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Part Numbering System

pPD72001L. Typical microdevice part number
pP  NEC monolithic silicon integrated circuit
D Device type (D = digital MOS)
72001 Device identifier (alphanumeric)
L Package type (L = PLCC)

A part number may include an alphanumeric suffix
that identifies special device characteristics; for
example, uPD72001L-11 has an 11-MHz CPU clock
rating.



N E C Single-Chip Microcomputers

4-Bit, Single-Chip CMOS Microcomputers; 75xx Series

Device Clock  Supply
(xPD) ~ Features ~ (MHz) Voitage (V) ROM (X8) RAM (X4) /0 Package t Pins
7502/7502A LCD controller/driver 0.41 2.5t06.0 2K ' 128 23 QFP 64
7503/7503A LCD controller/driver 0.41 25t06.0 4K 224 23 QFP 64
7507 Generalpurpose 0.41 25t06.0 2K 128 32 DIP 40
. SDIP 40
QFP 52
75078 General-purpose 0.5 2210 6.0 2K 128 32 SDIP 40
QFP 44
7507H General-purpose 4.19 2.71t06.0 2K 128 32 DIP 40
SDIP 40
QFP 52
7508 General-purpose 0.41 2510 6.0 4K 224 32 DIP 40
sDIP 40
QFP 52
75088 Generakpurpose 0.5 22106.0 4K 224 32 SDIP 40
- : . : QFP 44
7508H General-purpose 419 27t06.0 4K 224 32 DIP 40
sDiP 40
QFP - 52
75CG08 Piggyback EPROM 0.41 45t055 2K or 4K 224 32 Ceramic DIP 40
75CG08H Piggyback EPROM 4.19 45t05.5 2K or 4K 224 32 Ceramic DiP 40
7527A FIP dontroller/driver 0.61 27t06.0 2K 128 35 DIP 42
SDIP 42
7528A FIP controller/driver 0.61 2710 6.0 4K 160 35 DIP 42
sDip 42
75CG28 Piggyback EPROM; FiP 0.5 45t055 4K 160 35 Ceramic DIP 42
controller/driver .
7533 A/D converter 0.51 27t06.0 4K 160 30 DIP 42
SDIP 42
QFP 44
75CG33 Piggyback EPROM; A/D 0.51 451055 4K 160 30 Ceramic DIP 42
converter
7537A FIP controller/driver 0.61 2.7t06.0 2K 128 35 DIP 42
sDIP 42
7538A FIP controller/driver 0.61 2.7t0 6.0 4K 160 -85 DIP 42
SDIP 42
75CG38 Piggyback EPROM; FIP 0.5 4.5t05.5 4K 160 35 Ceramic DIP 42
controller/driver
7554 Serial I/O; external 0.71 2510 6.0 1K 64 16  SDIP 20
. clock or RC oscillator SOP 20
7554A Serial I/O; external 0.71 20t0 6.0 1K 64 16 sDIP 20
clock or RC oscillator SOP 20
75P54 Serial I/O; external 0.71 4510 6.0 1K OTPROM 64 16 SDIP 20
clock or RC oscillator SOP 20

1 Plastic unless ceramic (or cerdip) is specified.



Single:Chip Microcomputers

4-Bit, Single-Chip CMOS Microcomputers; 75XX-8eries :© .. ., oo o af o Loyt
Device Clock Supply v ER . T ot
(uPD) - . Features ©2(MHz)  Voltage: (V) ROM:(X8): - * RAM (X4) /O .. Package 1 :Pins
7564/7564A Serial I/O; ceramic ‘071 27t060 K- .64 15 ..SDP .- 20
: i oscillator L o : L sop - 20
75P64 " Serial I/O; cefamic - 0.71 45t06.0 - 1KOTPROM = - 64 -~ 15 SDIP e 20~
. oscillator ’ o ) B SOP 207
. 7556 Comparator; external 0.71 2510 6.0 1K 64 20 sDIP 24
. " clock or RC oscillator ' . ; . ' . sorp 24
7556A Comparator; external 0.7 20t0 6.0 1K 64 20  SDIP 24
clock or RC oscillator o v ' ' o SOP - .24‘
75P56 Comparator; external 0.71 4.5t0 6.0 1K OTPROM 64 20 SDIP 24
clock or RC oscillator SOP 24
7566/7566A Comparator; ceramic 071 271060 TR 84 .19 . SDIP Y
oscillator SOP 24
75P66 Comparator; ceramic 0.71. 45t06.0 . 1K OTPROM 64 19 SDIP 24
oscillator : R : . ‘SOP... 24
1 Plastic unless ceramic (or cerdip) is specified. )
4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series
QL Clock Supply - ' - i e o
Device (sPD)  Features . (MHz) - Veoltage (V) ROM (X8) RAM (X4) - I/0  Package t- - Pins
75004 General-purpose 419 271060 - 4K ( s12 - 34 SDP " a2
: v ' S U QFP 44
75006  General-purpose 419° 271060 - 6K : 512 34 -SDIP 42
: i : R L CQFP 44
75008 General-purpose © 419 271060 8K i 512 - 34 - sDIP : 42
. - o P QFP T 44
75P008 * General-purpose; on- 419 451055 - 8K OTPROM 512 34 - SDIP : : 42
chip OTPROM : ; QFp 44
75028 A/D converter 4.19 2.7 10 6.0 8K 512 48 SDIP 64
: ’ . - QFP : 64
75P036 A/D converter; on-chip 4138 271060 16K OTPROM 1024 48 SDIP 64
OTPROM : e QFP 4
75048 A/D converter; 1K x 4 419 2716.0 8K ‘ 512 48 SDIP 64
h EEPROM : . ; R QFP 64
75P056 * A/D converter; 1K x 4 4.19 271t06.0 16K OTPROM 1024 48 SDIP 64
* EEPROM; on-chip - : . QFP - 64
OTPROM ' ; ’ AR
* Under development; consult your NEC Sales Office for availability. ) o
75104 High-énd with 8-bit 419 27106.0° 4K e 820 Pws2 SDIP- 64
instruction o ) o o ) - CQFP 64
75104A High-end with 8-bit ‘419 271060 4K T 320 52 .QFP - 64
) instruction - ) o o L . )
75106 High-end with 8-bit 419 271060 6K - : ©320 _' 52 - SDIP 64
instruction o o o . e QFP ~ ) . 64
75108 High-end with 8-bit 4.19 27 10 6.0 8K B2 B - sDIP 64
instruction QFP 64
75108A High-end with 8-bit 4.19 2710 6.0 8K 512 52 QFP 64
instruction
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4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series (cont) -~ =~ R

Single-Chip Microcomputers

Clock Supply R
Device (uPD)  Features CE (MHz) Voltage (V) ROM (X8) . - ~RAM (X4) 1/0  Package } Pins

75P108 High-end with 8-bit 419 45t055 8K OTPROM 512 52 SDIP 64
instruction; on-chip QFP. 64
OTPROM or. UVEPROM " 8K LVEPROM. 512 52 Shrink cerdip 64
75P108B High-end with 8-bit 4.19 27106.0 8K OTPROM 512 52 SDIP. 64
instruction; on-chip QFP 64
OTPROM . : : : 1
75112 High-end with 8-bit 4.19 2.7t06.0 12K 512 52 SDIP 64
instruction . . . QFP 64
75116 High-end with 8-bit 419 27160 16K : 512 52 SDIP. 64
instruction " QFP 64
75P116 High-end with 8-bit 4.19 451055 " 16K OTPROM 512 52 SDIP 64
instruction; on-chip QFP 64
OTPROM . - .
75206 FIP controller/driver 419 27160 = 6K . - 369 28 SDIP 64
v . v . . QFp 64
75208 FIP controller/driver 419 271060 8K ' 497 28 sDIP 64’
) Cen : QFP 64
75CG208 FiP controller/driver; 419 ~ 451055 8K o512 " 28  Ceramic SDIP 64"
piggyback EPROM © Ceramic QFP 64
75212A FIP controller/driver 4.19 27t0 6.0 12K 512 28 SDIP 64
. ; L . L s R QFP - 64
75216A FIP controller/driver; 419 27t060 16K : 512 28 SDIP 64
on-chip OTPROM | ) o A ) o T QFP 64
75CG216A FIP controller/driver; 419  45t055° 16K o 512 “28  Ceramic SDIP 64
piggyback EPROM Ceramic QFP 64
75P216A FIP controller/driver; 4.19 451055 16K OTPROM 512 28 SDIP 64
o on-phip OTPROM : : : . . o
75217 FIP. controller/driver 4.19 2.7 t0 6.0 24K 768 28 SDIP 64 ‘
s QFP 64
75P218 FIP controller/driver; 419 27 t0 6.0 32K OTPROM 1024 28  SDIP 64
‘ on-chip OTPROM or S : QFP 64-
UVEPROM 32K UVEPROM 1024 28 Ceramic LCC 64
75268 FIP controller/driver 4.19 27 t0 6.0 8K 512 28 SDIP 64
L o S o ) QFP - 64
75304 LCD.controller/driver 4.19 2.7 t0 6.0 4K 512 32 QFP 80
75306 LCD controller/driver 4.19 271t06.0 6K 512 32 QFP 80
75308 LCD controller/drivér = 419 271060 "~ 8K = . 512 32 QFP 80
75P308 LCD controller/driver; 4.19 4.75t0 5.25 8K OTPROM 512 32 QFP 80
. -chip OTPROM =
ey oM 8K UVEPROM 512 32 CeramicLCC 80
75312 ¢ - LCDcontroller/driver - 419 271060 - 12K 512 32 QFP 80
75316 LCD controller/driver 419 271060 16K , 512 32 QFP .80
75P316 LCD controiler/driver; " 419 475%t0525 16K OTPROM 512 32 QFP 80
on-chip OTPROM ) ) ) } C
75P316A LCD controller/driver; 4,19 2.71t06.0 16K OTPROM 512 32 QFP 80
-chip OTPRO
E,'C,EP"FE’OM Mor N | BKWEPROM 512 @  CeramioLOC 80
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Single-Chip Microcomputers

NEC

4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series (cont)

Clock Supply
Device (uPD)  Features (MH2) Voltage (V) ROM (X8) RAM (X4) /0  Package 1 Pins
75328 LCD controller/driver; 419 271060 8K 512 3% QFP 80
AJ/D converter .
75P328 LCD controller/driver; 419 45t055 8K OTPROM 512 36 QFP 80
A/D converter; on-chip '
OTPROM
75402A Low-end 419 271060 2K 64 22 DIP 28
SDIP 28
QFP 44
75P402 Low-end; on-chip 4.19 451055 2K OTPROM 64 22 DIP 28
OTPROM SDIP 28
QFP 44
75512 High-end; A/D 4,19 2710 6.0 12K 512 64 QFP 80
converter
75516 High-end; A/D 419 271060 16K 612 64 QFP 80
converter
75P516 High-end; A/D 419 475t055 16K OTPROM - 512 64 QFP 80
converter; on-chip ;
OTPROM or UVEPROM 16K UVEPROM 512 64 Ceramic LCC 80
1 Plastic unless ceramic (or cerdip) is specified.
8-Bit, Single-Chip CMOS Microcomputers; 78xx Series
Clock Supply )
Device (uPD) Features (MHz) Voitage (V) ROM (X8) RAM (X4) 1/0  Package t Pins
78C10/78C10A  CMOS; A/D converter 15 45t055 External 256 32 QuiP 64
SDIP 64
QFP 64
PLCC 68
78C11/78C11A  CMOS; A/D converter 15 451055 4K 256 40 QuiP 64
SDIP 64
QFP 64
) PLCC 68
78C12A CMOS; A/D converter 15 451055 8K 256 40 QuiP 64
SDIP 64
QFP . 64
PLCC 68
78C14/78C14A . CMOS; A/D converter 15 4.510 5.5 16K 256 40 QUIP 64
- 8DIP 64
QFP 64
PLCC 68
78CP14 CMOS; A/D converter; 15 47510 5.25 16K OTPROM 256 40 QUIP 64
on-chip OTPROM or SDIP 64
UVEPROM QFP 64
PLCC 68
16K UVEPROM 256 40 Ceramic QUIP 64
Shrink cerdip 64
78CG14 CMOS; A/D converter,; 18 451055 4K, 8K, or 16K 256 40 Ceramic QUIP 64
piggyback EPROM ;
78C17 CMOS; A/D converter 15 451055 External 1024 40 = QUIP 64
- sDIp 64
QFP 64




N E C Single-Chip Microcomputers

8-Bit, Single-Chip CMOS Microcomputers; 78xx Series (cont)

Clock Supply
Device (uPD) Features (MH2z) Voltage (V) ROM (X8) RAM (X4) 1O  Package t Pins
78C18 CMOS; A/D converter - 15 45t055 32K 1024 40 QUIP 64
SDIP 64
QFP 64
78CP18 CMOS; A/D converter; 15 4.7510 5.25 32K OTPROM 1024 40 QUIP 64
on-chip OTPROM or SDIP 64
UVEPROM QFP 64
32K UVEPROM 1024 40 Ceramic LCC 64
1 Plastic unless ceramic (or cerdip) is specified.
8-Bit, Single-Chip CMOS Microcomputers; 782xx (K2) Series
Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X4) /0  Package t Pins
78212 CMQOS; A/D converter; 12 4.5t0 6.5 8K 384 54 SDIP 64
advanced peripherals QUIP 64
QFP 64
QFP 74
PLCC 68
78213 CMOS; A/D converter; 12 451055 External 512 54 SsDIP 64
advanced peripherals Qulp 64
, QFP 64
QFP 74
PLCC 68
78214 CMOS; A/D converter; 12 45t0 55 16K 512 54 SDIP 64
advanced peripherals QUIP 64
QFP 64
QFP 74
. PLCC 68
78P214 CMOS; A/D converter; 12 4.5t0 565 16K OTPROM 512 54 SDIP 64
advanced peripherals QUIP 64
QFP 64
QFP 74
PLCC 68
16K UVEPROM = 512 54 Shrink cerdip 64
78220 CMGOS; analog 12 451055 External 640 " PLCC 84
compatrator; large /O QFP 94
78224 CMOS; analog 12 451055 16K - 640 I pLCC 84
comparator; large I/O QFP 94
78P224 CMQOS; analog 12 45t055 16K OTPROM 640 71 PLCC. 84
comparator; large /O QFP 94
78233 CMOS; realtime 12 4,5t0 55 External 640 64 QFP 80
outputs; A/D and D/A : QFP 94
converters ' PLCC 84
78234 CMOS; real-time 12 451055 16K 640 64 QFP 80
outputs; A/D and D/A QFP 94
converters . . PLCC 84
78237 CMOS; real-time 12 451055 External 1024 64  QFP 80
outputs; A/D and D/A . QFP 94
converters PLCC 84
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Single-Chip Microcomputers

NEC

8-Bit, Single-Chip CMOS Microcomputers; 782xx (K2) Series (cont)

Clock Supply

Device (uPD) . Features (MHz) Voltage (V) ROM (X8) RAM (X4) /O  Package t Pins
78238 CMOS; real-time 12 451055 32K 1024 64 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
78P238 CMOS; realtime 12 4510 5.5 32K OTPROM 1024 64 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
32K UVEPROM 1024 64 Ceramic LCC 94
78243 CMOS; A/D converter; 12 4.510 5.5 External 512 54 SDIP 64
EEPROM 512 QFP 64
EEPROM PLCC 68
78244 CMOS; A/D converter; 12 451055 16K 512 54 SDIP - 64
EEPROM ) 512 QFP 64
- EEPROM PLCC 68
T Plastic unless ceramic (or cerdip) is specified.
8/16-Bit, Single-Chip CMOS Microcomputers; 783xx (K3) Series
Device Clock Supply
(uPD) Features (MHz) Voltage (V) ROM (X8) RAM (X4) 110 Package t Pins
78310A Real-time motor control 12 4510 5.5 External 256 48 SDIP 64
QuIP 64
QFP 64
PLCC 68
78312A Real-time motor control 12 45t0 5.5 8K 256 48 SDIP 64
QuUIP 64
QFpP 64
PLCC 68
78P312A Real-time motor control 12 451055 8K UVEPROM 256 48 Shrink cerdip 64
' Ceramic QUIP 64
8K OTPROM 256 48 SDIP 64
QuIP 64
QFP 64
PLCC 68
78320 High-end; advanced 16 4510 65 External 640 55 QFP 74
analog and digital PLCC 68
peripherals
78322 High-end; advanced 16 451055 16K 640 55 QFP 74
analog and digital PLCC 68
peripherals
78P322 High-end; advanced 16 45t0 55 16K OTPROM 640 55 QFP 74
analog and digital . PLCC 68
peripherals 16K UVEPROM 640 55  Ceramic LCC 68
Ceramic LCC 74
78330 CMOS; realtime pulse 16 4510 55 External 768 70 QFP 94
unit ‘PLCC 84
78334 CMOS; real-time pulse 16 451055 32K 768 70 QFP 94
unit ‘ PLCC 84
78P334 CMOS; realtime pulse 16 451055 32K OTPROM 768 70 QFP 94
unit ' PLCC 84
32K UVEPROM 768 70 Ceramic LCC 84
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N E C V-Series and RISC Microprocessors and Peripherals

V-Series CMOS Microprocessors

Device, ) i

nPD Features Data Bits Clock (MHz) Package 1 Pins

70108 (V20) 8088 compatible; enhanced 8/16 8 or10 DIP 40

Ceramic DIP 40
QFP 52
PLCC 44

70108H (V20H) Fully static; pin compatibie with 80C88 8/16 10, 12, 16 DIP 40

enhanced microprocessor QFP 52

PLCC 44

70116 (V30) 8086 compatible; enhanced 16 8or10 ‘DIP 40
Ceramic DIP 40

QFP 52

PLCC 44

70116H (V30H) Fully static; pin compatible with 80C86 16 10, 12, 16 DIP 40

enhanced microprocessor QFP 52

PLCC 44

70208 (V40) MS-DOS, V20 compatible CPU with peripherals 8/16 8or10 Ceramic PGA 68
PLCC 68

QFP 80

70208H (V40H) Fully static; low power; 80C88 compatible CPU 8/16 10, 12, 16 Ceramic PGA 68

plus peripherals PLCC 68

) QFP 80
70216 (V50) MS-DOS, V30 compatible CPU with peripherals 16/16 8 or 10 . PGA 68
PLCC 68

QFP 80

70216H (V50H) Fully static; low power; 80C88 compatible CPU 16 10, 12, 16 Ceramic PGA 68

plus peripherals PLCC 68
QFP 80
70136 (V33) Hardwired, enhanced V30 8 and 16 12 0r16 PGA 68
dynamic PLCC 68
70236 (V53) V33 core-based; high-integration; DMA, serial 8 and 16 10, 12, 16 Ceramic PGA 132
/O, interrupt controller, etc. dynamic QFP 120

70320 (V25) MS-DOS compatibie microcontroller; high- 8/16 S5or8 PLCC 84
integration; DMA, serial I/O, interrupt controller, QFP 94
etc.

70330 (V35) MS-DOS compatible microcontroller; high- 16 8 PLCC 84
integration; DMA, serial I/O, interrupt controller, ) QFP 94
ete, B )

70325 (V25 Plus) MS-DOS compatible microcontroller; high- 8/16 . 8 or10 . PLCC 84
integration; high-speed DMA QFP 94

70335 (V35 Plus) MS-DOS compatible microcontroller; high- 16 8or10 PLCC 84
integration; high-speed DMA QFP 94

70327 (V25 MS-DOS compatible microcontroller; high- 8/16 8 PLCC . 84

Software Guard) integration; software protection QFP 94

70337 (V35 MS-DOS compatible microcontroller;. high- . 16 8 PLCC . 84

Software Guard) integration; software protection QFP 94

70423 (V55 SC) V25 upward-compatible, high-integration 8 and 16 - ‘125 Ceramic PGA 132
microcontroller with full synchronous serial dynamic ' PPGA 132
support and buffer management QFP 120

1 Plastic Lmless ceramic (or cerdip) is specified.

19



V-Series and RISC Microprocessors and Peripherals

NEC

V-Series CMOS System Support Products

Device, .
pPD Features Data Bits Clock (MHz) Package t Pins
71011 Clock Pulse Generator/Driver — 20 DIP 18
SOP 20
71037 Programmable DMA Controller 8 10 DIP 40
QFP 40
. PLCC 44
71051 Serial Control Unit 8 8/10 DIP 28
QFP 44
PLCC 28
71054 Programmable Timer/Controller 8 8/10 DIP 24
QFP 44
PLCC 28
71055 Parallel Interface Unit 8 - 8/10 DIP 40
QFP 44
PLCC 44
71059 Interrupt Control Unit 8 8/10 DIP 28
QFP 44
PLCC 28
71071 DMA Controller 8/16 8/10 DIP 48
Ceramic DIP 48
QFP 52
PLCC 52
71082 Transparent Latch 8 8 DIP 20
SOP 20
71083 Transparent Latch 8 8 DIP 20
SOP 20
71084 Clock Pulse Generator/Driver —_ 25 DIP 18
SOP 20
71086 Bus Buffer/Driver 8 8 DIP 18
SOP 20
71087 Bus Butfer/Driver 8 8 DIP 20
i SOP 20
71088 System Bus Controller — 8/10 DIP 20
SOP 20
71101 Complex Peripheral Unit; serial, parallel, timer, 8 10 QFP 120
. interrupt
71641 Cache Memory Controller 8/16/32 25 PGA 132
72291 Floating Point Coprocessor for V33/V53 16 16 PGA 68
9335 Numeric Interface Adapter for V40/V50 «> i8087 - 8 DIP 20
1 Plastic unless ceramic (or cerdip) is specified. )
RISC Microprocessors and Peripherals
Device ’ ‘ Name Clock Package Pins
pPD30310 (VR3000A) RISC Microprocessor 25, 33, 40 MHz PGA 175
pPD30311 (VR3010A) Floating-Point Processor 25, 33,40 MHz PGA 84
uPD31311 Bus Interface Unit 25, 33 MHz PGA 208
HPD46710 16K x 10-Bit x 2 SRAM Access time: 12,15 20 ns PLCC 52
pPDA46741 8K x 20-Bit x 2 SRAM Access time: 12, 15, 20 ns PLCC 68
pPD30360 (VR3600) RISC Microprocessor 25, 33 MHz PGA 189
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N E C Intelligent Peripheral Devices (IPD)

Communications Controllers

Device, Maximum
wPD Name Description Data Rate Package t Pins
7201A Multiprotocol Serial Dual full-duplex serial channels; four DMA 1 Mb/s DIP 40
Communications channels; programmable interrupt vectors;
Controller asychronous COP and BOP support; NMOS
72001-11 CMOS, Advanced Functional superset of 8530; 8086/V30 2.5 Mb/s DIP 40
Multiprotocol Serial interface; two full-duplex serial channels; two QFP 52
Communications DPLLs; two baud-rate generators per channel; PLCC 52
Controller loopback test mode; short frame and mark idle
detection; 12.6-MHz max clock
72002 CMOS, Advanced Low-cost, single-channel version of 72001 ; 2.5 Mb/s DIP 40
Multiprotocol Serial software compatible; direct interface to 71071/ QFP 44
Communications 8237 DMA controllers; 12.5-MHz max clock PLCC 44
Controller
72103 CMOS, HDLC Controller  Single full-duplex serial channel; on-chip DMA 4 Mb/s SDIP ~ 64
controller PLCC 68
QFP 80
Graphics Controllers
Device, Maximum
‘uPD Name Description Drawing Rate Package 1t Pins
7220A High-Performance General-purpose, high-integration controller; 500 ns/dot Ceramic DIP 40
Graphics Display hardwired support for lines, arc/circles,
Controller rectangles, and graphics characters; 1024x1024
pixel display with four planes
72020 Graphics Display CMOS 7220A with 2M video memoiy; dual-port 500 ns/dot DIP 40
Controller RAM control; write-masking on any bit; QFP 52
enhanced external sync ;
72120 Advanced Graphics High-speed graphics operations including paint, 500 ns/dot PLCC 84
Display Controller area fill, slant, arbitrary angle rotate, up to 16x QFP 94
enlargement and reduction; dual-port RAM
control; CMOS
72123 Advanced Graphics Enhanced 72120; expanded command set; 400 ns/dot PLCC 84
Display Controller Il improved painting performance; laser printer . QFP 94
interface controls; CMOS
Advanced Compression/Expansion Engine
Device,
rPD Name Description Package t Pins
72185 Advanced Compression/  High-speed CCITT Group 3/4 bit-map image compression/expansion  SDIP 64
Expansion Engine (A4 test chart, 400 PPl x 400 LPI in under 1 second); 32K-pixel line PLCC . 68

length; 32-megabyte image memory; on-chip DMA and refresh timing - QFP 80
generator; CMOS -

1 Plastic unless ceramic (or cerdip) is specified.



Intelligent Peripheral Devices (IPD)

NEC

Floppy-Disk Controllers

Maximum
Device, Transfer :
wPD Name Description Rate Package t Pins
765A/B Floppy-Disk Controller Industry-standard controller supporting IBM 500 kb/s DIP 40
3740 and IBM System 34 double-density
format; enhanced 765B supports multitasking
applications
71065/66 Floppy-Disk Interface Compatible with 765-family controllers and 500 kb/s ‘sop 28
others; supports multiple data rates from 125 to SDIP 30
500 kb/s .
72064 Floppy-Disk Controller CMOS. All features of 72068 with complete AT 500 kb/s PLCC 44
: register set and 48-mA drivers. Pin compatible QFP &2
with WD 37C65/A/B but with higher
performance DPLL and reliable multitasking
operation
72065/65B CMOS Floppy-Disk Controller 100% 765A/B microcode compatible; 500 kb/s DIP 40
compatible with 808x microprocessor families PLCC 44
QFP 52
72067 Floppy-Disk Controlier CMOS; 765A/B microcode compatible clock 500 kb/s DiP 48
generation/switching circuitry; selectable write PLCC 52
precompensation; digital phase-locked loop QFP 52
72068 Floppy-Disk Controller All features of the 72067 plus IBM-PC, PC/XT, 600 kb/s QFP 80
) PC/AT, or PS/2 style registers; high-current PLCC 84
drivers
72069 Floppy-Disk Controller All features of the 72067/68 with substitution of 1 Mb/s PLCC 84
high-performance analog phase-locked loop for QFP 100
digital PLL
Hard-Disk Controllers
’ : Maximum
Device, Read/Write
pPD Name Description Clock Package t Pins
7261A/B Hard-Disk Controller Supports eight drives in SMD mode, four drives 23 MHz Ceramic DIP 40
: in ST506 mode; error correction and detection
7262 Enhanced Small-Disk Serialmode ESDI compatible; controls up to 18 MHz Ceramic DIP 40
Interface (ESD) seven drives; supports up to 80 heads; hard
Controller and soft-sector interfacing
72061 CMOS Hard-Disk Supports SMD/SMD-E and ST506/412 type 24 MHz DIP 40
Controller: drives : QFP 52
PLCC 52 -
7211 Small Computer System  Selectable 8/16 data bus width; 16 high-level 16 MHz SDIP 64
Interface (SCSI) commands including multiphase commands for PLCC 68
Controller QFP 74

reduced CPU load; 5-Mb sync/async; CMOS

1 Plastic unless ceramic {or cerdip) is specified.



N E C DSP and Speech Products

Digital Signal Processors .
Device, Instruction Instruction Data ROM Data RAM

pPD Description Cycle (ns) ROM (Bits)  (Bits) (Bits) Package t Pins
77C20A 16-bit, fixed-point DSP; CMOS 244 512x 23 510x 13 128 x 16 DIP 28
. PLCC 28
SOP 32
PLCC 44
77P20 16-bit, fixed-point DSP; CMOS 244 512x 23 510x 13 128 x 16 Cerdip 28
UVEPROM UVEPROM
77C25 16-bit, fixed-point DSP; CMOS 122/100 2048 x 24 1024 x 16 256 x 16 DIP 28
: : PLCC 28
SOP 32
PLCC 44
77P25 16-bit, fixed-point DSP; CMOS 122/100 2048 x 24 1024 x 16 256 x 16 DIP 28
OTPROM OTPROM SOP - 82
- PLcC 44
2048 x 24 1024 x 16 256 x 16 Cerdip 28
UVEPROM UVEPROM
77220 24-bit, fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68
PLCC 68
77P220L 24-bit, fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 PLCC 68
OTPROM OTPROM
77P220R 24-bit, fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68
UVEPROM UVEPROM
77230AR 82-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
77230AR-003  32-bit, floating-point DSP; CMOS; 150 n/a n/a n/a Ceramic PGA 68
standard library software
77P230R 32-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
UVEPROM UVEPROM
77240 32-bit, advanced, floating-point 90 64K x 32 n/a 16M x 32 PGA 132
DSP; CMOS external external
77810 16-bit fixed-point modem DSP; 181 2048 x 24 1024 x 16 256 x 16 Ceramic PGA 68
CMOSs PLCC 68
77811 Analog front end for 2400-b/s full- nfa n/a n/a n/a PLCC 44
duplex modem
77812 2400-b/s full-duplex modem 181 n/a n/a 256 x 16 PLCC 68
controller QFP 74
7281 Image pipelined processor; NMOS §-MHz clock n/a n/a 512x 18 Ceramic DIP 40
72181 Image pipelined processor, CMOS 10-MHz clock  n/a n/a 512x 18 DIP 40
QFP 68
9305 Support device for uPD7281 10-MHz clock  n/a n/a n/a Ceramic PGA 132

processors; CMOS

1 Plastic unless ceramic (or cerdip) is specified.



DSP and Speech Products

NEC

Speech Processors

Device, Name Technology Bit Rate Data ROM Package. 1 Pins
wPD (kb/s) (Bits)
77C30 ADPCM Speech Encoder/Decoder NMOS 32 — DIP 28
PLCC 44
7755 ADPCM Speech Synthesizer CMOS 16, 20, 24, 32 96K DIP 18
SOP 24
7756 ADPCM Speech Synthesizer cMOSs 16, 20, 24, 32 256K DiP 18
SOP 24
77P56 ADPCM Speech Synthesizer CMOSs 16, 20, 24, 32 256K DIP 20
OTPROM SOP 24
7757 ADPCM Speech Synthesizer CMOS 16, 20, 24, 32 512K DIP 18
SOP 24
7759 ADPCM Speech Synthesizer CMOS 16, 20, 24, 32 11024K DIP 40
: external RAM QFP 52
77501 Speech Recording and Reproducing LS| CMOS 12, 18, 24 16M QFP 80
external RAM

