknowledge bus cycle, the ICU places the slave
address on address lines Aqp-Ag. Each slave com-
pares this address with the slave address programmed
using interrupt initialization word 3 (1{W3). If the same,
the slave will place the interrupt vector on pins AD-
ADg during the second interrupt acknowledge bus
cycle.

Figure 29. Interrupt Initialization Words 1-4

D7 D6 D5 D4 D3 D2 Di DO

uwi [ — [ — ] =] 1 [LEV] — [snaL| ua |
|; Writes HW4 Operation
0 W4 Not Required
1 1IW4 Required
Single Mode Mode
0 Extended Mode (Slave Controllers)
1 Single Mode (No Slave Controllers)
Level-Triggered|
Mode Mode
0 Edge Trigger (Rising Edge)
1 Level Trigger (Active High)

D7 Ds Dg Dg D3 D2 D4 Do

w2 [ ViT Ve[ Ve[ ValVa] —T—-1-1
S S A S——
Higher 5 bits of interrupt
- vector number

Dg Ds Dy D3 Dy .Dy Do
Sg I S5 | Sy [ SLL Sz I Sq l 0
1 1 1 1 1 1]

D7
uws [ s7 |
L

Slave Connection Status
Status
INTn is not a slave
0 input
1 INTh is a slave input

D7 Ds Ds D4 D3 D2 Dy Do

uwal o [ o [ o [extn] — | — [sa | 1]
Self Finish .
Interrupt Operation
0 FI Command Mode
1 Self Finish Mode
External
Nesting Mode Mode
0 Normal Nesting
1 Extended Nesting
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Figure 30.. Command Words

D; Dg Ds D4 D3 D Dy Do
IMKWIM7 MGIM5|M4|M3 MzIM1|Mo|
| L1
Interrupt Req Mask Operation
0 INTn not Masked
1 INTh Masked
Dy Dg Ds Dy Dy Dz Dy Dg
wpFw [RPIsIL| Fi [ o | 0o Jm2]mwa|no}
Ty Y
Interrupt| 0 | 0 | O |INTO
Level o [of1[iNT
0|1 0 | INT2
0|1 1 |INT3
B 0| 0 [INT4
1 0| 1 |INTS
1 1 0 | INT6
1 1 1 | INT7
A b
n Py "
0101 No Level No Normal FI
101 Specification | Rotation Normal Rotation
Fl Command
Fi
0f1 |1 No Rotation| FI Command
Command for Specification
Rotate Priority 11111 Level Rotation Specified Bit
| Specify Interrupt Level, Specification Rotation FI Command
Finish Interrupt 0|1 o No Rotation| No Operation
1 110 Rotation Specified Bit
Non-Fl Rotation Command
o | o |o |Gommand No Rotation| Self FI Mode
No Level Rotation Reset
Specification -
1 0]o0 Rotation Self FI Mode
: Rotation Set
D7 Dg Ds Dy D3 D2 D4 Do
mow | — [snmlexen] o | 1 [eoL] sr [isir]
Select Regi In-Service/Request Regi Read Regi: Sel
to Read Select
0 - No Operation
1 0 IRQ Selection
1 1 1IS Selection
Polling Mode Polling
0 No Operation
1 Polling Command
Set Nesting Exceptional Nesting Mbde 2
Mode Nesting Mode
[1] 1 No Operation
1 0 Exceptional Nesting Mode Rel
1 1 Exceptional Nesting Mode Set
83-001835C
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Figure 31. uPD71059 Cascade Connection

,4PD70208|
ASTB
A1g/PS3-A1/PSo Addi LA¢
AD45-ADg Latches LAyo-LAg
uPD71059

AD7-ADg INTPy |—
INTPy —
—— Ao INTP2 |—
IORD RD INTP3 —
IOWR WR INTP4 |—
— Cs INTP5 |—
INTPg [—
INTPn INT INTP7 [—

INTAK INTAK

SA2-SAg
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DMA Control Unit

The DMA Control Unit (DMAU) is a high-speed DMA
controller compatible with the uPD71071 DMA Con-
troller. The DMAU has four independent DMA channels
and performs high-speed data transfers between
memory and external peripheral devices at speeds as
high as 2 megabytes/second in an 8-MHz system.
Figure 32 is the block diagram for the DMAU.

The DMAU has the following features.

Four independent DMA channels

Cascade mode for slave uPD71071 DMA controliers
20-bit address registers

16-bit transfer count register

Single, demand, and block transfer modes
Bus release and bus hold modes
Autoinitialization

Address increment/decrement
Fixed/rotating channel priorities

TC output at transfer end -
Forced termination of service by END input

DMAU Basic Operation

The DMAU operates in either a slave or master mode.
In the slave mode, the DMAU samples the four DMARQ
input pins every clock. If one or more inputs are active,
the corresponding DMA request bits are set and the
DMAU sends a bus request to the BAU while continuing
to sample the DMA request inputs. After the BAU
returns the DMA bus acknowledge signal, the DMAU
‘stops DMA request sampling, selects the DMA channel
with the highest priority, and enters the bus master
mode to perform the DMA transfer. While in the bus
master mode, the DMAU controls the external bus and
performs DMA transfers based on the preprogrammed
channel information.

Terminal Count

The DMAU ends DMA service when the terminal count
condition is generated or when the END input is
asserted. A terminal count (TC) is produced when the
contents of the current count register becomes zero. If
autoinitialization is not enabled when DMA service
terminates, the mask bit of the channel is set and the
DMARQ input of that channel is masked. Otherwise,
the current count and address registers are reloaded
from the base registers and new DMA transfers are
again enabled.

DMA Transfer Type

The type of transfer the DMAU performs depends on
the following conditions.

e Direction of the transfer (each channel)
e Transfer mode (each channel)
¢ Bus mode

Transfer Direction

All DMA transfers use memory as a reference point.
Therefore, a DMA read operation transfers data from
memory to an I/0 port. A DMA write reads an I/0 port
and writes the data to memory. During memory-to-1/0
transfer, the DMA mode (DMD) register is used to
select the transfer directions for each channel and
activate the appropriate control signals.

Operation Transfer Direction Activated Signals

DMA read Memory — 1/0 TOWR, MRD

DMA write 1/0 — Memory JORD, MWR

DMA verify Addresses only; no transfer
performed
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Figure 32. DMAU Block Diagram

/D MAU Address Bus (20) Decrementer
Internal Address Bus { (20) ) (20)
Internal Bus
Interface

Internal Data Bus ¢ (82 )

Register | | Current Address (20x4) | Control Register Group
Base Ad h 4
Internal Control Bus < ) [ e fdrer (20)(4)—' I e 1
BAU BUSRQ < N | Device Control (10) |
BUSAK ———] DMAU Data Bus ) Status 8) |
l Mode Controt (7x4)
Count
Register | | Base Count (16x4) | | Mask (4) |
DMARQ3-0 L__:> Current Count (16x4) |
| Priority Control
DMAAK3-0 <: ()
Terminal Count Count

ENDITC -«

Decrementer (16)

83-001830B

Bus Mode

The DMA device control (DDC) register selects oper-
ation in either the bus release or bus hold mode. The
selected bus mode determines the DMAU conditions
for return of the bus to the BAU. Figure 33 shows
that in bus release mode, only one channel is serviced
after the DMAU obtains the bus. When DMA service
ends (termination conditions depend on the transfer
mode), the DMAU returns the bus to the BAU regardless
of the state of other DMA requests, and the DMAU
reenters the slave mode. When the DMAU regains use
of the bus, a new DMA operation can begin.

In bus hold mode, several channels can receive con-
tiguous service without releasing the bus. If there is
another valid DMA request when a channel's DMA
service is finished, the new DMA service can begin
immediately after the previous service without return-
ing the bus to the BAU.
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Figure 33. Bus Modes

Bus Release Mode -
Right to Use

o LJLILILT
Service DMAU

Channel CHO CH1 CH2 CH3
Bus Hold Mode

Right to Use

Service DMAU - e

Channel CHO:CH1.CH2: CH3
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Transfer Modes

The DMD register also selects either single, demand,
or block transfer mode for each channel. The conditions
for the termination of each transfer characterize each
transfer mode. The following table shows the various
transfer modes and termination conditions.

Transfer Mode Termination Conditions I ‘4‘

Single After each byte/word transfer “
Demand END input
Terminal count
Inactive DMARQ

DMARQ of a higher priority channel [
becomes active (bus hold mode)

Block END input
Terminal count
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The operation of single, demand, and block mode
transfers depends on whether the DMAU is in bus
release or bus hold mode. Figure 34 shows the oper-
ation flow for the six possible transfer and bus mode
operations in DMA transfer.

Single-Mode Transfer. In bus release mode, when a
channel completes transfer of a single byte, the DMAU
enters the slave mode regardiess of the state of DMA
requestinputs. In this manner, other lower-priority bus
masters will be able to access the bus.

in bus hold mode, when a channel completes transfer
of a single byte, the DMAU terminates the channel’s
service even if the DMARQ request signal is asserted.
The DMAU will then service any other requesting
channel. If there are no requests from any other DMA
channels, the DMAU releases the bus and enters the
slave state.

Demand-Mode Transfer. In bus release mode, the
currently active channel continues to transfer data as
long as the DMA request of that channel is active, even
though other DMA channels are issuing higher-priority
requests. When the DMA request of the serviced
channel becomes inactive, the DMAU releases the bus
and enters the slave state.

In bus hold mode, when the active channel completes a
single transfer, the DMAU checks the other DMA
request lines without ending the current service. If
there is a higher-priority DMA request, the DMAU
stops the service of the current channel and starts
servicing the highest-priority channel requesting serv-
ice. If there is no higher request than the current one,
the DMAU continues to service the currently active
channel. Lower-priority DMA requests are honored
without releasing the bus after the current channel
service is complete.

Block-Mode Transfer. In bus release mode, the current
channel continues DMA transfers until a terminal
count or the external END input becomes active.
During this time, the DMAU ignores all other DMA
requests. After completion of the block transfer, the
DMAU releases the bus and enters the slave state, even
if DMA requests from other channels are active.

In bus hold mode, the current channel transfers data
until an internal or external END signal becomes
active. When the service is complete, the DMAU
checks all DMA requests without releasing the bus. If
there is an active request, the DMAU immediately
begins servicing the request. The DMAU releases the
bus after it honors all DMA requests or a higher-priority
5us master requests the bus.

Byte Transfer

The DMD register can specify only byte DMA transfers
for each channel. Depending on the mode selected, the
address register can either increment or decrement
whereas the count register is always decremented.

Autoinitialize

When the DMD register selects autoinitialize for a
channel, the DMAU automatically reinitializes the ad-
dress and count registers when END is asserted or the
terminal count condition is reached. The contents of
the base address and base count registers are transfer-
red to the current address and current count registers,
and the applicable bit of the mask register remains
cleared.

Channel Priority

Each of the four DMAU channels is assigned a priority.
When multiple DMA requests from several channels
occur simultaneously, the channel with the highest
priority will be serviced first. The DDC register selects
one of two priority schemes: fixed or rotating (figure
35). In fixed priority, channel 0 is assigned the highest
priority and channel 3, the lowest. In rotating priority,
priority order is rotated after each service so that the
channel last serviced receives the lowest priority. This
method prevents the exclusive servicing of higher-
priority channels and the lockout of lower-priority
DMA channels.
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Figure 34. Transfer Modes
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Cascade Connection

Slave uPD71071 DMA Controllers can be cascaded to
easily expand the system DMA channel capacity to 16
DMA channels. Figure 36 shows an example of cascade
connection. During cascade operation, the DMAU acts
as a mediator between the BAU and the slave
uPD71071s. All other bus outputs are disabled while a
slave DMA controller is active.

Figure 35. Priority Order

The DMAU always operates in the bus hold mode while
a cascade channel is in service, even when the bus
release mode is programmed. Other DMA requests are
held pending while a slave yPD71071 channel is in
service. When the cascaded uPD71071 ends service
and moves into the slave state, the DMAU also moves
to the siave state and releases the bus. At this time, all
bits of the DMAU request register are cleared. The
DMAU continues to operate normally with the other
noncascaded channels.

Highest

— [\

Fixed Priority

Lowest

Rotating Priority Highest
CH2
Lowest
CH1 Service -
—_— | = ]
o X
o

83-003819B

Figure 36. pPD71071 Cascade Example

DMA1
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> DMA3
| -————————
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| e
DMAU S
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-——————
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Bus Waiting Operation

The DMAU will automatically perform a bus waiting
operation (figure 37) whenever the RCU refresh request
queue fills. When the DMA bus acknowledge goes
inactive, the DMAU enters the bus waiting mode and
inactivates the DMA bus request signal. Control of the
bus is then transferred to the higher-priority RCU by
the BAU.

Two clocks later, the DMAU reasserts its internal DMA
bus request. The bus waiting mode is continued until
the DMA bus acknowledge signal again becomes
active and the interrupted DMA service is immediately
restarted.

Programming the DMAU

To prepare a channel for DMA transfer, the following
characteristics must be programmed.

e Starting address for the transfer
e Transfer count

o DMA operating mode

o Transfer size (byte/word)

The contents of the OPHA and DULA registers deter-
mine the base |/0 port address of the DMAU. Addresses
As-Ag are used to select a particular register as follow:

A3 A A Ag Register Operation

0 0 0 0 DICM Write

0 0 0 1 DCH Read/Write
0 0 1 0 DBC/DCC (low) Read/Write
0 0 1 1 DBC/DCC (high) Read/Write
0 1 0 0 DBA/DCA (low) Read/Write
0 1 0 1 DBA/DCA (high) Read/Write
0 1 1 0 DBA/DCA (upper) Read/Write
0 1 1 1 Reserved —

1 0 0 0 DDC (low) Read/Write
1 0 0 1 DDC (high) 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

Word 1/0 instructions can be used to read/write the
register pairs listed below. All other registers are
accessed via byte 1/0 instructions. -

DBC/DCC
DBA/DCA (higher/lower only)
DDC
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DMAU Registers

Initialize. The DMA initialize command (DICM) register
(figure 38) is used to perform a software reset of the
DMAU. The DICM is accessed using the byte OUT
instruction.

Channel Register. Writes to the DMA channel (DCH)
register (figure 39) select one of the four DMA
channels for programming and also the base/current
registers. Reads of the DCH register return the cur-
rently-selected channel and the register access mode.

Count Registers. When bit 2 of the DCH register is
cleared, a write to the DMA count register updates both
the DMA base count (DBC) and the DMA current count
(DCC) registers with a new count. If bit 2 of the DCH
register is set, a write to the DMA count register affects
only the DBC register. The DBC register holds the
initial count value until a new count is specified. If
autoinitialization is enabled, this value is transferred to
the DCC register when a terminal count or END
condition occurs. For each DMA transfer, the current
count register is decremented by one. The format of
the DMA count register is shown below. The count
value loaded into the DBC/DCC registers is one less
than the desired transfer count.

7 2H, IN/OUT 0
|G G G G G G Ci Co |
7 3H, INJOUT 0
T Co T Ca l

1 | | | 1
|C15 Ciy Ciz Ci2 Gy Gy

Address Register. Use either byte or word I/O in-
structions with the lower two bytes (4H and 5H) of the
DMA address register. However, byte 1/0 instructions
must be used to access the high-order byte (6H) of this
register. When bit 2 of the channel register is cleared, a
write to the DMA address register updates both the
DMA base address (DBA) and the DMA current address
(DCA) registers with the new address. If bit 2 of the
DCH register is set, a write to the DMA address registe:
affects only the DBA register.

7 4H, IN/OUT 0
T T T T T T T
I A7 A As Ay Az Ay Aq Ag |
7 5H, IN/OUT 0
T T T T T T T
I Ais A Az Az A Aip Ag Ag |
. 6H, IN/OUT (Byte only) 0

T T T T T T T
|— —  —  — A Az Az Agg
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The DBA register holds the starting address value until
a new address is specified. This value is transferred to
the DCA register automatically if autoinitialization is
selected. For each DMA transfer, the current address
register is incremented/decremented by one.

Device Control Register. The DMA device control
(DDC) register (figure 40) is used to to program the
DMA transfer characteristics common to all DMA
channels. It controls the bus mode, write timing,
priority logic, and enable/disable of the DMAU.

Figure 37. Bus Waiting Operation

Status Register. The DMA status (DST) register (figure
41) contains information about the current state of
each DMA channel. Software can determine if a termin-
ation condition has been reached (TC3-TCq) or if a
DMA service request is present (RQ3-RQg). The byte
IN instruction must be used to read this register.