1 Plastic unless ceramic (or cerdip) is specified.
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Development Tools for Micro Products

V-Series Microprocessors

Full Relocatable
Device Full Emulator Mini-IE Mini-IE Evaluation EPROM Assembler C Compller
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
pPD70136GJ-  |E-70136- EP-70136L-A  IE-70136-PC ~ EP-70136L-PC DDK-70136 — RA70136 CC70136
12 AO16 (Note 2) (Note 2)
pPD70136GJ- |IE-70136- EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
16 AO16 (Note 2) . (Note 2)
puPD70136L-16  IE-70136- EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 — RA70136 CC70136
A016
pPD70136L-12  |E-70136- EP-70136L-A  IE-70136-PC  EP-70136L-PC DDK-70136 - RA70136 CC70136
A016 .
pPD70136R-12  IE-70136- EP.70136L-A  |[E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
AO16 (Note 3) (Note 3)
uPD70136R-16  |E-70136- EP-70136L-A  IE-70136-PC ~ EP-70136L-PC DDK-70136 — RA70136 CC70136
AO16 (Note 3) (Note 3)
pPD70208GF-  IE-70208- (Note 12) EB-V4OMINI- — EB-70208 —_ RA70116 CC70116
8 A010 IE
pPD70208GF-  |E-70208- (Note 12) EB-V40MINI- — EB-70208 — RA70116 CC70116
10 A010 IE
pPD70208L-8 |E-70208- IE-70000- EB-V4OMINI-  ADAPTE8PGA EB-70208 — RA70116 CC70116
A010 2958 IE 68PLCC (Note ’
4
pPD70208L-10  IE-70208- IE-70000- EB-V40MINI-  ADAPT68PGA EB-70208 — RA70116 Ccro116
AO10 2958 IE 68PLCC
) (Note 4)
uPD70208R-8  |E-70208- IE-70000- EB-V4OMINI-  (Note 4) EB-70208 — RA70116 CC70116
AO10 : 2059 IE
pPD70208R-10  IE-70208- IE-70000- EB-V4OMINI-  (Note 4) EB-70208 — RA70116 CC70116
A010 2959 IE
uPD70216GF- IE-70216- EP-70320J EB-V50MINI- ) —_ EB70216 —_ RA70116 CC70116
8 A010 (Note 12) IE
HPD70216GF-  |E-70216- EP-70320J EB-V50MINI- — EB70216 — RA70116 CC70116
10 A010 (Note 12) IE :
uPD70216L-8 IE-70216- IE-70000- EB-V50MINI-  ADAPT68PGA EB70216 — RA70116 CC70116
A010 2058 IE 68PLCC (Note
4)
pPD70216L-10  |E-70216- IE-70000- EB-V5OMINI-  ADAPT68PGA EB70216 — RA70116 CC70116
A010 2958 IE 68PLCC (Note
4)
pPD70216R-8 |IE-70216- |IE-70000- EB-VSOMINI-  (Note 4) EB70216 - RA70116 CC70116
AO10 2959 IE
pPD70216R-10  |E-70216- |E-70000- EB-V50MINI-  (Note 4) EB70216 - RA70116 CcC70116
AO10 2959 IE ‘
pPD70236GD-  |E-70236-BX ~ EV-9500GD- — — DDK-70236 — RA70136 CC70136
10 120
(Note 18)
pPD70236GD-  |E-70236-BX  EV-9500GD- — — DDK-70236 — RA70136 CC70136
12 120 :
(Note 18)
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V-Series Microprocessors (cont)

- 12

IE-P

(Note 10)

. Full } . " Relocatable
Device Full Emulator Mini-IE Mini-IE Evaluation EPROM Assembler C Compiler
(Note 1) Emulator Probe.. Emulator Probe Boards Device (Note 13) (Note 14)
uPD70236GD-  |E-70236-BX.  EV-9500GD- — — DDK-70236 — RA70136 CC70136 -
16 . 120
(Note 18) .
. pPD70236R410  1E-70236-BX (Note 17) — ~— DDK-70236 —_ RA70136 CC70136
+ uPD70236R- |IE-70236-BX (Note 17) —_ — DDK-70236 —_ RA70136 CC70136
uPD70236R-16  IE-70236-BX (Note 17) —_ —-_ DDK-70236 —_ RA70136 CC70136
uPD70320GJ IE-70320- EP-70320GJ EB-V25MINI-  EP-70320GJ DDK-70320 —_ RA70320 CC70116
A008 (Note 5) IE-P (Note 6)
uPIj70320GJ- |E-70320- EP-70320GJ  EB-V25MINI-  EP-70320GJ DDK-70320 — RA70320 CC70116
8 A008 (Note 5) IE-P (Note 6)
pPD7032OL |E-70320- EP-70320L EB-V25MINI-  (Note 7) " DDK-70320 —_ RA70320 CC70116
A0O8 . IE-P
HPD70320L-8 |E-70320- EP-70320L EB-V25MINI-  (Note 7) ‘DDK-70320 —_ RA70320 CC70116
A008 . IE-P
uPD70322GJ  IE-70320: EV-9500GJ-  EB-V25MINI  EP-70320GJ DDK-70320 - RA70320 ccro116
A008 94 IE-P (Note 6) :
: (Note 16)
uPD70322GJ-  1E-70320- EP-70320GJ EB-V25MINI-  EP-70320GJ DDK-70320 - RA70320 CC70116
8 A0Q8 IE-P
uPD70322L IE-70320- (Note 15)  EB-V25MINI-  (Note 7) DDK-70320 70P322K  RA70320 ccrot1e
A008 E-P o : (Note 10)
uPD70322L-8 IE-70320- - (Note 15) EB-V25MINI- - (Note 7) DDK-70320 70P322K RA70320 CC70116
A008 IE-P C * (Note 10)
HPD70325GJ- IE-70325-BX EV-9500GJ- EB-V25MINI-  EP-70320GJ DDK-70325 - RA70320 CC70116
8 ' 94 IE-P (Note 6) '
o (Note 16) )
uPD70325GJ- IE-70325-BX EV-9500GJ- EB-V25MINI-  EP-70320GJ DDK-70325 — RA70320 CC70116
10 (Note 8) 94 IE-P (Note 6) ‘
- (Note 16) i .
HPD70325L-8 IE-70325-BX (Note 15) EB-V25MINI- = EP-70320GJ DDK-70325 - RA70320 CC70116
o : IE-P (Note 6) : :
puPD70325L-10  |E-70325-BX (Note 15) EB-V25MINI-  EP-70320GJ DDK-70325 - RA70320 CC70116
(Note 8) . |E-P (Note 6) )
pPD70327GJ-  |E-70320- EP-70320G)  EB-V25MINIl.  EP-70320GJ ' - — RA70320 CC70116
8 (Note 9) A008 (Note 5) IE-P " (Note 6) :
uPD70327L-8 |E-70230? EP-70320L EB-V25MINI- - (Note 7) _ _ RA70320 CC70116
(Note9) ~ A00®' IE-P
WPD70330GJ- *  IE-70330- EP-70320GJ . EB-V35MINI  EP-70320GJ DDK-70330 - RA70320 cc70116
8 e 008 (Note 5) IE-P (Note 6) '
uPD70330L-8  |E-70330- EP-70320L  EB-V35MINI- - (Note 7) DDK-70330 — RA70320 CC70116
) AO0O8 - IEP
uPD70332GJ- |IE-70330- EP-70320GJ EB-V35MINi-  EP-70320GJ DDK-70330 . - RA70320 CC70116
8 A008 " (Note 5) IE-P (Note 6)
uPD70332L-8  IE-70330- EP-70320L  EB-V35MINi-  (Note 7) DDK-70330 70P322K  RA70320 CC70116
AOO8




NEC

Development Tools for Micro Products

V-Series Microprocessors (cont)

Full Relocatable
Device Full Emulator Mini-lIE Mini-IE Evaluation EPROM Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
uPD70335GJ- IE-70335-BX EV-9500GJ- EB-V35MINI-  EP-70320GJ DDK-70330 —-— RA70320 CC70116
8 94 IE-P (Note 6) :
(Note 16)
uPD70335GJ-  |E-70335-BX  EV-9500GJ- EP-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
10 (Note 8)EV- 94 IE-P (Note 6)
9500GJ-94 (Note 16)
(Note 16) _
pPD70335L-8 |IE-70335-BX (Note 15) EB-V35MINI-  EP-70320GJ DDK-70330 - RA70320 CC70116
IE-P (Note 6)
pPD70335L-10  |E-70335-BX (Note 15) EB-V35MINI-  EP-70320GJ DDK-70330 —_ RA70320 CC70116
(Note 8) IE-P (Note 6)
HPD70337GJ- IE-70330- EP-70320GJ EB-V35MINI-  EP-70320GJ — — RA70320 CcC 701 16
8 (Note 9) A008 (Note 5) IE-P (Note 6) . ’
uPD70337L-8  IE-70330- EP-70320L EB-V35MINI-  (Note 7) — — RA70320 CC70116
(Note 9) A008 IE-P
uPD79011GJ-  IE-70320- EP-70320GJ  (Note 12) (Note 12) — — RA70320 CC70116
8 (Note 11) A008 (Note 5)
uPD79011L-8  [E-70320- EP-70320L)  (Note 12) (Note 12) — = RA70320 CC70116
(Note 11) A008
+ |E-70320-
RTOS
uPD79021L-8 1E-70330- EP-70320L (Note 12) (Note 12) —_ — RA70320 CC70116
(Note 11) A008 :
+ IE-70330-
RTOS
Notes:
(1) Packages: (6) The EP-70320GJ adapter can be used to convert the supplied
GF 80-pin plastic QFP 84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P
GJ 74-pin or 94-pin plastic QFP to a 94-pin QFP.
K 84-pin ceramic LCC with window (7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an
L 68-pin or 84-pin plastic LCC 84-pin PLCC cable
R 68-pin PGA '

@

®

“

5

=

The EP-70136GL-A and EP-70136L-PC contain both a 68-pin
PLCC probe and an adapter which converts the 68-pin PLCC
probes to a 74-pin QFP footprint.

68-pin PGA parts are supported by using the EP-70136L-A
PLCC probe or EP-70136L-PC PLCC probe, plus a PLCC socket
with a PGA-pinout. A PLCC socket of this type is supplied with
the EP-70136L-A.

The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA packages
directly; the ADAPT68PGA68PLCC adapter converts the PGA-
pinout on the MINIIE to a PLCC footprint. This adapter is
supplied with the MINI-IE.

The EP-70320GJ is an adapter to the EP-70320L, which converts
84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts, both
the PLCC probe and the adapter are needed.

®

©)

(10)

an

(12)

Contact your local NEC Sales Office for the latest information on
10-MHz emulation.

Development for the uPD70327 or uPD70337 can be done using
the appropriate uPD70320 or uPD70330 tools; however, debug-
ging the programs in the Software Guard mode is not supported
at this time.

The uPD70P322K EPROM device can be used for both uPD70322
and uPD70332 emulation. The uPD70P322K EPROM device can
be programmed by using the PA-70P322L. Programming Adapter
and the PG-1500 EPROM Programmer.

For emulation of uPD79011 or uPD79021, the base emulator
(IE-70320 or IE-70330) plus Real-Time Operating System soft-
ware (IE-70320-RTOS or IE-70330-RTOS) is required.

This emulation option is not currently supported, but may be
available in the future. Contact your local NEC Sales Office for
further information.
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(13) The following relocatable assemblers are available:

RA70116-D52 For V20e/Vv30e/
RA70116-VVT1  V40™/V&0™
RA70116-VXT1

RA70136-D52 For v33™/V53™
RA70136-VVT1
RA70136-VXT1

RA70320-D52  For V25™/V35™
RA70320-VVT1
RA70320-VXT1

(14) The following C compilers are available:
CC70116-D52  For V20@/V30®/
CC70116-VVT1 V40™/V50™
CC70116-VXTH

CC70136-D52  For V33™/V53™
CC70136-VVT1
CC70136-VXT1

(MS-DOS®)
(VAX/VMS™)
(VAX/UNIX™ 4.2 BSD
or Ultrix™)

(MS-DOS)

(VAX/VMS)

(VAX/UNIX 4.2 BSD or
Ultrix)

(MS-DOS)

(VAX/VMS)

(VAX/UNIX 4.2 BSD or
Ultrix)

(Ms-DOS)

(VAX/VMS)

(VAX/UNIX 4.2 BSD or
Ultrix)

(MS-DOS)

(VAX/VMS)

(VAX/UNIX 4.2 BSD or
Ultrix)

(15) 84-pin PLCC probe shipped with IE-70325-BX and IE-70335-BX.

(16) The EV-9500GJ-94 is an adapter that converts the 84-pin PLCC
probe to a 94-pin QFP. Target sockets must also be purchaséd to
mate to this adapter. Target sockets are sold in packs of five as

part number EV-92006-94x5.

(17) The IE-70236-BX is shipped with the 132-pin PGA probe.

(18) The EV-9500GD-120 is an adapter that converts the 132-pin PGA
probe to a 120-pin QFP. Target sockets must also be purchased
to mate to this adapter. Target sockets are sold in packs of five as

part number EV-9200GD-120.
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Development Tools for Micro Products

75xx Series Single-Chip Microcomputers

System PG-1500 Absolute
Evaluation EPROM/OTP Adapter Assembler
Device (Note 1) Emulator* Add-on Board* Board Device (Note 2) (Note 3)
uPD7502G-12 EVAKIT-7500B EV-7514 SE-7514-A — - ASM75
uPD7502AGF-3B8 EVAKIT-75008 EV-7514 SE-7514-A - - ASM75
uPD7503G-12 EVAKIT-75008 EV-7514 SE-7514-A — -— ASM75
HPD7503AGF-3B8 EVAKIT-7500B EV-7514 SE-7514-A —_ - ASM75
MPD7507C: EVAKIT-7500B —_ e uPD78CGO8E —_ ASM75
uPD7507CU EVAKIT-7500B — — — - ASM75
uPD7507G-00 EVAKIT-7500B - — — —_— ASM75
uPD7507BCU EVAKIT-7500B — — —_ — ASM75
©PD7507BGB-3B4 EVAKIT-7500B — — — — ASM75
uPD7507HC EVAKIT-7500B EV-7508H — UPD75CGO8BHE — ASM75
uPD7507HCU EVAKIT-7500B EV-7508H — — — ASM75
uPD7507HG-22 EVAKIT-7500B EV-7508H — — —_ ASM75
pPD7508C EVAKIT-7500B — — pPD78CGOBE — ASM75
pPD7508CU EVAKIT-7500B — — — — ASM75
MPD7508G-00 EVAKIT-7500B — — — — ASM75
1PD7508BCU EVAKIT-7500B — — — — ASM75
HPD7508BGB-3B4 EVAKIT-7500B — — — — ASM75
uPD75CGO8E EVAKIT-75008 —_ - — — ASM75
HPD7508HC EVAKIT-75008 EV-7508H — UPD78CGOSHE — ASM75
uPD7508HCU EVAKIT-75008B EV-7508H — — — ASM75
HPD7508HG-22 EVAKIT-7500B EV-7508H — — - ASM75
1PD75CGO8HE EVAKIT-7500B EV-7508H — — — ASM75
HUPD7527AC EVAKIT-7500B EV-7528 — uPD78CG28E — ASM75
HPD7527ACU EVAKIT-7500B EV-7528 — — — ASM75
MPD7528AC EVAKIT-7500B EV-7528 — UPD78CG28E — ASM75
HPD7528ACU EVAKIT-7500B EV-7528 — — —_ ASM75
MPD75CG28E EVAKIT-7500B EV-7528 — — — ASM75
uPD7533C EVAKIT-7500B EV-7533 — HPD75CG33E — ASM75
©PD7533CU EVAKIT-7500B EV-7533 — - — ASM75
uPD7533G-22 EVAKIT-7500B EV-7533 — — — ASM75
HPD75CG33E EVAKIT-7500B EV-7533 — — — ASM75
HPD7537AC EVAKIT-75008 EV-7528 — UPD75CG38E — ASM75
HPD7537ACU EVAKIT-7500B EV-7528 — — — ASM75
uPD7538AC EVAKIT-75008 EV-7528 — MPD75CG38E — ASM75
HPD7538ACU EVAKIT-75008 EV-7528 — — — ASM75
HPD75CG38E EVAKIT-75008 EV-7528 — — —_— ASM75

* Required tools




Development Tools for Micro Products N E C

75xx Series Single-Chip Microcomputers (cont)

System PG-1500 Absolute
' Evaluation EPROM/OTP Adapter Assembler
Device (Note 1) Emulator* Add-on Board* Board Device (Note 2) (Note 3)
uPD7554CS EVAKIT-75008 EV-7554A SE-7554-A HPD75P54CS PA-75P54CS ASM75
uPD7554G EVAKIT-7500B EV-7554A SE-7554-A HPD75P54G PA-75P54CS ASM75
uPD7554ACS EVAKIT-75008 EV-7554A SE-7554-A HPD75P54CS PA-75P54CS ASM75
UPD7554AG EVAKIT-7500B EV-7554A SE-7554-A UPD75P54G PA-75P54CS ASM75 -
* uPD75P54CS EVAKIT-75008 EV-7554A — — i — ASM75
uPD75P54G EVAKIT-7500B EV-7554A — — — ASM75
pPD7556CS EVAKIT-7500B EV-7554A SE-7554-A HPD75P56CS PA-75P56CS ASM75
HPD7556G EVAKIT-7500B EV-7554A SE-7554-A HPD75P56G PA-75P56CS ASM75
uPD7556ACS EVAKIT-75008 EV-7554A SE-7554-A pPD75P56CS PA-75P56CS ASM75
HPD7556AG EVAKIT-75008 EV-7554A SE-7554-A HPD75P56G . PA-75P56CS ASM75
HPD75P56CS EVAKIT-7500B EV-7554A —_ . — — ASM75
pPD75P56G EVAKIT-75008 EV-7554A —_ —_ — ASM75
uPD7564CS » EVAKIT-7500B + " EV-7T554A SE-7554-A uPD75P64CS PA-75P54CS ASM75
uPD7564G EVAKIT-7500B EV-7554A SE-7554-A uPD75P64G PA-75P54CS ASM75
HPD7564ACS EVAKIT-75008 EV-7554A SE-7554-A pPD75P64CS PA-75P54CS ASM75
HPD7564AG EVAKIT-75008 EV-7554A SE-7554-A MPD75P64G PA-75P54CS ASM75
uPD75P64CS EVAKIT-7500B EV-7554A — — — ASM75
MPD75P64G EVAKIT-7500B EV-7554A — -— — ASM75
HPD7566CS EVAKIT-7500B EV-7554A SE-7554-A UPD75P66CS PA-75P56CS ASM75
uPD7566G EVAKIT-75008 EV-7554A SE-7554-A pPD75P66G PA-75P56CS ASM75
uPD7566ACS EVAKIT-75008 EV-7554A SE-7554-A HPD75P66CS PA-75P56CS ASM75
uPD7566AQ EVAKIT-75008 EV-7554A SE-7554-A HPD75P66G - PA-75P56CS ASM75
HPD75P66CS EVAKIT-75008 EV-7554A — - — ASM75
HPD75P66G EVAKIT-75008 EV-7554A — — — ASM75
Notes:
(1) Packages: ‘ (2 By usingthe specified adapter, the PG-1500 EPROM programmer
[¢] ~+ 40-pin plastic DIP (uPD7507/07H/08/08H) can be used to program the OTP device.
cs Zg'_';'l: :);II:Zttii?; ':l:’:ir?lipggsan/a%/ss/ STA/38A) (3) The ASM75 Absolute Assembler is provided to run under the

(UPD7554/54A/P54/64/64A/P64)
24-pin plastic shrink DIP
(uPD7556/56A/P56/66/66A/P66)
cu 40-pin plastic shrink DIP
(uPD7507/07B/07H/08/08B/08H)
42-pin plastic shrink DIP
(UPD7527A/28A/33/37A/38A)

MS-DOS® operating system. (ASM75-D52).

E 40-pin ceramic piggy-back DIP (uPD75CG08/08H)
~ 42-pin ceramic piggy-back DIP (uUPD75CG28/33/38)
G 20-pin plastic SO (UPD7554/54A/P54/64/64A/P64)
24-pin plastic SO (UPD7556/56A/P56/66/66A/P66)
G-00 52-pin plastic QFP )
G-12 64-pin plastic QFP (2.05 mm thick) (uPD7502/03)
G-22 44-pin plastic QFP (1.45 mm thick)

GB-3B4  44-pin plastic QFP (2.7 mm thick)
GF-3B8  64-pin plastic QFP (2.7 mm thick)
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Development Tools for Micro Products

75xxx Series Single-Chip Microcomputers

Relocatable Structured
Optional Socket EPROM/OTP Assembler Assembler
Device (Note 5) Emulator* Emulation Probe* Adapter. (Note 1) Device (Note 2) {Note 3) (Note 3)
uPD75004CU IE-75000-R EP-75008CU-R — H#PD75P008CU RA75X ST75X
HPD75004GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 HPD75P008GB RA75X ST75X
HPD75006CU |IE-75000-R EP-75008CU-R — uPD75P008CU RA75X ST75X
uPD75006GB-3B4 |IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X
HPD75008CU |IE-75000-R EP-75008CU-R —_ pPD75P008CU RA75X ST78X
uPD75008GB-3B4 |IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X
pPD75P008CU |IE-75000-R EP-75008CU-R —_ - RA75X ST75X
1PD75P008GB IE-75000-R EP-75008GB-R EV-9200G-44 — RA75X ST75X
UPD75028CW |IE-75000-R EP-75028CW-R —_ uPD75P036CW RA75X ST75X
HPD75028GC-AB8 |IE-75000-R EP-75028GC-R EV-9200GC-64 uPD75P036GC RA75X ST75X
HPD75P036CW |E-75000-R EP-75028CW-R — —_ RA75X ST75X
pPD75P036GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 —_ RA75X ST75X
pPD75048CW IE-75000-R EP-75028CW-R — HPD75P056CW RA75X ST75X
pPD75048GC-AB8 |IE-75000-R EP-75028GC-R EV-8200GC-64 uPD75P056GC RA75X ST75X
HPD75P056CW |IE-75000-R EP-75028CW-R —_ — RA75X 8T75X
HPD75P056GC-ABS8 |E-75000-R EP-75028GC-R EV-9200GC-64 — RA75X ST75X
HPD75104CW |IE-75000-R EP-75108CW-R — uPD75P108CW/ - RA75X ST75X
Dw/BCW
HPD75P116CW
pPD75104G-1B IE-75000-R EP-75108GF-R EV-9200G-64 UPD75P108G RA75X ST75X
UPD75P116GF
UPD75104GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/ RA75X 8T78X
/,B:S[,):?sPﬂGGF
HPD75104AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
HPD75106CW IE-75000-R EP-75108CW-R — uPD75P108CW/ RA75X ST76X
Dw/BCW
UPD75P116CW
HPD75106G-1B IE-75000-R EP-75108GF-R EV-9200G-64 1PD75P108G RA75X ST75X
HPD75P116GF
HPD75106GF-3BE E-75000-R EP-75108GF-R EV-9200G-64 HPD75P108G/ RA75X ST75X
) ;?SE'):?SPHGGF
HPD75108AG-22 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
MPD75108AGC-AB8 |IE-75000-R EP-75108AGC-R EV-9200GC-64 —_ RA75X 8T78X
HPD75108CW |E-75000-R EP-75108CW-R — uPD75P108CW/ RA75X ST75X
DwyBCw
uPD75P116CW
uPD75108G-1B |IE-75000-R EP-75108GF-R EV-9200G-64 HPD75P108G RA75X ST75X
. HPD75P116GF
1PD75108GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 UPD75P108G/ RA75X ST75X
EPGI;:?SPHSGF
LPD75P108BCW IE-75000-R EP-75108CW-R - — RA75X ST75X
pPD75P108BGF IE-75000-R EP-75108GF-R EV-9200G-64 —_ RA75X ST75X
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NEC

75xxx Series Single-Chip Microcomputers (cont)

Relocatable Structured
Optional Socket EPROM/OTP A bler A bl
Device (Note 5) Emulator* Emulation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
pPD75P108CW |E-75000-R EP-756108CW-R — — RA75X ST75X
uPD75P108DW |IE-75000-R EP-75108CW-R — — RA75X ST75X
HPD75P108G-1B |E-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
pPD75112CW |E-75000-R EP-75108CW-R — uPD75P116CW RA75X ST75X
uPD75112GF-3BE |E-75000-R EP-75108GF-R EV-9200G-64 uPD75P116GF RA75X ST75X
HPD75116CW |E-75000-R EP-75108CW-R — pPD75P116CW RA75X ST75X
pPD75116GF-3BE |E-75000-R EP-75108GF-R EV-9200G-64 UPD75P116GF RA75X ST75X
pPD75P116CW |E-75000-R EP-75108CW-R -— —_ RA75X ST75X
HPD75P116GF |IE-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
uPD75206CW |E-75000-R EP-75216ACW-R — HPD75P216ACW RA75X ST75X
1PD75206G-1B |IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75206GF-3BE |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75208CW |IE-75000-R EP-75216ACW-R —_ HUPD75P216ACW RA75X ST75X
uPD75208G-1B |E-75000-R EP-75216AGF-R EV-9200G-64 - RA75X ST75X
UPD75208GF-3BE |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75CGR08E |E-75000-R EP-75216ACW-R — — RA75X ST75X
uPD75CG208EA |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75212ACW |E-75000-R EP-75216ACW-R — UPD75P216ACW RA75X ST75X
uPD75212AGF-3BE |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75216ACW |IE-75000-R EP-75216ACW-R — pPD75P216ACW RA75X ST75X
uPD75216AGF 1E-75000-R EP-75216AGF-R EV-9200G-64 - RA75X ST75X
HPD75CG216AE |IE-75000-R . EP-75216ACW-R — — RA75X ST75X
HPD75CG216AEA |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75P216ACW |E-75000-R EP-75216ACW-R — UPD75P216ACW RA75X ST75X
HPD75217CW |E-75000-R EP-75216ACW-R — pPD75P218CW RA75X ST75X
pPD75217GF-3BE |E-75000-R EP-75216AGF-R EV-9200G-64 HPD75P218GF/KB RA75X ST75X
pPD75P218CW |E-75000-R EP-75216ACW-R — — RA75X ST75X
pPD75P218GF-3BE |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75P218KB |E-75000-R EP-75216AGF-R EV-8200G-64 — RA75X ST75X
uPD75268CW |E-75000-R EP-75216ACW-R — pPD75P216ACW RA75X ST75X
/.lPD75268GF-SBE |E-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75304GF-3B9 |IE-75000-R EP-75308GF-R EV-9200G-80 HPD75P308GF/K RA75X ST78X
1PD75306GF-3B9 |E-75000-R EP-75308GF-R EV-9200G-80 HPD75P308GF/K RA75X ST75X
1PD75308GF-3B9 |E-75000-R EP-75308GF-R EV-9200G-80 uUPD75P308GF/K RA75X ST75X
UPD75P308GF |E-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
pPD75P308K IE-75000-R EP-76308GF-R EV-9200G-80 — RA75X ST75X
HPD75312GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 HPD75P316GF/ RA75X ST75X
AGF/AK
pPD75316GF-3B9 |IE-75000-R EP-75308GF-R EV-9200G-80 UPD75P316GF/ RA75X ST75X
AGF/AK




NEC

Development Tools for Micro Products

75xxx Series Single-Chip Microcomputers (cont)

Relocatable Structured

Optional Socket EPROM/OTP A b A bl
Device (Note 5) Emulator* Emulation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
HPD75P316GF IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
HPD75P316AGF IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
UPD75P316AK IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
1PD75328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 UPD75P328GC RA75X ST75X
uPD75P328GC-3B9 |IE-75000-R EP-75328GC-R EV-9200GC-80 — RA75X ST75X
HPD75402AC IE-75000-R EP-75402C-R — uPD75P402C RA75X ST75X
UPD75402ACT |E-75000-R EP-75402C-R — HPD75P402CT RA75X ST75X
UPD75402AGB-3B4 |E-75000-R EP-75402GB-R EV-9200G-44 UPD75P402GB RA75X ST75X
uPD75P402C |E-75000-R EP-75402C-R — — RA75X ST75X
uPD75P402CT |E-75000-R EP-75402C-R — — RA75X ST75X
UPD75P402GB-3B4 |IE-75000-R EP-75402GB-R EV-9200G-44 _ RA75X ST75X
UPD75512GF-3B9 |IE-75000-R EP-75516GF-R EV-9200G-80 pPD75P516GF/K RA75X ST75X
uPD75516GF-3B9 |E-75000-R EP-75516GF-R EV-9200G-80 HPD75P516GF/K RA75X ST75X
uPD75P516GF |IE-75000-R . EP-75516GF-R EV-9200G-80 — RA75X . 8T75X
uPD75P516K |E-75000-R EP-75516GF-R EV-9200G-80 — — —
Notes:

(1) The EV-9200G-XX is an LCC socket with the footprint of the flat
package. One unit is supp lied with the probe. Additional units
are available as replacement parts in sets of five.