DMAU

Other
Bus Master

RCU ‘ Other

DMAU Bus Master

DMARQ /

DMA BUSAK / \ / \

Approx 2 Clocks

e

AN

DMA BUSRQ /

Bus Waiting State

N

I 83-0018588
Figure 38. DMA Initialize Command Register
Initialize
7 6 5 4 3 2 1 0
oH] — | =] =T =T =T =T o [res] oursyteony)
Reset 0 | Nooperation
€€ 7| Reset
Note:
[1] The DMAU initializes as follows:
Register Initialization Operation
Initialize Clears all bits
Address No change
Count No change
Channel Selects channel 0
Mode Control Clears ail bits
Device Control  Clears all bits
Status Clears all bits
Mask Sets all bits [masks all channels)
83-0018598
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Figure 39. DMA Channel Register

"Channel Register Read
7 6 5 4 3 2 1 0
| — | — | — |base|sELs [sELa] sEL | SELe | IN (Byte only)
0001] Channel 0
Selected | 0010 Channel 1
Channel 0100 | Channel 2
1000 ] Channel 3
0 | Current (read), Base
Base Only and Current (write)
1 Base (read/write)
Channel Register Write
7 6 5 4 3 2 1 0
M| —] — | =] =] — Isase] seich | out(eyteonly)
[ S|
00 | Channel 0
Select 01 | Channel 1
Channel 10 | Channel 2
11 | Channel 3
Select Current (read),
0 | selectboth Base and
Base Only Current (write)
1 | Select Base (read/write)
83-0038208
Figure 40. DMA Device Control Register
7 6 5 4 3 2 1 0
si| = [ — [exw]ror] — Jooma] = ] —"] miour
Disable DMA | 0 | Enable
Operation() "1 | Disable
0 | Fixed
Priorit
fonity 1 | Rotational
E; ded 0 | Normal
Writing(2) 1 | Extended
7 6 5 4 3 2 1.0
| — | — ] =T =T =T = [wev]sno] mour
Bus Mode 0 | Bus Release
1 ] Bus Hold
Wait Enable | O | Disable
During Verify§ 4 | Enable
Note:
[1] Disables BUSRQ to the BAU to prevent incorrect DMA
operation while the DMAU registers are being initialized
or modified.
[2] When EXW is 0, the write signal becomes active [normal
write] during T3 and TW [see timing waveforms}. When 1,
the write signal becomes active during T2, T3, and TW |[like
the read signal].
[3] Wait states are generated by the READY signal during a
verify transter.
83-001863E
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Figure 41. DMA Status Register

7 6 5 4 3 2 1 0
oBH [ RQ3 | ROz | RO1 | RQo | TC3 [ TC2 | TC1 [ TCo | IN  (Byte only)
T T 1 T

. 0 | Notended (for each read)
Terminal
Count 1 | END or terminal
count
0 | No DMA request active
DMA 1 | DMA request active
Request
83-001860B
Mode Control Register. The DMA mode (DMD) register
(figure 42) selects the operating mode for each DMA Register Reset Value
channel. The DCH register selects which DMD register  -System OPCN ----0000
will be accessed. A byte IN/OUT instruction must be 170 area OPSEL ----0000
used to access this register. wevt 11111111
Mask Register Read/Write. The DMA mask (DMK) L T ooees
register (figure 43) allows software to individually RFC X--01000
enable and disable DMA channels.. The D!VIK register scu VD 01001011
can only be accessed via byte 1/0 instructions. SCM --0000-0
SIMK e Al
Reset SST 10000100
The falling edge of the RESET signal resets the gm ; 6683303
uPD70208. The signal must be held low for at least four -
clock cycles to be recognized as valid. DMAU DDC (low) --00-0--
DDC (highy  ------ 00
DST xxxx0000
5PU Reset State
tegister Reset Value DMK SRR
’FP 0000H Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused.
'C 0000H
s FFFFH Output Pin Status
iS 0000H . . . .
S0 0000H The following table lists output pin status during reset.
81 0000H
SW FO02H Signal Status
)NI,YBVBVI,;C;NP, ow, Undefined iNTAK, BUFEN, BUFR/W, High level
LB MRD, MWR, END/TC, IOWR, iORD,
istruction queue Cleared REFRQ, BSo-BSq, BUSLOCK,
RESOUT, DMAAK3-DMAAKO
—_— . 0S4-QSg, ASTB, HLDAK Low level
Vhen RESET returns to the high level, the CPU will 150 (.JW ove
tart fetching instructions from physical address AtgA16/PS3-PSg, TOUT2 High or low level
FFFOH. Aq5-Ag, AD7-ADg High impedance
. . CLKOUT Continues to supply clock
iternal Peripheral Devices

rternal peripheral devices initialized on reset are
sted in the following table. I/0O devices not listed are
ot initialized on reset and must be initialized by °
Ssftware.
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Figure 42. DMA Mode Register

7 6 5 4 3 2 1 0 )
oaH| Tmope |abm]aum]| TR | — ] -]
. L1
00 | Verify
T 1 01 | 1/O-to-memory
Direction 10 | Memory-to-l/0
11 | Not allowed
Auto- 0 | Disable
initialize 1 | Enable
Address 0 | Increment
Dil i 1 D
00 | Demand
- ” 01 | Single
Mode 10 | Block
11 | Cascade

Figure 43. DMA Mask Register

83-0027348

7 6 5 4 3 2 1 0
ofH | — | — | — ] — [ ms | m2]| m | mo | nour (Byteonly)

DMARQ
| Mask

0 | Not masked

-

Masked -

83-0038298
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Instruction Set
Symbols

Preceding the instruction set, several tables explain
symbols, abbreviations, and codes.

Clocks

In the Clocks column of the instruction set, the numbers
cover these operations: instruction decoding, effective
address calculation, operand fetch, and instruction
execution.

Clock timings assume the instruction has been pre-
fetched and is present in the four-byte instruction
queue. Otherwise, add four clocks for each byte not
present.

For instructions that reference memory operands, the
number on the left side of the slash (/) is for byte
operands and the number on the right side is for word
operands.’

For conditional control transfer or branch instructions,
the number on the left side of the slash is applicable if
the transfer or branch takes place. The number on the
right side is applicable if it does not take place.

If a range of numbers is given, the execution time
depends on the operands involved.

Symbols
Symbol Meaning
1cC ) " Accumulator (AW or AL)
lisp Displacement (8 or 16 bits)
Imem Direct memory address
st Destination operand or address
xt-disp8 16-bit displacement (sign-extension byte
+ 8-bit displacement)
ar_label Label within a different program
segment
wr_proc , Procedure within a different program
segment
1_0p Floating point instruction operation
m 8- or 16-bit immediate operand
1m3/4 3/4-bit immediate bit offset
im8 8-bit immediate operand
im16 16-bit immediate operand
am Memory field (000 to 111);

8- or 16-bit memory location

Symbols

Symbol Meaning

mem8 8-bit memory location

mem16 16-bit memory location

mem32 32-bit memory location

memptri6 Word containing the destination address
within the current segment

memptr32 Double word containing a destination
address in another segment

mod Mode field (00 to 10)

near_label Label within the current segment

near_proc Procedure within the current segment

offset Immediate offset data (16 bits)

pop_vaiue Number of bytes to discard from the stack

reg Register field (000 to 111);
8- or 16-bit general-purpose register

reg8 8-bit general-purpose register

reg16 16-bit general-purpose register

regptr 16-bit register containing a destination
address within the current segment

regptri6 Register containing a destination address
within the current segment

seg Immediate segment data (16 bits)

short_label Label between —128 and +127 bytes from
the end of the current instruction

sr Segment register

src Source operand or address

temp Temporary register (8/16/32 bits)

tmpey Temporary carry flag (1 bit)

AC Auxiliary carry flag

AH Accumulator (high byte)

AL Accumulator (low byte)

AND Logical product

AW Accumulator (16 bits)

BH BW register (high byte)

BL BW register (low byte)

BP BP register

BRK Break flag

BW BW register (16 bits)

CH CW register (high byte)

CL CW register (low byte)

cw CW register (16 bits)

cy Carry flag

DH DW register (high byte)

DIR Direction flag

DL DW register (low byte)

3-151



~PD70208 (V40)

NEC

Symbols (cont) Flag Operations

Symbol Meaning Symbol Meaning

DSO Data segment 0 register (16 bits) (blank) No change

DSt ‘Data segment 1 register (16 bits) 0 Cleared to 0

DwW DW register (16 bits) 1 Setto 1

IE Interrupt enable flag X Set or cleared according to resuft

IX Index register (source) (16 bits) u - Undefined

Y Index register (destination) (16 bits) R Restored to previous state

MD Mode flag

OR Logical sum Memory Addressing Modes

4 Parity flag mem mod = 00 mod = 01 mod =10

PC Program counter (16 bits) 000 BW + IX BW + IX + disp8 .BW + IX + disp16

PS Program segment register (16 bits) 001 BW +1Y BW + IY + disp8 BW + 1Y + disp16

PSW Program status word (16 bits) 010 BP +IX BP + IX + disp8 BP + IX + disp16

R Register set 011 BP +1Y BP + IY + disp8 BP + 1Y + disp16

S Sign extend .operand figld 100 IX IX + disp8 IX + disp16
e oye W

operand 110 Direct BP + disp8 BP + disp16

S Sign flag 11 BW BW + disp8 BW + disp16

SP Stack pointer (16 bits)

8§ Stack segment register (16 bits) Register Selection (mod = 11)

v Overflow flag reg W=0 w=1

w Word/byte field (0 to 1) 000 AL AW

X, XXX, YYY, Z7Z Data to identify the instruction code of the 001 CL oW
external floating point arithmetic chip 010 L oW

XO0R Exclusive logical sum on BL BW

XXH Two-digit hexadecimal value 100 AH )

XXXXH Four-digit hexadecimal value 101 CH BP

z Zero flag 10 DH X

() Values in parentheses are memory contents M ~ BH Iy

e Transfer direction

* Addition Segment Register Selection

Z Subtraction sr Segment Register

X Mqltiplication 00 DS1

+ Division ot " PS

% Modulo 10 SS ‘ “

i
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Instruction Set
Opcode Flags
Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P 8 Z
Data Transfer Instructions
Mov reg, reg 1000101W 11 reg reg 2 2
mem, reg 100010 0W mod reg mem 7M 2-4
reg, mem 100010 1W mod reg mem 10/14 24
mem, imm 110001 1W mod reg mem 9/13 3-6
reg, imm 101 1W reg 4 2-3
acc, dmem 1010000W 10/14 3
dmem, acc 101000 1W 9/13 3
sr, reg16 10001110 110 sr reg 2 2
sr, mem16 10001110 mod 0 sr mem 14 2-4
reg16, sr 10001100 110 sr reg 2 2
mem16, sr 10001100 mod 0 sr mem 12 2-4
DSO, reg16, mem32 11000101 mod reg mem 25 2-4
DS1, reg16, mem32 11000100 mod reg mem 25 2-4
AH, PSW 10011111 2 1
PSW, AH 10011110 3 1 X X X X X
LDEA reg16, mem16 10001101 mod reg mem 4 2-4
TRANS src_table 11010111 9 1
XCH reg, reg 100001 1W 11 reg reg 3 2
mem, reg 100001 1W mod reg mem 13/21 24
AW, reg16 10010 reg 3 1
Repeat Prefixes
\EPC 001100101 2 1
EPNC 01100100 2 1
EP 11110011 2 1
EPE
EPZ
EPNE 11110010 2 1
EPNZ
lock Transfer Instructions
0VBK dst, src 1010010W 1
9(9) +8n(W=0)
9(17) + 16n (W =1)
VIPBK dst, src 1010011 W 1 X X X X X X
7(13)+14n (W=0)
7(1)+22n (W=1)
APM dst 101011 1W 1 X X X X X X
7(7)+10n (W=0)
71 +14nW=1)
M SIC 1010110W 1
: 7(7+9n(W=0)
7(1)+13n (W=1)
M dst 1010101W 1

5(5) +4n (W=0)
5(9 +8n(W=1)

n = number of transfers
String instruction execution clocks for a single instruction execution are in parentheses.
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P § Z
1/0 Instructions ‘
IN acc, imm8 1110010W 9/13 2
acc, DW 1110110W 8/12 1
ouT imms, acc 111001 1W 8/12 2
DW, acc 1110111 W 8/12 1
INM dst, DW 0110110W 1
9(10)+8n (W =0)
9 (18) + 16n (W =1)
0UTM DW, src 0110111W 1
9(10)+8n(W=0)
9(18) + 16n (W =1)
n = number of transfers
String instruction execution clocks for a single instruction execution are in parentheses.
BCD Instructions
ADJBA 00110111 7 1 X X U uuwu
ADJ4A 00100111 3 1 X X U X X X
ADJBS 0oo0o111111 7 1 X X U uwuwu
ADJ4S 060101111 3 1 X X U X X X
ADD4S dst, src 00001111 00100000 7+19n 2 U X uuux
SuB4S dst, src 00001111 00100010 7+19n 2 U X uouou X
CMP4S dst, src 0000T1T111 00100110 7+19n 2 U X uuux
ROL4 reg8 0000O0T1TT11A1 00101000 13 3
1100 0 reg ’
mems§ 00001111 00101000 25 35
mod 0 0 0 mem
ROR4 reg8 o0o0oo001111 0010101t 0 17 3
11000 reg
mem8 00001111 00101010 29 35
mod 0 0 0 mem
= number of BCD digits divided by 2
Data Type Conversion Instructions
CVTBD 11010100 0 [V 2 Uuu X X X!
CVTDB 11010101 0 0 0 7 2 UuuuXx X X
cviBw 10011000 2 1
CVTWL 10011001 4/5 1
Arithmetic Instructions
ADD reg, reg 00060O0O0T1TW. 1 1 .reg reg 2 -2 X X X X X X
mem, reg 000O0O0ODOOW mod reg mem’ 13/21 24 X X X X X X
reg, mem 000O0O0CO1TW mod reg mem 10/14 24 X X X X X X
reg, imm 100000SW 11000 reg 4 34 X X X X X X
mem, imm 100000SW mod 000 mem 15/23 36 X X X X X X
acc, imm 000O0OCT1TOW 4 2-3 X X X X X X
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 76543210 Clocks Bytes ACCYV P S Z
Arithmetic Instructions (cont)
ADDC reg, reg 0001001W 1 1 reg reg 2 2 X X X X X X
mem, reg 0001000W mod reg mem 13/21 2-4 X X X X X X
reg, mem 000100 1W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 1 1010 reg 4 34 X X X X X X
mem, imm 100000SW mod 010 mem 15/23 36 X X X X X X
acc, imm 0001010W 4 23 X X X X X X
SUB reg, reg 00101T01TW 1 1 reg reg 2 2 X X X X X X
mem, reg 0010100W mod reg mem 13/21 2-4 X X X X X X
reg, mem 0010101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 1 1101 reg 4 34 X X X X X X
mem, imm 100000SW mod 101 mem 15/23 36 X X X X X X
acc, imm 001o0o110W 4 2-3 X X X X X X
SUBC reg, reg oo0oo0t101wW 11 reg reg 2 2 X X X X X X
mem, reg 0001 100W mod reg mem 13/21 2-4 X X X X X X
reg, mem 0001 101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 100000SW 11011 reg 4 34 X X X X X X
mem, imm 100000SW mod 01 1 mem 15/23 36 X X X X X X
acc, imm 000111 0W 4 2-3 X X X X X X
NC reg8 11111110 11000 reg 2 2 X X X X X
mem 111111 1W mod 0 00 mem 13/21 2-4 X X X X X
reg16 01000 reg 2 1 X X X X X
JEC reg8 11111110 11001 reg 2 2 X X X X X
mem 111111 1W mod 001 mem 13/21 2-4 X X X X X
reg16 01001 reg 2 1 X X X X X
ULU reg 111101 1WwW 11100 reg 21-30 2 U X X uuu
mem 111101 1W mod 100 mem 26/39 24 U X X Uuwuu
UL reg 111101 1W 11101 reg 33-47 2 U X X u uu
mem 111101 1W mod 101 mem 38-56 2-4 Ux X u uwu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X U uu
reg16,mem16,imm8 01101011 mod reg mem 37-43 35 U X X uuwu
reg16,reg16,imm16 01101001 11 reg reg 36-42 4 U X X u uu
reg16,mem16,imm16 01101001 mod reg mem 45-51 4-6 U X X uuu
vu reg 111101 1W 11110 reg 19/25 2 U uuuuu
‘ mem. t111011W mod 110 mem 24134 24 U uuuuu
) reg 111101 1W 11111 reg 2943 2 U uuuuu
mem 111101 1W mod 111 mem 34-52 2-4 U uuuuu
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Instruction Set (cont)

Opcode Flags

Mnemonic Operand 76543210 7 65 4321 0 Clocks Bytes ACCYV P § Z

Comparison Instructions

CMP reg, reg 001110 1W 1 1 reg - reg 2 2 X X X X X X
mem, reg 0011100W mod reg mem 10/14 24 X X X X X X
reg, mem 0011101W mo reg mem 10/14 24 X X X X X X
reg, imm 10000O0SW 1 1111 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 111 mem 12/16 3-6 X X X X X X
acc, imm 00111 10W 4 2-3 X X X X X X

Logical Instructions

NOT reg 111101 1W 1 1010 reg 2 2
mem 111101 1W mod 010 mem 13/21  2-4

NEG reg 111 101t1W 1 1011 reg 2. 2 X X X X X X
mem 111101 1W mod 01 1 mem 13/21 2-4 X X X X X X

TEST reg, reg 100001 O0OW 1 1 reg reg 2 2 u 00 x x x
mem, reg 100001 0W mod reg mem 9/13 2-4 u 00 x x X
reg, imm 111101 1W 1 1000 reg 4 3-4 u 00 x x x
mem, imm 111101 1TW mod 00 0 mem 10/14 3-6 u 00 x x x
acc, imm 1010100W 4 2-3 U0 0 x x x

AND reg, reg 00100O01TW 1 1 reg reg 2 2 u 00 x x x
mem, reg 001000O0W mod reg mem 13/21 2-4 u00 x x x
reg, mem 001000 1W mod reg mem 10/14 2-4 u 00 x x x
reg, imm 10000O0O0OW 1T 1100 reg 4 34 u 00 x x x
mem, imm 100000O0W med 100 mem 15/23 36 uoox x x
acc, imm 0010010W 4 2-3 u 00 x x x

OR reg, reg oo00O01TO01TW 1T 1 reg reg 2 2 u00x x x
mem, reg 0000100W mod reg mem 13/21 2-4 u00x x x
reg, mem 000010 1TW mod reg mem 10/14 24 u00x x X
reg, imm 100000O0W 1T 1001 reg 4 3-4 u 00 x x X
mem, imm 10000O0O0OW mod 001 mem 15/23 3-6 u 00 x x x
acc, imm 001001TO0W 4 2-3 u 00 x x x