@

<X

All EPROM/OTP devices can be programmed using the NEC

PG-1500. Refer to the PG-1500 Programming Socket Adapter
Selection Guide for the appropriate socket adapter.

@

Rog

following operating system:
RA75X-D52 (MS-DOS®

(4) The ST75X structured assembler preprocessor is provided with

RAT75X.

(5) Packages:
[+ 28-pin plastic DIP
CcT 28-pin plastic shrink DIP
cu 42-pin plastic shrink DIP
cw 64-pin plastic shrink DIP
Dw 64-pin ceramic shrink DIP with window
E 64-pin ceramic piggy-back shrink DIP
EA 64-pin ceramic piggy-back QFP
G-1B 64-pin plastic QFP (2.05 mm thick)
G-22 64-pin plastic QFP (1.55 mm thick)
GB-3B4  44-pin plastic QFP
GC-AB8  64-pin plastic QFP (2.65 mm thick)
GC-3B9. = 80-pin plastic QFP
GF-3BE 64-pin plastic QFP (2.77 mm thick)
GF-3B9 80-pin plastic QFP
K 80-pin ceramic LCC
KB 64-pin ceramic LCC

* Required tools.

The RA75X relocatable assembler packags is provided for the
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Development Tools for Micro Products

NEC

78xx Series Single-Chip Microcomputers

Relocatable
. (. PG-1500 Assembler C Compiler
Device (Note 1) 1 Emulator* Emulation Probe* EPROM/OTP Device Adapter (Note 2) (Note 9) (Note 9)
uPD78C10CW IE-78C11-M  EV-9001-64 — — " RA87 ccer?
(Note 3) '
uPD78C10G1B |IE-78C11-M (Note 5) . —_ — RA87 cC87
pPD78C10GF-3BE IE-78C11-M (Note 5) — — RA87 ccs7
. uPD78CI0L IE78C11-M  (Note 7) — — RAS7 ccer?
HPD78C10ACW IE-78C11-M EV-9001-64 —_ - . RA87 - CC87
(Note 3)
uPD78C10AGQ36 IE-78C11-M (Note 4) —_ — RA87 cCs7
uUPD78C10AGF IE-78C11-M  (Note 5) — — RA87 ccer
uPD78C10AL IE-78C11-M  (Note 7) — — RA87 ccs7
uPD78C11CW . IE-78C11-M EV-9001-64 HPD78CP14CW/DW " PA-78CP14CW RA87 CcC87
{Note 3)
uPD78C11G-36 IE-78C11-M {Note 4) pPD78CP14G36/R PA-78CP14GQ RA87 ccs7
uPD78CP14E
pPD78C11G-1B IE-78C11-M (Note 5) HPD78CP14GF PA-78CP14GF RA87 ccse7
uPD78C11GF-3BE IE-78C11-M (Note 5) HPD78CP14GF PA-78CP14GF RA87 CcC87.
uPD78C11L IE-78C11-M  (Note 7) pPD78CP14L PA:78CP14L RA87 cce7
uPD78C11ACW |IE-78C11-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 3) (Note 6)
UPD78C11AGQ-36 IE-78C11-M  {Note 4) uPD78CP14G36/R PA-78CP14GQ RA87 cce?
(Note 6) )
uPD78C1AGF-3BE  |E-78C11-M  (Note §) uPD78CP14GF PA-78CP14GF RA8S7 ccer
(Note 6) .
pPD78C11AL IE-78C11-M  (Note 7) uPD78CP14L PA-78CP14L RA87 [ole2:74
(Note 6)
pPD78C12ACW |IE-78C11-M EV-9001-64 uPD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 3) {Note 6) :
UPD78C12AGQ IE-78C11-M  (Note 4) UPD78CP14G36/R PA-78CP14GQ RA87 ccs7
(Note 6) o
UPD78C12AGF |E-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccs7
(Note 6) )
UPD78C12AL |IE-78C11-M (Note 7) uPD78CP14L PA-78CP14L RA87 ccs7
(Note 6) '
uPD78C14CW IE-78C11-M EV-9001-64 uPD78CP14CW/DW PA-'(BCP1 4CW RA87 ccs7
(Note 3)
uPD78C14G-36 IE-78C11-M (Note 4) uPD78CP14G36/R PA-78CP14GQ RA87 cCcs7
uPD78CG14E —
uPD78C14G-1B IE-78C11-M  (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccs7
uPD78C14GF IE-78C11-M (Note 5) HPD78CP14GF PA-78CP14GF RA87 [o]01:Y/
uPD78C14L IE-78C11-M  (Note 7) uPD78CP14L PA-78CP14L ~ RA87 cce?
HUPD78C14AG-AB8 1E-78C11-M {Note 5) — — RA87 cce7
HPD78CG14E IE-78C11-M  (Note 4) — — RA87 ccs7
{Note 8)
uPD78CP14CW IE-78C11-M EV-9001-64 — PA-78CP14CW RA87 cce7
(Note 3)
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Development Tools for Micro Products

78xx Series Single-Chip Microcomputers (cont)

Relocatable
PG-1500 Assembler C Compiler
Device (Note 1) Emulator* Emulation Probe*  EPROM/OTP Device Adapter (Note 2) {Note 9) (Note 9)
UPD78CP14DW IE-78C11-M EV-9001-64 - PA-78CP14CW RA87 ccs7
(Note 3)
1PD78CP14G36 IE-78C11-M  (Note 4) — PA-78CP14GQ RA87 ccs7
uPD78CP14GF IE-78C11-M - (Note 5) — PA-78CP14GF RA87 ccer
uPD78CP14L IE-78C11-M  (Note 7) — PA-78CP14L RA87 [olez:74
uPD78CP14R IE-78C11-M  (Note 4) — PA-78CP14GQ RA87 ccCs7 -
uPD78C17CW IE-78C11-M  EV-9001-64 — — RA87 ccs7
(Note 3)
uPD78C17GQ386 IE-78C11-M (Note 4) — — RAB7 cce7
uPD78C17GF IE-78C11-M  (Note 5) — — RA87 ccer
uPD78C18CW |IE-78C11-M EV-9001-64 uPD78CP18CW PA-78CP14CW RA87 (ofe1:74
(Note 3) (Note 6) ‘
HPD78C18GQ IE-78C11-M  (Note 4) . uPD78CP18GQ PA-78CP14GQ RA87 ccs7
(Note 6)
UPD78C18GF IE-78C11-M  (Note 5) uPD78CP18GF PA-78CP14GF RA87 ccsr
: (Note 6) .
uPD78CP18KB PA-78CP14KB
(Note 6) »
uPD78CP18CW IE-78C11-M  EV-9001-64 —_ PA-78CP14CW RA87 [ole1:74
(Note 3)
©PD78CP18GQ IE-78C11-M  (Note 4) —_ PA-78CP14GQ RA87 cce7
pPD78CP18GF IE-78C11-M  (Note 5) — 'PA-78CP14GF RA87 [ee1-74
1PD78CP18KB IE-78C11-M (Note 5) — PA-78CP14KB _RA8?7 ccs7

* Required tools

1 For all uPDC1X devices, you may use the DDK-78C10 for

evaluation purposes.

Notes:

(1) Packages:

(4

<X

cw 64-pin plastic shrink DIP

Dw 64-pin ceramic shrink DIP with window

E 64-pin ceramic piggyback QUIP

G-1B 64-pin plastic QFP (resin thickness 2.05 mm)
G-36 64-pin plastic QUIP

G-AB8 64-pin plastic QFP (interpin pitch 0.8 mm)
GF-3BE 64-pin plastic QFP (resin thickness 2.7 mm)
GQ-36 64-pin plastic QUIP

KB 64-pin ceramic LCC with window

L 68-pin PLCC

R 64-pin ceramic QUIP with window

By using the specified adapter, the PG-1500 EPROM programmer
can be used to program the EPRQMIOTP device,

(3) 64-pin shrink DIP adapter which plugs into the EP-7811HGQ

emulation probe supplied with each IE.

(4) The emulation probe for the 64-pin QUIP package (EP-7811HGQ)

is supplied with the IE,

©)
®

@

@

()

No emulation probe available.
The uPD78CP14/CP18 EPROM/OTP devices do not have pull-up
resistors on ports A, B, and C.

The optional AS-QIP-PCC-D781X QUIP-to-PLCC adapter can be
used with the EP—7811HGQ emulation probe supplied with each
IE.

The uPD78CG14E is a piggyback EPROM device in a ceramic
QUIP package. It accepts 27C256 and 27C256A EPROMs.

The following relocatable assemblers and C compilers are avail-
able:

RA87-D52 (MS-DOS®) Relocatable assem-
RA87-VVT1 (VAX/VMS®) blers for 78XX

' series
CCMSD-I5DD-87 (MS-DOS) C Compilers for
CCMSD-I5DD-87-16 (MS-DOS; 78XX Series

extended memory)

CCVMS-0T16-87 (VAX/VMS)
CCUNX-0T16-87 (VAX/UNIX™;

4.2 BSD or Ultrix®
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Development Tools for Micro Products

NEC

782xx Series Single-Chip Microcomputers

Evaluation Designer Emulator

Device Kit Kit Kit Low-End Emulation  Emulation EPROM/OTP

(Notes 1, 2) (Note 3) (Note 4) (Note 5) Emulator System Probe Device (Note 6)

uPD78212CW  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240CW-R HPD78P214CW/DW
21XCW 21XCW

uPD78212GC EK-78K2-21X  DK:78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240GC-R pPD78P214GC
21XGC 21XGC (Note 9)

uPD78212GJ EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240GJ-R uPD78P214GJ
21XGJ 21XGJ (Note 7)

uPD782126Q EK-78K2-21X  DK-78K2- 1K-78K2- EB-78210-PC |IE-78240-R  EP-78240GQ-R pPD78P214GQ
21XGQ 21XGQ

uPD78212L EK-78K2-21X  DK-78K2- K-78K2- EB-78210-PC |IE-78240-R  EP-78240LP-R pPD78P214L
21XL 21XL

uPD78213CW EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |E-78240-R  EP-78240CW-R —_
21XCW 21XCW

uPD78213GC EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240GC-R —_
21XGC 21XGC (Note 9)

HPD78213GJ EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240GJ-R —_
21XGJ 21XGJ (Note 7)

uPD78213G36  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240GQ-R —
21XGQ 21XGQ

uPD78213L EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240LP-R —
21XL 21XL

pPD78214CW  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240CW-R uPD78P214CW/DW
21XCW 21XCW

uPD78214GC EK-78K2-21X  DK-78K2- . IK-78K2- EB-78210-PC |E-78240-R ~ EP-78240GC-R pPD78P214GC
21XGC 21XGC (Note 9)

pPD78214GJ EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240GJ-R uPD78P214GJ
21XGJ 21XGJ (Note 7)

pPD78214G36  EK-78K2-21X  DK-78K2- 1K-78K2- EB-78210-PC IE-78240-R  EP-78240GQ-R pPD78P214GQ
21XG6Q 21XGQ

uPD78214L EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240LP-R pPD78P214L

' 21XL 21XL

uPD78P214CW  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |E-78240-R  EP-78240CW-R —
21XCW 21XCW

pPD78P214DW  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |E-78240-R  EP-78240CW-R —
21XCW 21XCW

UPD78P214GC  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC IE-78240-R  EP-78240GC-R —
21XGC 21XGC (Note 9)

puPD78P214GJ  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240GJ-R —_
21XGJ 21XGJ (Note 7) :

pPD78P214GQ  EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |IE-78240-R  EP-78240GQ-R —
21XGQ 21XGQ . ’

be78P214L EK-78K2-21X  DK-78K2- IK-78K2- EB-78210-PC |E-78240-R  EP-78240LP-R —
21XL 21XL

pPD78220GJ EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230GJ-R —
22XGJ 22XGJ (Note 8) )

pPD78220L EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230LQ-R —
22XL 22XL

pPD78224GJ EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230GJ-R uPD78P224GJ
22XGJ 22XGJ (Note 8)
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Evaluation Designer Emulator
Device Kit Kit Kit Low-End Emulation  Emulation EPROM/OTP
(Notes 1, 2) {Note 3) (Note 4) (Note 5) Emulator System Probe Device (Note 6)
uPD78224L ’ EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230LQ-R uPD78P224L
22XL 22XL
HPD78P224GJ  EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230GJ-R —
} 22XGJ 22XGJ (Note 8)
HPD78P224L EK-78K2-22X  DK-78K2- IK-78K2- EB-78220-PC IE-78230-R  EP-78230LQ-R -
22XL 22XL )
HPD78233GC EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GC-R —
23XGC 23XGC (Note 10)
pPD78233GJ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC |IE-78230-R  EP-78230GJ-R —_
23XGJ 23XGJ (Note 8)
uPD78233LQ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230LQ-R -
23XL 23XL
HPD78234GC EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GC-R HPD78P238GC
23XGC 23XGC (Note 10)
HPD78234GJ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC |IE-78230-R  EP-78230GJ-R UPD78P238GJ/KF
23XGJ 23XGJ (Note 8)
HPD78234LQ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC |IE-78230-R  EP-78230LQ-R uPD78P238LQ
) 23XL 23XL
HPD78237GC EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC |IE-78230-R  EP-78230GC-R —
23XGC 23XGC (Note 10)
HPD78237GJ EK-78K2-23X  DK-78K2- - IK-78K2- EB-78230-PC |IE-78230-R  EP-78230GJ-R _
: 23XGJ 23XGJ (Note 8)
HPD78237LQ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230LQ-R -
23XLQ 23XLQ
uPD78238GC EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GC-R uPD78P238GC
23XGC 23XGC (Note 10)
HPD78238GJ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GJ-R HPD78P238GJ/KF
23XGJ 23XGJ (Note 8)
HPD78238LQ EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230LQ-R uPD78P238LQ
23XLQ 23XLQ
uUPD78P238GC  EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GC-R —
23XGC 23XGC (Note 10)
UPD78P238GJ  EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GJ-R —
23XGJ 23XGJ {Note 8)
HUPD78P238KF  EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230GJ-R —_
23XGJ 28X6J (Note 8)
uPD78P238LQ  EK-78K2-23X  DK-78K2- IK-78K2- EB-78230-PC IE-78230-R  EP-78230LQ-R —
23XL 23XL
uPD78243CW EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC |IE-78240-R  EP-78240CW-R —
24XCW 24XCW
pPD78243GC- EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC |IE-78240-R  EP-78240GC-R —
AB8 24XGC 24XGC (Note 9)
pPD78243LP EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC IE-78240-R  EP-78240LP-R —
24XLP 24XLP
pPD78244CW  EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC |E-78240-R  EP-78240CW-R -
24XCW 24XCW
uPD78244GC EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC  |IE-78240-R  EP-78240GC-R -
24XGC 24XGC (Note 9)
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Evaluation Designer Emulator : ¥ .
Device Kit Kit : Kit Low-End Emulation  Emulation EPROM/OTP
(Notes 1, 2) (Note 3) (Note 4) (Note 5) Emulator “System Probe Device (Note.6)
uPD78244L EK-78K2-24X  DK-78K2- IK-78K2- EB-78240-PC " IE-78240-R  EP-78240LP-R —_—
24XLP 24XLP . . L ‘ B
Notes: The 'uPD782)0( Designer Kit contains the approb'iiate EB-

)

@

@

The following software packages are available for the 782xx

Series.

RA78K2 Relocatable Assembler Package: RA78K2-D52
{MS-DOSE)

ST78K2 Structured Assembler Preprocessor: provided wlth
RAT78K2

CC78K2 C-Compiler package: CC78K2-D52 (MS-DOS)

Packages:
cw 64-pin plastic shrink DIP
DW 64-pin ceramic shrink DIP with window
G36 64-pin plastic QUIP (uPD78213/214)
GC 64-pin plastic QFP (uPD78212/213/214/P214/244)
GC. 80-pin plastic QFP (uPD78233/234/237/238/P238)
GC-AB8  64-pin plastic QFP
GJ 94-pin plastic QFP (uPD78220/224/P224/233/234/
237/238/P238)
GJ 74-pin plastic QFP (uPD78212/213/214/P214)
GQ 64-pin plastic QUIP (uPD78212/P214)
KF 94-pin ceramic LCC with window
L 68-pin PLCC (uPD78213/214/P214L)
, 84-pin PLCC (uPD78220/224/P224L)
LP 68-pin PLCC
LQ 84-pin PLCC

The uPD782xx Evaluation Kit contains the appropriate DDB-
78K2-2xx Evaluation Board for the part selected, the RA78K2
Relocatable Assembler Package, and the ST78K2 Structured
Assembler Preprocessor.

783xx Series Single-Chip Microcomputers

@

®

©)

®

©

(10)

782xx-PC low-end emulator and emulation probe for the part
selected, the RA78K2 Relocatable Assembler Package, and the
ST78K2 Structured Assembler Preprocessor.

The uPD782xx Emulator Kit contains the appropriate IE-782xx
system and emulation probe for the part selected, the RA78K2
Relocatable Assembler Package, and the ST78K2 Structured
Assembler Preprocessor.

All EPF(OM/OTP devices can be programmed using the NEC
PG-1500. Refer to the PG-1500 Programming Socket Adapter
Selection Guide for the appropriate programming adapter.

The EP-78240GJ-R Emulation Probe is shipped with one EV-
9200G-74, a 74-pin LCC 'socket with the footprint of the QFP
package. Additional sockets are available as replacement parts
in sets of five. )

The EP-78230GJ-R Emulation Piobe is shipped with one EV-
9200G-94, a 94-pin LCC socket with the footprint of the QFP
package. Additional sockets are available as teplacement parts
in sets of five.

The EP-78240GC-R Emulation Probe is shipped with one EV-
9200GC-64, a 64-pin LCC socket with the footprint of the QFP
package. Additional sockets are available as replacement parts
in sets of five.

The EP- 7823060 R Emulation Probe is shipped with one EV-
9200GC-80, an 80-pin LCC socket with the footprint of the QFP

package. Additional sockets are available as‘replacement parts
in sets of five.

EPROM/OTP

Evaluation Kit  Emulator Kit Evaluation Emulation
Device (Notes 1,2)  (Note 3) (Note 4) Board System Emulation Probe Device (Note 5)
UPD78310ACW — IK-78K3-31XACW  DDK-78310A  |E-78310A-R  EP-78310CW =

(Note 6) (Note 7)-
uPD78310AGF 3BE - IK-78K3-31XAGF = DDK-78310A  IE-78310A-R  EP-78310GF (Note 8) —
uPD78310AGQ-36 — IK-78K3-31XACW  DDK-78310A  |E-78310A-R  EP-78310GQ —

{Note 6)' . (Note 9) ’
uPD78310AL - IK-78K3-31XAL DDK-78310A - IE-78310AR  EP-78310L -
uPD78312ACW — IK-78K3-31XACW  DDK-78310A  IE-78310AR  EP-78310CW UPD78P312ACW/DW

(Note 6) . ~ - (Note 7) )
uUPD78312AGF — IK-78K3-31XAGF ~ DDK-78310A  IE-78310A-R  EP-78310GF (Note 8)  uPD78P312AGF
UPD78312AGQ — IK-78K3-31XACW. DDK-78310A  IE-78310AR  EP-78310GQ UPD78P312AGQ/RQ

(Note 6) (Note 9) :
uPD78312AL — IK-78K3-31XAL DDK-78310A  |E-78310A-R  EP-78310L . UPD78P312AL
uPD78P312ACW — IK-78K3-31XACW  DDK-78310A  IE-78310A-R  EP-78310CW —

(Note 6) . . (Note 7)
uPD78P312ADW - IK-78K3-31XACW  DDK-78310A  |E-78310A-R  EP-78310CW —

(Note 6) . (Note 7)
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Evaluation Kit ~ Emulator Kit Evaluation  Emulation ) " EPROM/OTP
Device (Notes 1,2)  (Note 3) "~ (Note 4) Board System Emulation Probe Device (Note 5)
HPD78P312AGF — . IK-78K3-31XAGF DDK-78310A  IE-78310A-R  EP-78310GF : —
(Note 8)
UPD78P312AGQ-36 — IK-78K3-31XACW  DDK-78310A IE-78310A-R EP-78310GQ —
} ) (Note 6) (Note 9)
HPD78P312AL. . — IK-78K3-31XAL DDK-78310A  |E-78310A-R  EP-78310L —
uPD78P312ARQ — IK-78K3-31XACW  DDK-78310A  IE-78310A-R  EP-78310GQ —
) (Note 6) (Note 9)
uPD78320GJ EK-78K3-32X IK~78K3- 32XGJ ‘ EB-78320- IE-78327-R EP-78320GJ-R —
PC (Note 10)
/JPD78320L ' EK-78K3-32X IK-78K3-32XL EB-78320- |E-78327-R EP-78320L-R —_
. ) PC
uPD78322GJ EK-78K3-32X IK-78K3-32XGJ EB-78320- IE-78327-R EP-78320GJ-R uPD78P322GJ/KD
L. . PC (Note 10)
uPD78322L EK-78K3-32X IK-78K3-32XL EB-78320- IE-78327-R EP-78320L-R pPD78P322L/KC
- PC .
uPD78P322GJ EK-78K3-32X IK-78K3-32XGJ EB-78320- IE-78327-R EP-78320GJ-R -
PC (Note 10)
uPD78P322KC | EK-78K3-32X IK-78K3-32XL: EB-78320- |E-78327-R EP-78320L-R ) —
: PC
pPD783P322KD EK-78K3-32X IK-78K3-32XGJ EB-78320- IE-78327-R EP-78320GJ-R —
PC (Note 10)
uPD78P322L. - EK-78K3-32X IK-78K3-32XL EB-78320- |E-78327-R EP-78320L-R .-
: PC :
uPD78330GJ © 7 EK-78K3-33X IK-78K3-33XGJ EB-78330- |E-78330-R EP-78330GJ-R —_
PC . {Note 11)
uPD78330LQ EK-78K3-33X IK-78K3-33XLQ EB-78330- IE-78330-R EP-78330LQ-R —
PC
pPD78334GJ EK-78K3-33X IK-78K3-33XGJ EB-78330- |IE-78330-R EP-78330GJ-R pPD78P334GJ
: PC (Note 11)
©PD78334LQ . EK-78K3-33X IK-78K3-33XLQ EB-78330- |IE-78330-R EP-78330LQ-R uPD78P334LQ/KE
. PC
1PD78P334GJ EK-78K3-33X IK-78K3-33XGJ EB-78330- IE-78330-R EP-78330GJ-R —
: : PC (Note 11)
UPD78P334KE EK-78K3-33X IK-78K3-33XLQ EB-78330- |IE-78330-R EP-78330LQ-R —
. PC
pPD78P334LQ EK-78K3-33X IK-78K3-33XLQ EB-78330- IE-78330-R EP-78330LQ-R —
) PC

Notes:

(1) The following software packages are available for the uPD783xx
series: .
RA78K3 Relocatable Assembler Package: RA78K3-D52
(MsS-DOS®)
ST78K3 Structured Assembler Preprocessor: provided with
RA78K3 e
CC78K3 C-Compiler Package: CC78K3-D52 (MS-DOS)
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(@) Packages: () "All EPROM/OTP devices can be programmed using the NEC
cw 64-pin plastic shrink DIP s PG-1500. Refer to the PG-1500 Programming Socket Adapter
DW . 64-pin ceramic shrink DIP with window Selection Guide for the appropriate programming adapter.
gjggg g:‘:i': gl'::::: 8£§ (resin thickness 2.7 mm) (6) The IK-78K3-31XACW is shipped with the emulation probes for

~ ! both the 64-pin shrink DIP and 64-pin QUIP pack: .
GJ-5BJ 74-pin plastic QFP (20 mm x 20 mm) © ° .pm shrin an p‘ln . packages
GQ-36 64-pin plastic QUIP () The emula.tlon probe -fo.r the 64-pin shrink DIP package (EP-
KC 68-pin ceramic LCC with window 78310CW) is supplied with the IE.
KD 74-pin ceramic LCC with window (8) The EP-78310GF Emulation Probe is shipped with one EV-9200G-
KE 84-pin ceramic LCC with window 64, a 64-pin LCC socket with the footprint of the QFP package.
L 44-pin PLCC (uPD71P301L) Additional sockets are available as replacement parts in sets of

68-pin PLCC five.
D78310A/312A/P312AL 783 22L)

LQ Bt(‘tf;nzﬁcc?/ B12A/P312AL, uPD78320/322L) (@) The emulation probe for the 64-pin QUIP package (EP-78310GQ)
R 64-pin ceramic QUIP with window s supplied with the IE.

(3 The uPD783xx Evaluation Kit contains the appropriate EB- (10);230(E;P-;1832(;3J-B irglgationk Prol?:h Itshsh'ipped. wlﬂ; ?e QE;/P-
783xx-PC evaluation board for the part selected, the RA78K3 -(4, a r4-pin socket with the footprint of the
Relocatable Assembler Package, and the ST78K3 Structured Package. A.ddmonal sockets are available as replacement parts
Assembler Preprocessor. in sets of five.

(4) The uPD783xx Emulator Kit contains the appropriate IE783x (11 The gp'1833°GJ-F_‘ i"élgmwﬂk Prol?:h |tshshflpp:dAvtmr; c:‘ne :;l';
and Emulation Probe for the part selected, the RA78K3 Relocat- 9200G-94, a 94-pin socket with the footprint of the QFP
able Assembler Package, and the ST78K3 Structured Assembler package. Additional sockets are available as replacement parts
Preprocessor. in sets of five.