XOR reg, reg 0011001W 1 1 reg reg 2 2 u 00 x x x
mem, reg 001100O0W mod reg mem 13/21 2-4 u00 x x x
reg, mem 001100 1W mod reg mem 10/14 24 u 00 x x x
reg, imm 10000O0O0W 1T 1 110 reg 4 3-4 u 00X X x
mem, imm 10000O0O0OW mod 110 mem 15/23 3-6 u 00 x x x
acc, imm 0010010W 4 2-3 U 00 x x x
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 1 Clocks  Bytes ACCYV P § Z
Bit Manipulation Instructions
INS reg8, reg8 00001111 0 35133 3
11 reg reg
reg8, imm8 oo0oo0o01111 0 35133 4
11000 reg
EXT reg8, reg8 oo0oo001111 0 3459 3
11 reg “reg
reg8, imm8 00001111 0 3459 4
1100 0 reg
TESTH reg, CL 00001111 0 3 3 u00uux
11000 reg
mem, CL ooo0oo01111 0 7M1 35 u 00 uwux
mod 0 0 0 mem
reg, imm3/4 00001111 0 4 4 u 00 uwux
11000 reg
mem, imm3/4 oo0oo001111 0 8/12 4-6 u00uwux
mod 0 0 0 -mem
SET1 reg, CL ooo0o01111 0 4 3
1100 0 reg
mem, CL 000O0CT1T1T11 0 10/18 35
mod 0 0 0 mem
reg, imm3/4 ooo0oo01111 0 5 4
11000 reg
mem, imm3/4 oo0oo0o0 1111 0 119 46
mod 00 0 mem
cY 11111001 2 1 1
DIR 11111101 2 1
SLR1 reg, CL 00001111 0 5 3
11000 reg
mem, CL oo0oo0o011 11 0 1/19 35
mod 0 0 0 mem
reg, imm3/4 oo0oo0oo0 1111 0 6 4
11000 reg
mem, imm3/4 0oe0o00T1tT1 11 0 12/20 46
_ mod 0 0 0 mem
cY 11111000 2 1 0
DIR 11111100 2 1
i0T1 reg, CL 00001111 0 4 3
11000 reg
mem, CL 00001111 0 10/18 35
mod 0 0 0 mem
reg, imm3/4 006001111 0 5 4
11000 reg
mem, imm3/4 00001111 0 1/19 46
mod 0 0 0 mem
cY 11110101 2 1 X
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Instruction Set (cont)

Opcode Flags
Mnemonigc Operands 76543210 765 4321 0 Clocks Bytes ACCYV P § Z
Shift/Rotate Instructions ’
SHL reg, 1 1101000W 11100 reg 2 2 U X X X X X
mem, 1 1101000W mod t 00 mem 13/2t 24 U X X X X X
reg, CL 1101001W 11100 reg 7+n 2 Uu X u X X X
mem, CL 110100 1W mod 100 mem 16/24 +n 2-4 U X u X x x
. reg, imm8 1100000W 11100 reg 7+n 3 u X u Xx x x
mem, imm8 1100000W mod 100 mem 16/24 +n 35 U X u Xx X X
SHR reg, 1 1101000W 11101 reg 2 2 U X X X X X
mem, 1 1101 000W mod 101 mem 13/21 2-4 U X X X X X
reg, CL 1101001W 11101 reg 7+n 2 U X U X X X
mem, CL 110100 1W mod 1 0 1 mem 16/24 +n 2-4 U X u x x Xx
reg, imm8 1100000W 11101 reg 7+n 3 U X uXx x X
mem, imm8 1100000W mod 101 mem 16/24 +n 3-5 U X uXx X X
SHRA reg, 1 1t101000W 11111 reg 2 2 ux 0 x x x
mem, 1 1101000W mod 111 mem 13/21 2-4 ux 0 x x x
reg, CL 1101001W 11111 reg 7+n 2 u x u X X X
mem, CL 1101001W mod 111 mem 16/24 +n 2-4 U X u Xx x X
reg, imm8 1100000W 11111 reg 7+n 3 U X u X X X
mem, imm8 110000 0W mod 1 1 1 mem 16/24 +n 35 u X u Xx X X
ROL reg, 1 1101000W 11000 reg 2 2 X X
mem, 1 1101000W mod 000 mem 13/21 2-4 X X
reg, CL 1101001TW 11000 reg 7+n 2 X u
mem, CL 1101001W mod 000 mem 16/24 +n 2-4 X u
reg, imm 1100000W 11000 reg 7+n 3 X u
mem, imm 110000 0W mod 000 mem 16/24 +n 35 X U
ROR reg, 1 1101000W 11001 reg 2 2 X u
mem, 1 1101000W mod 001 mem 13/21 2-4 X X
reg, CL 1101001W 11001 reg 7+n 2 X u
mem, CL 1101001TW mod OO 1 mem 16/24 +n 2-4 X U
reg, imm8 1100000W 11001 reg 7+n 3 X U
mem, imm8 110000 O0W mod 001 mem 16/24+n = 35 X U
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 1101000W mod 010 mem 13/21 2-4 X X
reg, CL 1101001W 1t 1010 reg 7+n 2 X u
mem, CL 1101001W mod 010 mem 16/24 +n 2-4 X u
reg, imm8 1100000W 11010 reg 7+n 3 X u
mem, imm8 110000 O0W mod 010 mem 16/24 +n 35 X u

n = number of shifts
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 760543210 Clocks Bytes - ACCYV P § Z
Shift Rotate Instructions (cont) »
RORC reg, 1 1101000W 1t 1011 reg 2 2 X X
mem, 1 1101000W med 01 1 mem 13/21 2-4 X X
reg, CL 1101001W 1 1011 reg 7+n 2 X u
mem, CL 1101001W mod 011 mem 16/24+n 24 X u
reg, imm8 1100000W 1t 1011 reg 7+n 3 X u
mem, imm8 110000 O0W mod 011 mem 16/24+n 35 X u
n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 mod 11 0 mem 23 2-4
reg16 01010 reg 10 1
sr 000 sr 110 10 1
PSW 10011100 10 1
R 01100000 65 1
imm 01101080 9-10 2-3
POP mem16 10001111 mod 0 0 0O mem 25 2-4
reg16 01011 reg 12 1
sr 000 sr 1 11 12 1
PSW 1001 101 12 1 RRRRRR
R 01100001 7% 1 !
PREPARE imm16, imm8 11001000 * 4
*imm8=0:16 .
imm8>1:21+ 16 (imm8 — 1)
DISPOSE 11001001 10 1
Control Transfer Instructions
JALL near_proc 11101000 20 3
regptr t11 11111 11010 reg 18 1
memptri6 11111111 mod 0 1 0 mem kil 2-4
far_proc 10011010 29 5
memptr32 t1 111111 mod 0 1 1 mem 47 2-4
1ET 110000 11 19 1
pop_value 11000010 24 3
11001011 29 1
pop_value 11001010 32 3
R near_label 11101001 13 3
short_label 11101001 12 2
reg 11111111 11100 reg 1 2
memptri6 11111111 mod 1 0 0 mem 23 2-4
far_label 11101t010 15 5
memptr32 11111111 mod 1 0 1 mem 34 2-4
/ near_label 01110000 14/4 2
Vv near_label 01110001 14/4 2
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Instruction Set (cont)

Opcode Flags

Mnemonic Operands 76543210 76 5 43 21 0 Clcks Bytes ACCYV P S Z
Control Transfer Instructions (cont) - ’ L '
BC, BL near_label 01110010 14/4 2
BNC, BNL near_label 01110011 14/4 2
BE, BZ near_label 01110100 14/4 2
BNE,BNZ ~  near_label 01110101 14/4 2
BNH near_label 01t110110 14/4 2
BH near_label 01110111 42
BN near_label 01111000 14/4 2
BP near_label 01111001 4 2
BPE near_label 01111010 14/4 2
BPO near_label 01111011 14/4 2
BLT near_label 01111100 14/4 2
BGE near_label 01111101 442
BLE near_label 01111110 14/4 2
BGT near_label 0ot 11 1111 14/4 2
DBNZNE near_label 11100000 s 2
DBNZE near_label 11100001 14/5 2
DBNZ near_label 11100010 13/5 2
BCWZ - near_fabel 11100011 13/5 2
Interrupt Instructions
BRK 3 11001100 50 1

imm8 11_001101 50 2
BRKV imm8 11001111 52/3 1
RET! 11001110 ’ 39 1 R\RRHVRR
CHKIND reg16, mem32 01100010 mod reg mem 72-75/25 2-4
BRKEM imm8 00001111 11111111 5 3
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op. 11011+ XXX 11YYYZZZ 2 2

fp_op, mem 11011 XXX mod Y Y Y mem 14 2-4
FPO2 fp_op 0110011 X 11YYYZZ1ZI 2 2

fp.op, mem 001100 1T1X mod Y Y'Y mem 14 2-4
POLL 10011011 , . 2450 1

n = number of times POLL pin is sampled.

NOP 100 0000 3 1
DI 11111010 2 1
El 11111011 2 1
DS0:, DS1:, PS:, and SS: 001 seg 110 2 1
(segment override prefixes)
8080 Instruction Set Enhancements
RETEM 111 0 1101 11111101 39 2 R RRRR
CALLN imm8 111 0 1101 11101101 58 3 ' ‘
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NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD70216 (V50™)
16-BIT, HIGH-INTEGRATION
CMOS MICROPROCESSOR

Description

The pPD70216 (V50™) is a high-performance, low-
_power 16-bit microprocessor integrating a number of
'commonly-used peripherals to dramatically reduce the
'size of microprocessor systems. The CMOS construc-

tion makes the uPD70216 ideal for the design of

portable computers, instrumentation, and process
control equipment.

The uPD70216 contains a powerful instruction set that
is compatible with the yPD70108/uPD70116 (V20™/
V30™) and uPD8086/uPD8088 instruction sets. In-
struction set support includes a wide range of arith-
metic, logical, and control operations as well as bit
manipulation, BCD arithmetic, and high-speed block
transfer instructions. The uPD70216 can also execute
the entire uPD8080AF instruction set using the 8080
emulation mode. Also available is the uPD70208 (V40™),
identical to the yPD70216 but with an 8-bit external
data bus.

Features

7 V20/V30 instruction set compatible
J Minimum instruction execution time: 250 ns (at
8 MHz)
] Direct addressing of 1M bytes of memory
1 Powerful set of addressing modes
1 14 16-bit registers
1 On-chip peripherals including
— Clock generator
— Bus interface
— Bus arbitration )
— Programmable wait state generator
— DRAM refresh control
— Three 16-bit timer/counters
— Asynchronous serial 1/0 control
— Eight-input interrupt control
— Four-channel DMA control
1 Hardware effective address calculation logic
| Maskabie and nonmaskable interrupts
| uPD72191 Floating Point Processor interface
| IEEE 796 compatible bus interface
 Low-power standby mode
Low-power CMOS technology

'0, V30, V40, and V50 are trademarks of NEC Corporation.

Ordering Information

Part Number Package Maximum Frequency

1PD70216R-8 68-pin PGA 8 MHz

4#PD70216L-8 68-pin PLCC 8 MHz

uPD70216G-8 80-pin plastic miniflat 8 MHz

Pin Configurations

68-Pin PGA

Bottom View
fﬂooooooooo
I ENONONCHONORONCHONONONG)
il OO ONO)
« OO ON®)
s| OO ONO)
sl OO uPDT0216 O O
1 OO0 ONO)
s] OO ONGO)
of OO ONO)
0 OOOOOOOOOOQ‘)
n ONCHCGHONOHONORORO)
A B C D E H J K L
Pin__ Symbol Pin  Symbol Pin  Symbol Pin  Symbol
A2 INTP7 B9 DMARQ1 | F10 AD7 K4 NMmI
A3 INTP5 B10 DMARQO | F11 GND K5 RESET
A4 INTP3 B11_ADg Gt x1 K6 RESOUT
A5 INTP1 C1_TCTL2 | G2 CLKOUT [K7 HLDRQ
A6 DMAAK3/TxD | €2 POLL G10 ADg K8  A1g/PS3
A7 DMAAKZ C10_AD1 G __ADg K9 A17/PSq
A8 DMAAK1 c1l AD2 H1  BUFEN K10 AD1q
A9 DMAAKO D1 Q$1 H2 BUFR/W | K11 ADss
A0 END/TC D2 QSp H10 AD1o L2 iORD
B1 TCLK D10 AD3 H11 AD11 L3 BSgp
B2 TOUT2 D11 AD4 J1_ BUSLOCK | L4  BSz
B3 INTP6 E1_ ASTB J2  TOWR L5 READY
B4 INTP4 E2  UBE J10 ADg2 L6 Vpp
B5 _ INTP2 E10 ADs J11_ ADya L7 HLDAK
B6 INTAK/SRDY/ | E1t  ADe K1 MWR L8 REFRQ
TOUT1
'B7 _DMARQ3/RxD | F1__ GND K2 MRD L9 A1g/PS2
B8 DMARQ2 F2_ X2 K3 BSq L10  A1e/PSo
83-0027198
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Pin Configurations (cont)

68-Pin PLCC 80-Pin Plastic Minifiat
Top View Top View
- N o o =4 > P & x5
228 2%2 ks a e fpes3 il
PrecmcSgsBisaasEs EER T RN R
IEEELEERFEEEEERE 1] << dld T SISk EZzaBRIE
000000000000 0RO00in. NnNn0p[nnpnnonoonoaon
7 a 1 68 64 61 (" so 76 73 70 67 65
aD1s [ 10 MWR A1s/PSo (1 64 [ ioRD
AD1s [ iowr Ne [ 1 ne
AD13 58 [1 BUSLOEK AD1s [ O [1 MWR
aD12 13 3 surA/w AD1 4 617 iowR
AD11 [ suFen AD13 [ [] BUSTOCK
AD1g 55 [1 cLeout AD12 O [ BUFR/W
apg [] 16 B x1 abn 47 58 ['] BUFEN
ADg 1 x2 A0 H cucout
GND 4PDT70216 52 {1 GND ADs [} 1 x1
apy 18 H o8 aps ] 10 s5 [7 x2
ADg D aste ono  GND
ADs 29 D aso ne [ «PD70216 o e
ADq L 22 ufty GNo 13 521 enp
i AD; OBE
AD3 [ POl s | uBE
AD2 46 [ TeTL2 A0s [ AsTB
Dy O 25 1 Tout2 Aps 16 491 aso
AD, s
ADg [ rek +J H ast
28 3 34 a7 a0 4 a0; O [ oLl
UUUU—U—UUU—E—UUUUUUUU AD2 O 19 46 [0 TeTL2
0O 2 e Rl N8 OQF r 8 DT SO SO N
B8ESE SR e EEEEEEE aor ) rourz
,g«;g§<;anozzzzzz§ a00 ek
EZEEB 33 ¢S o
g3 ‘g Ne [ 22 43 1 NC
gla g Ne [ INTP?
‘.‘3 mxﬁq 24 410 INTPs
H 25 28 3 34 37 @ )
83-002718A oo D000 o0 oo oo OO
e rT 990 QO0C BFS oo
gEeE e " 5o ERE
SRS IE5S ©7zzzzz
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oo oale oo g [« >
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uPD70216 (V50)
Pin ldentification
Symbel Function :mﬂl c— " n Funlctllnn p
- Pr—
A19-A16/PS3-PSg Multiplexed address/processor status outputs — Tnmerlcoun o :x orma |c ock npd
i t trol input
AD15-ADg Multiplexed address/data bus T0UT2 T!mer/coun o 2 contro’ inpu
ASTB Address strobe output T mer ;:ounter bIOUtPUt
BUFEN Data bus transceiver enable output SB ng:r yto enal Ie o.utput
BUFR/W Data bus transceiver direction output xl1)Dx2 ; pl"/wet' S"D:’ ‘1 '":”t t
: -
BUSLOCK Buslock output . rystaljexterna’ clock Inputs
BSy-BS, Bus status outputs - . -
Gl d Pin Functions
CLKOUT System clock output
DOMIAAKD DMA channel 0 acknowledge output A19-A16/PS3-PSg [Address/Status Bus]
DMAAK1 DMA channel 1 acknowledge output These three-state output pins contain the upper 4 bits
DVAAKD DMA channel 2 acknowledge output gf the ZQ-blt adqress during T1 and proces.sor status
p— - information during T2, T3, Tw, and T4. During T1 ofa
DMAAK3/TxD ?rr:\s m;"zgﬂ%ﬁfp&"w edge output/Serial memory read or write cycle, these pins contain the
- upper 4 bits of the 20-bit address. These pins are forced
DMARQO DMA channel 0 request input low during T4 of an 1/O bus cycle.
DMARQ1 DMA ch; 11 t.input R R )

0 channe’ T reques f"pu Processor status is output during T2, T3, Tw, and T4 of
DMARG2 DMA channel 2 request input both memory and 1/0 bus cycles. PS3 is zero during
DMARQ3/RxD DMA channel 3 request input/Serial receive any CPU native mode bus cycle. During any DMA,

data input refresh, or 8080 emulation mode bus cycle, PS3 outputs
END/TC End input/Terminal count output a high level. PS, outputs the contents of the interrupt
GND Ground enable (IE) flag in the CPU PSW register. PS; and PSq
‘ indicate the segment register used to form the physical
HLDAK Hold acknowledge output address of a CPU bus cycle as follows:
HLDRQ Hold request input .
IC Internal connection; leave unconnected Ps; PSg Segment
INTAK/TOUT1/SRDY Interrupt agknowledge output/Timer/counter 1 0 0 Data segmént 1(DS1)
output/Serial ready output 0 1 Stack segment (SS)
IEFEHNTP? Interrupt request inputs 1 0 Program segment (PS)
|ORD 1/0 read strobe output 1 1 Data segment 0 (DS0)
'OWR 170 write strobe output . . . R .
— wrile strobe ovty These pins are in the high-impedance state during hold
VIRD Memory read strobe output acknowledge. ’
WWR Memory write strobe output
{C No corinection AD15-ADo [Address/Data Bus]
Ml Nonmaskable interrupt input These three-state pins form the active-high, time-multi-
OLL Poll input plexed address/data bus. During T1 of a bus cycle,
ADq5-ADg output the lower 16 bits of the 20-bit memory
S4-QS, CPU tat tput: X
15;-05y quous STalus ouTpu's or I/0 address. During the T2, T3, Tw, and T4 states,
IEADY . Ready input AD15-ADg form the 16-bit bidirectional data bus.
EFR Ref tput .
EEF'Q i res.h request outpu The memory and I/O address spaces are organized
ESET Reset input into a pair of byte-wide banks. The even bank is
[ESOUT Synchronized reset output accessed whenever ADg = 0 during T1 of a bus cycle.