DSP and Speech Products

Device Evaluation Assembler Simulator EPROM/OTP PG-1500 Adapter
(Note 7) Emulator Board (Note 1) (Note 2) Device (Note 3)
pPD77P20D EVAKIT-7720B — ASM77 SM77C25 —_ —_
HPD77C20AC EVAKIT-7720B — ASM77 SM77C26  uPD77P20D (Note 5)
pPD77C20AGW EVAKIT-7720B — ASM77 SM77C25 uPD77P20D —
HPD77C20AL EVAKIT-7720B — ' ASM77 SM77C25 — -
pPD77C20ALK EVAKIT-7720B — ) ASM77 SM77C25 — -
uPD77220L EVAKIT-77230 —_ RA77230 SM77230, — —
. SIM77230
uPD77220R EVAKIT-77230 DDK-77220 RA77230 SM77230, uPD77P220R (EPROM) PA-77P230R
(Note 8) SIM77230  uPD77P220L (OTP)
pPD77P220L EVAKIT-77230 - RA77230 SM77230 _ PA-77P220L
SIM77230
pPD77P220R EVAKIT-77230 DDK-77220 RA77230 SM77230, - PA-77P230R
‘ (Note 8) $IM77230
UPD77230AR EVAKIT-77230 — RA77230 SM77230, uPD77P230R PA-77P230R
; SIM77230
uPD77230AR-003 EVAKIT-77230 DDK-77230 RA77230 SM77230, uPD77P230R PA-77P230R
SIM77230 '
pPD77P230AR EVAKIT-77230 DDK-77230 RA77230 SM77230, uPD77P230R PA-77P230R
SIM77230 ‘
uPD77240R |E-77240 IE-77240 RA77240 SIM77240 —_ —
uPD77C25C EVAKIT-77C25 _ RA77C25 SM77C25 uPD77P25C/D PA-77P25C
pPD77C25GW EVAKIT-77C25 —_ RA77C25 SM77C25 uPD77P25GW —
pPD77C25L EVAKIT-77C25 —_ RA77C25 SM77C25 uPD77P25L PA-77P25L
uPD77P25C EVAKIT-77C25 —_ RA77C25 SM77C25 _ PA-77P25C
uPD77P25D EVAKIT-77C25 — RA77C25 SM77C25 —_ PA-77P25C
pPD77P25GW EVAKIT-77C25 — RA77C25 SM77C25 — PA-77P25GW
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Device Evaluation Assembler Simulator EPROM/OTP PG-1500 Adapter

(Note 7) Emulator Board . (Note 1) {Note 2) Device (Note 3)

uPD77P25L EVAKIT-77C25 —_ RA77C25 SM77C25 — PA-77P25L

uPD7755C NV-300 System EB-7759 — ~ uPD77PE6CR PA-77P56C
(Note 9)

uPD7755G NV-300 System EB-775/NV-310 — — uPD77P56G PA-77P56C
(Note 9) (Note 6) (Note 10)

uPD7756C NV-300 System EB-775/NV-310 —_ — HPD77PS6CR PA-77P56C
(Note 9) - (Note 10)

uPD7756G NV-300 System EB-775/NV-310 — — uPD77P56G PA-77P56C
(Note 9) (Note 6) (Note 10)

uPD77P56CR NV-300 System EB-775/NV-310 — — — PA-77P56C
(Note 9)

uPD77P56G NV-300 System EB-775/NV-310 — — — PA-77P56C

’ (Note 9) (Note 6) ]

uPD7757C* NV-300 System EB-775/NV-310 — — — —
(Note 9)

uPD7757G NV-300 System EB-775/NV-310 — — — —
(Note 9) (Note 6)

uPD7759C NV-300 System EB-775/NV-310 — — — —_
(Note 9)

pPD7759GC NV-300 System EB-775/NV-310 — — — —
(Note 9)

pPD77501GC NV-300 System — . e - —
(Note 9)

uPD77810L IE-77810 — RA77810 — — —

uPD77810R |E-77810 — RA77810 — — —

Notes:

()

@

=

@

The following assemblers are available:

ASM77-D52 Assembler for 7720 (MS-DOS®
RA77C25-D52  Assembler for 77C25 (MS-DOS)
RA77C25-VVT1 Assembler for 77C25 (VAX/VMS™)

RA77230-D52
RA77230-VVT1
RA77230-VXT1

Assembler for 77230 (MS-DOS)

Assembler for 77230 (VAX/VMS)

Assembler for 77230 (VAX/UNIX™ 4.2 BSD or
Uttrix™) :

The following simulators are available:

SIM77230-VVT1 Simulator for 77230 (VAX/UNIX)
SIM77230-VXT1 Simulator for 77230 (VAX/UNIX™ 4.2 BSD or
Ultrix) .

SM77C25 Simulator for 77C25 (IBM-PC)
SM77230 Simulator for 77220, 77230 (IBM-PC)
SIM77240 Simulator for 77240 (iBM-PC)

By using the specified adapter, the NEC PG-1500 EPROM
programmer can be used to program the EPROM/OTP device.

Please check with your NEC Sales Representative on the avail-
ability of a PLCC emulation probe.

®
®

@

®

The uPD77P20D can be programmed using the EVAKIT-7720B.

The EB-775 comes with an emulation probe for only the 18-pin
DIP.

Packages:

o] 18, 28, or 40-pin plastic DIP
D 28-pin ceramic DIP

G 24-pin plastic SOP

GC 52-pin plastic QFP

L 44-or 68-pin PLCC

LK 28-pin PLCC

R 68-pin ceramic PGA

GwW 32-pin SOP

DDK-77220 is supported by Hypersignal Workstation/Window, a
DSP software platform from Hyperception.

(9) The NV-300 current version is Version 3.0. An upgrade from

previous versions (hardware and software) is available under the
designation NV-301.

(10) The NV-310 emulation board includes a simple 77P56 program-

mer module.
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PG-1500 Programming Adapters

Socket Adapter Adapter Module Socket Adapter Adapter Module

Target Chip (Note 1) (Note 2) Target Chip © (Note 1) (Note 2)

Standard 27xxx EPROM Devices uPD78CP14GF PA-78CP14GF 027A Board
pPD78CP14L PA-78CP14L 027A Board

HPD27256 (21 V) - 027A Board uPD78CP14R PA-78CP14GQ 027A Board

uPD27256A (12.5 V) — 027A Board -

uPD27C256 (21.V) — 027A Board uPD78CP18CW PA-78CP14CW 027A Board

- - uPD78CP18GQ PA-78CP14GQ 027A Board

HPD27G256A (12.5 V) - 027A Board HPD78CP18GF PA-78CP14GF 027A Board

pPD27C512 -— 027A Board

uPD27C1000 — 027A Board uPD78CP18KB PA-78CP14KB 027A Board

uPD27C1001 — 027A Board 782xx Series Devices

HPD27C1024 - 027A Board UPD78P214CW . PA-78P214CW 027A Board

75xx Series Devices uPD78P214GC PA-78P214GC 027A Board
HPD78P214GJ PA-78P214GJ 027A Board

uPD75P54CS PA-75P54CS 04A Board

uPD75P54G PA-75P54CS 04A Board uPD78P214GQ PA-78P214GQ 027A Board

uUPD75P56CS PA-75P56CS 04A Board uPD78P214L PA-78P214L 027A Board
uPD78P224GJ PA-78P224GJ 027A Board

UPD75P56G PA-75P56CS 04A Board

uPD75P64CS PA-75P54CS 04A Board MPD78P224L PA-78P224L 027A Board

UPD75P64G PA-75P54CS 04A Board uPD78P238GC PA-78P238GC 027A Board
pPD78P238GJ PA-78P238GJ 027A Board

uPD75P66CS PA-75P56CS 04A Board

UPD75P66G PA-75P56CS 04A Board HPD78P238KF PA-78P238KF 027A Board
uPD78P238LQ PA-78P238LQ" 027A Board

75xxx Series Devices

783xx Series Devices

uPD75P008CU PA-75P008CU 04A Board

uPD75P008GB PA-75P008CU 04A Board UPD78P312ACW PA-78P312CW 027A Board

LPD75P036CW PA-75P036CW 04A Board UPD78P312ADW PA-78P312CW 027A Board
UPD78P312AGF PA-78P312GF 027A Board

HPD75P036GC PA-75P036GC 04A Board

HPD75P108BCW PA-75P108CW 04A Board UPD78P312AGQ PA-78P312GQ 027A Board

uPD75P108CW PA-75P108CW 04A Board HPD78P312AL PA-78P312L - 027A Board
UPD78P312ARQ PA-78P312GQ 027A Board

pPD75P108DW PA-75P108CW 04A Board ~

UPD75P108BGF PA-75P116GF 04A Board uPD78P322GJ PA-78P322GJ 027A Board

uPD75P108G PA-75P108G 04A Board uPD78P322KC PA-78P322KC 027A Board
pPD78P322KD PA-78P322KD 027A Board

HPD75P116CW PA-75P108CW 04A Board -

uPD75P116GF PA-75P116GF " 04A Board uPD78P322L PA-78P322L 027A Board .

UPD75P216ACW PA-75P216ACW 04A Board uPD78P334GJ PA-78P334GJ 027A Board
uPD78P334KE PA-78P334KE 027A Board

pPD75P218CW PA-75P216ACW 04A Board

uPD75P218GF PA-75P218GF 04A Board UPD78P334LQ : PA-78P334LQ 027A Board

pPD75P218KB PA-75P218KB 04A Board V-Series Devices

UPD75P308GF PA-75P308GF 04A Board

PD75P308K PA-75P308K 04A Board pPD70P322K PA-70P322L 027A Board

uPD75P316GF PA-75P308GF 04A Board Digital Signal Processors

UPD75P316AGF PA-75P308GF 04A Board uPD77PS6CR PA-77P56C 04A Board

HPD75P316AK PA-75P308K 04A Board UPD77P56G PA-77P56C 04A Board

uPD75P328GC PA-75P328GC 04A Board uUPD77P25C PA-77P25C 027A Board

uPD75P402C (Note 3) 027A Board uPD77P25D PA-77P25C 027A Board

pPD75P402CT PA-75P402CT 027A Board uPD77P220R PA-77P230R 027A Board

uPD75P402GB PA-75P402GB 027A Board uPD77P230R ’ PA-77P230R 027A Board

pPD75PS16GF PA-75P516GF 04A Board : .

pPD75P516K PA-75P516K 04A Board Notes:

78xx Series Devices (1) Adapters must be purchased separately.

LPD78CP14CW PA-78CP14CW 027A Board (2) The 27A and 04A Adapter Modules are shipped with the PG-1500.

pPD78CP14DW PA-78CP14CW 027A Board (38) The uPD75P402C does not require a programming socket

UPD78CP14G36 PA-78CP14GQ 027A Board adapter. it can be plugged directly into the 027A board.
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Introduction

As large-scale integration reaches a higher level of den-
sity, the reliability of individual devices imposes a more
profoundimpact on systemreliability. Great emphasis has
thus been placed on assuring device reliability.

Conventionally, performing reliability tests and attaining
feedback from the field are the only methods by which
reliability has been monitored and measured. At these
higher levels of LS| density, however, it is increasingly
difficult to activate all of the internal circuit elements in a
device, moreover, to detect the degradation of those
elements by measuring characteristics across external
terminals. As a result, testing alone may not provide
enough information to insure today's demanding reliability
requirements. A different philosophy and methodology is
needed for reliability assurance.

In orderto guarantee and improve a high level of reliability
for large-scale integrated circuits, it is essential to build
quality and reliability into the product. Then, conventional
testing can be performed to confirm that the product
demonstrates acceptable reliability.

Built-In Quality and Reliability

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line for
implementing this philosophy. Rather than performing
only a few simple quality inspections, quality control is
distributed into each process step and then summed to
form a consolidated system. TQC involves workers, engi-
neers, quality control staffs, and all levels of manage-
ment in company-wide activities. Please see Figure 1 for
the quality control system flowchart. Through TQC, NEC
builds quality into the product and thus can assure high
reliability. Additionally, NEC hasintroduced a pre-screening
method into the production line for eliminating potentially
defective units. This 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 improving fine-line generation tech-
niques. By reducing physical parameters, circuit density
and performance increase while active circuit power dissi-
pationdecreases. The datapresented here showsthatthis
advanced technology, combined with the practice of TQC,
yields products as reliable as those from previous tech-
nologies.

10002

Approaches to Total Quality Control

TQC activities are geared towards total satisfaction of the
customer. The success of these activities is dependent
upon the total commitment of management to enhancing
employee development, maintaining a customer-first atti-
tude, and fulfilling community responsibilities.

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 reflects
the beliefs and practices of the entire organization. This
enables companywide quality control activities: at NEC,
everyone is involved with the concept and methodology of
total quality control.

Third, there is anongoing research and development effort
to set even higher standards of device quality andreliability.

Fourth, extensive failure analysis is performed periodically
and appropriate corrective actions are taken as preventa-
tive measures. Process control is based on statistical data
gathered from this analysis.

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

Zero Defect Activities. One of the activities that involves
every level of the NEC staff in quality control is the Zero
Defects (ZD) Program. As the name implies, the purpose
of the ZD program is to minimize, if not eradicate, defects
due to controllable causes. Such activities must involve
each and every worker and can be most effective when
pursued by groups of workers. The groups of workers are
organized by consideration of the following:

* A group must have a target to pursue

® Several groups can be organized to pursue the com-
mon target

® Each group must have a responsible person

¢ Each group is well supported

The item of the group target is to be selected amongitems
relating to specifications, inspections, operation standards,
and so forth. When data made in the past is available, it is
used to make a Pareto diagram which is reviewed for
selection of theitemmost conducive to quality improvement.
Records are analyzed and compared with the target, in
order to compute the numerical equivalents of the defects.
Action is then taken to control these defects as required.
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Figure 1. Quality Control System Flowchart
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Statistical Approach. Another approachto quality control
is the use of statistical analysis. NEC has been utilizing
statistical analysis at each stage of LSI production devel-
opment, trial runs, and mass production in order to build
and maintain product quality. Some of the methods for
implementing this statistical approach are:

* Design of experiments
® Control charts

* Data analysis:  Variance, correlation, regression,

multivariance, etc.

Variables and attributes data
(Normally, study is done on a
monthly basis)

Process control sheets and other QC tools are used to
monitor various important parameters such as Cp, Cpk, X,
X, X-R, electrical parameters, pattern dimensions, bond
strength, test percentage defects, etc.

* Cp, Cpk study:

The results of these studies are watched by the production
staff, QC Engineers, and other responsible engineers. If
any out-of-control or out-of-specification limit is observed,
quick action is taken in accordance with corrective action
procedures.

Implementation of Quality Control

Building quality into a product requires early detection of
possible causes of failure at.each process step, then
immediate feedback to remove these causes. 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. Following is a breakdown of the signifi-
cant steps at which NEC has implemented these func-
tions:

* Product development

* Incoming material inspection

® Wafer processing

* Chip mounting and packaging

*® Electrical testing and thermal aging
* OQutgoing material inspection

* Reliability testing

* Process/product changes

New Product Development Phase. The product devel-
opment phase includes conception of a product, review of
the device proposal, physical element design and organi-
zation, engineering evaluation, and finally, transfer of the
product to manufacturing. Quality and reliability are con-
sidered at every step. The new product development flow
is shown in Figure 2.

Figure 2. New Product Development Flow
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Design. Design plays an extremely important role in
determining the product quality and reliability. NEC be-
lieves that the foundation of device quality is determined at
the design stage. The four steps involved in the design of
LSI devices are circuit design, mask pattern layout, proc-
ess and product manufacturing, and package design.
Design standards and the standardization of design steps
have been established to maximize quality and reliability.

Design Review. After completion of the design, a design
review is performed. In this review, the designis compared
with design standards and other factors which influence
the reliability and quality. If necessary, modification or
redesign is then performed. NEC believes that the design
review is very essential for not only newly designed prod-
ucts but also for product modifications.

Trial Production/Evaluation/Mass Production. When
the design passes the design review successfully, a trial
runis carried out. Thetrial runis evaluated forthe products'
characteristics and quality/reliability.

Thorough evaluation is carried out by generating samples
in which process conditions—ones that cause character-
istic factors to change in mass production—are varied
deliberately. In addition, reliability tests are conducted for
durability, stress resistance, etc., to insure sufficient qual-
ity and reliability.

If no problems are found at this stage, the product is
approved, after which mass production is possible.

Prior to the transfer, the production Design Department
prepares a production schedule, including the reliability
and quality control steps relating to the production. Even
after the mass-production has started, the standards for
those production and control steps are always reexamined
for improvements.

Incoming Material Inspection. NEC has various pro-
grams to control incoming materials. Some are:

* Vendor/material qualification system

* Purchasing specifications for materials

* Incoming materials inspection

* Inspection data feedback

* Quality meetings with vendor

® Vendor audits

If any parts or materials are rejected at incoming inspec-

tion, they are returned to the vendor with a rejection
notification form which specifies the failure items and

modes. The results of these inspections are used to rate
the vendors for future purchasing.

In-process Quality |nspectlons. Typical in-process
quality inspections done at the wafer fabrication, chip
mounting and packaging, and device testing stage are
listed in Appendix 1.

Electrical Testing and Screening. A flowchan of the
typical infant mortality screening (when required) and
electrical testing is depicted in Figure 3.

At the first electrical test, DC parameters are tested ac-
cording to the electrical specifications on 100% of each lot.
This is a prescreening prior to any infant mortality test. At
the second electricaltest, AC functionaltests aswellas DC
parameter tests are performed on 100% of each lot. If the
percentage of defective units exceeds the limit, the lot is
subjected to rescreen. During this time, the defective units
undergo failure analysis, the results of which are fed back
into the process through corrective actions.

Figure 3. Electrical Testing and Screening
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Outgoing Inspection. Prior to warehouse storage, lots
are subjected to an outgoing inspection according to the
following sampling plan. )

* Electrical test: DC parameters LTPD 3%
Functional test LTPD 3%

* Appearance: Major LTPD 3%

Minor LTPD 7%

Reliability ‘Assurance Tests. Samples are continually
taken prior to shipment and subjected to monitoring relia-
bility tests. They are taken from similar process groups, so
it may be assumed that the samples' reliability is represen-
tative of the reliability of the group.

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 concepts of probability, the 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 afailure. Failure is defined as the termination
of the ability of a device to performits required function. A
device is said to have failed if it shows the inability to
perform within guaranteed 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.
Important considerations are the constant failure period,
the early failure (infant mortality) period, and overall relia-
bility level.

With regard to individual devices, areas of prime interest
include specific failure mechanisms, failures in acceler-
ated tests, and failures in screening tests.

The accumulation of normal device failure rates constitutes
the expected failure rate of thé system hardware: the
probability that no device failures will occur in a system s
the product of each device's probability that it will not fail.

' The failure rate of system hardware is then the sum of the
failure rates of the components used to construct the
system.

Life Distribution

The fundamental principles of reliability engineering pre-
dict that the failure rate of a group of devices will follow the
well-known bathtub curve in Figure 4. The curve is divided

into three regions: infant mortality, random failures, and
wearout failures.

Figure 4. Rellability Life (Bathtub) Curve
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Infant mortality, as the name implies, represents the early-
life failures of devices. These failures are usually associ-
ated 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 inthe
failure rate due to the depletion of potential randomfailures
from the general population.

Thewearout failures occur atthe end of the device's useful
life. They are characterized by a rapidly rising failure rate
over time as devices wear out both physically and electri-
cally.

Thus, for a device that has a very long life expectancy
compared to the system which contains it, the areas of
concern will be the infant mortality and the random failure
portions of the bathtub curve.

Failure Distribution at NEC

In an effort to eliminate infant mortality failures, NEC
subjects its products to production burn-in whenever nec-
essary. This burn-inis performed at an elevated tempera-
ture for 100 percent of the lots involved and is designed to
remove the potentially defective units.

To study the random failure population, integrated circuits
returned to NEC from the field undergo extensive failure
analysis at respective NEC Manufacturing Divisions. Fail-
ure mechanisms are identified and data fed back to cogni-
zant Production and Engineering groups.

This data coupled within:line dataisthenusedtointroduce
corrective actions and quality improvement measures.
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After elimination of early device failures, a system will be
left to the random failure rate of its components. Thus, in
order to make proper projections of the failure rate of the
systemin the operating environment, failure rates mustbe
predicted for the system's components.

Infant Mortality Failure Screening

Establishing infant mortality screening requires knowl-
edge of the likely failure mechanisms and their associated
activation energies. The most likely problems associated
with infant mortality failures are generally manufacturing
defectsand process anomalies. These defects and anoma-
lies generally consist of contamination, cracked chips,
wire bond shorts, or bad wire bonds. Since these describe
anumber of possible mechanisms, any one of which might
predominate at a given time, the activation energy for
infant mortality varies considerably.

Correspondingly, the effectiveness of a screening condi-
tion—preferably at some stress level in order to shorten
the screening time—varies greatly with the failure mecha-
nism. For example, failures due to ionic contamination
have an activation energy of approximately 1.0 eV. There-
fore, a15-hour stress at 125°C junctiontemperature would
be the equivalent of approximately 314 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 approxi-
mately four day's operation at 55°C junction temperature.
As indicated by this situation, the conditions and duration
of infant mortality screening must be strongly dependent
onthe allowable component, hence system, failures inthe
field, as well as the economic factors involved.

Empirical data gathered at NEC indicates that early fail-
ures (if any) occur after less than 4 hours of stress at 125°C
ambient temperature. This factis supported by the bathtub
curve created from the life test results of the same lots,
where the failure rate shows a random distribution as op-
posedto adecreasingfailure rate that runsinto the random
failure region. '

Whenever necessary, NEC has adopted this initial infant
mortality burn-in at 125°C as a standard production screen-
ing procedure. As a result, the field reliability of NEC
devices is an order of magnitude higher than the goal set
for NEC's integrated circuit products.

NEChbelievesitisimperative thatfailure modes associated
withinfant mortality.screens be understood andfixed atthe
manufacturing level. If such failures can be minimized or
eliminated, and countermeasures appropriately monitored,
then such screens can be eliminated.

Long-Term Failure Rate

NEC's long-term failure rate goal, based on the mask and
process design, is confirmed by life tes’ung usmg the
following conditions:

* Aminimumof 1.2 million device hours (= sample size x
test period) at 125°C should be accumulated to obtain
the ‘accuracy necessary for predicting a failure rate of
0.02% per 1000 hours at 55°C with a 60% confidence
level.

* A minimumof 3 million device hours at 125°C should be
accumulated to obtain the accuracy necessary for
predicting afailure rate 0f0.01% per 1000 hours at 55°C
with a 60% confidence level.

Accelerated Reliability Testing

NEC performs extensive reliability testing both at pre-
production and post-production levels to insure that its
products meet the minimum expectations set by NEC.
Accelerated reliability testing results are then used to
quantitatively monitor the reliability.

Asanexample, assumethat an electrohid systemcontains
1000 integrated circuits and cantolerate 1 percent system
failures per month. The failure rate per component is:

1% Failures =.,0014 % Failures

720 Hours x 1000 Pcs. 1000 Hrs
or 14 FiTs

To demonstrate this failure rate, note that 14 FITs corre-
spond to one failure in about 85 devices during an-operat-
ing 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 require-
mentforthe accelerated stress test isthat the relationship
between the accelerated stress testing condition and the
condmon of actual use be known

A most common tlme-to-fanlure relationship involves the
effect of temperature, which accelerates many physio-
chemical reactions which may lead to device failure. Other
environmental conditions are voltage, current, humidity,
vibration, or some combination of these. Appendix 2 lists
typical reliability assurance tests performed at NEC for
molded integrated circuits. Figure 5 shows the results of
some of these tests for various process types

High-Temperature Operating Life Test. Thistestis used

. to accelerate failure mechanisms by operating devices at
. an elevated temperature of 125°C. The data obtained is

translated to a lower temperature by usnng the Arrhenius
relationship.
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Figure 5, Typical Reliability Test Resuits

HTB TH - PCT “TIC
Micro:!
NMOS 7119113 15/9315 0/11752 -
(5FIT)’
CMOS 3/11892 .- 2/7283 8/9476 —
(BAFT)
Memory: [HTOL]
DRAM? 10/10052 0/9958 0/5880 1/2995
(19 FIT)
SRAM? 1/10421 2/8142 .0/8768 —
1 MEG DRAM* 38/14300 0/3634 1/3060 11780
(15 FM)
Asic® :
CMOS 2/3506 171111 - 1/4764 . 4/2680
(33 FIT)
ECL 011080 - - 041
(84 FIT)
BiCMOS 1/895 01073 0/935 0/1781
(18FIT)

Information has been extracted from NEC Report Numbers:

' TRQ-89-05-0030 2TRQ-89-01-0021
3TRQ-88-09-0008 4TRQ-89-01-0020
$TRQ-89-04-0025

High-Temperature and High-Humidity Test. Semicon-
ductor integrated circuits are highly sensitive to the effect
of humidity causing electrolytic corrosion between biased
lines. The high-temperature and high-humidity test is per-
formed to detect failure mechanisms that are accelerated
by these conditions, such as leakage-related problems
and drifts in device parameters due to process instability.

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 process instability and stress
~migration problems.

Environmental Tests. Otherenwronmental tests are per-
formed to detect problems related to the package, mate-
rial, susceptibility to extremes in environment, and prob-
lems related to usage of the devices.

Failure Rate Calculation/Prediction

When predicting the failure rate at a certain temperature
from accelerated life test data, the activation energies of
the failure mechanisms involved should be considered.
Thisis done wheneverthe exact cause of failuresis known
through failure analyses results.

In some cases, an average activation energy is assumed
in order to accomplish a quick first order approximation.
NEC assumes an average activation energy of 0.7 eV for
such approximations. This average value has been as-
sessed from extensive reliability test results and yields a
conservative failure rate.

Since most semiconductor failures are temperature de-
pendent, the Arrhenius relationship is used to normalize
failure rate predictions at a system operation temperature
of 55°C. It assumes that temperature dependence is an
exponential function that defines the probability of occur-
rence, and that the degradation of a performance parame-
ter is linear with time. The Arrhenius model includes the
effects of temperature and activation energies of the
failure mechanisms in the following Arrhenius equation:

A =exp -E, (T,-T,)
K(Ty) (Te)

= Acceleration factor
E, = Activation energy

T,, = Junction temperature (in K)
atT, =55°C
T, = Junction temperature (in K)
atT,,=125°C
k = Boltzmann's constant

=8.62x 1075 eV/K.

Because the thermal resistance and power dissipation of
a particular device type cannot be ignored, junction
temperatures (T,, and T,,) are used instead of ambient
temperatures (T,, and T,,). We calculate junction
temperatures using the following formula:

T, =T, + (Thermal Resistance) (Power Diss. at T,)
Inorder to estimate long term failure rate, the acceleration

‘ factor must be used to determine the simulated test time.
. From the high temperature operating life test results,
. failure rates can then be predicted at a 60% confidence

level using the following equation:

| X
2T
Where:
L = Failure rate in %/1000 hours
*X2 = The tabular value of chi-squared distribution at a

given confidence level and calculated degrees of
freedom (2f + 2, where f = number of failures)

—
]

# of equivalent device hours

= (# of devices) x (# of test hours)
x (acceleration factor)

2-9
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*Since the failures of concern here are the random, notthe
infant mortality failures (that is, the end of the downward
slope andthe middle-constant-section ofthe bathtub curve
in Figure 4), X2is determined assuming a one-sided, fixed
time test.

Another method of expressing failures is in FITs (failures
intime). One FIT is equal to one failure in 10° hours. Since
L is already expressed as %/1000 hours (105 failure/hr),
an-easy conversion from %/1000 hours to FIT would be to
multiply the value of L by 104.

- EXAMPLE: A sample of 960 pieces was subjected to
1000 hours 125°C burn-in. One reject was observed.
Given that the acceleration factor was calculated to be
34.6 using the Arrhenius equation, what is the failure rate
normalized to 55°C using a confidence level of 60%?
Express the failure rate in FIT:

Solution:
Forn=2f +2=2(1) + 2 = 4, X2 = 4.046.

2 5
Then L = X21°

(%/1000 hour)

- X2105  (%/1000 hr)
2 (# of dev.) (# of test hrs.) (accl. factor)

(4.046) 108
2(960) (1000) (34.6)

Therefore, FIT = 0.0061 ¢ (104 = 61

= 0.0061 (%/1000 hr)

Figure 6. NEC Quality and Reliability Targets

Product/Process Changes

As mentioned previously, a design review is performed for
product modifications or changes. Once the design is
approved, and processes altered (if necessary) for maxi-
mum quality, the device goes through qualification testing
to check the reliability. If the test results are acceptable,
the product is released for mass production.

Testing is also performed when oﬁly a process modifica-
tion or change is made.

The typical qualification/process change tests are listedin
Appendix 3.

Failure Analysis

At NEC, failure analysis is performednot only on field fail-
ures, but also routinely on products which exhibit defects
duringthe productionprocess. Thisdatais closely checked
for correlation with the production process quality informa-
tion, inspection results, and reliability test data. Informa-
tion derived from these failure analysesis usedto improve
product quality.

As there are a lot of failure mechanisms of LS| devices,
highly advanced analytical technologies are required to
investigate such failures in detail. The standard failure
analysis flowchart relating to the returned products from
customers is shown in Appendix 4.