Access to the odd bank is controlled by the UBE pin.

The ADq5-ADg pins enter the high-impedance state
during hold acknowledge or internal interrupt acknow-
ledge bus cycles or while RESET is asserted. Pins
ADq¢g-ADg contain the slave address of an external
interrupt controller during the second interrupt ac-
knowledge bus cycle.
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ASTB [Address Strobe]

This active-high output is used to latch the address
from the multiplexed address bus in an external address
latch during T1 of a bus cycle. ASTB is held at a low
level during hold acknowledge. .

BUFEN [Buffer Enable]

BUFEN is an active~low output for enabling an external
data bus transceiver during a bus cycle. BUFEN. is
asserted during T2 through T4 of a read cycle, T2
through T3 of a slave interrupt acknowledge cycle, and
T1 through T4 of a write cycle. BUFEN is not asserted
when the bus cycle corresponds to an internal pe-
ripheral, DMA, refresh, or internal interrupt acknow-
ledge cycle. BUFEN enters the high- lmpedance state
during hold acknowledge.

BUFR/W [Buffer Read/Write]

BUFR/W is a three-state, active-low output used to
control the direction of an external data bus trans-
ceiver. A high level indicates the uPD70216 will perform
a write cycle and a low level indicates a read cycle.
BUFR/W enters the high-impedance state during hold
acknowledge.

BUSLOCK

This active-low output provides a means for the CPU to
indicate to an external bus arbiter that the bus cycles of
the next instruction are to be kept contiguous.
BUSLOCK isasserted for the duration of the instruction
following the BUSLOCK prefix. BUSLOCK is also
asserted during interrupt acknowledge cycles and
enters the high-impedance state during hold acknow-
ledge. While BUSLOCK is asserted, DMAU, RCU, and
external bus requests are disabled.
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BS2-BSg [Bus Status]

Outputs BS,-BSj indicate the type of- bus cycle being
performed as follows.

BS; BSy BSg Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1 170 read
0 1 0 1/0 write
0 1 1 Halt
1 0 0 Instruction fetch
1 0 1 Memory read (1)
1 1 0 Memory write (2)
1 1 1 -Passive state
Note:

(1) Memory read bus cycles include CPU, DMA read, DMA verify,
and refresh bus cycles.

(2) Memory write bus cyclesinclude CPU and DMA write bus cycles.

BS,-BSy are three-state outputs and are high imped-
ance during hold acknowledge.

CLKOUT

The CLKOUT output is used to generate all internal
timing for the uPD70216. CLKOUT has a 50-percent
duty cycle at half the frequency of the input clock
source.

DMAAKO-DMAAK2 [DMA Acknowledge]

This set of outputs contains the DMA acknowledge
signals for channels 0-2 from the internal DMA control-
ler and indicate that the peripheral can perform the
requested transfer. i

|
DMAAKS3/TxD [DMA Acknowledge 3]/[Serial
Transmit Data]

by the PF field of the on-chip peripheral connectior|

Two outputsignals multlplexed onthispinare selectec l
register. ’

¢ DMAAKS is an active-low output and enables ar‘
external DMA peripheral to perform the requesteﬂ'
DMA transfer for channel 3.

e TxD is the serial output from the serial control unif

DMARQO-DMARQ2 [DMA Request]

These synchronized inputs are used by external pe
ripherals to request DMA service for channels 0-2 fror
the internal DMA controller.
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DMARQ3/RxD [DMA Request 3]/[Serial Receive
Data]

Two input signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

. o DMARQS3 isused by an external peripheral to request

a DMA transfer cycle for channel 3.

¢ RxD is the serial input to the serial control unit.

END/TC [End/Terminal Count]

This active-low bidirectional pin controls the termin-
ation of a DMA service. Assertion of END by external
hardware during DMA service causes the service to
terminate. When a DMA channel reaches its terminal
count, the DMAU asserts TC, indicating the program-
med operation has completed.

END/TC is an open-drain 1/0 pin, and requires an
external 2.2-kQ pull-up resistor.

HLDAK [Hold Acknowledge]

When an external bus requester has become the
highest priority requester, the internal bus arbiter will
assert the HLDAK output indicating the address, data,
and control buses have entered a high-impedance state
and are available for use by the external bus master.

Should the internal DMAU or RCU (demand mode)
request the bus, the bus arbiter will drive HLDAK low.
When this occurs, the external bus master should
compilete the current bus cycle and negate the HLDRQ
signal. This allows the bus arbiter to reassign the bus to
the higher priority requester.

HLDRQ [Hold Request]

This active-high signal is asserted by an external bus
master requesting to use the local address, data, and
control buses. The HLDRQ input is used by the internal
bus arbiter, which gives control of the buses to the
(highest priority bus requester in the following order.

'Bus Master Priority

RCU Highest (demand mode)
DMAU .

HLDRQ (]

ICPU .

RCU Lowest (normal operation)

INTAK/TOUT1/SRDY [Interrupt Acknowledge]/
[Timer 1 Output]/[Serial Ready]

Three output signals multiplexed on this pin are
selected by the PF field of the on-chip peripheral
connection register. :

e INTAK is an interrupt acknowledge signal used to
cascade external slave uPD71059 Interrupt Control-
lers. INTAK is asserted during T2, T3, and Tw states
of an interrupt acknowledge cycle.

e TOUT1 is the output of timer/counter 1.

e SRDY is an active-low output and indicates that the
serial control unit is ready to receive the next
character.

INTP1-INTP7 [Peripheral Interrupts]

INTP1-INTP7 accept either rising-edge or high-level
triggered asynchronous interrupt requests from externai
peripherais. These INTP1-INTP7 inputs are internally
synchronized and prioritized by the interrupt control
unit, which requests the CPU to perform an interrupt
acknowledge bus cycle. External interrupt controllers
such asthe uPD71059 can be cascaded to increase the
number of vectored interrupts.

These interrupt inputs cause the CPU to exit both the
standby and 8080 emulation modes.

INTP1-INTP7 contain internal pull-up resistors and
may be left unconnected.

IORD [I/0 Read]

This three-state pin outputs an active-low 1/O read
strobe during T2, T3, and Tw of an I/O read bus cycle.
Both CPU I/0O read and DMA write bus cycles assert
IORD. IORD is not asserted when the bus cycle
corresponds to an internal peripheral. It enters the
high-impedance state during hold acknowledge.

fOWR [I/0 Write]

This three-state pin outputs an active-low 1/0 write
strobe during T2, T3, and Tw of a CPU I/O write or an
extended DMA read cycle and during T3 and Tw of a
DMA read bus cycle. IOWR is not asserted when the
bus cycle corresponds to an internal peripheral. It
enters the high-impedance state during hold acknow-
ledge.
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MRD [Memory Read Strobe]

This three-state pin outputs an active-low memory
read strobe during T2, T3, and Tw of a memory read
bus.cycle. CPU memory read, DMA read, and refresh
bus cycles all assert MRD. MRD enters the high-
impedance state during hold acknowledge.

MWR [Memory Write Strobe]

This three-state pin outputs an active-low memory
write strobe during T2, T3, and Tw of a CPU memory
write or DMA extended write bus cycle and during T3
and Tw of a DMA normal write bus cycle. MWR enters
the high-impedance state during hold acknowiedge.

NMI [Nonmaskable Interrupt]

The NMI pin is a rising-edge-triggered interrupt input
that cannot be masked by software. NMI is sampled by
CPU logic each clock cycle and when found valid for
five or more CLKOUT cycles, the NMI interrupt is
accepted. The CPU will process the NMI interrupt
immediately after the current instruction finishes
execution by fetching the segment and offset of the
NMI handler from interrupt vector 2. The NMl interrupt
causes the CPU to exit both the standby and 8080
emulation modes. The NMI input takes precedence
over the maskable interrupt inputs.

POLL [Poll]

The active-low POLL input is used to synchronize the
operation of external devices with the CPU. During
execution of the POLL instruction, the CPU checks the
POLL input state every five clocks until POLL is once
again asserted. -

Qs1-QSo [Queue Status]

The QS and QSp outputs maintain instruction synch-
ronization between the uPD70216 CPU and external
devices such as the uPD72191 Floating Point Processor.
These outputs are interpreted as follows.

08, 0Sg Instruction Queue Status
0 0 No operation
0 1 First byte of instruction fetched
1 0 Flush queue contents
1 1 Subsequent byte of instruction fetched

Queue status is valid for one clock cycle after the CPU
has accessed the instruction queue.
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READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the uPD70216. Slow
memory and |/O devices can lengthen a bus cycle by
negating the READY inputand forcing the BIU to insert
Tw states. READY must be negated prior to the rising
edge of CLKOUT during the T2 state to guarantee
recognition. When READY is once again asserted and
recognized by the BIU, the BIU will proceed to the T4
state.

The READY input operates in parallel with the internal
puPD70216 wait control unit and can be used to insert
more than three wait states into a bus cycle.

REFRQ [Refresh Request]

REFRQ is an active-low output indicating the current
bus cycle is a memory refresh operation. REFRQ is
used to disable memory address decode logic and
refresh dynamic memories. The 8-bit refresh row
address is placed on Ag-A4 during a refresh bus cycle.

RESET [Reset]

The RESET input is used to force the uPD70216 to a
known state by resetting the CPU and on-chip periph-
erals. RESET must be asserted for a minimum of four
clocks to guarantee recognition. After RESET has
been released, the CPU will start program execution
from address FFFFOH.

RESET will release the CPU from the low-power
standby mode and force it to the native mode.

RESOUT [Reset Output]

This active-high outputis available to perform a system-
wide reset function. Reset is internally synchronized
with CLKOUT and output on the RESOUT pin.
TCLK

TCLK is an external clock source for the timer contro
unit. The three timer/counters can be programmed tc
operate with either the TCLK input or a prescalec)
CLKOUT input. !

TCTL2

TCTL2 is the control input for timer/counter 2. |

TOUT2
TOUT2 is the output of timer/counter 2.



NEC

©uPD70216 (V50)

UBE (Upper Byte Enable, X1, X2 [Clock Inputs]

UBE is an active-low output, asserted when the upper
byte of the 16-bit data bus contains valid data. UBE is
used along with Ag by the memory decoding logic to
select the even/odd banks as follows.

. Bus
Operation UBE Ag Cycles
Word, even address 0 0 1
Word, odd address 0 1 (1st bus cycle) 2
1 0 (2nd bus cycle)
Byte, even address 1 0 1
Byte, odd address 0 1 1

UBE ié a three-state output and enters the high-
impedance state during hold acknowledge.

Block Diagram

These pins accept either a parallel resonant, funda-
mental mode crystal or an external oscillator input with
a frequency twice the desired operating frequency.

-4
N
2
g o
2 2 g
> < i -]
See & & & &g
[~ < < m OO
TOUT2 <] le— POLL
TOUT1 - seu weu I+ BUSLOCK
TCTL2 —> | BUFEN
TCLK —»] = BUFR/W
—» UBE
—» ASTB
INTP7 —] BIY —» IOWR
INTP6 —» L TORD
INTP5 —p — MWR
INTP4 —{ ICU I+ MRD
INTP3 —» CPU 4— READY
INTP2 —» [— RESOUT
INTP1 — [+~ RESET
INTAK B - |+ HLDAK
NMI l«— HLDRQ
X2 —
X1 — CG DAMU RCU
- CLKOUT
; gEsELaErR |
«cld x 5 T (|< x| e
I EH H
nbocloalo glohw

83-0027298B
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Absolute Maximum Ratings

AC Characteristics

Ta=+25°C Ta=—1010 +70°C; Vpp = +5 V £10%; C, = 100 pF
Power. supply-voltage, Vpp —05t0+7.0V Limits Test
Input voltage, V, . ~0.5t0 Vpp +0.3V Parameter Symbol Min  Max Unit - Conditions
CLK input voltage, Vg —05toVpp+1.0V External clock input  tgyx 62 250 ns
Output voltage, Vo -0.5t0 Vpp+0.3V cycle time i
Operating temperature, Topy —10 to +70°C a’i‘a‘z:]"?"ig:l"‘:k pulse  txxi 2 ns Vkn=30V
Storage temperature, Tgtg —65 to +150°C External clock puise txx 20 s Vg =15V
Comment: Exposing the device to stresses above those listed in the width, fow
Absolute Maximum Ratings could cause permanent damage. The External clock rise txm 10 ns 15—-30V
device is not meant to be operated under conditions outside the time
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended EXtema’ clock fall F 10 ns 30—15V
periods may affect device reliability. ime
CLKOUT cycle time  toyk 124 500 ns
Capacitance CLKOUT pulse width,  tkky 0.5 toyk ns Vky=3.0V
TA=+25°C, VDD=0V high ' -7
Limits Tost FLKOUT pulse width, tyk 0.5 toyk ns Vg =15V
Parameter Symbol  Min  Max Unit Conditions ow -7
Input capacitance ¢ 15 pF fo=1MHz CLKOUT rise time kR 7 ns 15—30V
Output capacitance  Cp 15 :??reeﬁ:';gg f;"os v CLKOUT fall time tkF 7 ns 30—15V
- CLKOUT delay time  tpyk 5 ns
from external clock
DC Characteristics Input rise time R 20 s 08—22V
Ta=—10to +70°C, Vpp = +5V £10% (except external
Limits Tt clock)
Parameter Symbol  Min  Max Unit Conditions Input fall time tiF 2 ns 2208V
- (except external
Input voltage, high Vg 22 Vppt+ V clock)
_ 03 Output rise time toR 20 ns 0822V
Input voltage, low V). -05 08 V (except CLKOUT)
X1, X2 input Vkh 39 Vpp+ V Output fall time tor 2 ns 2208V
voltage, high 1.0 (except CLKOUT)
X1, X2 input Ve 05 06 V " RESETsetuptimeto tgpesk = 25 ns
voltage, low CcLkoUTd
Output voltage, high Vo 0.7 Vpp v loy = —400 LA RESET hold time tukres 35 ns
Output voitage, low. Vo - . 04 V loL =25 mA after GLKOUTY
i — RESOUT delay time  tpkRres 5 60  ns
Input leakage ILn 10 wA Vi=Vpp DKRE
current, high : from CLKOUT!
Input leakage fpL 300 4A  V;=0V,INTP ?ftﬁﬂmiiﬂve SRk 15 ns
inout pi
current, low I e :pu 0p\l/r,xs - cLkouTt
LIL =10 . w =0V, other —
; ; READY inactive 1 25 ns
t pins HKRYL
nput o hold time after
Output leakage ILoH 0 wA Vo=Vpp cLkoutt
current, high . READY active setup  tgpyHK 15 ns
Output leakage ILoL -0 pA  Vp=0V time to CLKOUT? ,
Surrent, low N READY active hold  twkryn 25 s
Supply current loo 9 mA . ~Normal mode time after CLKOUT? :
0 mA Standby mode —
2 y NMI, POLL setup  tgi 1 ns
time to CLKOUT?
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AC Characteristics (cont)

Limits

Limits Test —_— Te's‘l
Parameter Symbol  Min  Max Unit  Conditions Poramelar ~___ Symbol  Min  Max Unit Conditions
Data setup time o tgpk 20 ns ::)Lgf'((losﬁt;p time sHak 2 ns
CcLkout! :
Data hold time after typ 15 ns :‘rt?nAngKe(;ﬁﬁ""e ke 10 100 s
CLKOUT! FETPee——
- ress drive delay  tpka2 tovk ns
Address delay time  tpka 10 60 ns ;
from CLKOUT) time from CLKO'UT
Address hold time _ tka 1 ns ?rm’zﬁg%“me tokwoa 1070 s
after CLKOUT! :
PS delay time from  tpkp 10 60 ns ?rl\gn/:l};'tlt(iglj_}llllme tpkpa 10 115 ns Cascade mode
CLKOUT! —
- WR pulse width, twwi  2Mgyk — ns DMA extended
PS float delay time  tegp 10 60 ns ;
from CLKOUT? Io_w (DMA cycle) 40 write cycle
- WR pulse width, twwe toyk — 40 ns DMA normal
Address setup time  tgasT  tkkL — 30 ns ’
to ASTB! I_oclm (DMA cycle) write cycle
TC output delay tpKTOL 60 ns
Address float delay  tpka thka 60 ns ;
time from CLKOUT! Yime from CLKOUT!
- TC off defay time tpKTCF 60 ns
ASTB! delay time  tpksTH 50 ns
from CLKOUT! f_“fm CLKO\_J-H -
ASTBI delay time  ToksrL B e "_rEpulse width, low  treroL toyk — 15 ns
from CLKOUT? TG pullup delay | tDKTCH tkkw+ N8
ASTB pulse width, tgrst  tkiL — 10 ns time from CLKOUT ok
high =
- END setup time tSEDK 35 ns
Address hold time  tygta tkkw — 10 ns
after ASTB to CLKOUT!.
Control delay time  tpkcT 15 60 ns ﬁ)’\:sll) pulse width, tepepL 100 ns
‘from CLKOUT 3 -
RD! delay time tDAFRL 0 ns ?OMCALF:(OE?#JD time tspak 35 ns
from address float 5 o~
RD! delay time tDKRL 10 70 ns :(’;lvTv n pulse width, — tprpL 100 ns
from CLKOUT! — 1
= - XD setup time to tSRX us
RD1 delay time tDOKRH 15 60 ns ;
from CLKOUT! SC[lJJ |:nternal clofckl
: RxD hold time after  t, 1 us
Address delay time  tppya  toyk — 40 ns SCU internal clock } HRX
from RD? :
RD pulse width, fow tpg 2tevK — ns ﬁg?géﬁ%{ﬁ?e 'oKsR 150 ns
50
TxD delay time fi
BUFR/W defay from tpgegr  tkkL — ns Read cycle TSUTdf lay time from - tprx 500 s
BUFEN? 20 =
- TCTL2 setup time t 50 ns
tower t% - s Write cycle from CLKOUT! 5
Jata output delay  fpkp 10 60 ns ;r: %Eﬂu‘) time 67K 50 ns
sime from CLKOUT : ‘
TCTL2 hold time tHkG 100 ns
Jata float delay trkp 10 60 .ns
ime from CLKOUT! after CLKOUTl
WR pulse width, low tywy 2toyk — ns ;g:ﬁgﬂahme tHTKG 50 ns
40
| .
18} delay time tDKBL 10 60 ns ;%LLZ pulse width,  tgen %0 ns
rom CLKOUT!
15t delay time tpKaH 0 65 ns
rom CLKOUT!
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AC Characteristics (cont)

uPD70216 Clock Input Configurations

Limits Tost
Parameter Symbol Min Max Unit Conditions Crystal-Controlled Internal Clock
TCTL2 pulse width, tggL 50 ns 41 X1
low 15 pF J_
TOUT output delay  tpkto 200 ns " =
time from CLKOUT! 15 pF
— X2
TOUT output delay  tprkTo 150 ns
time from TOUT}
TOUT output delay  tpgTo 120 ns External Clock 1
time from TCTL2! CLK X1
TCLK rise time KR 25 ns
TCLK fall time t1KE 25 ns
TCLK pulse width,  tygtk 50 ns X2
high
TCLK pulse width,  tykrxe 50 ns External Clock 2
|
i CLK——-DQ— X1
TCLK cycle time tocyrk 124 Dc  ns
RD), WRi delay  tpparw  tkkH ns
from DMAAK -3 Buffers are high-speed
DMAAK! delay tORHDAH tKKL ns CMOS inverters.
from RD? —-30 83-004019A
RD! delay from toWHRH 5 ns
Wt Timing Measurement Points
Input 24V 22V 22V }I (
[except Clock] ooy Xtﬂ v 08V
fa2v 22V
Output X( 0.8 V 08V jK
83-001816A
Timing Waveforms
Clock Timing
[————toyx———»
txR—» txr » Txxn
External 4 \
Clock _/_\ ‘__/_\ S V N\
[x1) N K ‘
toxk toxk | txxL i
tevk ‘
[ KKH—— tkF tkR—»
2 )
CLKOUT \ 72 S Jz
le———tkKL———>
83-001844B
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Timing Waveforms (cont)

Reset and Ready Timing

Reset Timing

cuouT ﬂ L_/__\_/_\_
| tsresk tHKRES
RESET
? e 1
le—tDKRES |«—tDKRES
AP ]
2 ¢
RESOUT

Ready Timing, No Wait States
Ll T2 T3 T4 T

CLKOUT

tHKRYH
SRYHK
READY

Ready Timng, Wait States

™ T2
CLKOUT _/—\__)

tsSRYLK [— tHKRYH

T3 ™ T4

READY

— tHKRYL

83-0027258
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Timing Waveforms (cont)

Poll, NMI, and Buslock Timing

CLKOUT
POLL, NMI Input Timing

POLL, NMI

CLKOUT

BUSLOCK Output Timing

BUSLOCK

tsik

s

J%

toka

toka

83-001831B
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Timing Waveforms (cont)

Read Timing
T4 ™ T2 T3 T4
CLKOUT/ u K_/—! N/ l——\_
toka-—»! - —» |e—thka —>| [e—trkp
A19/PS3:
A16/PSg A]ddress ). Program Status
toKa —| — tokp
tsast —»
UBE ><
tsasT |  —» [w—1trka [ tspk —*|
. ! 9 i g —
AD15-ADg * Address ) g Data Input )
tDKSTH—>| — le— tHsTA tko—+ .
:§la
! /_.
/

ASTB —
toKsTL —*| J‘*

—> toker [Note 1 —> 'C—tm(c‘r

BUFEN ==

-++»| tDBECT |&—

— tockT —P [*—tpAFRL —bi toker
BUFR/W

[+ toKRL
- [Note 1] —»  [*—1tpKRH
MRD \ Z‘
IORD K 7
tRR tDRHA
L L
‘ BS2-BSO
—> toksL — tokan  Noter

[1] Except internal 1/0 accesses.

83-001845B
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Timing Waveforms (cont)

Write Timing

T4 ™ T2 T3 T4 ;
cmourj 5 Sx__/—\ X
Aig/PS
ArelPSo X Address Program Status >__<:
= T X —\C

toka—>| e — tokp —»| [+—trkD

F —\

AD45-ADg Z Add Data Output E
1
| —{ (—tHKA

[e—tsasT—>

ASTB  — l /
"-l [*+—tHSTA

toker [Note 1] —®| [+ toker
BUFEN — ] /
BUFRIW —/ \

— et
oer [Note 1] — |<— toker
MWR \r JZL
IOWR
tww
y
BS2-BS0 Ko
ote:
- I"loxm. : le—tpgy  [1] Except internal I/O
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Timing Waveforms (cont)

Status Timing

T4 T T2 T3 T4
'
cekour / St_/__—\i__/_\K_/_\
tHKA —{ [@—
re— trkp
- |<— toke
3\1196’;5530 Address i Program Status >—£
toka—|
UBE ><
re—— tspKk —|
trka —f fe— —» [e— tHKD
A / \ '
AD15-ADg Add M- - Data input )Y
A P 4 b 1 b U

o tDRHA —|

R

ASTB / \

—> ‘4— tokeH
L
BS2-BS0 Bus Status j

—{ tokeL [*T tDAFRL — P [&— —»| [*—tokRH
MRD, IORD \ 4
MWR, IOWR N /
toka —>| —»!  e—1tpKRL
taR

XXX OC

83-0027218
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

T
/N
CLKOUT,

tra—]
\ -
AD15:ADg jL 22 L ot  ———— >—
Vector number
{Note 2}
ASTB \ bt / \
< ¢
tokeT—m1
—— *
INTAK ¥ \ /

— toker — toker

] —————— —— e — —— ——
[Note2] - \ [Note 2] /
BUFEN

BUFR/IW N

—'-‘ oka
BUSLOCK > /

Note:
[1] Slave address when interrupt from ext | uPD71059. L when internal ICU interrupt.
[2] Solid line when Interrupt from external uPD71059. Dash line when internal ICU interrupt.

83-001841B
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Timing Waveforms (cont)

HLDRQ/HLDAK Timing, Normal Operation

Rl

T4

T

/\

\

toka

Jt Internal

(2) BS2-BSO

T
Y/ U / N/
CLKOUT J |
tsHaK tsHoK
A
d —d
HLDRQ )
— ’-—-hmu tokHA
5
/f ¢ \
HLDAK e
—>‘ le—trga
> Do
G "\
(1) Internal Bus Master o
3% 7
—»{  je—trka
(2) Internal Bus Master <
_—

C Bus Master

toxa

Internal Bus Master

83-001828B

HLDRQ/HLDAK Timing, Bus Wait

CLKOUT \

AR AR

/X

/

tsHak
HLDRQ s
1
tDKHA —»

HLDAK

2

pt

P

. External Bus Master
52

NOTE: *A19/PS3-A16/PSp,AD15-ADg, UBE,BUFEN,BUFR/W,MRD,IGRD,MWR,IOWR,BS2-BSgq

toka2

4 Internal Bus
) e

83-0018298
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Timing Waveforms (cont)

Refresh Timing

T4 T 2 3 T4
euouT _ K/ \_/_\x__/_\._/ (_—\_
— [—toxe
A19/PS3 N
-A16/PSp ! Invalid K
UBE /-
tpkA—»!  je— | je— tHKA
AD15-ADg X( b <
-
ADg-ADg ————%{ Row Address |} {

ASTB / \
BUFEN _/
g tDKRL
MRD 1o /_

tDKCT —» tDKCT—»

g

— tDAFRL

" REFRQ

— I-tDKBL — r— tpkBH
BS2-BS0 \L BS2=1, BS1=0, BSO=1 j

83-003517C
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

T4 T T2 T3 T4

o NN _

—, {1

H

tpKBL e—

BS2-BSO \

o T\

— tHKA

— tokp

A1g/PS3-
A16/PSo

tokA —

—s| [e—tFKA

AD45-ADg : N

i
tDKHDA ~—| [ — tDKHDA
DMAAK \
‘ K
tokRL—p| te— tDRHDAH

ale e

—+| te—1DAFRL
tDDARW —»| taR | |e—1tDKRH
MRD, iORD
toKCT —»  |o— —»|  |e—toker — |‘-—lm(cr
tDDARW —»| twwi ! tDWHRH
tww2
\
MWR, IOWR }1(-Early write mode. X 7

83-001847B
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Timing Waveforms (cont)

DMA Timing

END/TC Timing
™ T2

cLKOUT / \

1m<rcr

|<— tokTeH

tokTeL

1se0K j—

trere
te—tEDEDL

DMA Request Timing

wor N NS\

—»|{tspak

DMARQGR /
(n=0-3) -

Cascade Mode, Normal Operation

T1 T4
CLKOUT

tspak —»1 tspak
s s
DMARQ _—f J

tDKLDA - tokLDA ——I
s .
DMAAK .
! s

Cascade Mode, Refresh Cycle Insertion

cLxouT _/—\_/‘*—\_/"*—\ /

—- (s
DMARQ / \ /
tokLDA

. 1DKLDA —»| .
OMAAK 2 \ a3

83-001826C
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Timing Waveforms (cont)

SCU Timing
RxD / X
Z
|* tsrx - =~ tHRX ——}
o ST U/
16 or 64 TOUT1 pulses
[¢— 16 or 64 TOUT1 pulses
™xD
le——tpTX
CLKOUT
toksr
SRDY
1
83-0018498
ICU Timing
tipipL
INTPn
{n=1-7)
83-0040208
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Timing Waveforms (cont)

TCU Timing, Internal Clock Source

CLKOUT
tsak
- tHkG » ([¢—tgeL—» |¢———tggH——> tHke
TCTL2 3\ Zr 3
. 7
— le— tpgTO [TOUT2] — tokv0

4
TOUTn [n=1,2] y‘ X

83-0027228

TCU Timing, ‘TCLK Source

trkr trkF

tTKTKH
|-— e—— teyTK —— . .
TCLK f 5&
trkTKL
A'"TKGV 1saTk
tsark l-— tagH thTkG
TCTL2 S
taGL

tbGTo —> — toTkvo
[TOUT2]
TOUTn [n=1,2] X
I

83-0018238
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Functional Description Central Processing Unit

Refer to the uPD70216 block diagram for an overview - The uPD70216 CPU functions similarly to the CPU of
of the ten major functional blocks listed below. the uPD70116 CMOS microprocessor. However, be-
« Central processing unit (CPU) cause the uPD70216 has internal peri.p.heral device§,
e Clock generator (CG) its b_;us architec.tur.e has beep modified to permit
e Bus interface unit (BIU) sharing the buswnthlnterngl penpherals.TheyPD70216
« Bus arbitration unit (BAU) ) CPU is object code compatible with botr) the uPD70108/
« Refresh control unit (RCU) uPD70116 and the uPD8086/uPD8088 microprocessors.
e Wait control unit (WCU) Figure 1is the uPD70216 CPU block diagram. A listing
e Timer/counter unit (TCU) of the uPD70216 instruction setis at the end of this data
e Serial control unit (SCU) sheet.

¢ Interrupt control unit (ICU)

[ ]

DMA control unit (DMAU)

Figure 1. uPD70216 CPU Block Diagram
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Register Configuration

Program Counter [PC]. The program counter is a 16-
bit binary counter that contains the program segment
offset of the next instruction to be executed. The PC is
incremented each time the microprogram fetches an
instruction from the instruction queue. The contents of
the PC are replaced whenever a branch, call, return, or
break instruction .is executed and during interrupt
processing. At this time, the contents of the PC are the
same as the prefetch pointer (PFP).

Prefetch Pointer [PFP). The prefetch pointer is a
16-bit binary counter that contains the program seg-
ment offset of the next instruction to be fetched for the
instruction queue. Because instruction queue prefetch
is independent of instruction execution, the contents
of the PFP and PC are not always identical. The PFP is
updated each time the bus interface unit (BlU) fetches
an instruction for the instruction queue. The contents
of the PFP are replaced whenever a branch, call, return
or break instruction is executed and during interrupt
processing. At this time, the contents of the PFP and
PC are the same.

Segment Registers [PS, $S, DSy, DS1]. The uPD70216
memory address space is divided into 64K-byte logical
segments. A memory address is determined by the sum
of a 20-bit base address (obtained from a segment
register) and a.16-bit offset known as the effective
address (EA). I/0 address space is not segmented and
no segment register is used. The four segment registers
are program segment (PS), stack segment (SS), data
segment 0 (DSp), and data segment 1 (DSq). The
following table lists their offsets and overrides.

Default

Segment Register Oifset Override
PS PFP register Invalid
SS SP register Invalid
SS Effective address (BP-based) PS, DSp, DS1
DSg Effective address (non BP-based) PS, SS, DS4
DSq IX register (1) PS, SS, DS4
DS4 1Y register (2) Invalid -

Note:

(1) Includes source block transfer, output, BCD string, and bit field
extraction.

(2) Includes destination block transfer, input, BCD string, and bit
field insertion.
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General-Purpose Registers. The uPD70216 CPU con-
tains four 16-bit general-purpose registers (AW, BW,
CW, DW), each of which can be used as a pair of 8-bit
registers by dividing into upper and lower bytes (AH,
AL, BH, BL, CH, CL, DH, DL). General purpose
registers may also be specified implicitly in an in-
struction. The implicit assignments are:

AW  Word multiplication/division, word 1/0,
data conversion

AL  Byte multiplication/division, byte 1/0, BCD
rotation, data conversion, translation

AH  Byte multiplication/division

BW Transiation

CW Loop control, repeat prefix

CL Shift/rotate bit counts, BCD operations

DW Word multiplication/division, indirect
1/0 addressing

Pointer [SP, BP] and Index Registers [IX, 1Y]. These
registers serve as base pointers or index registers
when accessing memory using one of the base,
indexed, or base indexed addressing modes. Pointer
and index registers can also be used as operands for
word datatransfer, arithmetic, and logical instructions.
These registers are implicitly selected by certain.
instructions as follows.

SP  Stack operations, interrupts

IX Source block transfer, BCD string
operations, bit field extraction

Y Destination block transfer, BCD string
operations, bit field insertion
Program Status Word [PSW]

The program status word consists of six status flags
and four control flags.

Status Flags Control Flags

o V (Overflow) e MD (Mode)

e S (Sign) ¢ DIR (Direction)

e Z (Zero) e |E (Interrupt Enable)
e AC (Auxiliary Carry) e BRK (Break)

e P (Parity) i

e CY (Carry)
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When pushed onto the stack, the word image of the
PSW is as follows:

15 8
T I I I T T I
rMD 1 1 1 vV DIR |E BRK |

The status flags are set and cleared automatically
depending upon the result of the previous instruction
execution. Instructions are provided to set, clear, and
complement certain status and control flags. Other
flags can be manipulated by using the POP PSW
instruction. ) :

Between execution of the BRKEM and RETEM in-
structions, the native mode RETI and POP PSW
instructions can modify the MD bit. Care must be
exercised by emulation mode programs to prevent
inadvertent alteration of this bit.

CPU Architectural Features

The major architectural features of the uPD70216 CPU
are:

e Dual data buses

e Effective address generator

e Loop counter '

e PC and PFP

Dual Data Buses. To increase performance, dual data
buses (figure'2) have been employed in the CPU to
fetch operands in parallel and avoid the bottleneck of a
single bus. For two-operand instructions and effective
address calculations, the dual data bus approach is 30
percent faster than single-bus systems.

Effective Address Generator. Effective address (EA)
calculation requires only two clocks regardless of the
addressing mode complexity due to the hardware
effective address generator (figure 3). When compared
with microprogrammed methods, the hardware ap-
‘proach saves between 3 and 10 clock cycles during
effective address calculation.