NEC's Goals on Failure Rates

The reject rate at customer's incoming. inspection, the
infant mortality rate, and the long term reliability, are all
monitored and checked againstNEC's quality and reliability
targets (listed in Figure 6).

n com'?:ﬁfc?ﬁl:f f::;:::;’;"u,m Long Term Rellability (FIT) Infant Mortallty (RT)
Memory p.COM Gate Arrays Mefnory HCOM Gate Arrays * “Memory pCcoM Gate Arrays
Year | ECLRAM | MOS BICMOS | ECL | CMOS | ECLRAM | MOS BICMOS | ECL | CMOS | ECLRAM| MOS BiCMOS | ECL|CMOS
1988 150 50 100 1000 300 | 300 100 5 | 100 1000 | 300 150 100 |.100 | 150 1000 [ 300] 400
1990 100 50 100 500 200 | 150 80 5 | &0 50 | 20| 100 8 w00 | 150 of 0 |20 30

210
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Summary and Conclusion

As has beendiscussed, building quality and reliability into
products is the most efficient way to ensure product
success. NEC's approach of distributing quality control
functions to process steps, then forming a total quality
control system, has produced superior quality and excel-
lent reliability.

Prescreening, whenever necessary, has been a major
factor in improving reliability. In addition, monthly reliabil-
ity assurance tests have ensured high outgoing quality
levels.

The combination of building qualityinto products, effective
prescreening of potential failures, and monitoring of relia-
bility through extensive testing, has established a singu-
larly high standard of quality and reliability for NEC's large-
scale integrated circuits.

Through a companywide quality control program, continu-
ous research and development activities, extensive failure
analysis, and process improvements, this higher standard
of quality and reliability will continuously be set and main-
tained. :
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Appendix 1 .
Typical QC Flow for CMOS Fabrication

WAFER FABRICATION PROCESS QC FLOW (CMOS)

FLOW
PROCESS MATERIAL IN-PROCESS INSPECTION/QUALITY MONITOR
Sillcon Wafer
Incoming Resistivity (sampling by lot)
Inspection . Dimenslon (sampling by lot)
' Visual (sampling by lot)
Wall
Formatlon
Oxldation Oxlde Thickness (sampling by lot)
Photo Lithography Alighment and Etching Accuracy (sampling by lot)

Layer Resistance (sampling by day)
fon Implantation

Fleld
Formation
Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Oxide Thickness (sampling by lot)
Oxidation
Channel Stopper
Formation
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Layer Resistance (sampling by lot
fon Implantation Oxide Thickness (sampling by lot)
Oxidation
Gate
Formation
Deposition Deposit Thickness (sampling by lot)
Doping Layer Resistance (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)

Gate Electrode Width (sampling by lot)

p/n SD Formation

Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Layer Reslistance (sampling by lot)

lon Implantation

Anneal
Contact
Hole
Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Metallization
Moetal Deposition Metal Thickness (sampling by run)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Parametric Test (sampling by lot)
Alioy
Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by ot}

Wafer Sort

Contact Hole and Metalllzation Steps are Repeated Twice

83vQ-69398
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Appendix 1
Typical QC Flow for PLCC Assembly/Test
’ ) The Check of Manufacturing Conditions The Check of Manufacturing Qualities
Process/Materials Check Frequency | Instrument Checked Check Frequency | Instrument Checked
Items ) By item By
Sorted Wafers
Wafer Visual Wafer Visual 100% (Naked Eye) | Operator
Table Speed Every Indicators P.C. Sawing Before Microscope | Operator
Dicing DI Water Shift Gauges Dimensions | Running with Filter
Blade Height | Eyepiece
Wafer Break Every Indicators P.C. Water Visual 100% (Naked Eye) | Operator
Conditions Shift Gauges
Break and Expand
Wafer Expand
Conditions -
Die Every Lot | Microscope | Operator
Die Visual Inspection Visual Sampling
(Or 100%)
Lead Frames Die Attached Every Indicators P.C. Die Visual Every (Naked Eye) | Operator
Conditions Shift Thermocouple, Epoxy Magazine
Potentiometer Coverage )
Die Attached Temperature . Every Shift | Microscope
Epoxy Cure Heat Every Indicators P.C. Shear Every Dynamometer| Operator
{Not Done for Gold Temperature Shift Gauges Strength Shift
Die Attached product) N, Flow
Fine Wire Bonding Every Indicators P.C. Visual Every Microscope | Operator
Conditions Shift Magazine
Wire Bonding’ Temperature Every | Thermocouple P.C. Wire Pull Every Tension Operator
Week and Test Shift Gauge
Potentiometer !
Pre-Seal Visual Die Every Lot | Microscape | Inspecior
Inspection Visual Sampling
(or 100%)
Temperature Every Thermocouple P.C.
Molding Compound of Pellet, Shilt
Expiration Date
Molding Temperature | Every Shift | Thermocouple,| P.C. Visual 100% (Naked Eye) | Operator
Profile of Potentiometer
Die Set
Preheat
Temperatue
Pressure
Cure Time
Mold Aging Temperature | Every Shift Indicator P.C.
Detiashing Deflashing | Every Shift | Indicators P.C. Visual Every Lot | (Naked Eye) | Operator
Conditions
Concentration [Every Week Titration Tech.
Density Every Week| Density Meter | Tech.
Water Jet
Pressure Every Day Gauge Tech.
Plating Every Day | Indicators P.C.
Plating Conditions
Concentration |Every Week|  Titration Tech.
83vQ-691408




Reliability and Quality Control

NEC

Appendix 1
Typical QC Flow for PLCC Assembly/Test (Cont.) . :
. The Check of Manufacturing Conditions The Check ot Manufacturing Qualities
Process/Materials Check : Checked Check .. | Checked
: . Htems Frequency | Instrument By \tem Frequency | Instrument By
Plating Inspection Visual Every Lot | (Naked Eye) | Technician
Plating
. Thickness | Every Lot X-ray Technician
Composition | Every Lot X-ray Technician
Solderability | Once/Day | (Naked Eye) | Technician
Marking ink Marking | Every Shift|  Indicators P.C. Visual Every Lot | (Naked Eye) | Operator
Conditions
Marking
Mark Cure Temperature Evgry Thermocouple P.C. Marking Twice/Shift |  Automatic Operator
Shift Permanency Tester
Dimensions | Every Shift Test Jig. Operator Visual Every Lot | (Naked Eye) | Operator
Lead Forming (Before Caliper
Running)
Final Assembly Inspection * Visual Every Lot Mai;mfymg Operator
amp
P.M.Check | Every Day P.M. Jig. Operator
1st Electrical Sorting Sample Before Test Operator |  Electrical 100% IC Tester | Operator
Check Testing Samples Characteristics
" Burn-In Every Indicator PC.-
Burn-In (Whenever Necessary) Conditions Batch
Every Day P.M.Jig. | Operator
1st Electrical Sorting Before Test Operator | Electrical 100% IC Tester | Operator
Testing Samples Characteristics
Every
Reliability Assurance Test Month
Every Day P.M. Jig. Electrical Every Lot IC Tester Inspector
Before Test Characteristics
In-Warehouse Inspaction Testing Samples Visual (Major) | Every Lot (Nakae’:::I Eye) | Inspector
Microscope
Visual (Minor) | Every Lot | (Naked Eye) | Inspector
Warehousing
BWQ-69418
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Appendix 2
Typical Reliablility Assurance Tests

The life tests performed by NEC consistof high temperature
bias life (HTB), high temperature storage life (HTSL), high
temperature/high humidity (T/H), and high humidity storage
iife (HHSL) tests. Additionally, various environmental and

mechanical tests are performed. The table below shows
the conditions of the various life tests, environmentaltests,
and mechanical tests.

MIL-STD-883C
Test ltem Symbol Method Condition Remarks
High Temperature HTB 1005 T, = 125°C, V,,, specified per device type. (Note 1)
Bias Life
High Temperature HTSL 1008 T, =150°C. (Note 1)
Storage Life
High Temperature/ TH T,=85°C, RH =85%, V,,=55V. (Note 1)
High Humidity
High Humidity HHSL T, =85°C, RH = 85%. (Note 1)
Storage Life
Pressure Cooker PCT T,=125°C,P =23 atm. (Note 1)
Temperature Cycling 1C 1010 - 65°C to 150°C, 1 hr/cycle. (Note 1)
Lead Fatigue c3 2004 90° bends. 3 bends without breaking. (Note 2)
Solderability C4 2003 230°C, 5 sec, Rosin Base Flux. (Note 3)
Soldering Heat/ Cé (Note 4) 260°C, 10 sec, Rosin Base Flux/ (Note 1)
Temperature Cycle/ 1010 10-1 hr cycles, —65°C to-150°C/
Thermal Shock 1011 15-10 min cycles, 0°C to 100°C
Notes:

(1) Electrical test per data sheet is performed. Devices that exceed the data
sheet limits are considered to be rejects.

(2) Broken lead is considered to be a reject.

(3) Less than 95% coverage is considered to be a reject.
(4) MIL-STD-750A, method 2031.
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Appendix 3
New Product / Process Change Tests
Newly
L Developed ~ Shrink New
Test ltem Test Conditions Sample Size Product = ' Die Package Wafer . Assembly
High Temp. See Appendix 2, 1000H 20 to 50 pcs 0 0 0 0 0
Operating Life X11to3lots
High Temp. T=150°C (Plastic), . 100 20 pcs 0 0 0 0 0
_ Storage Life 175°C (Ceramic), 1000H X 11to3lots
" High Temp. and See Appendix 2, 1000H 201050 pes 0 0 0 0 0
Humidity Bias Life X 1103 lots
(Plastic Device)
Pressure cooker See Appendix 2, 288H 1010 20 pes 0 0 0 0 0
(Plastic Device) X1to3lots
Thermal See Appendix 2 1010 20 pes 0 X 0 X 0
Environmental X1to3lots
Mechanical 20G, 10 to 2000 Hz 10 to 20 pcs
Environmental 1500G, 0.5 ms X1to3lots 0 X 0 X 0
(Ceramic Device) 20000G, 1 min
Lead Faligue See Appendix 2 - 5pcs X — X - X
' . X 1103 lots :
Solderability See Appendix 2 5pes X - X - X
X1to3lots
ESD (1) C =200 pF, R = 002 © 20pcs 0 0 X 0 X
(2)C=100pF,R=15KQ -X1to3lots
Long Term T/C See Appendix 2, 1000 cy 10 to 50 pcs 0 0 0 0 0
X1to3lots

0-Perormed X - Perform if Necessary —— Not Performed
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Appendix 4
Failure Analysis Flowchart

Reliability and Quality Control

Fallures
[€————— INFORMATION
Fallure mode:
Situation, When Fallure
NEC Appeared: etc.
Analysis of
Information
External
Inspection
Electrical DC/Functlon Testing
Characteristics by Tester Curvetracer
Fall\ No Stress
_ Test
Yes
Failure | Test correlation
Report | May be Needed

Non-destructive
Analysis

Due to the Case: X-ray Fluoroscope,
Hermetlical Test, Dew-point Test,
Curvet Check, etc.

Semi-Destructive
Analysls

Cloar

Destructive
Analysis

Fallure
Report

Dacapsulatlon, Internal Visual
Check, Electrical Measurement,
Circuit Analysls

Etching the Passivation, etc.
SEM, XMA, Cross-section, etc.

Estimation of Causes
Countermeasures
Corrective Action

83vQ-6938A
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16-Bit CPUs

16-Bit Microcomputers

Peripherais for CPUs

Development Tools

Package Drawings
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Section 3
16-Bit CPUs

uPD70108 (V20), 70108H (V20H)
16-Bit Microprocessor:
High-Performance, CMOS

3a

uPD70116 (V30), 70116H (V30H)
16-Bit Microprocessor:
High-Performance, CMOS

3b

uPD70208 (V40)
8/16-Bit Microprocessor:
High-Integration, CMOS

3c

uPD70216 (V50)
16-Bit Microprocessor:
High-Integration, CMOS

3d

uPD70136 (V33)
16-Bit Microprocessor:
High-Speed, CMOS

3e

uPD70236 (V53)
16-Bit Microprocessor:

High-Speed, High-Integration, CMOS

3f

- 3-2
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NEC Electronics Inc.

©xPD70108 (V20), 70108H (V20H)
16-Bit Microprocessor:
High-Performance, CMOS

Description

TheuPD70108 (V20®) isa CMOS 16-bit microprocessor
with internal 16-bit architecture and an 8-bit external
databus. The uPD70108 instruction set is a superset of
the uPD8086/8088; however, mnemonics and execution
times are different. The uPD70108 additionally has a
powerful instruction set including bit processing,
packed BCD operations, and high-speed multiplication/
division operations. The uPD70108 can also execute
the entire 8080 instruction set and comes with a
standby mode that significantly reduces power con-
sumption. It is software-compatible with the uPD70116
16-bit microprocessor.

The H-series microprocessors are fully static devices
that offer operating frequencies to 16 MHz, lower
power consumption, and no restriction on minimum
clock frequericy from dc to 16 MHz.

Features

O Minimum instruction execution time: 250 ns
at 8 MHz, 200 ns at 10 MHz, 125 ns at 16 MHz

O Maximum addressable memory: 1 Mbyte

O Abundant memory addressing modes

O 14 x 16-bit register set

0O 101 instructions

O Instruction set is a superset of uPD8086/8088
instruction set

O Bit, byte, word, and block operations

[ Bit field operation instructions

O Packed BCD instructions

O Multiplication/division instruction execution time:
24 to7.1usat8 MHz, 1.9 to 5.7 us at 10 MHz

0 High-speed block transfer instructions:
1 Mbyte/s at 8 MHz, 1.25 Mbyte/s at 10 MHz

O High-speed calculation of effective addresses:
2 clock cycles in any addressing mode

[0 Maskable (INT) and nonmaskable (NMI)
interrupt inputs

O IEEE-796 bus compatible interface

0O 8080 emulation' mode..

00 CMOS technology

O Low power consumption

O Low-power standby mode

O Minimum-power Stop.mode (H-Series) }

O Single power supply; 5-V and 3-V specifications

0 Maximum operating frequencies: 8 to 16 MHz

V20 is a registered trademark of NEC Corporation.

&ANNQ_9 (NIEAEL _A10)

Ordering Information

Part Max Frequency
Number of Operation

Package Type

Standard Series

#PD70108C8 8 MHz 40-pin plastic DIP
C10 10 MHz
L8 8 MHz - 44-pin PLCC
L10 10 MHz )
GC8 8 MHz 52-pin plastic QFP
GC10 10 MHz (P52GC-100-3B6)
H-Series
pPD70108HC10 10 MHz 40-pin plastic DIP
HC12 12 MHz
HC16 16 MHz
HL10 10 MHz 44-pin PLCC
HL12 12 MHz
HL16 16 MHz
HGC10 10 MHz 52-pin plastic QFP
HGC12 12 MHz (P52GC-100-3B6)
HGC16 16 MHz

Pin Configurations

40-Pin Plastic DIP

ic 1 /" swpvoo
Ag 2 < 39 A15
A13[]3 38 [ A16/PSp
A12[]4 37 [J A17/PSq
A1 5 36 [ 1 A18/PS2
A1p[]6 35 [1 A19/PS3
Ag[]7 34 [ LBSO [HIGH]
Az []8 33 [0 s/LG
AD7 ]9 32 [1RD
ADg[]10  xPD 31 [1HLDRQ [RG/AKo]
ADs[J11 70108 30 [THLDAK [RQ/AK1]
ADg [ 12 29 [1 WR [BUSLOCK]
AD3 [ 13 28 [110/M [BS2)
AD2 [ 14 27 [J BUFR/W [BS1]
AD1 [} 15 26 [[1 BUFEN [BSp]
ADg ] 16 . : 25 [1ASTB [QS0]
NMI ] 17 24 [1INTAK [QS1]
INT [] 18 23 [JPOLL
cLK 19 22 [1READY
GND ] 20 21 [1 RESET
83-004104B
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Pin Configurations (cont)

Pin Identification

Symbol Direction Function
44-Pin Plastic Leaded Chip Carrler (PLCC) Ic* Internally connected
. Aqq- Ag Out Address bus, middle bits
I
2 g = AD; - ADg in/out  Address/data bus
= 3 =} -
] 1218 g 522 NMI In Nonmaskable interrupt
gz gx2a2z input
fow 3 g - -
0 28 |< RIJES33 INT In Maskable interrupt input
20T I 0l@
onoannOoonnn CLK In Clock input
BRE8833858% GND Ground potential
A1g/PS2 [ 40 28 [1 ASTB (QSo]
A7/PS1 ] 41 27 [1INTAK [QS1] RESET In Reset input
A16/PSo [} 42 26 1POLL READY In Ready input
A5 43 25 [ ] READY — -
Vop [] 44 eD 24 [ RESET POLL in Poll input
.Y FRNQ) J0108 23 [1GND INTAK (QS+) Out Interrupt acknowledge
ic2 227 GND output (queue status bit 1
A14]3 21 P ek output)
AM3l]4 20 [1INT ASTB (0Sp) Out Address strobe output
A120s 19 I NMi . (queue status bit 0 output)
1 c —
mge I S BUFEN (BSg) Out  Buffer enable output (bus
\* ® @ ¥ = = ¥ v v * = .
AEREENEpNREgEEEgERERE) _ status bit 0 output)
222588588448 BUFR/W (BS4) Out Buffer read/write output
LI LI a< : (bus status bit 1 output)
83-0041028 10/M (BSp) Out Access is 1/0 or memory
(bus status bit 2 output)
52-Pin Plastic QFP WR (BUSLOCK) Out Write strobe output (bus
lock output)
|§ ‘3 g HLDAK (RQ/AKy) Out Holdacknowledgeoutput,
- 3 L0 F3 (In/OQut) (bus hold request
& € S8S=2g input/acknowledge
- - — N 0 E
s L g xRao3 2 output 1)
g0 & SSzEW T ; -
02?2 18 nJ0aJEsSS30 HLDRQ (RQ/AKgp) In” Hold request input (bus hold
2:95222E0232 0 (In/Qut) request input/acknowledge
noOoooooonoonn
N ™" 0O O O N © T M N - O OUtpUt 0)
n o w 'e T T Y T T T T TS —
Ame/PS201 39 {1 ASTB [QSo] RD Out Read strobe output
A17/P$1 042 38 L INTAK [Qs1] s/iG In Small-scale/large-scale
A16/PSo ] 3 37 [1POLL system input )
A 4 36 |1 READY
s d H LBSO (HIGH) Out _ Latched bus status output 0
po 5 35 [ RESET 099
(always high in large-scale
vop [ 6 34 [1GND
uPD systems)
GND []7 70108 331 GND _ e
GND [ 8 32[NC A19/PS3 - Out Address bus, high bits or
icde 31beND A16/PSp processor status output
A4 10 30 O cLk A1 Out Address bus, bit 15
Az 11 29 [1INT
Vv Power suppl
A2 ] 12 28 [ NMI oo Wer supp'y
A11 Q13 - 27[aNC Notes: * IC should be connected to ground.
TRPeRER22R5R38R Where pins have different functions in small- and large-
o [;' H 5 Uh E |Tln l;' ':l’ ‘:1‘ aou scale systems, the large-scale system pin symbol and
239< EEEEE) é é’ Q function are in parentheses.
850041038 Unused input pins should be tied to ground or Vpp to

minimize power dissipation and prevent the flow of poten-
tially harmful currents.



uPD70108 (V20)

Block Diagram

Internal Address/Data Bus

' 12 A16/PSo — A19/PS3
. Ag—Ags
Bus
Buffer
“ ADy — AD7
ADM
LBSQ B
BUFEN [BSp], BUFR/W (BS1]
9 10/M [8S,]
ASTB [QSg], INTAK (@S]
RD, WR {BUSLOCK]
- M
Status
Ss Control
DS N
- [e——— /LG
bs1 < |———— READY
' l——— RESET
i . [«——— POLL
— o
TEMP _
T-State BusHold |[© > HLDRQ[RQ/AKq]
Qg Q Control Control HLDAK (RG/AK]
Q2 Qs ﬁ ? .
Cycle Interrupt < NMI
Decision Control INT

S - ]|
. | Bus

Queue Standby
LCc
| l Controf l [ Control CLK C%t:‘lil;ol
rc Il (BCU]
AW S
Bw e Execution
Unit
P Effective Address [EXU]
Generator
ow (—)
X '
v
k]
BP 2
o
sp s :r\V ' j
a Microinstruction .
s 15 Storage 29 Micro Data Bus -
v
o
2
L
TC =
TA
p—— Shifter 4
TB R

Microsequence
Control

Queue Data Bus [8]

Instruction Decoder

/T
Il

E———

- —
Sub Data Bus [16] Main Data Bus {16]
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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.

Aqs5 - 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-bitdata I/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
NMI acknowledge.

This interrupt will cause the uPD70108 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 is returned.

If NMl and INT interrupts occur at the same time, NMI
has higher priority than INT and INT cannot be

accepted. A hold request will be accepted during INT
acknowledge.

Thisinterrupt causes theuPD701 08 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. READY is not synchronized internally. To
guarantee correct operation external logic must ensure
that setup and hold times relative to CLK are met.
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 wnth the operation of

. external devices.

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

The CPU outputs this strobe signal during data read
froman 1/0 device or memory. The |O/M signal is used
to select between 1/0 and memory.

The three-state output is held high during standby
mode and enters the high-impedance state during hold
acknowledge. i
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S/LG [Small/Large]
For small- and large-scale systems.

This signal determines the operation mode of the CPU.
This signal is fixed at either a high or low level. When
this signal isa 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 asa 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 [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 - ADp). INTAK is a held at a hngh level in the
standby mode.

ASTB [Address Strobe]
For small-scale systems.

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

ASTB is held at a low level durlng 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
I/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
impedance during hold acknowledge.

IO/M [10/Memory]
For small-scale systems.

The CPU generates this signal to specify either 1/0
access or memory access. A high-level output specifies
1/0 and a low-level signal specifies memory.

I0/M’s output is three. state' and becomes high
impedance during hold acknowledge.

WR [Write Strobe]

For small-scale systems.

The CPU generates this strobe signal during data write
to an 1/0 device or memory. Selection of either 1/0 or
memory is performed by the |O/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
signal is a high level, the address bus, address/data
bus, and the control lines become high impedance.

HLDRQ [Hold Request]
For small-scale systems.

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

LBSO [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  LBSO
0 0 0

Bus Cycle

Program fetch

Memory read

1
0 Memory write
1 Passive state

-l olo] o

Interrupt acknowledge -
110 read

170 write

Halt

To|lo| = = ©
- o
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A19/PS3- A16/PSg [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.

The external bus controller decodes these signals and
generates the control signals. required to perform
access of the memory or 1/0 device.

i ) BS, BS; BSp Bus Cycle
When used as the address bus, these pins are the high 4 0 0 0 Imterruot acknowleda
bits of the 20-bit memory address. During 1/0 access, P g
all 4 bits output data 0. . 0 0 1 1/0 read
The processor status signals are provided for both 0 1 0 170.write
memory and I/O use. PSzis always 0in the native mode 0 1 1 Halt
and 1 in' 8080 'emulati‘obn mode. The in'tenjupt ena_ble 1 0 0 Program fetch
flag (IE) isonpin P.SQ. Elns PS4 and PSg indicate which p 0 1 Memory read
memory segment is being accessed. -
1 1 0 Memory write
A7/PS, A/PSy Segment 1 1 1 Passive state
0 0 Data segment 1 The output of these signals is three state and becomes
0 1 Stack segment high impedance during hold acknowledge. These out-
1 0 Program segment puts are held at high level in the standby mode.
1 1 Data segment 0 BUSLOCK [Bus Lock]

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

QS1, QS [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.

08, 0S8, 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

Theinstruction 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. These outputs are held atalow level in the
standby mode.

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.

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, then itis held low.
RQ/AKj4, RQ/AKp [Hold Request/Acknowledge]
For large-scale systems.

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

These pins have three-state outputs with on-chip pull-
up resistors which keep the pin at a 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] v

This pin is used for tests performed at the factory by
NEC. The uPD70108 is used with this pin at ground
potential.
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Absolute Maximum Ratings Capacitance

Ta=+25°C Ta=+25°C,Vpp=0V

Power supply voltage, Vpp —05Vtio+7.0V Limits Test
Power dissipation, PDpgax 05W Parameter Symbol Min Max Unit Conditions
Input voltage, V, —05VtoVpp+03V Input capacitance G 15 oF l;: =;alsﬂl-:zd .
CLK input voltage, Vi ~05VtoVpp + 1.0V 1/0 capacitance Cio 15 pF re?trﬂ'nedut: 0‘\)/ °
Output voltage, Vg —-05VtoVpp+03V

Operating temperature at 5 MHz, Topt —40°C to +85°C

Storage temperature, Tg7g —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 m

periods may affect device reliability.

DC Characteristics
Ta=—10°C to +70°C, Vpp =+5V £ 5%

Limits

Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage high ViH 2.2 Vpp+0.3 v
Input voltage low Vi —0.5 0.8 v
CLK input voltage high VkH 39 Vpp+1.0 v
CLK input voltage low VkL -05 0.6 v
Output voltage high Vou - 0.7 x Vpp v loy = —400 A
Output voltage low VoL . 0.4 v loL =2.5mA
Input leakage current high ILin 10 pA Vi=Vpp
Input leakage current low L -10 pA ) Vi=0V
Output leakage current high ILoH . 10 . pA Vo=Vop
Output leakage current low ILoL -10 LA Vo=0V
70108-8 45 80 mA Normal operation
Supply current Ipp 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
Ta = —=10°C to +70°C, Vpp = +5 V + 5%

, 'uPD70108-8 - #PD70108-10 , ‘
Parameter EE p Symbol Min_ Max Min Max Unit Conditions ‘
Small/Large Scale ' ’
Clock cycle - S tovk 125 500 ‘100 . 500 ns
Clock pulse width high " tKKH 44 4 ns Vky=30V
Clock pulse width low tKKL 60 49 ns Vk. =15V
Clock rise time tkr 10 : 5 ns 15Vt 30V
Clock fall time K 10 , ) 5 ns 30Vto15V
READY inactive setup to CLK! tSRYLK -8 =10 - ns
READY inactive hold after CLK? tHKRYH 20 20 ns
READY active setup to CLK? tSRYHK tkkL — 8 tkkL =10 ns
READY active hold after CLK? tHKRYL 20 20 ns
Data setup time to CLK } tspk 20 10 ns
Data hoid time after CLK | tHkD 10 10 ns
NML, INT, POLL setup time tsik 15 15 ns
to CLK :
Input rise time (except CLK) YR 20 y 20 ns 08Vto22V
Input fall time (except CLK) tE 12 12 ns 22Vto08V
Output rise time ton . 20 2 ns 08Vto22V
Output fall time tof ) 12 12 ns 22Vt 08V
Small Scale
Address delay time from CLK } toka 10 60 10 48 ns
Address hold time from CLK | tHKA 10 10 ns
PS delay time from CLK | ‘ tokp 10 60 10 50 ns
PS float delay time from CLK 1 trkp 10 60 10 50 ns
Address setup time to ASTB | tsasT tkkL — 30 tkxL — 30 ns
Address float delay time from trkaA tHka 60 . tHkA 50 ns CL =100 pF
CLK |
ASTB 1 delay time from CLK | tpKSTH 50 40 ns
ASTB | delay time from CLK 1 tpKSTL 55 45 ns
ASTB width high ' tsTST tyke — 10 Ltk —10 ns
Address hold time from ASTB | tHSTA tkkn — 10 tkky —10 ns
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AC Characteristics (cont)
Ta = —10°C to +70°C, Vpp = +5 V £ 5%

4PD70108-8 4PD70108-10
Parameter Symbol Min Max Min Max Unit coniliiiona
Smail Scale (cont)
Control delay time from CLK tokeT 10 65 10 55 ns
Address float to RD} tAFRL 0 0 ns
RD { delay time from CLK | tpKRL 10 80 10 70 ns
RD 1 delay time from CLK { tDKRH 10 80 10 60 ns
Address delay time from RD t tpRHA toyk — 40 toyk — 35 ns
RD width low " tmR 2tcyk—50 2toyk—40 ns CL =100 pF
Data output delay time from tokp 10 60 10 50 ns
oLk | ,
Data float delay time from trkD 10 60 10 50 ns
CLK }
WR width low tww 2toyk—40 2toyk—35 ns
HLDRQ setup time to CLK 1 tSHOK 20 20 ns
HLDAK delay time from CLK | tDKHA 10 100 10 60 ns
Large Scale
Address delay time from CLK | tpKA 10 60 10 48 ns
Address hold time from CLK | tHKA 10 10 ns
PS delay time from CLK | tpkp 10 60 10 50 ns
PS float delay time from CLK trkp 10 60 10 50 ns
Address float delay time from trkA tHkA 60 tHkA 50 ns
CLK |
Address delay time from RD 1 tDRHA toyk — 40 toyk —35 ns
ASTB delay time from BS | tpBST 15 15 ns
BS | delay time from CLK ! tDKBL 10 60 10 50 ns
BS t delay time from CLK | tpkeH 10 65 10 50 ns
RD | delay time from address tDAFRL 0 0 ns C, = 100 pF
float
RD | delay time from CLK | tDKRL 10 80 10 70 ns
RD 1 delay time from CLK | tDKRH 10 80 10 60 ns
RD width low trR 2tcyKk—50 2toyk—40 ns
Date output delay time from tpkD 10 60 10 50 ns
oLk |
Data float delay time from trkD 10 60 10 50 ns
oLk |
AK delay time from CLK | tDKAK 50 40 ns
RQ setup time to CLK 1 tsrak 10 9 ns
RQ hold time from CLK tHKRQ 0 0 ns
RQ hold time from CLK 1 thkRQ2 30 20 ns
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Timing Waveforms

AC Test Input Wavel_orm [Except CLK]

2.2V 2.2V
24v

0.8v o8V

|

AC Output Test Points

2.2V 2.2V

08v 0.8v

49-000238A

Clock Timing

CLK

49-000239A

Wait (Ready] Timing

hal T2 T3

CLK

f—

T4

T
Ready \ * 3 F—\

tsrvuk

POLL, NMI, INT Input Timing

Tn
CLK

tsic

POLL f
NMLINT Ek—__

* READY input level must not be changed during this interval.