Figure 2. Dual Data Buses

~/1 : ‘ e
-

Registers

)]

Temporary
Registers/Shifters
16 16
L~ . LA

Sub data bus Main data bus
83-0038288

Figure 3. Effective Address Generator

mod rim

A

EA Generator -

Effective Address
83-002737A

Loop Counter and Shifters. A dedicated loop counter is
used to count the iterations of block transfer and
multiple shiftinstructions. This logic offers a significant
performance advantage over architectures that control
block transfers and multiple shifts using microprogram-
ming. Dedicated shift registers also speed up the
execution of the multiply and divide instructions.
Compared with microprogrammed methods, multiply
and divide instructions execute approximately- four
times faster.
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Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupledin the uPD70216. By avoiding a single-instruc-
tion pointer and providing separate PC and PFP
registers, the execution time of control transfers and
the interrupt response latency can be minimized.
Several clocks are saved by avoiding the need to
readjust an instruction pointer to account for prefetch-
ing before computing the new destination address.

Enhanced Instruction Set

In addition to the 'pPI'D8086/88 instruction set, the
uPD70216 has added the following enhanced instruct-
ions.

Instruction Function

PUSH imm Push immediate data onto stack

PUSH R Push all general registers onto stack

POPR Pop all general registers from stack
~ MULimm Multiply register/memory by immediate data

SHL imm8 Shift/rotate by immediate count

SHRimm8

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imm8

CHKIND Check array index

INM Input multiple

ouT™ Output multiple

PREPARE Prepare new stack frame

DISPOSE Dispose current stack frame

Unique Instruction Set

In addition to the uPD70216 enhanced instruction set,
the following unique instructions are supported.

Instruction Function

INS Insert bit field

EXT Extract bit field

ADD4S BCD 'string addition
SuB4S BCD string subtraction
CMP4S BCD string comparison
ROL4 ' Rotate BCD digit left
ROR4 ) Rotate BCD digit right
TEST1 Test bit

SET1 Set bit

CLR1 Clear bit

NOT1 Compiement bit

REPC Repeat while carry set
REPNC Repeat while carry cleared
FP02 Floating point operation 2
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Bit Fields. Bit fields are data structures that range in
length from 1 to 16 bits. Two separate operations on bit
fields, insertion and extraction, with no restrictions on
the position of the bit field in memory are supported.
Separate segment, byte offset, and bit offset registers
are used for bit field insertion and extraction. Because
of their power and flexibility, these instructions are
highly effective for graphics, high-level languages, and
data packing/unpacking applications.

Insert bit field (INS) copies the bit field of specified
length (0 = 1 bit, 15 = 16 bits) from the AW register to.
the bit field addressed by DS1:1Y:reg8 (figure 4). The
bit field length can be located in any byte register or
supplied as an immediate value. The value inreg8is a
bit field offset. A content of 0 selects bit 0 and 15 selects
bit 15 of the word DSO0:1X points to. Following execution,
the 1Y and bit offset register are updated to point to the
start of the next bit field.

Bit field extraction (EXT) copies the bit field of specified
length (0 = 1 bit, 15 = 16 bits) from the bit field
addressed by DS0:1X:reg8 to the AW register (figure 5).
If the bit field is less than 16 bits, it is right justified with
azerofill. The bit field length can be located in any byte
register or supplied as immediate data. The value in
reg8 is a bit field offset. A content of 0 selects bit 0 and
15 selects bit 15 of the word DSO:1X points to. Following
execution, the IX and bit offset register are updated to
point to the start of the next bit field.

Packed BCD Strings. These instructions are provided
to efficiently manipulate packed BCD data as strings
(length from 1 to 254 dIgItS) oras abyte data type witha
single instruction.

BCD string arithmetic is supported by the ADD4S,
SUB4S, and CMP4S instructions. These instructions
allow the source string (addressed by DS0:1X) and the
destination string (addressed by DS1:1Y) to be manip-
ulated with a single instruction. When the number of
BCD digitsis even, the Zand CY flags are set according
to the result of the operation. If the number of digits is
odd, the Z flag will not be correctly set unless the upper-
4 bits of the result are zero. The CY flag will not be
correctly set unless there is a carry out of the upper 41"
bits of the result.

The two BCD rotate instructions (ROR4, ROL4) perform
rotation of asingle BCD digitin the lower half of the AL
register through the register or memory operand.

Bit Manipulation. Four bit manipulation instructions
have been added to the uPD70216 instruction set. The
ability to test, set, clear, orcompiementasingle bitina
register or memory operand increases code readability
as well as performance over the logical operations
traditionally used to manipulate bit data.
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Figure 4. Bit Field Insertion
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Figure 5. Bit Field Extraction.
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Repeat Prefixes. Two repeat prefixes (REPC, REPNC)
allow conditional block transfer instructions to use the
state of the CY flag as a terminating condition. The use
of these prefixes allows inequalities to be used when
working on ordered data, increasing the performance
of searching and sorting algorithms.

Floating Point Operation Instructions. Two floating
lboint operation (FPO) instruction types are recognized
by the uPD70216 CPU. These instructions are detected
by the CPU, which performs any auxiliary processing
such as effective address calculation and the initial bus
tycle if specified by the instruction. It is the responsi-
pbility of the external coprocessor to latch the address
information and data (if a read cycle) from the bus and
somplete the execution of the instruction.

8080 Emulation Mode. The uPD70216 CPU can operate
in either of two modes; see figure 6. Native mode aliows
the execution of the uPD8086/88, enhanced and unique
instructions. The other operating mode is 8080 emu-
lation mode, which allows the entire uPD8080AF
instruction set to be executed. A mode (MD) flag is
provided to distinguish between the two operating
modes. Native mode is active when MD is 1 and 8080
emulation mode is active when MD is 0.

Two instructions are provided to switch from native to
8080 emulation mode and return back. Break for
emulation (BRKEM) operates similarly to a BRK
instruction, except that after the PSW has been pushed
on the native mode stack, the MD flag is cleared.
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During 8080 emulation mode, the registers and flags of
the 8080 are mapped onto the native mode registers
and flags as shown below. Note that PS, SS, DSy, DSy,
1X, 1Y, AH and the upper half of the PSW registers are
inaccessible to 8080 programs.

1PD8OBDAF wuPD70216

AL
CH
CL

DH
DL
BH

Registers

BL
BP
PC

cY
z
S

P
AC

Flags

> oW
B9 N 8L Tmojom>»

Figure 6. uPD70216 Modes.

During 8080 emulation mode, the BP register functions
as the 8080 stack pointer. The use of separate stack
pointers prevents inadvertent damage to the native
stack pointer by emulation mode programs.

The 8080 emulation mode PC is combined with the PS
register to form the 20-bit physical address. All emu-
lation mode data references use DSO as the segment
register. For compatibility with older 8080 software
these registers must be equal. By using different
segment register contents, separate 64K-byte code
and data spaces are possible.

Eitheran NMI or maskable interrupt will cause the 8080
emulation mode to be suspended. The CPU pushes the
PS, PC, and PSW registers on the native mode stack,
sets the MD bit (indicating native mode), and enters the
specified interrupt handler. When the return from
interrupt (RETI) instruction is executed, the PS, PC,
and PSW (containing MD=0) are popped from the
native stack and execution in 8080 emulation mode
continues. Reset will also force a return to native mode.

Native Mode

Bus Hold

Standby Mode

NMI, INT
INT [DI]

Emulation Mode

83-0038308
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The 8080 emulation mode programs also have the
capability to invoke native mode interrupt handlers by
means of the call native (CALLN) instruction. This
instruction operates the same as the BRK instruction
except that the saved PSW indicates 8080 emulation
mode.

To exit 8080 emulation mode, the return from emulation
(RETEM) instruction pops the PS, PC, and PSW from
the native mode stack and execution continues with
the instruction following the BRKEM instruction. Nest-
ing of 8080 emulation modes is prohibited.

Interrupt Operation

The uPD70216 supports a number of external interrupts
and software exceptions. External interrupts are events
asynchronous to program execution. On the other
hand, exceptions always occur as a result of program
execution.

The two types of external interrupts are:

o Nonmaskable interrupt (NMI)
o Maskable interrupt (INT)

The six software exceptions are:

Divide error (DIV, DIVU instructions)

Array bound error (CHKIND instruction)
Break on overflow (BRKV instruction)
Break (BRK, BRK3 instructions)

Single step (BRK bit in PSW set)

Mode switch (BRKEM, CALLN instructions)

interrupt vectors are determined .automatically for
exceptions and the NMI interrupt or supplied by
hardware for maskable interrupts. The 256 interrupt
vectors are stored in a table (figure 7) located at
address 00000H. Vectors 0 to 5 are predetermined and
vectors 6to 31 are reserved. Interrupt vectors 32 to 255
are available for use by application software.

Each vector is made up of two words. The word located
at the lower address contains the new PC for the
interrupt handler. The word at the next-higher address
is the new PS value for the interrupt handler. These
must be initialized by software at the start of a program.

Standby Mode

The uPD70216 CPU has a low-power standby mode,
which can dramatically reduce power consumption
Juring idle periods. Standby mode is entered by simply
?xecuting anative or 8080 emulation HALT instruction;
10 external hardware is required. All other peripherals
such as the timer/counter unit, refresh control unit,
ind DMA control unit continue to operate as pro-
yrammed.

During standby mode, the clock is distributed only to
the circuits required to release the standby mode.
When a RESET, NMI, or INT event is detected, the
standby mode is released. Both NMI and unmasked
interrupts are processed before control returns to the
instruction following the HALT. in the case of the INT
input being masked, execution will begin with the
instruction immediately following the HALT instruction
without an intervening interrupt acknowiedge bus
cycle. When maskable interrupts are again enabled, the
interrupt will be serviced.

Output signal states in the standby mode are listed
below.

Output Signal Status-in Standby Mode
INTAK, BUFEN, High level

MRD, MWR, IOWR,

TORD UBE

BS2-BSq (Note 2) Sends halt status (011),

then remains high (111)

QS4-0Sg, ASTB Low level

BUSLOCK High level (low level'if the
HALT instruction follows the
BUSLOCK prefix)

BUFR/W, High or low level

Aqg-A16/PS3-PSg,

AD45-ADg

Note:

(1) Output pin states during refresh and DMA bus cycles will be as
defined for those operations.

(2) Halt status is presented prior to entering the passive state.

Figure 7. Interrupt Vector Table
000H -
Vector0 Divide Error
004H
Vector 1 Break Flag
0o8H
Vector2 NMI Input
00CH Dedicated

Vector3 BRK 3 Instruction

010H

Vector4 BRKV Instruction

014H

Vector5 CHKIND Instruction

018H

Vector6

Reserved

07CH
Vector31

080H |

Vector32 General Use

® BRK imm8 Instruction
IFCH ® BRKEM Instruction

® INT Input [External]
@ CALLN Instruction

Vector 255

83-000111A
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Clock Generator

The clock generator (CG) generates a clock signal half
the frequency of a parallel-resonant, fundamental
mode crystal connected to pins X1 and X2. Figure 8
shows the recommended circuit configuration. Capac-
itors C1 and C2 are required for frequency stability.
Their values can be calculated from the load capaci-
tance (CL) specified by the crystal manufacturer.

C1=C2=2(CL—CS)

CS s any stray capacitance in parallel with the crystal,
such as the uPD70216 input capacitance.

External clock sources (figure 9) are also accom-
modated by applying the external clock to the X1 pin
and its complement to the X2 pin. The CG distributes
the clock to the CLKOUT pin and to each functional
block of the uPD70216. The generated clock signal has
a 50-percent duty cycle.

Figure 8. Crystal Configuration

Bus Interface Unit

The bus interface unit (BIU) controls the external
address, data, and control buses for the three internal
bus masters: CPU, DMA control unit (DMAU), and
refresh control unit (RCU). The BIU is also responsible
for synchronization of the RESET and READY inputs
with the clock. The synchronized reset signal is used
internally by the uPD70216 and provided externally- at
the RESOUT pin as a system-wide reset. The synch-
ronized READY signal is combined with the output of
the wait control unit (WCU) and is distributed internally
to the CPU, DMAU, and RCU. Figure 10 shows the
synchronization of RESET and READY. -
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Figure 9. External Oscillator Configuration

Figure 10. RESET/READY Synchronization’
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Bus Arbitration Unit

The bus arbitration unit (BAU) arbitrates the local bus
between the internal CPU, DMAU, and RCU bus
requesters and an external bus master. The BAU bus
priorities from the highest priority requester to the
lowest are:

RCU (Demand mode)
DMAU

HLDRQ

CPU

RCU (Normal mode)

Note that RCU requests the bus at either the highest or
lowest priority depending on the status of the refresh
request queue. Bus masters other than the CPU are
prohibited from using the bus when the CPU is
executing an instruction containing a BUSLOCK prefix.
Therefore, caution should be exercised when using the
BUSLOCK prefix with instructions having a long
execution time.

If a bus master with higher priority than the current bus
master requests the bus, the BAU inactivates the
current bus master’s acknowledge signal. When the
BAU sees the bus request from the current master go
inactive, the BAU gives control of the bus to the higher
priority bus master. The BAU performs bus switching
between internal bus masters without the introduction
of idle bus cycles, enhancing system throughput.

System 170 Area

The 1I/O address space from addresses FFOOH to
FFFFH is reserved for use as the system I/O area.
Located in this area are the 12 uPD70216 registers that

determine the 1/0 addressing, enable/disable periph-
erals, and control pin multiplexing.

1/0 Address Register Operation
FFFFH Reserved -

FFFEH OPCN Read/Write
FFFDH OPSEL Read/Write
FFFCH OPHA Read/Write
FFFBH DULA Read/Write
FFFAH IULA Read/Write
FFFOH TULAL Read/Write
FFF8H SULA Read/Write
FFF7H Reserved -

FFF6H WCY2 Read/Write .
FFF5H WCY1 Read/Write
FFF4H WMB Read/Write
FFF3H Reserved -

FFF2H RFC Read/Write
FFF1H Reserved -

FFFOH TCKS Read/Write

On-Chip Peripheral Connection Register

The on-chip peripheral connection (OPCN) register
controls multiplexing of the uPD70216 multiplexed
pins. Figure 11 shows the format of the OPCN register.
The interrupt request switch (IRSW) field controls
multiplexing of {CU interrupt inputs INT1 and INT2.
The output of an internal peripheral or an external
interrupt source can be selected as the INT1and INT2
inputs to the ICU.

The pin function (PF) field in the OPCN selects one of
four possible states for the DMARQ3/RxD, DMAAKS3/
TxD, and INTAK/SRDY/TOUT1 pins. Bit 0 of the

Figure 11. OPCN Register Format
7 6 5 4 3 2 1 0
| —{—=]—-]—]wsw | pF Joprcn
MR e —————
Pin Function | DMARQ3/RxD | DMAAK3/TxD | INTAK/SRDY/TOUT1
00 DMARQ3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUT1
10 RxD ™D INTAK
11 RxD TxD SRDY
Interrupt Request Switch INTH INT2
00 INTP1 Pin| INTP2 Pin
01 SCU | INTP2 Pin
10 INTP1 Pin| TOUT2
11 SCU TOUT2

83-001827B

3-191




xPD70216 (V50)

NEC

OPCN controls the function of the INTAK/SRDY/
TOUT1 pin. If cleared, INTAK will appear on this
output pin. If bit 0 is set, either TOUT1 or SRDY will
appear at the output depending on the state of bit 1. If
bit 1 is cleared, DMA channel 3 I/O signals will appear
on the DMARQ3/RxD and DMAAK3/TxD pins. If the
SCU is to be used, bit 1 of the PF field must be set.

On-Chip Peripheral Selection Register

The on-chip peripheral selection (OPSEL) register is
used to enable or disable the uPD70216 internal periph-
erals. Figure 12 shows the format of the OPSEL
register. Any of the four (DMAU, TCU, ICU, SCU)
peripherals can be independently enabled or disabled
by setting or clearing the appropriate OPSEL bit.

Figure 12. OPSEL Register Format

7 6 5 4 3 2 1 0
[=T=T—=T—=Tss]rsis[os] opseL

Internal Peripheral Relocation Registers

The five internal peripheral relocation registers (figure
13) are used to fix the I70 addresses of the DMAU, ICU,
TCU, and SCU. The on-chip peripheral high-address
(OPHA) register is common to all four internal periph-
erals and fixes the high-order byte of the 16-bit I/0
address. The individual DMAU low-address (DULA)
register, ICU low-address (IULA) register, TCU low-
address (TULA) register, and the SCU low-address
(SULA) register select the low-order byte of the 1/0
addresses for the DMAU, ICU, TCU, and SCU periph-
erals.

The contents of the OPHA register are:

7 OPHA 0

1 | I T ! | |
|/A15 Atg Az Aip Ayi Ajg A9 Ag

The formats for the individual internal peripheral re-
gisters appear below. Since address checking is not
performed, do not overlap two peripheral 1/O address

spaces.
7 DULA 0

Peripheral 7 IULA 0
Selected Operation T T T I f I
DMAU |7A7 Ae As A A3 — — Ao I
TIcu 0 = Disabled
o Tou | 1=Enabled 7 TULA 0
T T T T T T T
—1 Scu [ Az Ag Asg Ay Az — - Ag |
83-001813A
7 SULA 0
1 | | 1 1 1 |
[ A Ae A A A — — A |
Figure 13. . uPD70216 Peripheral Relocation
64 K byte l/O space
FFFFH
. Reserved
System I/O Area 256 byte area
FFOOH
' / o 1ULA
——/—_\
o e Tcy TULA
: 7 Scu «
OPHAx256 / / / SULA
I —
e
0100H ) / DMAY /
. \\ DULA

0000H

83-002727B
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Figure 14. Timer Clock Selection Register
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Timer Clock Selection Register

The timer clock selection (TCKS) register selects the
clock source for each of the timer/counters as well as
the divisor for the internal clock prescaler. Figure 14
shows the format of the TCKS register. The clock
source for each timer/counterisindependently select-
ed from either the prescaled CLKOUT signal or froman
external clock source (TCLK). The internal clock is
derived from the CLKOUT signal and can be divided by
2, 4, 8, or 16 before being presented to the clock select
logic.