BUSLOCK Output Timing

BUSLOCK

49-000240A
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Timing Waveforms (cont)

Read Timing [Small Scale] Write Timing [Small Scale]
T4 T T2 T3 T4 T4 T T2 T3 T4
cLK F\ / 7\ CLK / Sr /Y 5#_
h  —
f thkal teke
oka—>] pra [ |
A, /PS, - T ~ A, /PS, - A .
AL/PS, Address Program Status A IPS, gram Status ).——
toka>| [=| —i|j=toxe
[ '; T
LBS, LBS, )C
4 %,
tI;K‘-’ = :l::: sk toka—>| [+ — *+toxo _.lﬂ(_"
SASTT] |—
AD, - AD, Data Input - AD, - AD, Address [ X Data Output E
t tsasT 1 Fetika
HKD
ASTB / ASTB / _%‘ va
_Jtoxer | ||-tusta .
r_ toxer— toker
BUFEN f BUFEN
Ttoker] taraL toxeT !
- 4 ]
=1 =
BUFR/W i BUFR/W \
-/ ‘[ KCT tDK(}T
1 [*toxkRL ! tokan —>] >
] \ WR \
toker|
—f f— fe—tgp ~torHA—™ . e tyw
10/# :)]t X o/l 3( X
— +toka tea > [—
A - A, x\. A Ags- A, )( x
490002414 16.000252A
Read Timing [Large Scale] Write Timing [Large Scale]
T4 T T2 T3 T4 T4 T1 T2 T3 T4
oLk r\ k_/—\k ck / \J.\ m
e -
1 > [*tuka
|DKA-> [ | "’ ‘DKP
T::/P:sao- I Address| Program Status §— AA?/JPSS:’“' X Address| Program Status )—
toka—™| =
LBSg LBSg
- e-tuka t —=1 | f*tokp te
toka—>] | [*trca ol Hatuco o™ | f—tya el
AD7 - ADo Address Data Input AD7-ADg Address Data Output E
torna]
ASTB DRHA’ ASTB
(71088 (71088 /— \
Output) Output) f
- tosst token—| ""
BS2-BSp | \ Bus Status F i BS2-BSg  \ Bus Status /
T 1t
toxsL ~# [=toaraL —>| tetokan
b g Qs;-aso X X X X X
toka> fe— 1 [toxaL on
Qs1- QSp X X X X X As- Ag X Je
- '3 49-000244A
A1s- Ag ‘X E
49-000243A

1
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

T T2 T3 T4 T T2 T3 Tl
“/NSNS N\ S\
! .
_J‘_‘FK‘ -QSDK-——T‘ r~tuko
AD, - AD, ) - L
ASTB n
"DKCT—. tDKOY—H
INTAK
a Blian toker [<—toxer
BUFEN ~ / :

BUFR/W _\

10/m _/

 BUSLOCK*

— *teka

15

* : Large Scale Mode Only

490002458

Hold Request/Acknowledge Timing [Small Scale]

CLK

HLDRQ

HLDAK

tokna—

~—texa

70108

/ I

,K External Master *

* 1 A/PS, - A/PS, A - A, AD, - AD,, RD, LBS, 10/M, BUFR/W, WR BUFEN

490002508
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Timing Waveforms (cont)

CLK

2tcY K————

—» |e—1isSRaK tDKAK— 2tcyk >
tDKAK- lnxno1——>l <—l
tHKRQ2 —» |4—tDKAK
ya
RQ/AK ‘
: K

Pulse 1 RQ Pulse 2 Al Pulse 3 RQ
70108 Input . 70108 Output 70108 Input

—>| [¢—tFKA

Fgd Nd
/4 =/ R
* . ’ .. 70108 . Coprocessor
ryd F3
E/g =

* Ay9/PS3-A16/PS, ADy 5-ADy, BS2 -BSo, RD, BUSLOCK

83IH-55108
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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
locationvalue 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 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 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, 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
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 I/O, data
conversion, translation, BCD rotation.

14

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 muitiplication/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. i

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

SP: Stack operations
IX: 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)

® 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 1t 10 9 87 65 43210

M 1 1 1t vV D IBSZO0OAOPI1IC

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.

The MD flag can be set/reset only by the BRKEM,
RETEM, CALLN, and RETI instructions.
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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

o 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
reduced by some 30% over single-bus systems.

Figure 1. Dual Data Buses

) )

Registers

(—

—N
\—/

Temporary
registers/shifters

” A

Subdata bus Main data bus
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

The Effective Address Generator (EAG) (figure 2) is a
dedicated block of high-speed logic that computes
effective addresses in two clock cycles. If an instruction
uses memory, EAG decodes the second and/or third
instruction bytes to determine the addressing mode,
initiates any bus cycles needed to fetch data required
to compute the effective address, and stores the
computed effective address in the Data Pointer (DP)
register.

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

2nd or 3rd byte of Instruction

mod r'm

3

EA Generator

Etfective Address

83]H-5535A

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.

15
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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 mult|ple bit shlft/rotatlon 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 ;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
isrealized for branch, call, return, and break instruction
execution, compared with mlcroprocessors that have
only one instruction pointer.

Enhanced Instructions

In addition to the yPD8088/86 instructions, the
©PD70108 has the following enhanced instructions.

Instruction Function

PUSH imm Pushes immediate data onto stack

PUSH R Pushes 8 general registers onto stack

POPR Pops 8 general registers from stack

MUL imm Executes 16-bitmultiply of register or memory 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 Maves a string from an 1/0 port to memory

OUTM Moves a string‘from memory to an I/0 port

PREPARE Allocates anareafor a stack frame and copies previous
frame pointers

DISPOSE Frees the current stack frame on a procedure exit '

16

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, imm8/SHRA reg, imnm8

These instructions allow the contents of aregister 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 a registerto 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 theindex 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 I/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

Variable Length Bit Field Operation Instructions

This category has two instructions: INS (Iinsert 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 (theé number of bits is specified by
the second operand) to the memory location specified
by the segment base (DS register) plus the byte offset

INS Insert bit field X X R . s . X
— : - (1Y register). The starting bit position within this byte is
EXT Extract bit field specified as an offset by the lower 4-bits of the first
ADD4S Adds packed decimal strings operand.
SuB4S Subtracts one packed decimal string from another After each complete data transfer, the 1Y register and
CMP4S Compares two packed decimal strings the register specified by the first operand are auto-
ROL4 Rotates one BCD digit left through AL lower 4 bits matically updated to point to the next bit field.
ROR4 Rotates one BCD digit right through AL lower 4 bits Either immediate data or a register may specify the
TEST Test ified bit and sets/resets Z {1 number of bits transferred (second operand). Because
S75 @ spoctfied D and sefsresets 2 1ag the maximum transferable bit length is 16-bits, only the
NOT1 Inverts a specified bit lower 4-bits of the specified register (00H to OFH) will
CLR1 Clears a specified bit be valid. '
SET1 Sets a specified bit Bit field data may overlap the byte boundary of memory.
REPC Repeats next instruction-until CY flag is cleared
REPNC Repeats next instruction until CY flag is set
FP0O2 Additional floating point processor call
Figure3. BitField Insertion
Bit length -
15 0
AW [ A
l Bit offset Byte offset (IY)
)] L —
( T T 4y ¢
! / f / Jf f[ Memory
= + f $ alsm —
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 DS0 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.

Either immediate data ora register may be specified for
the second operand. Because the maximum trans-
ferrable bit length is 16 bits, however, only the lower
4-bits ofthe 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 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
highestbyte. 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

ADD4S

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 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 flag (CY), and’
zero flag (Z).

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

sSuBA4sS

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 IY 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 (IY, CL) «— BCD string (1Y, CL) — BCD
String (IX, CL)
CMP4s

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

BCD string (lY, CL) — BCD string (iX, CL)

Bitlength Bit offset Byte offset (IX) _
i {{ {
r | /. . |
! 1
; p L ' 55 =
} 1 4
Byte Boundary Segment base (DS0)

']

AW 0

i

83-000107B
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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
register (AL|) to rotate that data one BCD digit to the
left.

Figure 5. BCD Rotate Left (ROL4)

7 AL 0 reg/mem

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

C— ——1

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 Upper Lower
4 bits 4 bits 4 bits 4 bits

83-000109A

Bit Manipulation instructions
TEST1

This instruction tests a specific bit in a register or
memory location. If the bitis 1, the Z flag isresetto 0. If
the bit is 0, the Z flag is set to 1.

NOT1 ‘

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

CLR1

This instruction clears a specific bit in a register or
memory location.

SET1

This instruction sets a specific bit in a register or
memory location.

Repeat Prefix Instructions

REPC

This instruction causes the uPD70108 to repeat the
following primitive block transfer instruction until the

CY flag becomes cleared or the CW register becomes
zero.

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 uPD8088/86
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
uPDB8080AF 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 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. V20 Modes

HOLD REQ/HOLD ACK

¢

8088/86
Enhanced
and Unique
instruction Set

Native Mode

RESET, NML, or INT and IE

Hait

INTand ID Idle at
10% Power
\\« T Standby
S
8080 Emulation

—_— Mode
8080 Mode

RESET
f 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
savedto thestack. 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
uPDB8O08OAF are performed by the following registers
and flags of the uPD70108.

4PDBOSOAF #PD70108

Registers: A AL

B CH

C CL

D DH

E DL

H BH

L BL

SP BP

PC PC

Flags: ’ C cY
YA z
S S

P P

AC . AC

Inthe native mode, SP is 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, IY and AH registers and the four segment
registers (PS, SS, DSg, and DS4) used in the native
mode are not affected by operatuons 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).

It is prohibited to nest BRKEM instructions.

20

RETEM [no operand]

When RETEM is executed in 8080 emulation mode
(interpreted by the CPU as a yPD8080AF 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 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 yPD8080AF 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 0 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
entered by the execution ofthe 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 yPD8080AF instructions.

RET!isalso used to return from an interrupt procedure
initiated by an NMI or INT interrupt in the emulation
mode.

Floating Point Operatlon Chip
Instructions

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

These instructions are used for the external floating
point processor. The floating point operation is passed
to the floating point processor when the CPU fetches
one of these instructions. From this peint the CPU
performs only the necessary auxiliary processing
(effective address calculation, generation of physical
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 =
instruction

Unconditional break instructions

BRKS3
BRK imm8

1 during execution of the BRKV

— 1-byte break instruction:
— 2-byte break instruction:
Flag processing (Single-step)

— When stack operations are used to set the
BRK flag

8080 Emulation mode instructions

— BRKEM imm8
— CALLN imm8

Interrupt Vectors

Starting addresses for interrupt processing routines
areeither determined automatically by asingle location
of the interrupt vector table or selected each time
interrupt 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 significant bytes in the PC
and PS, and the higher-order bytes become the least
significant bytes.

Figure 8. Interrupt Vector Table
000H T
Vector0 Divide Error
004H
Vector 1 Break Flag
008H
Vector2 NMI input
00CH — Dedicated
Vector3 BRK 3 Instruction
010H
Vector4 BRKYV Instruction
014H
Vector5 CHKIND tnstruction
018H —J
Vector6
Reserved
07CH
Vector3t
080H
Vector32 General Use
® BRK Imms Instruction
, e
Vector 255 ® CALLN Instruction

83-000111A

Figure 9. Interrupt Vector 0

Vector 0
T
000H ! 001H
t
002H : 003H
PS < (003H

, 002H)
PC « (001H, 000H)
83-000112A
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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-5,8P-8) «— PC
SP—SP-6

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

Standby Function

The uPD70116 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. -

In the 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

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.

22

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

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- or 4-bit immediate bit offset

imm8 8-bit immediate operand

imm16 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

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_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
regpfr 16-bit register containing a destination
address within the current segment
regptr1é Register containing a destination address

within the current segment
seg Immediate segment data (16 bits)

Label between —128 and +127 bytes from
the end of the current instruction

short_iabel
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Symbols (cont)
Symbol Meaning Symbol Meaning
sr Segment register Y Index register (destination) (16 bits)
sre Source operand or address MD Mode flag
temp Temporary register (8/16/32 bits) ORV Logical sum
tmpcy Temporary carry flag (1 bit) P Parity flag
AC Auxiliary 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 A Logical product R Register set
AW Accumulator (16 bits) S Sign extend _operand fi_eld
o o e g ) S st
BL BW register (low byte) operand a
BP Base pointer (16 bits) 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) TA Temporary register A (16 bits)
CL CW register (low byte) B Temporary register B (16 bits)
cw CW register (16 bits) TC Temporary register C (16 bits)
cY Carry flag v Overflow flag
DH DW register (high byte) w Word/byte field (0 to 1)
DIR Direction flag X, XXX, YYY, 2ZZ Data to identify the instruction code of the
oL DW register (low byte) external floating point arithmetic chip
DSO Data segment 0 register (16 bits) XOR¥ Exclusive logical sum
DS1 Data segment 1 register (16 bits) XXH Two-digit hexadecimal valug
ow DW register (16 bits) XXXXH Four-digit hexadecimal value
IE Interrupt enable flag z Zero flag
X Index register (source) (16 bits) () Values in parentheses are memory contents
- Transfer direction
+ Addition
- Subtraction
X Multiplication
+ Division
% Modulo

Pl
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Flag Operations

Register Selection (mod = 11)

Symbol Meaning reg W=0 W=1"

(blank) No change 000 AL AW

0 Cleared to 0 001 ‘CL cw

1 Setto 1 010 DL e DW

X Set or cleared according to result 011 BL BW

u Undefined 100 AH . SP

R Restored to previous state 101 CH BP
110 DH IX

Memory Addressing Modes m 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 +1X BP + IX + disp8 BP + IX + disp16 00 DS1 :

o1 BP + 1Y BP +1Y '+ disp8 BP + IY + disp16 01 PS

100 IX IX +disp8 - IX + disp16 10 SS

101 Y 1Y + disp8 1Y + disp16 1 DSoO

110 Direct " BP+disp8 BP + disp16

11 BW BW -+ disp8 BW + disp16
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Instruction Set

. Opcode Flags
Mnemonic Operand 76543210 76 5 43 21 0 Clocks Bytes ACCYV P § Z
Data Transfer Instructions
MoV reg, reg 100010 1W 11 reg reg 2 2

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

reg, mem 100010 1W mod reg mem 11/15 2-4

mem, imm 110001 1W mod 000 mem /15 36

reg, imm 101 1 W reg ' 4 2-3

acc, dmem 1010000O0W 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 /15 24

reg16, sr ‘10001100 110 sr reg 2 2

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

DSO0, reg16, mem32 11000101 mod reg mem 18/26 2-4

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 1101011 1 ' 9 1
XCH reg, reg 100001 1W 11 reg reg 3 2

mem, reg 100001 1W mod reg mem 16/24 2-4

AW, reg16 100180 reg 2 1
Repeat Prefixes
REPC 01100101 2 1
REPNC 01100100 2 1
REP 11110011 2 1
REPE :
REPZ
REPNE 11110010 2 1
REPNZ
Block Transfer Instructions
MOVBK dst, src 10100 10W: 1+8n 1
CMPBK ~dst, src 101001 1W 7+1n 1 X X X X X X
CM\PM‘Z dst 1010111 W 7+10n 1 X X X X X X
LDM Sre 1t010110W 7+9n 1
ST™M dst 101010 1W 7+4n 1

n = number of transfers

1/0 Instructions .
IN acc, imm8 111001 0W 9/13 2

acc, DW 1110110W 8/12 1
ouT imm8, acc 111001 1W 8/12 2

DW, acc 111011 1W 8/12 1
INM dst, DW 011011 0W 9+8n 1
OUTM DW, src 011011 1W 9+8n 1

n = number of transfers

25
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Instruction Set (cont)

_ Dpcode Flags
Mnemonic Operand 76543210 76543210 Clocks Bytes ACCYV P § Z°
BCD Instructions ] o
ADJBA 00110111 3 1 X X uuuwu
ADJ4A 00100111 3 " X X U X X X
ADJBS 00111111 7 1 X X U uuu
ADJ4S 00101111 7 1 X X U X X X
ADD4S 00001111 00100000 7+19n 2 U X uuux
SUB4S 00001111 00100010 74+11n 2 U X uuux
CMP4S 00001111 00100110 7+19n 2 U X uuux
ROL4 reg8 00001111 00101000 25 3
1100 0 reg
mem8 00001111 00101000 28 35
mod 0 0 0 mem
ROR4 reg8 00001111 00101010 29 3
1100 0 reg
mem8 00001111 00101010 33 35
med 0 0.0 mem
n = number of BCD digits divided by 2
Data Type Conversion Instructions
CvTBD 11010100 0 1 2 U uux Xx X
CviDB 11010101 0 7 2 U uux x x
CVTBW 10011000 2 1
CVTWL 10011001 4-5 1
Arithmetic Instructions
ADD reg, reg 000000 11TW 11 reg reg 2 2 X X X X X X
mem, reg 0 00O0O0O0OW mod reg mem 16/24 24 X X X.X X X
reg, mem 0000O0OCT11TW mod reg mem 11715 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 18/26 36 X X X X X X
acc, imm 00000 10W 4 2-3 X X X X X X
ADDC reg, reg 0001001W 11 reg Teg 2 2 X X X X X X
mem, reg 000100 0W mod reg mem 16/24 24 X X X X X X
reg, mem 000100 1TW 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 100000SW mod 010 mem 18/26 36 X X X X X X
acc, imm 0001010W 4 2-3 X X X XX X
SuB reg, reg 001010 1W 11 reg reg 2 2 X X X X X X
mem, reg 001010 0W  mod reg mem 16/24  2-4 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 3-4 X X X X X X

26
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 765 4321 0 Clocks Bytes ACCYV P § 2
Arithmetic Instructions (cont)
SUB mem, imm 1 000600SW mod 101 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 000110 1w 11 reg reg 2 2 X X X X X X
- mem,; reg 0001 100W 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 100000CSW 11011 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 011 mem 18/26  3-6 X X X X X X
acc, imm 000111 0W 4 2-3 X X X X X X
INC reg8 11111110 11000 reg 2 2 X X X X X
mem 111111 1TW 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 11W mod 0 01 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 Uuuwu
mem 111101 1TW mod 1 00 mem 27-36 24 Uu X X U uwu
MUL reg 111101 1TW 11101 reg 3347 2 U X X Uuuwu
mem 111101 1W mod 1 0.1 mem 39-57 2-4 U X X u uu
reg16,reg16,imm8 01101011 11  reg reg 28-34 3 U X X U uu
reg16,mem16,imm8 01101011 mod  reg mem 34-44 35 U X X U uu
reg16,reg16,imm16 01101001 11 reg reg 3642 4 U X X U uu
reg16,mem16,imm16 01101001 mod reg mem 46-52 4-6 ux x uuwu
DIVU reg 111101 1W 11110 reg 19-25 2 U uuwuuu
mem 1111011W mod 110 mem 25-35 24 U uuuuu
DIv reg 111101t 1w 111,11 reg 29-43 2 U uuuu
mem 111101 1TW moed 111 mem 35-53 2-4 U uuuwuu
Comparison Instructions
CMP reg, reg 0011101W 11 reg reg 2 2 X X X X X X
mem, reg 001 1100W mod reg mem 1/15 24 X X X X X X
reg, mem 0011 101W mod reg mem 1/15 24 X X X X X X
reg, imm 100000S8SW 11111 reg 4 34 X X X X X X
mem, imm 100000SW mod 111 mem 13/17 36 X X X X X X
acc, imm 0011110W 4 2-3 X X X X X X
Logical Instructions
NOT reg 111 1011W 11010 reg 2 2
mem 111101 1TW med 010 mem 16/24 24
NEG reg 111101 1W 11011 reg 2 2 X X X X X X
mem 1111011TW moed 011 mem 16/24 24 X X X X X X
TEST reg, reg 10000T°tTO0OW 11 reg reg 2 2 u 00 x x x
mem, reg 1000010W mod reg mem 10/14 2-4 u 00 x x x
reg, imm 111101 1W 11000 reg 4 34 u0do0x x x
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Instruction Set (cont)

o

35

Opcode Flags
Mnemonic  : Operand 10 7654321 Clocks  Bytes ACCYV P § Z
Logical Instructions (cont) '
TEST mem, imm  ~ 1t 111011W mod 000 mem 115 36 u.0 0 x x x
acc, imm 1010100W ' 4 23 U0 0 x x x
AND reg, reg 0010001W 11 reg reg 2 2 u00 x x x
mem, reg 001000 O0W mod reg mem 16/24 24 u00 x x x
reg, mem 001000 1W .mod reg ~ mem /15 24 U 00 x x x
reg, imm 100000O0OW 11100 reg 4 34 u 00 x x x
mem, imm 100000O0W mod 100 mem 18/26 36 u 00 x x x
acc, imm 0010010W ‘ 4 23 u00 x x x
OR reg, reg 00001TO01TW 11 reg reg 2 2 00 x x x
mem, reg 0000100W mod reg mem 16/24 24 u00 x x x
reg, mem 0000101W mod reg mem 11/15 2-4 u0 0 x x x
reg, imm 100000O0OW 11001 reg 4 34 u0 0 x x x
mem, imm 100000O0W mod 00 1. mem 18/26 36 W00 x x x
acc, imm 000011O0W 4 2-3 u 00 x x x
XOR reg, reg 0o011001W 11 reg reg 2 2 u 00 x x x
mem,.-reg 00011000W mod reg mem 16/24 24 u00x x x
reg, mem 0011001W mo reg mem 11/15 2-4 u 00 x x x
reg, imm 1000000W 11110 reg 4 34 u 00 x x x
mem, imm 100000O0W mod 110 mem 18/26 36 u00 x x x
acc, imm 0010010W 4 2-3 u 00 x x x
Bit Manipulation Instructions
INS reg8, reg8 0000 1 41 00110 0 35133 3
11 reg reg :
reg8, immd 0000 11 00111 0 35133 4
1100 reg
EXT reg8,.reg8 0000 11 00110 1 34-59 3
11 reg reg
reg8, imm4 0000 11 00111 1 3459 4
1100 ‘Teg
TEST1 reg, CL 0000 11t 00010 0w 3 3 U 00 uwux
: 1100
mem, CL 0000 1.1 1 00010 0 W 12/16 35 u 00 uwux
mod 0 O .
reg, imm3/4 0000 111 0001100 W 4 4 u0O0uux
» 1100 C
mem, imm3/4 0000 111 00011 0 W 13/17 46 u00uux
mod 0 O .
SETH reg, CL 0000 1 00010 ow 4 3
1100
mem, CL 0000 1 60010 0w 1321
mod 0 0

no
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Instruction Set (cont)

Opcode . Flags
Mnemonic Operands 76543210 7605432710 Clocks Bytes ACCYV P § Z
Bit Manipulation Instructions (cont)
SET1 reg, imm3/4 000O0T1TT1T11 0001110W 5 4
11000 reg
mem, imm3/4 00001111 00011 10W 142 4-6
mod 0 0 0 mem
cY 11111001 2 1 1
DIR 11111101 2 1
CLR1 reg, CL 00001T1T11 000100 1W 5 3
11000 reg
mem, CL 00001111 000100 1W W2 35
mod 0 0 0 mem
reg, imm3/4 00001111 0001t1t101W 6 4
1100 0 reg
mem, imm3/4 00001111 000T1t1o01W 152 4-6
mod 0 0 0 mem
cy 11111000 2 1 0
DIR 11111100 2 1
NOT1 reg, CL 00001111 000101 1W 4 3
1100 0 reg
mem, CL 00001111 000101 1W 1826 35
mod 0 0 0 mem
reg, imm3/4 60oo0o01t1t111 000111 1W S5 4
1100 0 reg
mem, imm3/4 00001111 000111 1W 1927 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 mod 100 mem 16/24 2-4 U X X X X X
reg, CL 1T101001W 11100 reg 7+n 2 U X u x x X
mem, CL 1101001W mod 100 mem 19/27 +n 2-4 u X u X X X
reg, imm8 T 100000W 11100 reg 7+n 3 U X u x x X
mem, imm8 110000 O0W mod 100 mem 19/27 +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 med 1 0 1 mem 16/24 2-4 u X X X X X
reg, CL 1101001W 11101 reg 7+n 2 U x u x X X
mem, CL 1101001W mod 101 mem 19/27 +n 2-4 U X U X X X
reg, imm8 1T100000W 11101 reg 7+n 3 U X U X X X
mem, imm8 110000 O0W mod 1T 01 mem 19/27 +n 35 U x u X X X
n = number of shifts

~n
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Instruction Set (cont)

Opcode Flags

Mnemonic Operands 76543210 76543210 Cloks Bytes ACCYV P § Z
Shift/Rotate Instructions (cont) )
SHRA reg, 1 1101000W 11111 reg 2 2 ux 0 x x x

mem, 1 1101000W mod 111 mem 16/24 2-4 ux 0 x x x

reg, CL 1103100 1W 11111 reg 7+n 2 U X U X X X

mem, CL 1101001W mod 111 mem 19/27 +n 2-4 U X U X X X

reg, imm8 1100000W 11111 reg 7+n 3 U X u x x x

mem, imm8 1100000W mod 111 mem 19/27 +n 35 U X U X X X
ROL reg, 1 1101000W 11000 reg 2 2 X X

mem, 1 110100 0W mod 000 mem 16/24 2-4 X X

reg, CL 1101001TW 11000 reg 7+n 2 X U

mem, CL 1101001W 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 11019000W 11001 reg 2 2 X X

mem, 1 1101000W mod 001 mem 16/24 2-4 X X

reg, CL 1101001TW 11001 reg 7+n 2 X u

mem, CL 110100 1W mod 0 01 mem 19/27 +n 2-4 X u

reg, imm8 1100000W 11001 reg 7+n 3 X u

mem, imm8 11000 00W mod 001 mem 19/27 +n 35 X U
ROLC reg, 1 1101000W 11010 reg 2 2 X X

mem, 1 1101000W mod 010 mem 16/24 2-4 X X

reg, CL 1T101001W 11010 reg 7+n 2 X u

mem, CL 1101001W mod 010 mem 19/27+n 2-4 X U

reg, imm8 1100000W 11010 reg 7+n 3 X u

mem, imm8 1100000W mod 010 mem 19/27 +n 35 X u
RORC reg, 1 1101000W 11011 reg 2 2 X X

mem, 1 1101000W mod 011 mem 16/24 2-4 X X

reg, CL 1101001W 11011 reg 7+n 2 X u

mem, CL 1101001 W mod 01 1 mem 19/27 +n 2-4 X u

reg, imm8 1100000W 11011 reg 7+n 3 X u

mem, imm3 1100000W mod 011 mem 19/27 4+ n 35 X U

n = number of shifts

Stack Manipulation Instructions

PUSH mem16 11111111 mod 1 1 0 mem 18/26 2-4
reg16 01010 reg 8/12 1
sr 000 sr 110 8/12 1
PSW 10011100 8/12 1
R 01100000 35/67 1
imm 0110108090 7112 2-3
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Instruction Set (cont)

Opcode Flags
Mnemonic Operands 76543210 76 5 43 2 1 0 Clocks Byles ACCYV P § Z
Stack Manipulation Instructions (cont) i
POP mem16 10001111 mod 0 0 0 mem 17/256 24
reg16 01011 reg 8/12 1
sr 000 sr 111 8/12 1 .
PSW 10011101 8/12 1 RRRRRR
R 01100001 43/75 1
PREPARE imm16, imm8 11001000 * 4
*imm8=0:16
imm8>1:23+16 (imm8 — 1)
DISPOSE . 11001001 6/10 1
Control Transfer Instructions
CALL near_proc 11101000 16/20 3
regptr t1 111111 11010 reg 14/18 2
memptri6 Tt1 111111 mod 0 1 0 mem 23/31 2-4
far_proc 10011010 21/29 5
memptr32 T111 1111 mod 0 1 1  mem 31/47 2-4
RET 11000011 15/19 1
pop_value 11000010 20/24 3
11001011 21/29 1
pop-value 11001010 24/32 3
BR near_label 11101001 13 3
short_label 11101011 12 2
regptr 11111111 11100 reg 1" 2
memptr16 11111111 mod-1 0 0 mem 20/24 24
far_label 11101010 1% 5
memptr32 T1 111111 mod 1 0 1 mem 27135 2-4
BV short_label 01110000 14/4 2
BNV short_label 01110001 14/4 2
BC, BL short_label 01110010 14/4 2
BNC, BNL short_label 01110011 14/4 2
BE, BZ short_label 01110100 14/4 2
BNE, BNZ short_label 0t1 10101 14/4 2
BNH short_label 01110110 14/4 2
BH short_label 0601110111 14/4 2
BN short_label 01111000 14/4 2
BP short_label 01111001 14/4 2
BPE short_label 01111010 14/4 2
BPO short_label 01111011 14/4 2
BLT short_label 01111100 14/4 2
BGE short_label 01111101 14/4 2
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Instruction Set (cont)

Opcode - Flags

Mnemonic Operand 76565432190 7654321 0 Clocks Byles ACCYV P § 2
Control Transfer Instructions (cont) co
BLE short_labe! 01111110 14/4 2
BGT short_label 01111111 14/4 2
DBNZNE short_label 11100000 14/5 2
DBNZE short_label 11100001 14/5 2
DBNZ short_label 11100010 13/5 2
BCWZ short_label 11100011 13/5 2
Interrupt Instructions
BRK 3 11001100 38/50 1

imm8 11001101 38/50 2
BRKV 11001110 52/3 1
RETI 11001111 27138 1 RRRRRR
CHKIND reg16, mem32 01100010 mod reg mem  18/26  2-4

73-76

BRKEM imm8 ooco0oo0tt1tt1 11111111 35 3
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZZ1Z1 2 2

fp—op, mem 11011 XXX mod YYY mem 1/15 24
FP0O2 fp_op 01t10011X 11YYYZZZ 2 2

fp_op, mem 011001 1X modYYY mem 11/15 24
POLL 10011011 2+5n 1

n = number of times POLL pin is sampled.