Refresh Control Unit

The refresh control unit (RCU) refreshes external
dynamic RAM devices by outputting an 8-bit row
address on address lines Ag-A{ and performing a
word-aligned memory read bus cycle. Both UBE and
Ay are asserted to allow the refresh of both the even
and odd memory banks. External logic can distinguish
a refresh bus cycle by monitoring the refresh request
(REFRQ) pin. Following each refresh bus cycle, the
refresh row counterisincremented. The refresh control
(RFC) register in the system 1/O area contains two
‘ields. The refresh enable field enables or disables the
‘efreshing function. The refresh timer (RTM) field
selects a refresh interval to match the dynamic memory
‘efresh requirements. Figure 15 shows the format for
he RFC register.

‘0 minimize the impact of refresh on the system bus
vandwidth, the uPD70216 utilizes a refresh request
lueue to store refresh requests and perform refresh
s cycles in otherwise idle bus cycles.

‘he RCU normally requests the bus as the lowest-
riority bus requester (normal mode). However, if
even refresh requests are allowed to accumulate in
1e RCU refresh request queue, the RCU will change to

the highest-priority bus requester (demand mode).
The RCU will then perform back-to-back refresh cycles
until three requests remain in the queue. This guar-
antees the integrity of the DRAM system while maximiz-
ing performance.

The refresh count interval can be calculated as follows:
Refresh interval = 8 x N x tgyk

where N is the timer factor selected by the RTM
field.

When the uPD70216 is reset, the RE field in the RFC
register is unaffected and the RTM field is set to 01000
(N = 9). No refresh bus cycles occur while RESET is
asserted.

Figure 15. Refresh Control Register

7 6 5 4 3 2 1 0
[re] =T =1 RTM | rFc

Refresh Timer | N (Timer Factor)

00000 17
00001 18
00010 19
00011 20
b — e s — ]
00100 5
00101 6
1110 3N
m1 32

Refresh Enable F\
0 Disables Refresh

1 Enables Refresh
83-001814A
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Wait Control Unit

The wait control unit (WCU) inserts from zero to three
wait states into a bus cycle in order to compensate for
the varying access times of memory and I/0 devices.
The number of wait states for CPU, DMAU, and RCU
bus cycles is separately programmable. In addition,
the memory address space is divided into three in-
dependent partitions to accommodate a wide range of
system designs. RESET initializes the WCU to insert
three wait states in all bus cycles. This allows operation
with slow memory and peripheral devices before the
initialization of the WCU registers.

The three system 1I/O area registers that control the
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2),
and wait state memory boundary (WMB). The WCU
always inserts wait states corresponding to the wait
count programmed in WCY1 or WCY2 registers into a
bus cycle, regardless of the state .of the external
READY iinput. After the programmed number of wait
states occurs, the WCU will insert Tw states as long as

Figure 16. Wait State Memory Boundary Register

the READY pin remains inactive. When READY is again
asserted, the bus cycle continues with T4 as the next
cycle. TheuPD70216 internal peripherals never require
wait states; four clock cycles will terminate an internal
peripheral bus cycle.

CPU Wait States

The WMB register divides the 1M-byte memory address
space into three independent partitions: lower, middle,
and upper. Figure 16 shows the WMB register format.

Initialization software can then set the number of wait
states for each memory partition and the 1/0 partition
via the WCY1 register (figure 17).

DMA and Refresh Wait States

The WCY2 register (figure 18) specifies the number of
wait states to be automatically inserted in DMA and
refresh bus cycles.

»| Lower Memory Block Size!
Upper Memory Block Size

Memory Block Size (KB)

000 32

001 64

010 96

on 128

100 192

101 256

10 384

11 512

}Specilled by the UMB Field

}Speciﬁed by the LMB Fietd

7 6 5 4 3_ 2 1 0
[-] ws  |—] ume |wwms
e Higher Memory Block
Middle Memory Block
Lower Memory Block
00000H
NOTE: 1. By default, the addi space i
the UBM and LBM is the middie memory

N
block.
83-0018208 |
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Figure 17. Wait Cycle 1 Register Figure 18. Wait Cycle 2 Register
7 65432 10
7 6 5 4 3 2 1 0
LMW | WCY1
[ 1ow [umw [muw] [=[=]—=]—1[omaw | rFw Jwcy2
Lower Memory Block Wait States Refresh Wait States|{ Number of
Middle Memory Block Wait States| Number of DMA Wait States Wait States
Upper Memory Block Wait States | Wait States 00 o
/0 Wait States
01 1
00 0 10 2
o 1 1 3
10 2
” 3 ) 8 01815A
83-001818A
Timer/Counter Unit ' uPD71054 Programmable Timer/Counter. Figure 19

The timer/counterv unit (TCU) provides a set of three shows the internal block diagram of the TCU.

independent 16-bit timer/counters. The output signal The TCU has the following features:
of timer/counterOis hardwired internally as an interrupt

. . ] e Three 16-bit timer/counters
source. The output of timer/counter 1 is available nree 6-bit timer/
. . e Six programmable count modes
internally as an interrupt source, used as a baud rate - .
- e Binary/BCD counting
generator, or used as an external output. The timer/ )
- . e Multiple latch command
counter 2 outputis available as an external output. Due e Choice of two clock sources
to mode restrictions, the TCU is a subset of the -
Figure 19. TCU Block Diagram
TCLK (EXT) cLock TCTLO=High ) TCTL1=High TCTL2 (EXT)
JORD TOWR Ay Az TUS TOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT)
Prescaler
b—> To ICUISCU
Mux Mux
TCTO CLK CLK CLK
3 | e -
Read/Write Control ! |
Circuit : Control Logic . |
| l }
|
| |
| |
| o> Rs"“"‘ Down Counter (16) | T TCT2
| egister |
I 8) (16) |
| (16) |
T™D H i |
(Mode : Status Lﬂ | HE®) | LO®) | [ HE | L) ] L]
Register) | Latch Count Count |
i Register Latch |
Ll e R I IS | i
| : ® (o) ® A f @
| | =/ V2
) . Internal Data Bus (

‘ 83-0035168
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Because RESET leaves the TCU in an uninitialized
state, each timer/counter must be initialized by
specifying an operating mode and a count. Once
programmed, a timer/counter will continue to operate
in that mode until another mode is selected. When the
count has been written to the counter and transferred
to the down counter, a new count operation starts.
Both the current count and the counter status can be
read while count operations are in progress.

TCU Commands

The TCU is programmed by issuing I/0 instructions to
the 1/0 port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits A, and A4 as follows.

Ay A Register Operation

0 0 TCT0 Read/Write
TSTO Read

0 1 TCT1 Read/Write
TST1 Read

1 0 TCT2 Read/Write
TST2 Read

1 1 T™MD Write

The timer mode (TMD) register selects the operating
mode for each timer/counter and issues the latch
command for one or more timer/counters. Figure 20
shows the format for the TMD register.

Writes to the timer/counter 2-0 (TCT2-TCTO) registers
stores the new count in the appropriate timer/counter.
The count latch command is used before reading
count data in order to latch the current count and
prevent inaccuracies.

The timer status 2-0 (TST2-TSTO) registers contain
status information for the specified counter (figure 21).
The latch command is used to latch the appropriate
counter status before reading status information. If
both status and counter data are latched for a counter,
the first read operation returns the status data and
subsequent read operations obtain the count data.

Count Modes

There are six programmable timer/counter modes. The
timing waveforms for these modes are in figure 22.

Mode 0 [Interrupt on End of Count}. In this mode,
TOUT changes from the low to high level when the
specified count is reached. This mode is available on
all timer/counters.

3-196

Mode 1 [Retriggerable One-shot]. In mode 1, a low-
level one-shot pulse, triggered by TCTL2 is output
from the TOUT2 pin. This mode is available only on
timer/counter 2.

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically
goes low for one clock period when the counter
reaches the 0001H count. A counter in this mode
operates as a frequency divider. All timer/counters can
operate using mode 2.

Mode 3 [Square Wave Generator]. Mode 3is a frequency
divider similar to mode 2, but the output has a sym-
metrical duty cycle. This mode is available on all three
timer/counters. For counts of N.= 2, use mode 2.

Mode 4 [Software Triggered Strobe]. In mode 4, when
the specified count is reached, TOUT goes low for the
duration of one clock pulse. Mode 4 is available on all
timer/counters.

Mode 5 [Hardware Triggered Strobe]. Mode 5 is similar
to mode 4 except that operation is triggered by the
TCTL2 input and can be retriggered. This mode is
available only on timer/counter 2.

Serial Control Unit

The serial control unit (SCU) is a single asynchronous
serial channel that performs serial communication
between the uPD70216 and an external serial device.
The SCU is similar to the uPD71051 Serial Control Unit
except for the lack of synchronous communication
protocols. Figure 23 is the block diagram of the
SCU.

The SCU has the following features.

Full-duplex asynchronous serial controller

Clock rate divisor (x16, x64)

Baud rates to 38.4 kb/s supported

7-, 8-bit character lengths -

1-, 2-bit stop bit lengths

Break transmission and detection

Full-duplex, double-buffered transmitter/receiver
Even, odd, or no parity

Parity, overrun, and framing error detection
Receiver full and transmitter empty interrupts

The SCU contains four separately addressable register
for reading/writing data, reading status, and control
ling operation of the SCU. The serial receive buffe
(SRB) and the serial transmit buffer (STB) store th
incoming and outgoing character data. The seri:
status (SST) register allows software to determine th
current state of both the transmitter and receiver. Th
serial command (SCM) and serial mode (SMD) registel
determine the operating mode of the SCU while th
serial interrupt mask (SIMK) register allows softwat
control of the SCU receive and transmit interrupts.
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Figure 20. Timer Mode Register

pPD70216 (V50)

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
™D sc | RWM |  CMODE { 8o | ™[ sc JoJoJoloJo] o]
L Binary or BCD Count SC Counter to be Latched
[} Binary 00 TCTO
1 BCD 01 T
10 TCT2
Count Mode Mode
000 0
001 1
10 2 7 6 5 4 3 2 1 0
1 3 mof 1] 1 [cL]sc]cr2]cm]cro] o |
100 4
101 5
Read/Write
Mode Operation
0(1) f;:unte; tat;h lCommand [:1 Counter Selection Operation
0 H‘w:r ge C')‘)I' 0 TCTn not selected
10 igher Byte Only 1 TCTn selected
1 Lower Byte Followed by
Higher Byte »| Status Latched Operation
e > - 0 Latched
Select Counter peration 3 Not Latched
00 TCT0
01 TCTH Count Latched Operation
10 TCT2 0 Latched
11 Multiple Latch Command 1 Not Latched
Note: x = Don’t care
83-0018178
Figure 21. TCU Status Register
7 6 5 4 3 2 1 0
tsTn| oL | NC | Rwm cMoDE | BD |
Indicates the current mode setting.
The ing of each field is the same
as that of the TMD register.
Null Count Count Data
0 Valid
1 Invalid
Output Level Level
0 Low
1 High
83-001821B
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Figure 22.. TCU Waveforms (Sheet 1 of 3)

Mode 0

cW _10H
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Countvalue | n | n1 | n2 |0003H|0002H | 0001H | 000OH | Feren | erren |FrroH | oooz2m
J— LB 3 LB 4
TOWR \ |
TOUT
Count Value | n | n-1 I 0003H»‘ 0002H| 0004H ‘ 0003H | 0002H | 0001H | 0000H |FFFFH| FFFEH
—_— B 3
owR |
TCTL2 \ |
TOUT2 .
Count Value ' n ’ n-1 l 0003H I 0002H ] 0002H )’ 0001ﬂ 0000H |FFFFH | FFFEH ’FFFDH‘ FFFCH
Mode 1 .
— LB=2
TOWR

S S| E— | — 1T W) E—
TOUT2 ‘
Count Value | n ' n-1 | n-2 (0002H | 0001H | 0000H | FFFFH | 0002H | 0001H | 0000H ‘ FFFFH | 0002H | 0001H IOOO2H | 0001H I
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IOWR | ’
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Figure 22. TCU Waveforms (Sheet 2 of 3)

Mode 2
___ —jLB=3
IOWR

TCTL \ ’

TOUT
Count l n | n-1 | 0003H | 0002H | 0001H | 0003H I 0002H | 0001H 0003H| 0002H | 0002H | 0003H | 0002H | 0001H

Value
— LB=6 LB=4
IOWR \ ,
TOUT
‘\:,"a‘l‘l’,‘é \ n I n-1 |0006H | 0005H | 0004H l 0003H ‘ 0002H | 0001H | 0004H [ 0003H|0002H
Mode 3
S VY Y N VY Y [ U Y I Y Y U I S O
OWR LB=4

Tout ‘ ’ u 0004H

Count | n | n-1 | 0004H | 0002H I 0004H | 0002H | 0004H | 0002H | 0004H | 0004H |

Value

o
B
-
©
I
oy

rour \ B L

Count 0004H
oM I n | n-1 | 0004H I 0002H | 0000H | 0004H | 0002H I 0004H | 0002H | 0000H |
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83-0018538

3-199



vPD70216 (V50)

Figure 22. TCU Waveforms (Sheet 3 of 3)

Mode 4

TOUT
Count Value
IOWR
TCTL
TOUT
Count Value
IOWR

TOUT

Mode 5

IOWR

TCTL2

TOUT2

Count Value

{OWR
TCTL2

TOUT2

Count Value

LB=4

I n | n-1 | 0004H l 0003H l 0002H I 0001H | 0000H | FFFFH |FFFEH |FFFDH | FFFCH
LB=4

| n | n-1 ! 0004H | 0004H I 0004H | 0003H I 0002H | 0001H | 0000H | FFFFH | FFFEH
— v

' n l n-1 ‘ 0005H | 0004H I 0003H | 0002H | 0003H ’ 0002H ' 0001H | 0000H | FFFFH

0000H

| n I n-1 |0004H|0003H|0002H|0001H
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Figure 23. - SCU Block Diagram

RESET CLOCK
iy b
8§ST /‘r }¢——|ORD
(Status Register) \‘_ TOWR
] "
> Read/Write
a Controt ¢ Az
g je————A
z —_> oy J\ E S:JS
12 (© d R ——————
@ ( ) 3
«© _V
8 A
]
H SRB o :;gl{.x (from TCU)
5 (Receive Data (8) Receive Buffer)
5 Buffer) RxD
=
=2
T ]
2 : > STB T itter T*D
a (Transmit Data (8) g T *
s Buffer) Buffer)
® l—
o mare
H
£ —_——I—|> SMD N 2
= Mode Register) s
( g ) -l/ &
=2
o
179
SIMK (interrupt Interrupt
\l/t___> Mask Register) ’ *| Generation Logic | SINT (to ICU)
r~J ~J
83-0018248

Receiver Operation

While the RxD pin is high, the SCU is in an idle state. A
transition on RxD from high to low indicates the start of
anew serial data reception. When a complete character
has been received, it is transferred to the SRB; the
receive buffer ready (RBRDY) bit in the SST register is
set and (if unmasked) an interrupt is generated. The
SST also latches any parity, overrun, or framing errors
at this time.

The receiver detects a break condition when a null
character with zero parity is received. The BRK bit is
set for as long as the subsequent receive data is low
and resets when RxD returns to a high level. The MRDY
bit (SCM) and RBRDY (SST) are gated to form the
output SRDY. SRDY prevents overruns from occurring
w~hen the program is unable to process the input data.
Software can control MRDY to prevent data from being
sent from the remote transmitter while RBRDY can
srevent the immediate overrun of a received character.

‘I'ransmitter Operation

r'xDis kept high while the STB register is empty. When
he transmitter is enabled and a character is written to
he STB register, the data is converted to serial format
ind output on the TxD pin. The start bit indicates the
tart of the transmission and is followed by the character

stream (LSB to MSB) and an optional parity bit. One or
two stop bits are then appended, depending on the
programmed mode. When the character has been
transferred from the STB, the TRBDY bit in the SST is
set and if unmasked, a transmit buffer empty interrupt
is generated.

Serial data can be transmitted and received by polling
the SST register and checking the TBRDY or RBRDY
flags. Data can also be transmitted and received by
SCU-generated interrupts to the interrupt control unit.
The SCU generates an interrupt in either of these
conditions:

(1) Thereceiverisenabled, the SRB s full,and receive
interrupts are unmasked.

(2) The transmitter is enabled, the STB is empty, and
transmit interrupts are unmasked.

©3-201
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SCU Registers and Commands

1/0 instructions to the I/O addresses selected by the

OPHA and SULA registers are used to read/write the
SCU registers. Address bits Ay and A, and the read/
write lines select one of the six internal registers as
follows:

A2 A Register Operation
0 0 SRB Read
STB Write
0 1 SST Read
SCM Write
1 0 SMD Write
1 1 SIMK Read/write

The SRB and STB are 8-bit registers. When the
character length is 7 bits, the lower 7 bits of the SRB
register are valid and bit 7 is cleared to 0. If programmed
for 7-bit characters, bit 7 of the STB is ignored.

Figure 24. SST Register

The SST register (figure 24) contains the status of the
transmit and receive data buffers and the error flags.
Error flags are persistent. Once an error flag is set, it
remains set until a clear error flags command is issued.

Figure 25 showsthe SCM and SMD registers. The SCM
register stores the command word that controls
transmission, reception, error flag reset, break trans-
mission, and the state of the SRDY pin. The SMD
register stores the mode word that determines serial
characteristics such as baud rate divisor, parity, char-
acter length, and stop bit length.

‘Initialization software should first program the SMD
register followed by the SCM register. Unlike the
uPD71051, the SMD register can be modified at any
time without resetting the SCU.

The SIMK register (figure 26) controls the occurrence
of RBRDY and TBRDY interrupts. When an interrupt is
masked, it is prevented from propagating to the inter-
rupt control unit.

7 6 5 4 3 2 1

0

sst| 1 [sko| re [ove| pe [ 1 [meroy|TBROY|

Transmit Buffer Ready

Operation

0

STB Full

1

STB Empty

Receive Buffer Ready

Operation

SRB Empty

1

SRB Full

Parity Error

Operation

No Error

1

Error Occurred

Overrun Error

Operation

0

No Error

1

Error Occurred

Framing Error

Operation

No Error

Error Occurred

Operation

Normai Reception

Break Detected

83-0018328
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Figure 25. SCM and SMD Registers

SCM Register

7 6 5 4 3 2 1 0
sem| — | — [wroY| EcL [sBRk] RE | — ] TE |
T e Op
0 T e Dieablad
1 Transmitter Enabled
Receiver Enabhled op
0 Receiver Disabled
1 Receiver Enabled
Send Break Operation
0 Normal Operation
1 TxD = 0 (Break)
Error Clear Operation
1] No Operation
1 Error Flag Clear
MRDY Mask Ready
0 SRDY = 1 (Mask)
1 Normal Operation of
SRDY Output

SMD Register

7 6 5 4 3 2 1 0

smo[ st [ ps [ c [ &F |

L Baud Rate Factor Operation
0- lllegal
10 RTCLK Frequency + 16
" RTCLK Frequency + 64
> Character Length Operation
0- lllegal :
10 7 Bit Characters
11 8 Bit Characters
Parity Select Operation
-0 No Parity
[ 0Odd Parity
1 Even Parity
> Stop Bit Length Operation
-0 lllegal
01 1 Stop Bit
1 2 Stop Bits

83-001836B |
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Figure 26. SIMK Register

— | m]rm|

s T[]

Operation
B olu .
Int Mask 1 [ mMask
Transmitter | 0 | Unmask
Int Mask 1 | Mask

83-002736A

Interrupt Control Unit

The interrupt control unit (ICU) is a programmable

The ICU has the following features.

e Eight interrupt request inputs

e Cascadable with uPD71059 Interrupt Controllers

e Programmable edge- or level-triggered interrupts
(TCU, edge-triggered interrupts only)

¢ Individually maskable interrupt requests

¢ Programmable interrupt request priority

e Polling mode

ICU Registers

Use I/0 instructions to the 1/0 addresses selected by
the OPHA and IULA registers to read from and write to
the ICU registers. Address bit Ay and the command

word selects an ICU internal register.

interrupt controller equivalent to the uPD71059. The A Other Condition Operation
ICU arbitrates up to eight interrupt inputs, generates a Read 0  IMD selects IRQ CPU < iRQ data
CPU interrupt request, and outputs the interrupt vector 0 IMD selects lIS CPU «— IS data
number on the internal data bus during an interrupt 0 Polling phase CPU < Polling data
acknowledge cycle. Cascading up to seven external 1 - CPU < IMKW
slave uPD71059s permits the uPD70216 to support up it 0 Da=1 CPU — W1
to 56 interrupt sources. Figure 27 is the block diagram 0 D4i=0andD3=0 CPU — IPFW
for the ICU. 0 D4=0and D3 =1 CPU — IMDW
1 During initialization ~ CPU — llW2
1 CPU — lIW3
1 CPU — lIW4
1 After initialization CPU — IMKW
Note:
(1) In polling phase, polling data has priority over the contents of
the IRQ or IS register when read.
Figure 27. ICU Block Diagram
Initialize and SAo ——*0ADs
cnm_mand Word Slave Control . SA¢ }To BIU—{ —0 ADg
— ) Register Group Y SA; o AD1g
oW~ U !
Ap-»| ReadiWrite
A Control — ) je———INTAK (from CPU)
17 . Control Logic
US> ] |———— INT (to CPU)
—TOUTO (from TCU)
TOUTY (from TCU)
SINT (from SCU)
Priority HINT g
 Determination K -|NT‘1J-I Mux INTP;
Logic
In- Interrupt [INT2 INTP2
service Req INT3 INTP3
Register. Reg LINT INTP, | External Pins
0
s Interrupt (Ra) T'NTs—-————o INTPs
RMaisk HNTg—————INTPg
i INT;—————INTP;
N - Internal Data Bus Lower 8 Bits b
83-001825
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Initializing the ICU

The ICU is always used to service maskable interrupts
in a uPD70216 system. Prior to accepting maskable
interrupts, the ICU must first be initialized (figure 28).
Following initialization, command words from the CPU
can change the interrupt request priorities, mask/un-
mask interrupt requests, and select the polling mode.
Figures 29 and 30 list the ICU initialization and com-
mand words.

Interrupt initialization words 1-4 (1IW1-11W4) initialize
the ICU, indicate whether external uPD71059s are
connected as slaves, select the base interrupt vector,
and select edge- or level-triggered inputs for INT1-
INT7. Interrupt sources from the TCU are fixed as
edge-triggering. INTO is internally connected to
TOUTO, and INT2 may be connected to TOUT1 by the
IRSW field in the OPCN.

The interrupt mask word (IMKW) contains program-
mable mask bits for each of the eight interrupt inputs.
Theinterrupt priority and finish word (IPFW) is used by
the interrupt handler to terminate processing of an
interrupt or change interrupt priorities. The interrupt
mode word (IMDW) selects the polling register, inter-
rupt request (IRQ) or interrupt in service (11S) register,
and the nesting mode.

The initialization words are written in consecutive
order starting with IIW1. IIW2 sets the interrupt vector.
1IW3 specifies which interrupts are connected to slaves.
IIW3is only required in extended systems. The ICU will
only expectto receive I IW3 if SNGL =0 (bit D4 of IIW1).
1IW4 is only written if 114 = 1 (bit Dg of IW1).

uPD71059 Cascade Connection

To increase the number of maskable interrupts, up to

seven slave uPD71059 Interrupt Controllers can be

cascaded. During cascade operation (figure 31), each

slave uPD71059 INT output is routed to one of the
puPD70216 INTP inputs. During the second interrupt
acknowledge bus cycle, the ICU places the slave
address on address lines AD4g-ADg. Each slave com-
pares this address with the slave address programmed
using interruptinitialization word 3 (IIW3). If the same,
the slave will place the interrupt vector on pins AD7-
ADg during the second interrupt acknowiedge bus
cycle.

Figure 28. Initialization Sequence
m Bits SNGL and 14 are set.
— — The default initiatization
l is performed.
SNGL=0, lI3=1  SNGL=0, I14=0 SNGL=1, l14=1 SNGL=1, Il4=0
[ wws ][ wws ]
[ Ar=1 11 Ar=1 |
W] ;u-w;4

Initialization
Completed

83-001810A

Figure 29. Interrupt Initialization Words 1-4
D7 D6 D5 D4 D3 D2 D1 DO
wwi | — ] — ] — [ 1 [LEV] — IsNGL] na |
E Writes HW4 Operation
0 iIW4 Not Required
1 1IW4 Required
Single Mode Mode
0 Extended Mode (Slave Controllers)
1 Single Mode (No Slave Controllers)
Level-Triggered|
Mode Mode
[ Edge Trigger (Rising Edge)
1 Level Trigger (Active High)
D7 Dg Ds Dy D3 D2 D4 Do
mw2 [ V2 Ve[ Vs ValVvs| =] [ —1
1 [ [ 1
L, | Higher 5 bits of interrupt

vector number

D7 De¢ Ds D4 D3 D2 D¢ Do
w3 | S; [ Se [ Ss [ Sa [ Sa [ S| S [ o]
L 1 1 )| 1 1 1

Slave Connection
Status Status
e INTn is not a slave
0 input
1 INTn is a slave input

D7 Dg Ds Ds D3 D2 D¢ Do

nwa[ o ] o ] 0 JexiNf — ] — [sr] 1]
Self Finish
Interrupt Operation
0 F! Command Mode
1 Self Finish Mode
External
Nesting Mode Mode
0 Normal Nesting
1 Extended Nesting

83-002726B
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Figure 30. Command Words

D; Dg Ds Dy D3 D, Dy Dp
IMKW | M7 | Mg | Ms | Mg | M3 [ M2 ] My | Mo |
Interrupt Req Mask: Operation
. 0 INTn not Masked
1. INTh Masked
D; Dg Ds Ds D3 D2 Dy Do
wrw [RP[sIL[ FI [ o [ o [i2]i1]io]
Yy v ¥
Interrupt| O Q 0 [INTO
Level oo 1[N
011 0 | INT2
0|1 1 [INT3
1 0 0 | INT4
1 0| 1 |INTS
1] 1] o[inTs
1 1 1 | INT7
0]0 |1 No Rotation| Normal FI Command
No Level
110 }1 Specification | Rotation Normal Rotation
. Fl Command
Fl
01 {1 No Rotation| FI Command
Command for Specification
Rotate Priority 101 |1 Level Rotation | Specified Bit
|Specify Interrupt Level, Specification Rotation FI Command
Finish Interrupt o[1]o No Rotation| No Operation
t]11|0 Rotation Specified Bit
Non-FI : . Rotation Command
0|0 [o Command No Rotation| Self Fi Mode
No Level Rotation Reset
Specification
1]1]0/}0 Rotation Self FI Mode
Rotation Set
Dy D¢ Ds Dy D3 D2 Dy Do
mow | — [snmlexcn] o | 1 [poL] sr [isiR]
Select Regi In-Servi q Regi Read Regi: Sel
to Read Select
0 —_ No Operation
1 0 IRQ Selection
1 1 IIS Selection
+1 Polling Mode Polling
0 No Operation
1 Polling Command
Set Nestil Ex pti Nesting Mode 2
Mode Nesting Mode
0 1 No Operation
1 0 Excep Nesting Mode Rel
1 1 Exceptional Nesting Mode Set
83-001835C
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Figure 31. uPD71059 Cascade Connection

uPD70216
ASTB
A1glPS3-A1/PSo Add LA4
AD15-ADg Latches |, po-LAg
J_ «PD71059

AD7-ADp |—* D7-Do  INTPg |—
INTPy |—
— Ao INTP2 }—
IORD RD INTP; —
TOWR WR  INTPy |—
—qCs INTPs |—
INTPg |—
INTPn INT _ INTP; |—

INTAK INTAK

SA2-SAg
83-0027388B

DMA Control Unit

The DMA Control Unit (DMAU) is a high-speed DMA
controller compatible with the uPD71071 DMA Con-
troller. The DMAU has fourindependent DMA channels
and performs high-speed data transfers between
memory and external peripheral devices at speeds as
/high as 4 megabytes/second in an 8-MHz system.
Figure 32 is the block diagram for the DMAU.

The DMAU has the following features.

Four independent DMA channels

Cascade mode for slave uPD71071 DMA controllers
20-bit address registers

16-bit transfer count register

Single, demand, and block transfer modes
Bus release and bus hold modes
Autoinitialization

Address increment/decrement
Fixed/rotating channel priorities

TC output at transfer end -
Forced termination of service by END input

PMAU Basic Operation

The DMAU operates in either a slave or master mode.
n the slave mode, the DMAU samples the four DMARQ
nput pins every clock. If one or more inputs are active,
‘he corresponding DMA request bits are set and the
DMAU sends a bus request to the BAU while continuing
o sample the DMA request inputs. After the BAU
ieturns the DMA bus acknowledge signal, the DMAU
;tops DMA request sampling, selects the DMA channel
‘vith the highest priority, and enters the bus master
node to perform the DMA transfer. While in the bus
naster mode, the DMAU controls the external bus and
rerforms DMA transfers based on the preprogrammed
‘hannel information. :

Terminal Count

The DMAU ends DMA service when the terminal count
condition is generated or when the END input is
asserted. A terminal count (TC) is produced when the
contents of the current count register becomes zero. If
autoinitialization is not enabled when DMA service
terminates, the mask bit of the channel is set and the
DMARQ input of that channel is masked. Otherwise,
the current count and address registers are reloaded
from the base registers and new DMA transfers are
again enabled.

DMA Transfer Type

The type of transfer the DMAU performs depends on
the following conditions.

e Direction of the transfer (each channel)
e Transfer mode (each channel)
e Bus mode

Transfer Direction

All' DMA transfers use memory as a reference point.
Therefore, a DMA read operation transfers data from
memory to an I/0 port. A DMA write reads an 1/0 port
and writes the data to memory. During memory-to-1/0
transfer, the DMA mode (DMD) register is used to
select the transfer directions for each channel and
activate the appropriate control signals.

Operation Transfer Direction Activated Signals

DMA read Memory — 1/0 10WR, MRD

DMA write 1/0 — Memory TORD, MWR

DMA verify Addresses only; no transfer
performed
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Figure 32. DMAU Block Diagram
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Bus Mode

The DMA device control (DDC) register selects oper-
ation in either the bus release or bus hold mode. The
selected bus mode determines the DMAU conditions
for return of the bus to the BAU. Figure 33 shows
thatin bus release mode, only one channel is serviced
after the DMAU obtains the bus. When DMA service
ends (termination conditions depend on the transfer
mode), the DMAU returns the bus to the BAU regardless
of the state of other DMA requests, and the DMAU
reenters the slave mode. When the DMAU regains use
of the bus, a new DMA operation can begin.

In bus hold mode, several channels can receive con-
tiguous service without releasing the bus. If there is
another valid DMA request when a channel’s DMA
service is finished, the new DMA service can begin
immediately after the previous service without return-
ing the bus to the BAU.
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Figure 33. Bus Modes
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Transfer Modes

The DMD register also selects either single, demand,
or block transfer mode for each channel. The conditions .
for the termination of each transfer characterize each
transfer mode. The following table shows the various
transfer modes and termination conditions. :

Transfer Mode Termination Conditions }“‘
Single

Demand

After each byte/word transfer

END input ‘

Terminal count

inactive DMARQ

DMARQ of a higher priority channel
becomes active (bus hold mode)

Block " END input

Terminal count
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The operation of single, demand, and block mode
transfers depends on whether the DMAU is in bus
release or bus hold mode. Figure 34 shows the oper-
ation flow for the six possible transfer and bus mode
operations in DMA transfer.

Single Mode Transfer. In bus release mode, when a
channel completes transfer of a single byte or word,
the DMAU enters the slave mode regardless of the state
of DMA request inputs. In this manner, other lower-
priority bus masters will be able to access the bus.

In bus hold mode, when a channel completes transfer
of a single byte or word, the DMAU terminates the
channel’s service even if the DMARQ request signal is
asserted. The DMAU will then service any other
requesting channel. If there are no requests from any
other DMA channels, the DMAU releases the bus and
enters the slave state.

Demand Mode Transfer. In bus release mode, the
currently active channel continues to transfer data as
long as the DMA request of that channel is active, even
though other DMA channels are issuing higher-priority
requests. When the DMA request of the serviced
channel becomes inactive, the DMAU releases the bus
and enters the slave state.

In bus hold mode, when the active channel completes a
single transfer, the DMAU checks the other DMA
request lines without ending the current service. If
there is a higher-priority DMA request, the DMAU
stops the service of the current. channel and starts
servicing the highest-priority channel requesting serv-
ice. If there is no higher request than the current one,
the DMAU continues to service the currently active
channel. Lower-priority DMA requests are honored
without releasing the bus after the current channel
service is complete.

Block Mode Transfer. In bus release mode, the current
channel continues DMA transfers until a terminal
count or the external END input becomes active.
During this time, the DMAU ignores all other DMA
requests. After completion of the block transfer, the
DMAU releases the bus and enters the slave state, even
if DMA requests from other channels are active.

\n bus hold mode, the current channel transfers data

until an internal or external END signal becomes
ictive. When the service is complete, the DMAU
shecks all DMA requests without releasing the bus. If
here is an active request, the DMAU immediately
»egins servicing the request. The DMAU releases the
»us after it honors all DMA requests or a higher-priority
»us master requests the bus.

Byte/Word Transfer

The DMD register can specify DMA transfers in byte or
word units for each channel. Addresses and count
registers are updated as follows during byte/word
transfers.

Word Transfer
Address register +1 +2

Byte Transfer

Count register -1 -1

During word transfers, two bytes starting at an even
address are handled as a single word. If the starting
address is odd, a DMA transfer is started after first
decrementing the address by 1. For thisreason, always
select even addresses. The ADy and UBE outputs
control byte and word DMA transfers. The following
shows the relationship between the data bus width,
ADg and UBE signals, and data bus status.

Ag UBE Data Bus Status
0 1 D7-Dy valid

1 0 D15-Dg valid

0 0 D15-Dg valid

Autoinitialize

When the DMD register selects autoinitialize for a
channel, the DMAU automatically reinitializes the ad-
dress and count registers when END is asserted or the
terminal count condition is reached. The contents of
the base address and base count registers are transfer-
red to the current address and current count registers,
and the applicable bit of the mask register remains
cleared.

Channel Priority

Each of the four DMAU channels is assigned a priority.
When multiple DMA requests from several channels
occur simultaneously, the channel with the highest
priority will be serviced first. The DDC register selects
one of two priority schemes: fixed or rotating (figure
35). In fixed priority, channel O is assigned the highest
priority and channel 3, the lowest. In rotating priority,
priority order is rotated after each service so that the
channel last serviced receives the lowest priority. This
method prevents the exciusive servicing of higher-
priority channels and the .lockout of lower-priority
DMA channels.
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Figure 34. Transfer Modes
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