NOP 10010000 3 1
] 11111010 2 1
Eil 11111011 2 1
8080 Instruction Set Enhancements
RETEM i 11101101t 11111101 27/39 2 RRRRRR
CALLN imm8 11101101 11101101 3858 3 '

92
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NEC Electronics Inc.

uPD70116 (V30), 70116H (V30H)
16-Bit Microprocessor:
High-Performance, CMOS

Description

The uPD70116 (V30®) isa CMOS 16-bit microprocessor
with an internal 16-bit architecture and a 16-bit external
data bus. The uPD70116 instruction set is a superset of
the uPD8086/8088; however, mnemonics and execution
times are different. The uPD70116 additionally has a
powerful ‘instruction set including bit processing,
packed BCD operations, and high-speed multiplica-
tion/division operations. The uPD70116 can also
execute the entire 8080 instruction set and comes'with
a standby mode that significantly reduces power
consumption. It is software-compatible with the
uPD70108 microprocessor.

The H-series microprocessors are fully static devices
that offer operating frequencies to 16 MHz, lower
power consumption, and no restriction on minimum
clock frequency from dc to 16 MHz.

Features

[0 Minimum instruction execution time:
250 ns at 8 MHz, 200 ns at 10 MHz, 125 ns at 16 MHz

0 Maximum addressable memory: 1 Mbyte

0O Abundant memory addressing modes

[0 14 x 16-bit register set

0O 101 instructions

O Instruction set is a superset of uPD8086/8088
instruction set

O Bit, byte, word, and block operations

0O Bit field operation instructions

O Packed BCD instructions

[0 Multiplication/division instruction execution
time: 2.4 to7.1 usat8 MHz, 1.9 t0 5.7 usat 10 MHz

[ High-speed block transfer instructions:
1 Mbyte/s at 8 MHz, 1.25 Mbyte/s at 10 MHz

[0 High-speed calculation of effective addresses:
2 clock cycles in any addressing mode

[0 Maskable (INT) and nonmaskable (NMI)
interrupt inputs

0 IEEE-796 bus compatible interface

O 8080 emulation mode

O CMOS technology

[0 Low power consumption

O Low-power standby mode - .

O Minimum-power Stop mode (H-Series)

O Single power supply; 5-V and 3-V specifications

00 Maximum operating frequencies: 8 to 16 MHz

V30 is a registered trademark of NEC Corporation.

50029-2 (NECEL-062)

Ordering Information

Part Max Frequency
Number of Operation Package Type
Standard Series
uPD70116C8 8 MHz 40-pin plastic DIP
C10 10 MHz
L8 8 MHz 44-pin PLCC
L10 10 MHz
GC8 8 MHz 52-pin plastic QFP
GC10 10 MHz (P52GC-100-3B6)
H-Series
uPD70116HC10 10 MHz 40-pin plastic DIP
HC12 12 MHz
HC16 16 MHz
HL10 10 MHz 44-pin PLCC
HL12 12 MHz
HL16 16 MHz
HGC10 10 MHz 52-pin plastic QFP
HGC12 12 MHz (P52GC-100-3B6)
HGC16 16 MHz

Pin Configurations

40-Pin Plastic DIP

Ic 1 A TY R

ADq4 2 39 ] AD1s5
AD13 3 38 [ A16/PSo
AD12 []4 37 [ A17/PS1
AD11[]5 36 [ A18/PS2
AD19 [] 6 35 [ A19/PS3

ADg {]7 3471 UBE

ADg []8 33[1 s/LG

AD7 ]9 321 RD

ADg[J10  xPD 31 [J HLDRQ [RQ/AKo]
ADs[]11 7016 307 HLDAK [RQ/AK7)
ADg ] 12 29 [ WR [BUSLOCK]
AD3 []13 28 [ 10/M [BS3]

AD2 ] 14 27 [[1 BUFR/W [BS1]
AD1 []15 26 [1 BUFEN [BSo]
ADo [} 16 , 251 ASTB [QSo]

NMI [} 17 241 INTAK [QS1]

INT ] 18 23] POLL

CcLK [ 19 22 [ READY

GND [] 20 © 210 RESET

83-004104B
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Pin Configurations (cont) Pin Identification
) Symbol Direction ! Function
44-Pin Plastic Leaded Chip Carrier (PLCC) "
IC Internally connected
IE z o AD44 - ADg In/Out Address/data bus
< ls 5 75 NMI In Nonmaskable interrupt
|g I8 % 52 2 input
fg " g E a2 E,; é INT In Maskable interrupt input
-3 < N
9flESe22E0 23 CLK In Clock input
QO0000n0nnnn GND Ground potential
3358838385 8¢% 'p
A13/PS2 [} 40 28 [1 ASTB [QSg] RESET In Reset input
Aq/Ps1Q ¢ 27 [0 INTAK [QS1] READY In Ready input
A16/PSq [] 42 26 [J POLL P -
AD1s O 43 25 11 READY POLL In Poll input
Vpp [] 44 24 7 RESET INTAK (QS+) Out Interrupt acknowledge
anoO1 O .j‘;?s 2317 GND output (queue status bit 1
ic2 22 [ GND . output)
AD14 33 21 Lk ASTB (QSp) Out Address strobe output
AD13[]4 20 [ INT (queue status bit 0 output)
Ao E s It g"""' BUFEN (8So) out Buffer enable output (bus
AD11 L6 R B status bit 0 output)
R SRR L =
o BUFR/W (BS4) Out Buffer read/write output
6='. § § § § é’ ;,5 § § § § _ : (bus status bit 1 output)
< 10/M (BSp) Out Access is 1/0 or memory
83-0041028 (bus status bit 2 output)
WR (BUSLOCK) Out Write strobe output (bus
52-Pin Plastic QFP fock output)
HLDAK (RG/AK7) Out Holdacknowledge output,
|§ z o (In/Out) (bus hold request input/
< L\t ] 7= acknowledge output 1)
S 816 88 —
. B BRgzed HLDRQ (RQ/AKp) In Hold request input (bus
& g %12 ES z (In/Out) hold request input/
o 28 [ B ;lg |§ 515 o acknowledge output 0)
(7] = o o =
AooonooOannonn RD Out Read strobe output
LR R R R A RE R R sItG In Small-scale/large-scale
A1s/PS2 (1 ) 39 [] ASTB [QSo] system input
A/Ps1 4 2 38 |1 INTAK [QS1] =
Ate/PSo 3 a7 oLt UBE Out Upper byte enable
AD1s 4 36 [J READY A19/PS3 - Out Address bus, high bits or
voo 5 35 1 RESET Aq45/PSg processor status output
voo s PD 34 I GND ADys In/Out Address/data bus, bit 15
u
GND 7 70116 33 [1GND
GND ] s 2B Ne Vpp Power supply
lege 3111GND Notes: * IC should be connected to ground.
AD14 ] 10 30 ] cLK ! ) L
ADy3 O] 11 29 I INT Where pins have different functions in small- and large-scale
AD12 g 12 28 B nmi systems, the large-scale system pin symbol and function are
AD11 O 13 27 Fine in parentheses.
o222 o dl3I8Y Unused input pins should be tied to ground or Vpp to
oo oogooOog minimize power dissipation and prevent the flow of poten-
g 6‘-’ 88888588888 tially harmful currents.
< LG SR I - S - - " 4
83-004103B




vPD70116 (V30)

Block Diagram

Internal Address/Data Bus [IADg-19)

73 ) Aw/Pso— AtarPss
. Bus
Buffer
“ ADo - ADss
ADM
OEE )
BUFEN([BS,), BUFR/W [BS4]
8 10/M [BS2]
——__—VJ\ ASTB [QSy], INTAK [QS1]
’ RO, WR [BUSLOCK]
Ps _1
Status
b Control
DSo
e——— /G
DSq (1 l«——— READY
PEP N l&—— RESET
- [—— POLL
————\ oP
14 TEMP o
a a T-State BusHold [ > HLDRQ[RQ/AKo]
o 1 Controt Control e
HLDAK [RQ/AK1]
- - ip
Qq Qs
T Cycle Interrupt a——
Decision Control
I l«——— INT

N B — N
J Py Bus
ueue Standby
) Lc | L Control J l Control }1— CLK C%l:‘til;ol

Fe_ [ [BCU]
w T

BW v Execution

Unit
o :> Effective Address [EXU]
) Generator

DwW

: > Microinstruction : >
15 Storage 29 Micro Data Bus

BP
= —

TC

TA
1 Shifter —
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Microaddress Register

Microsequence
Control

Queue Data Bus (8]

Instruction Decoder

I

= ~
] [ v K‘;:\')_J

Sub Data Bus [16] ’ Main Data Bus [16]
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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 smali- and large-scale systems.

ADq5-ADgis atime-multiplexed address and data bus.
When high, an AD bit is a one; when low, an AD bitis a
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 |nterrupt request that can be masked by
software.” .

INT is active high level and is sensed during the !ast
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, NMI
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.

4

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
ataddress FFFFOH. RESET lnput must be kept high for
at least 4 clock cycles.

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. READY is not synchronized internaily. To
guarantee correct operation, external logic mustensure
that setup and hold times relative to CLK are met.
POLL [Poll]

For small- and large-scale systems.

The CPU checks this input upon execution of the POLL
instruction. Ifthe inputislow, 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/0 device or memory. The iO/Msignalis used
to select between 1/0 and memory.

This 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 operation mode of the CPU.
This signal is fixed at either a high or low level. When
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.
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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). INTAK is held at a high-level in the
standby mode.

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 dlrectlon 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 hrgh-
impedance state during hold' acknowledge

10/M [10/Memory]

For smali-scale systems.

The CPU generates this signal to specify either 1/0
access or memory access. A low-level outputspecmes
1/0O and a high-level signal specifies memory.

iO/M’s output is three state and becomes high
impedance 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 IO/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
signal is a high level, the address bus, address/data
bus, 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.

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

UBE indicates the use of the upper eight bits (AD15
-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 AD45 - 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 ? :) 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 mterrupt 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/PSg [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 1/0 access,
all 4 bits output data 0.
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The processor status signals are provided for both
memoryand 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 PSqand PSg mdlcate
which memory segment is being accessed.

Ay7/PS, Ayg/PSg 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.

QS+, 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.

0s, Q0Sg 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

Theinstruction 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. These ‘outputs are held low level in the
standby mode. :

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

The CPU uses these status signalsto 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 1/0 device.

BS, BS, BSg Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1 110 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 wh||e
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/AK4, RQ/AKj [Hold Request/Acknowledge)
For large-scale systems.

These pins function as bus hold request inputs (RQ)
and as bus hold acknowledge outputs (AK). RQ/AKg
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. RQ inputs must be properly
synchronized to CLK.

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 by
NEC. The uPD70116 is used with this pin at ground
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 ) 0.5W Parameter Symbol Min Max  Unit Conditions
Input voitage, V| —05VtoVpp+03V Input capacitance ¢ 15 oF Lc =1 Msz )
OLK input voltage, Vi ~05VtoVpp 10V 1/0 capacitance Cio 15 pF rerm?\z%utr: 0 Q’ms
Output voltage, Vg —0.5VtoVpp+03V
Operating temperature at 5 MHz, Topr —40°C to +85°C
Storage temperature, TsTg —65°C to +150°C
Comment: Exposiﬁg 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
uPD70116-8, 4uPD70116-10, Ty = —10°C to +70°C, Vpp =+5V £ 5%
Limits Test
Parameter Symbol Min Typ Max Unit Gonditions
Input voltage high ViH 22 Vpp+0.3 v
Input voltage low ViL —0.5 0.8 Y
CLK input voltage high Vky 39 Vpp+1.0 v
CLK input voltage low VkL -05 0.6 v
Output voltage high VoH 0.7 x Vpp v loy = —400 pA
Output voltage low VoL 0.4 v lor=25mA
Input leakage current high ILIH 10 uA Vi=Vpp
Input leakage current low I -10 A Vi=0V
Output leakage current high ILoH 10 LA Vo=Vpp
Output leakage current low lLoL -10 A Vo=0V
70116-8 45 80 mA Normal operation
Supply current Iop 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

Ta=—10°C to +70°C, Vpp =+5V £ 5%

4PD70116-8 uPD70116-10
Parameter Symbol  Min Max Min Max Unit Conditions
Small/Large Scale ‘
Clock cycle tovk 125 500 100 500 ns L
Clock pulse width high tKKH 44 4 ns Vky =30V
Clock pulse width low tkkL 60 49 ns V=15V
Clock rise time tkR 10 5 ns 15Vt 3.0V
Clock fall time ke 10 5 ns 30Vtoil5V
READY inactive setup to CLK! tSRYLK -8 -10 ns
READY inactive hold after CLK1 tHKRYH 20 20 ns
READY active setup to CLK! tSRYHK tkkL — 8 kg —10 ns
READY active hold after CLK? tHKRYL 20 20 ns
Data setup time to CLK | tspk 20 10 ns
Data hold time after CLK | tHkD 10 10 ns
NMI, INT, POLL setup time [ 15 15 ns
to CLK 1
Input rise time (except CLK) YR 20 20 ns 08Vto22V
Input fall time (except CLK) tE 12 12 ns 22Vt 08V
Outputrise time foR 20 20 ns 08Vio22V
Output fall time tor 12 12 ns 22Vt0 0.8V
Small Scale
Address delay time from CLK | tpka 10 60 10 48 ns
Address hold time from CLK | tHKA 10 10 ns
PS delay time from CLK | tokp 10 60 10 50 ns
PS float delay time from CLK trkp 10 60 10 50 ns
Address setup time to ASTB tsasT kL — 30 tkkL — 30 ns
éﬁgrfss float delay time from trka tHKA. 60 tHkA 50 ns CL =100 pF
ASTB ! delay time from CLK ¢ tDKSTH 50 40 ns
ASTB | delay time from CLK 1 toksTL 55 45 ns
ASTB width high tsTST tkkL — 10 tkkL — 10 ns
Address hold time from ASTB | tusTA tyk — 10 txkn —10 ns
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AC Characteristics (cont)
Ta =—10°C to +70°C, Vpp =+5 V + 5%

©PD70116-8 4PD70116-10
Parameter Symbol " Min Max Min Max Unit Conditions
Small Scale (cont]
Control delay time from CLK - tokeT 10 65 10 55 ns
Address float to RD! tAFRL 0 0 ns
RD | delay time from CLK | tDKRL 10 80 10 70 ns
RD 1 delay time from CLK } tDKRH 10 80 10 60 ns
Address delay time from RD ! tpRHA toyk — 40 toyk — 35 ns
RD width low tRR 2toyk—50 2tcyk—40 ns CL =100 pF
Data output delay time from tokp 10 60 10 50 ns
CLK |
Data float delay time from trkD 10 60 10 50 ns
CLK
WR width low tww 2tcyk—40 2tcyk—35 ns
HLDRQ setup time to CLK 1 tsHOK 20 20 ns
HLDAK delay time from CLK | tpkHA 10 100 10 60 ns
Large Scale
Address delay time from CLK | toka 10 60 10 48 ns
Address hold time from CLK | tHkA 10 10 ns
PS delay time from CLK } tpkp 10 60 10 50 ns
PS float delay time from CLK 1 trkp 10 60 10 50 ns
Address float delay time from trkA KA 60 tHkA 50 ns
CLK |
Address delay time from RD 1 tDRHA toyk — 40 toyk —35 ns
ASTB delay time from BS | tpBsT 15 15 ns
BS | delay time from CLK tpkBL 10 60 10 50 ns
BS t delay time from CLK | tDKBH 10 65 10 50 ns
RD | delay time from address tDAFRL 0 0 ns Cp =100 pF
float
RD | delay time from CLK | tpKRL 10 80 10 70 ns
RD T delay time from CLK | tDKRH 10 80 10 60 ns
RD width low tRR 2teyk—50 2tcyk—40 ns
Date output delay time from tpkp 10 60 10 50 ns
oK}
Data float delay time from tFkD 10 60 10 50 ns
CLK |
AK delay time from CLK | tDKAK 50 40 ns
RQ setup time to CLK 1 tsrak 10 9 ns
RQ hold time from CLK | tHKRQ1 0 0 ns
RQ hold time from CLK 1 tHKRQ2 30 20 ns
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Timing Waveforms

AC Test input Waveform [Except CLK]

2.2V 22V

aav
oav {_>> Test Points <[}

0.8v 0.8V

AC Output Test Points
2.2V 22V

0.8v o0.8v

|

49-000247A

Clock Timing

CLK j

49-000248A

Wait [Ready] Timing

T4

Reacy N T T

tsavik

* READY input level must not be changed during this interval.

POLL,NMI, INT Input Timing
n

CLK
sk
—

POLL )—‘
NMLINT .

BUSLOCK Output Timing

BUSLOCK

49-000249B
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Timing Waveforms (cont)

Read Timing [Small Scale] Write Timing [Small Scale]
T4 T T2 T3 T4 T4 T T2 T3 T4
w NN\ VAW R WANVAW i
toka—] ] fa—tuga —] |etegp
r A, /PS, -
A/PS, - I Address [} Program Status [—{ /;“/pso X Program Status
A‘./Pso T
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UBE

k X
- e et toka ™ "; ™ [loxe 4 KD_’l <
DKA - «l“"* tetsp -\
LT | AD,, - AD, ——4_ Address Data Output
AD,, - AD, 1 {  Address b i] 4 Data Input -, ' = tca
SAST|
toksh—={ || — thsta 'mm"" I ASTB /_j&
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ASTB / /
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'DKCY_’ DKCT
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oM }
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Read Timing [Large Scale] Write Timing [Large Scale]
T4 ul T2 T3 T4 T4 T T2 T3 T4
CLK 1 §‘__/_—\ N ck / SJ—\WK_
toka = |e— 7 r‘_'"KA l‘—tFKF
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

T

CLK J
f=—texa
—_—

AD,, - AD,

ASTB
toker | "_tDKCT

INTAK

!

- toxer —| [~ toker

BUFEN

BUFR/W _\
10/M _\

1 toka
BUSLOCK

i

49-0002358

Hold Request/Acknowledge Timing [Small Scale]
1or2
=teyk—+] Xtevi

CLK [—\_

1snax > tsnak
HLDRQ \
torra— r¢-— tDKHA"’I "
HLDAK

—J e— texa
* 70116 External Master ‘)——@16‘

*: A /PS, - A /PS, AD, - AD,,RD, UBE, i0/M, BUFR/W, WR BUFEN

49-0002368
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Timing Waveforms (cont)

CLK -\_/_\_/+\_/—\__

2teyk >
tsSRQK—» -~ tDKAK—| [ >tcYK —— P
tDKAK: 'Hxnm—», 4—'
tHKRQ2 —»! |[e+—tDKAK
Ve {Foreng,
u 4
RQ/AK ‘ , 3
Putse 1 RQ Pulse 2 AR Pulse 3 RQ
70116 Input 70116 Output 70116 Input
—-J <4—1tFKA
{Z I
EC “
* 70116 Coprocessor
/L Vid
C4 </

* Aq9/PS3-A; 5/PSy, AD, 5-ADg, BS,-BSg, AD, BUSLOCK
83IH-55008
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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 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 PFPisincremented 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 DSq]

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
addressis 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
DSgp (Data Segment 0) 1X, effective address
DS+ {Data Segment 1) 1Y

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, translation, BCD rotation.

AL: Byte multiplication/division, byte I/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
IX: 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) o |E (Interrupt Enable)
® AC (Auxiliary Carry) ® 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.

15 14 13 12 11 10 9 87 65 43210

M 1 1t 1 VvV D IBSZOAOPT1TC

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. The MD flag can be
set/reset only by the BRKEM, RETEM, CALLN, and
RETI instructions.
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The MD flag can be set/reset only in between ex-
ecutions of BRKEM and RETEM. MD will not. be
restored, even as the RETI or POP PSW instruction is
executed.

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 (LC)

® 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
reduced by some 30% over single-bus systems.

Figure 1. Dual Data Buses

9 e

(]

Registers

/—\
N—/

(—)

. Temporary
registers/shifters

" -

Subdata bus Main data bus
83-000103A

PEEN

uPD70116 (V30)
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 [EAG]

The Effective Address Generator (EAG) (figure 2) is a
dedicated block of high-speed logic that computes
effective addressesin two clock cycles. Ifan instruction
uses memory, EAG decodes the second and/or third
instruction bytes to determine the addressing mode,
initiates any bus cycles needed to fetch data required
to compute the effective address, and stores the
computed effective address in the Data Pointer (DP)
register.

Calculatingan 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 muitiplication/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

2nd or 3rd byte of Instruction

mod r/m

EA Generator

Effective Address
83IH-5535A

1R
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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 foramultiple blt rotatlon 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 xPD70116 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 uPDB8088/86 instructions, the
uPD70116 has the following enhanced instructions.

;CL=5

Instruction Function

PUSH imm Pushes immediate data onto stack

PUSH R 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

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

OUTM Moves a string from memory to an /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

Enhanced Stack Operation Instructions
PUSH imm

This inetruction alloWs immediate data to be puéhed
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 Muiltiplication 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 aregister 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
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 I/0 Instructions
OUTM DW, src-block/INM dst-block, DW

These instructions are used to output or |nput astring
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 otherisalocal 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 4PD8088/86 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 striqgs

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 speciﬁﬁed 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. 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 1Y 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 (O0H to OFH) wifl
be valid.

Bit f'ield data may overlap the byte boundary of memory.

Bit length

15 0

o //

l Bit offset Byte offset (IY) N
)] DY y
( 1€ R
I Memory

| o

/L
f

)
? U {

Byte boundary Segmentbase (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 DS0 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.

Either immediate 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 fielddata 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
highestbyte. 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

ADD4s

Thisinstruction adds the packed BCD string addressed
by the I1X 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 (Z).

BCD string (1Y, CL) < BCD string (lY, CL) + BCD
string (1X, 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 result of the operation will
affect the overflow flag (V), the carry flag (CY), and
zero flag (Z).

BCD string (1Y, CL) < BCD string (lY, CL) — BCD
String (IX, CL)

CMP4S

This instruction performs the same operation as
SUBA4S except that the result is 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

Bit offset Byte offset (IX)

//

{( e
T

I
|
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AW 0

2L

{
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Byte Boundary Segment base (DS0)
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ROL4

This instruction (figure 5) treats the byte data of the
register ormemory operand 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 left.

Figure 5. BCD Rotate Left (ROL4)

7 AL 0 reg/mem

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

l ———1n

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 ] reg/mem
Upper Lower Upper Lower
4 bits 4 bits 4 bits 4 bits

. ; |

83-000109A

Bit Manipulation Instructions

TEST1 )

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

NOT1

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

CLR1

This instruction clears a specific bit in a register or
memory location. ‘

SET1

This instruction sets a specific bit in a register or
memory location.

Repeat Prefix Instructions

REPC

This instruction causes the uPD70116 to repeat the
following primitive block transfer instruction until the

CY flag becomes cleared or the CW register becomes
zero.

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 uPD8080AF 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, or INT and IE

Hatt

INT and ID Idie at
10% Power

T Standby
— Mode

z HOLD REQ/HOLD ACK

8080 Emulation

8080 Mode

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 tothe stack. MD is then resetand the interrupt vector
specified by the operand imma8 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
uPD8080AF are performed by the following registers
and flags of the uPD70116.

uPDBOBOAF uPD?70116

Registers: ) A AL

B CH

C CL

D DH

E DL

H BH

L BL

SpP BP

PC PC

Flags: C CY
z
S

P P

AC AC

In the native mode, SPis used for the stack pointer. Inthe
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, DSg, and DS41) 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 DSg register (set by the
programmer immediately before the 8080 emulation
mode is entered).

It is prohibited to nest BRKEM instructions.
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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 restoredto 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
RETI 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 BRKiinstruction is executed inthe
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
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.

RETIis also used toreturn from an interrupt procedure
initiated by an NMI or INT interrupt in the emulation
mode.

Floating Point Oberation Chip
Instructions

FPO1 fp-op, mem
FPO2 fp-op, mem

These instructions are- used.for the external fioating
point processor. The floating point operation is passed
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 physical
addresses, and start-up of the memory read cycie).
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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 (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

Unconditional break instructions

— 1-byte break instruction: BRKS3

— 2-byte break instruction: BRKimm8

Flag processing (Single-step)

— When stack operations are used to set the
BRK flag

8080 Emulation mode instructions

— BRKEM imm8

— CALLN imm8 -

Starting addresses for interrupt processing routines
are either determined automatically by asingle location
of the interrupt vector table or selected each time
interrupt 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 re-
served. Consequently these vectors cannot be use 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.

Asingleinterrupt 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 —
Vector® Divide Error

004H -
Vector 1 Break Flag

008H

Vector2 NMI Input
00CH — Dedicated
Vector3 BRK 3 Instruction '

010H

Vector4 BRKYV Instruction

014H

Vector5 CHKIND Instruction
018H - -
Vectoré

[ Reserved

07CH
Vector 3t
080H —_
Vector 32

General Use’

— @ BRK imm8 Instruction
© BRKEM Instruction

¢ INT Input [External]
® CALLN Instruction

3FCH

Vector 255

83-000111A

21



NEC

uPD70116 (V30)
Figure 9. Interrupt Vector 0 Instruction Set
Symbols
Vector 0 . . . H
ooon ot Preceding the instruction set, several tables explain

002H 003H

PS « (003H, 002H)
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 <0

PS < vector high bytes

PC < vector low bytes

Standby Function

The uPD70116 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.

In the standby mode, the internal clock is supplied only
to those circuits related to functions required to
release this mode and bus hold control functions. As a
- 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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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

acc Accumulator (AW or AL)

disp Displacement (8 or 16 bits)

dmem Direct memory address .

dst Destination operand or address

dst-block Name of block addressed by IY register

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 -
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Symbols
Symbol Meaning Symbol Meaning
imm3/4 3- or 4-bit immediate bit offset CL CW register (low byte)
imm8 8-bit immediate operand cw CW register (16 bits)
imm16 16-bit immediate operand cY Carry flag
mem Memory field (000 to 111); DH DW register (high byte)
8- or 16-bit memory location DIR Direction flag
mem8 8-bit memory location oL DW register (low byte)
mom 6 16-bit memory location DSO Data segment 0 register (16 bits)
mems32 S2-bit memt')r?/ location — DS1 Data segment 1register (16 bits)
memptr16 wﬂﬁncfn";iﬂ'rlffn:h; gslset::atlon address W DW register (16 bits)
memptr32 Double word containing a destination e Interrupt enable flag
address in another segment 1X Index register (source) (16 bits)
mod Mode field (00 to 10) 1Y Index register (destination) (16 bits)
near_label Label within the current segment MD Mode flag
near_proc Procedure within the current segment ORV Logical sum
offset Immediate offset data (16 bits) P Parity flag
pop_value Number of bytes to discard from the stack PC Program counter (16 bits)
reg Register field (000 to 111); PS Program segment register (16 bits)
8- or 16-bit general-purpose register PSW Program status word (16 bits)
reg8 8-bit general-purpose register R Register set
regl16 16-bit general-purpose register 5 Sign extend operand field
regptr 16-bit register containing a destination S=0 Nosignextension
address within the current segment S=1 Sign extend immediate byte
regptri6 Register containing a destination address operand
within the current segment S Sign flag
seg Immediate segment data (16 bits) SP Stack pointer (16 bits)
short_label Label between —128 and +127 bytes from SS Stack segment register (16 bits)
the end of the current instruction TA Temporary register A (16 bits)
sr Segment register 8 Temporary register B (16 bits)
src Source operand or address Tc Temporary register C (16 bits)
src-block Name of block addressed by IX register v Overflow flag
src-table Name of 256-byte translation table W Word/byte field (0 to 1)
temp Temporary register (8/16/32 bits) X, XXX, YYY, 222 Data to identify the instruction code of the
tmpcy Temporary carry flag (1 bit) external floating point arithmetic chip
AC Auxiliary carry flag XOR W Exclusive logical sum
AH Accumulator (high byte) XXH Two-digit hexadecimal value
AL Accumulator (low byte) XXXXH Four-digit hexadecimal value
AND A Logical product z Zero flag
AW Accumulator (16 bits) () Values in parentheses are memory contents
BH BW register (high byte) b Transfer direction
BL BW register (low byte) + Addition
BP Base pointer (16 bits) - Subtraction
BRK Break flag X Multiplication
BW BW register (16 bits) + Division
CH CW register (high byte) % Modulo
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Flag Operations Register Selection (mod = 11)
Symbol Meaning reg W=0 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 011 BL BW
u Undefined 100 __AH Sp
R Restored to previous state 101 CH BP
; 10 - DH IX
Memory Addressing Modes m BH Y
mem mod = 00 mod = 01 mod = 10
000 BW +IX BW + IX + disp8 BW + IX + disp16 Seg’me’ntI Register Selection
001 BW + 1Y BW +IY +disp8  BW + 1Y + disp16 st ) . Segment Register
010 BP +IX- BP + iX + disp8 BP + IX + disp16 00 DS1 -
o BP +IY BP + IY + disp8 BP + 1Y + disp16 01 PS ...
100 IX IX + disp8 IX + disp16 10 SS
101 1Y IY + disp8 IY + disp16 1 DSO
110 Direct BP + disp8 BP + disp16
111 BW BW + disp8 BW + disp16
Instruction Set
) Opcode : Flags
Mnemonic Operand 76543210 760543210 Clcks Bytes ACCYV P S Z
Data Transfer Instructions ‘
MoV reg, reg 100010 1W 11 reg reg 2. 2
mem, reg 1000 100W mod reg mem  9/13 24
reg, mem 100010 1W mod reg mem 1115 24
mem, imm 110001 1W mod 000 mem 1/15 36
reg, imm 101 1 W reg 4 2-3
ac'c,dmem’ 1010000W 10/14 3
dmem, acc 101000 1W 9/13 " 3
sr, reg16 10001110 110 s reg 2 2
sr, mem16 10001110 mod 0 sr mem 11115 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
LDEA reg16, mem16 10001101 mod reg mem 4 2-4
TRANS src_table 11010111 9 1
XCH reg, reg 100001T1W 11 reg reg 3 2
' mem, reg 100001 1W mod reg mem  16/24 24
AW, reg16 10010 reg 3 1
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Instruction Set (cont)
Opcode Flags
Mnemonic Operand 10 76654321 0 Clocks Bytes ACCYV P § 2
Repeat Prefixes
REPC 101 2 1
REPNC 100 2 1
REP 011 2 1
REPE
REPZ
REPNE 010 2 1
REPNZ
Block Transfer Instructions
MOVBK dst, src 101001 0W 11+8n 1
CMPBK dst, src 101001 1W 7+14n 1 X X X X X X
CMPM dst 101011 1W 7+10n 1 X X X X X X
LDM src 1010110W 7+ 1
ST™ dst 1010101W 7+4n 1
n = number of transfers
1/0 Instructions
IN acc, imm8 1110010W 9/13 2
acc, DW 1110110W 8/12 1
ouT imm8, acc 111001 1W 8/12 2
DW, acc 111011 1W 8/12 1
INM dst, DW 0110110W 9+8n 1
O0UTM DW, src 011011 1W 9+8n 1
n = number of transfers
BCD Instructions
ADJBA 11 111 3 1 X X U u uwu
ADJ4A 10 111 3 1 X X U X X X
ADJBS 11 111 7 1 X X U U uUuwu
ADJ4S 10 111 7 1 X X U X X X
ADD4S dst, src 00 111 00100000 7+19m 2 Uux uuux
SuB4S dst, src 00 111 00100010 7+19n 2 U X U uux
CMP4S dst, src 00 111 00100110 7+19n 2 U X U uu x
ROL4 - reg8 00 111 00101000 25 3
00 reg
mem8 00 111 00101000 28 35
00 mem
ROR4 reg8 00 111 00101010 29 3
00 reg
mems8 gg 111 00101010 33 35

mem
n = number of BCD digits divided by 2
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Instruction Set (cont)

Opcode ' Flags
Mnemonic Operand 765432180 765 4321 0 Clocks Bytes ACCYV P § Z
Data Type Conversion Instructions
CVTBD 11010100 00 0 010 15 2 UuuxXxx
Cv1DB 11010101 00 0 010 7 2 UuuuXxxxXx
CVTBW 10011000 2 1
CVTWL 10011001 4-5 1
Arithmetic Instructions
ADD reg, reg 000O0O0O0CT1TW 1T 1 reg reg 2 2 X X X X X X
‘ mem, reg 000O0OCOOW mod reg mem 16/24 2-4 X X X X X X
reg, mem 000000 1TW mod reg mem 11/15 24 X X X X X X
reg, imm 10000O0SW 11000 vreg 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 0000O0T1TOW 4 2-3 X X X X X X
ADDC reg, reg 00010O01TW 11 reg reg 2 2 X X X X X X
mem, reg 000100O0W mod reg mem 16/24 2-4 X X X X X X
reg, mem 000100 1W mod reg mem 11/15 24 X X X X X X
reg, imm 10000O0SW 11010 reg 4 34 X X X X X X
mem, imm 100000SW mod 010 mem 18/26 36 X X X X X X
acc, imm 0001010W 4 23 X X X X X X
SuB reg, reg 001010 1W 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 001010 1W mod reg mem 11/15 24 X X X X X X
reg, imm 10000O0SW 11101 reg 4 34 X X X X X X
mem, imm 100000SW mod 10 1 mem 18/26 3-6 X X X X x X
acc, imm 001011 0W 4 23 X X X X X X
SUBC reg, reg 0001T1T01W 11 reg reg 2 2 X X X X X X
mem, reg 0001 100W mod reg mem  16/24  2-4 X X X X X X
reg, mem 0001101W mod reg mem 1/15 24 X X X X X X
reg, imm 100000SW 11011 reg 4 34 X X X X X X
mem, imm 100000SW mod 011 mem 18/26 36 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 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 11W 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 2130 2 u x x uuu
mem 111101 1W mod 100 mem 27-36 24 U X X uuewu
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Instruction Set (cont)

Opcode Flags

Mnemonic Operand 76543 10 76 5 43 21 0 Clocks Bytes ACCYV P § Z

Arithmetic Instructions (cont)

MUL reg 111101 1W 11101 reg 3347 2 uXx X uwuu
mem 111101 1W mod 10 1 mem 39-53 24 U Xx X uwuu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X uwuwu
reg16,mem16,imm8 01101011 mod reg mem 34-40 35 U X X U uu
reg16,reg16,imm16 01101001 11 reg reg 36-42 4 U X X Uuuwu
reg16,mem16,imm16 01101001 mod reg mem 46-48 46 u X X uuu

DIVU reg 111101 1wW 11110 reg 19-25 2 U u uuuwu
mem 111101 1TW mod 110 mem 25-31 2-4 Uuuuuu

DIv reg 111101 1W 11111 reg 2943 2 U uuuuu
mem 111101 1TW mod 111 mem 3549 24 U uuuwuu

Comparison Instructions

CMmP reg, reg 0011101W 11 reg reg 2 2 X X X X X X
mem, reg 001 1100W mod reg mem 11/15 24 X X X X X X
reg, mem 0011101W mod reg mem 1/15 24 X X X X X X
reg, imm 10000O0SW 11111 reg 4 3-4 X X X X X X
cem, imm 100000SW moed 111 mem 13/17 36 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 1111011W mod 010 mem 16/24 24

NEG reg 111101 1W 11011 reg 2 2 X X X X X X
mem 111101 1W mod 011 mem 16/24 24 X X X X X X

TEST reg, reg 100001 O0W 11 reg reg 2 2 u 00 x x x
mem, reg 100001 0W mod reg mem 10/14 24 uldo0 x x x
reg, imm 111101 1TW 11000 reg 4 3-4 u 00 x x x
mem, imm 1111011W mod 000G mem 1/15 36 u 00 x x x
acc, imm 1010100W 4 2-3 u00 x x x

AND reg, reg 001000 1TW 1 1 reg reg 2 2 u 00 x x x
mem, reg 001000O0W mod reg mem 16/24 24 u00 x x x
reg, mem 001000 1W mod reg mem 11/15 24 u 00 x x x
reg, imm 100000O0W 1 1100 reg 4 3-4 u0 0 x x x
mem, imm 100000O0W mod 10 0 mem 18/26 3-6 u0 0 x x x
acc, imm 001t1to0010W 4 2-3 uo0o0 x x x

OR reg, reg 000010 1TW 11 reg reg 2 2 u00 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 24 u00 x x x
reg, imm 100000O0W 11001 reg 4 3-4 u 00 x x x
mem, imm 100000 0W mod 0 0 1 mem 18/26 36 . u 00 x x x
acc, imm 00001T10W 4 2-3 u00 x x x
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand : 76543210 766543210 Clocks Byles ACCYV P
Logical Instructions (cont) :
XOR reg, reg 0011001W 11 reg reg 2 2 u 0 0 x
mem, reg 001100 0W mod reg mem 16/24 24 u 00 x
reg, mem 0011001W mod reg mem 1/15 24 u 00 x
reg, imm 100000O0W 11110 vreg 4 3-4 u-0 0 x
mem, imm 100000O0W mod 110 mem 18/26 36 u'0 0 x x
acc, imm 0011010W 4 2-3 u X X
Bit Manipulation Instructions
INS reg8, reg8 00001111 001t100O0T1T 317 3
11 reg reg ]
reg8, imm4 0000T1T1 11 00111001 317 4
. . 11000 reg
CEXT reg8, reg8 0000 111 00110011 265 3
11 reg reg .
reg8, imm4 000O0T1T111 00111011 2655 4
11000 reg
TEST1 reg, CL 00001111 0001000W 3 3 u0o0u
11000 reg
mem, CL oo0o00G1111 000100O0W 12 35 uo0oO0wu
mod 0 0 0 mem o
reg, imm3/4 00001111 000110O0W 4 4 u 0.0 wu
11000 reg '
mem, imm3/4 60001111 0001100W 13 4-6 ud0u
mod 0 0 0 mem
SET1 reg, CL 00001111 000101 0W 4 3
11000 reg
mem, CL 00001111 0600101 0W 13 35
mod 0 00 mem
reg, imm3/4 00001111 0001110W 5 4
11000 reg .
mem, imm3/4 00001111 000111 0W 14 4-6
mod 0 0 0 mem
cY 11111001 2 1 1
DIR 11111101 2 1
CLR1 reg, CL 60001111 0001001W 5 3
11000 reg ‘
mem, CL 000061111 000100 1W 14 35
mod 0.0 .0 mem
reg, imm3/4 00001111 000110 1W 6 4
11000 reg
mem, imm3/4 00001111 0001101W 15 4-6
’ mod 0 0 0 mem
cY 11111000 2 1 0
DIR 11111100 . 2 1
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Instruction Set (cont)
Opcode Flags
Mnemonic  Operand 76543210 760543 1 Clocks  Byles AC-CYV P S 1
Bit Manipulation Instructions (cont)
NOT1 reg, CL 00001111 00010 1 4 3
11000 reg ]
mem, CL 00001111 00010 1 18 35
mod 0 0 0 mem .
reg, imm3/4 00001t11t1 00011 1 5 4
1100 0 reg
mem, imm3/4 oooo0t1t1 00011 1 19 4-6
mod 0 0 0 mem
cY 11110101 2 1 X
Shift/Rotate Instructions
SHL reg, 1 1101000W 11100 reg 2 C 2 ux X X X X
mem, 1 1101000W mod 1 00 mem 16/24 24 ux X X X X
reg, CL t101001W 11100 reg 7+n 2 U X u x X X
mem, CL 110100 1W mod 1 00 mem 19+n 24 U X U X X X
reg, imm8 1100000W 11100 reg 7+n 3 u x u x x x
mem, imm8 1100000W mod 100 mem 19+n 35 u x u x Xx x
SHR reg, 1 1t101000W 11101 reg 2 2 U X X X X X
mem, 1 1101000W mod 10 1 mem 16/24 24 Uu X X X X X
reg, CL 110100 1W 11101 reg 7+n 2 u X' u x X x
mem, CL 110100 1W mod 1 0 1 mem 19+n 24 U X u x X X
reg, imm8 110000O0W 11101 reg 7+n 3 U X uXx x x
mem, imm8 1100000W mod 101 mem 19+n 35 U X u X x x
' n = number of shifts
SHRA reg, 1 i101000W 1111 reg . 2 2 ux 0 x x X
mem, 1 1101000W mod 111 mem 16/24 24 ux 0 x x x
reg, CL 1t101001TW 11111 reg 7+n 2 uXx u x X X
mem, CL 1101001W mod 1 1 1 mem 19+n 24 u'x uXx X x
reg, imm8 110000O0W 11111 reg 7+n 3 u X u x X X
mem, imm8§ 1100000W mod 1 1 1 mem 19+n 35 U X u Xx X X
ROL reg, 1 1101000W 11000 reg 2 2 X X
mem, 1 110100 0W mod 0 0 0 mem 16/24 2-4 X X
reg, CL 1101001W 11000 reg 7+n 2 X u’
mem, CL 110100 1TW mod 0 0 0 mem 19+n 24 X u
reg, imm 1100000W 11000 reg 7+n 3 X U
mem, imm 110000O0W mod 000 mem 19+n 35 X U
ROR reg, 1 110100 0W 11001 reg 2 2 X X
mem, 1 11701000W mod 0 01 mem 16/24 24 X X
reg, CL 1101001W 11001 reg 7+n 2 X u
mem, CL 1101001W mod0 01 mem 19+n 24 X u
reg, imm8 1100000W 11001 reg 7+n 3 X u
mem, imm8 1100000W mod 001 mem 19+n 35 X u
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Instruction Set (cont)

Opcode Flags
Mnsmonic Operand 76543210 76543 21 0 Clocks Bytes ACCYV P §. 2
Shift/Rotate Instructions (cont)
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 1101000W mod 010 mem 16/24 24 X X
reg, CL 1101001W 11010 reg 7+n 2 X u
mem, CL 1101001W mod 010 mem 19+n 24 X U
reg, imm8 1100000W 11010 reg 7+n 3 X u
mem, imm8 110000 O0W mod 010 mem 19+n 35 X u
RORC reg, 1 1101000W 11011 reg 2 2 X X
mem, 1 1101000W mod 011 mem 16/24 24 X X
reg, CL 1101001W 11011 reg 7+n 2 X u
mem, CL 1101001W mod 011 mem 19+n 24 X u
reg, imm8 1100000W 11011_reg 7+n 3 X u
mem, imm8 1100000W mod 011 mem 9+n 35 X u

n = number of shifts

il
=

Stack Manipulation Instructions

PUSH mem16 11111111 mod 110 mem 18/26 24
reg16 01010 reg 8/12 1
st 000 st 110 8/12 1
PSW 10011100 8/12 1
R 01100000 35/67 1
imm 01101080 7-8 2-3
POP . mem16 10001111 mdO O 0 mem 17/25 24
reg16 01011 reg 8/12 1
st 000 s 111 8/12 1
PSW 1001 10 1 8/12 1 RRRRR
R 01100001 43/75 1
PREPARE imm16, imm8 1100 000 * 4
*imm8=10:12/16
imm8 =1:19 + 8 (imm8 — 1) even address
23 + 16 (imm8-1): odd address
DISPOSE 11001001 6/10 1
Control Transfer Instructions
CALL near_proc 11101000 16/20 3
regptr 11111111 11010  reg 14/18 2
memptri6 11111111 mod 0 1 0 mem 23/31 24
far_proc 10011010 . 21729 5
memptr32 11111111 moed 011 mem 31/41 24
RET 11000011 ‘ 15/19 1
pop_value 11000010 20024 3
11001011 20029 1
pop-value 11001010 24/32 3
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Instruction Set (cont)
Opcode Flags

Mnemonic Operand 76543210 76054321 0 Clocks Byts ACCYV P S 2
Control Transfer Instructions (cont)
BR near_label 11101001 13 3

short_label 11101011 12 2

regptr 11111111 11100 reg 1 2

memptri6 11111111 mod 1 0 0 mem 20/24 24

far_label t1101010 15 5

memptr32 11111111 mod 1 0 1 mem 27/35 24
BV short_label 01110000 14/4 2
BNV short_labe! 01110001 14/4 2
BC, BL short_label 01110010 14/4 2
BNC, BNL short_label 01110011 14/4 2
BE, BZ short_label 01110100 14/4 2
BNE, BNZ short_label 01110101 14/4 2
BNH short_label 01110110 14/4 2
BH short_label 01110111 14/4 2
BN short_labei 01111000 14/4 2
BP short_label 01111001 14/4 2
BPE short_labei 01111010 14/4 2
BPO short_label 01111011 14/4 2
BLT short_label 01111100 14/4 2
BGE short_label 0t111101 14/4 2
BLE short_label 01111110 14/4 2
BGT short_fabel 0ot1 11111 14/4 2
DBNZNE short_label 11100000 14/5 2
DBNZE short_label 11100001 14/5 2
DBNZ short_label 11100010 13/5 2
BCWZ short_label 11100011 13/5 2
Interrupt Instructions
BRK 3 11001100 38/50 1

imm8 11001101 38/50 2
BRKV imm8 11001110 40/3 1
RETI 11001111 27/139 1 RRRRRBR
CHKIND reg16, mem32 01100010 mod reg mem 53-56/18 2-4
BRKEM imm8 ooo0oo01t11 11111 111 385 3
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Instruction Set (cont)

o Opcode Flags

Mnemonic Operand C 76543210 76 54321 0 Clocks Bytes ACCYV P § Z°
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZZ2Z 2

fp_op, mem 11011 XXX mod Y Y Y mem 11/15 2-4
FPO2 fp_op 0110011X 11YYYZZ2Z 2

fp_op, mem 011001 1X mod Y Y Y mem 1/15 24
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
8080 Instruction Set Enhancements
RETEM 11101101 11 1 1 27/39 2 R RRRRR
CALLN imm8 11101101 11101101 385
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‘ 8/16-Bit, High-Integration

NEC Electronics Inc. CMOS Microprocessor
Description Ordering Information

The pPD70208 (V40™) is a high-performance, low-  FPart Number Max Frequency (MHz) Package
power 16-bit microprocessor integrating a number of  ,PD70208R8 8 68-pin ceramic PGA
commonly used peripherals to dramatically reduce the " R10 10

size of microprocessor systems. The CMOS construc- T 8 6801 PLCC

tion makes the uPD70208 ideal for the design of P

portable computers, instrumentation, and process L10 10

control equipment. o GF8 8 80-pin plastic QFP

The uPD70208 contains a powerful instruction set that GF10 10

is compatible with the uPD70108/uPD70116 (V20®/
Vv30®) and uPD8086/uPD8088 instruction sets. In- Pin Configurations
struction set support includes a wide range of arith-

metic, logical, and control operations as well as bit. = 68-Pin Ceramic PGA
manipulation, BCD arithmetic, and high-speed block Bottom view
transfer instructions. The uPD70208 can also execute /
the entire yPD8080AF instruction set using the 8080
emulation mode. Also available is the uPD70216 (V50™),
identical to the uPD70208 but with a 16-bit external 2
data bus.

O000O00O0
OCO0O0O00O0O0

ON©)

Features a

O Low-power CMOS technology 5|
[0 V20/V30 instruction set compatible - 6
O Minimum instruction execution time: 250 ns

at 8 MHz; 200 ns at 10 MHz 4
O Direct addressing of 1M bytes of memory 8
O Powerful set of addressing modes
O Fourteen 16-bit CPU registers
O On-chip peripherals including 10

— Clock generator

— Bus interface

— Bus arbitration

— Programmable wait state generator

uPD70208R

ONONCHONONORORONO]:
CHOHONORONONCAONONONG)
O0O0O0OO0OCDODOO

-
-
=
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ON©)
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A B c D E F G H J K L

- DRAM refr.esh controller Pin  Symbol Pin  Symbol Pin  Symbol Pin__ Symbol
— Three 16-bit timer/counters A2 INTP7 B9 DMARQ1 | F10 ADy K4 NMI
— Asynchronous serial 1/0 controller A3__ INTPS B10 DMARQO | F11_ GND K5 RESET
Bt R A4 INTP3 BN ADg Gl Xxi K6  RESOUT
Eight-input interrupt controller A5 INTP1 Ct_ TCTL2 | G2 CLKOUT | K7 HLDRQ
— Four-channel DMA controller AG_DMAAKS/TxD | C2 POLL | G10 Ag K8 A1g/PS3
[0 Hardware effective address calculation logic A7 DWAAKZ C10_ADy Gi1_Ag K9 A17/PSq
O Maskable and nonmaskable interrupts AS _ DMAAK1 °D:‘ :22 :; :‘;:;:‘w ::‘1’ L]
. . A9  DMAAKO 1 Ats
[0 IEEE 796 compatible bus interface 210 END/TC bz aso W0 Ao 7 Toss
O Low-power standby mode B1 _TCLK D10 AD H11 A1q L3 BSo
B2 _TOUT2 D11 ADg J1__BUSLOCK | L4 BS;
V20 and V30 are registered trademarks of NEC Corporation. :i ::I: :; [:?;: jfo 'f WH 'L': c::nﬁvf
3 12
V40 and V50 are trademarks of NEC Corporation. ra— 10 ADs W 7 HLDAK
B6 INTAK/TOUT1/| E11  ADsg K1 MWR L8 REFRQ
SRDY
B7 DMARQ3/RxD | F1  GND K2 MRD L8 Ag/PS2
B8 DMARQ2 F2_ X2 K3 BSq L10__ A16/PSq

83-0027168
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Pin Configurations (cont)

68-Pin Plastic Leaded Chip Carrier (PLCC)

X
=
z‘g'gﬁé nféc,dgg’_‘.
HHETH
onoooooanonononnon
SRABLEBIRRLTRIYIST S LS
iORD ] 61 43 [7INTP7
MRD ] 62 42 JINTP6
BSp (] 63 41 [7INTP5
BS1 []64 40 [1INTP4
BS2 (]65 39 []INTP3
NMI [ 66 38 [ INTP2
READY [ 67 37 (] INTP1
RESET [] 68 36 [ ] INTAK/TOUTY/SRDY
voo 1 O 4PD70208L 35 [] DMAAK3/TxD
RESOUT []2 34 [ DMARQ3/RxD
HLDAK []3 33 [ DMAAK2
HLDRQ ] 4 32 [] DMARQ2
REFRQ ] 5 31 [] DMAAK1
A19/PS3 []6 30 [] DMARQ1
Rqg/PS2 O} 7 29 '] DMAAKD
A17/PSy 08 28 [ DMARQO
Ave/PSo ] 9 27 I END/TC
LT 23 AN RIL8
T oo o000 oo o oo og
& : 2 ﬁ : s o @ [=} ~ ©® B e M N O
$33333%¥%344444844%
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Pin Configurations (cont)

80-Pin Plastic QFP

- o [
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el d W o oWWEonon o€
<« <CIETIC>>laxZaonanlE
OnN0QOoOoonQpnNoooon
SeRREERRANTRZBEEE
ae/Pso 1 O 64 [1iIORD
Ncgz 63 [INC
A15[]3 62 [1MWR
A4 4 61 [ 1I0WR
A13[]s ' 60 [ BUSLOCK
A2 6 59 [] BUFR/W
A Q7 58 [1 BUFEN
A []s 57 [J CLKOUT
Ag[]9 56 [ X1
Ag ] 10 55 [1x2
GND (O 11 54 [1GND
NCc [ 12 53 [ANC
PD70208GF
GND [] 13 L 52 [JGND
AD7 ] 14 §1 [ [High]
ADg ] 15 50 [JASTB
ADs ] 16 43 [0 aso
AD4517 48 [T sy
AD3 ] 18 47 [JPOLL
AD2 [} 19 46 [ITCTL2
AD1 O 20 45 [ TOUT2
ADg O] 21 44 [JTCLK
Nc 322 43 [ONC
NC [ 23 42 [1INTP7
END/TC ] 24 41 [1INTPe
WO N O D O r@r N M T W O NS
N N NN N M M M MmN ommmmS
Oo00o00 000000 gogoOoog
826982329’33522:&
EEEEE
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uPD70208 (V40)
Pin |dentificati0n Svmbol Fum:“un
Symbol Function INTP1-INTP7 Interrupt request inputs
Aqg-Atg/PS3-PSg Multiplexed address/processor status outputs IORD 1/0 read strobe output
A15-Ag Address bus outputs IOWR 1/0 write strobe output
AD7-ADg Multiplexed address/data bus MRD Memory read strobe output
ASTB Address strobe output MWR Memory write strobe output
BS»-BSg Bus status outputs NC No connection
BUFEN Data bus transceiver enable output NMI Nonmaskable interrupt input
BUFR/W Data bus transceiver direction output POLL Poll input
BUSLOCK Buslock output 054-0Sg CPU queue status outputs
CLKOUT System clock output READY Ready input
DMAAKO DMA channel 0 acknowledge output REFRQ Refresh request output
DMAAK1 DMA channel 1 acknowledge output RESET Reset input
DMAAK2 DMA channel 2 acknowledge output RESOUT Synchronized reset output
DMAAK3/TxD DMA channel 3 acknowledge output/Serial TCLK Timer/counter external clock input
transmit data output —— -
SMARGD VA o pr— TCTL2 Timer/counter 2 control input
channel 0 request in
- 4 inpd TOUT2 Timer/counter 2 output
DMARQ1 DMA channel 1 request input -
Vop +5V power supply input
DMARQ2 DMA channel 2 request input -
X1, X2 Crystal/external clock inputs
DMARQ3/RxD DMA channel 3 request input/Serial receive
data input
END/TC End input/Terminal count output
GND Ground
High High-level output except during hold
acknowledge when it is placed in the
high-impedance state
HLDAK Hold acknowledge output
HLDRQ Hold request input
IC Internal connection; leave unconnected
INTAK/TOUT1/SRDY  Interrupt acknowledge output/Timer/counter 1

output/Serial ready output
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Pin Functions
A19-A16/PS3-PSq [Address/Status Bus]

These three-state output pins contain the upper 4 bits
of the 20-bit address during T1 and processor status
information during the T2, T3, TW, and T4 states of abus
cycle. During T1 ofa memory read or write cycle, these
pins contain the upper 4 bits of the 20-bit address.
These pins are forced low during T1 of an I/O bus
cycle.

Processor status is outputduring T2, T3, TW, and T4 of
both memory and 1/0O bus cycles. PS3 is zero during
any CPU native mode bus cycle. During any DMA,
refresh, or 8080 emulation mode bus cycle, PS3 outputs
a high level. PS; outputs the contents of the interrupt
enable (IE) flag in the CPU PSW register. PSyand PSg
indicate the segment register used to form the physical
address of a CPU bus cycle as foliows:

P$; PSg Segment
0 0 Data segment 1 (DS1)
0 1 Stack segment (SS)
1 0 Program segment (PS)
1 1 - Data segment 0 (DS0)

These pinsare in the high-impedance state during hold
acknowledge.

A15-Ag [Address Bus]

These three-state pins form the middle byte of the
active-high address bus. During any CPU, DMA, or
refresh bus cycle, A15-Ag output the middle 8 bits of the
20-bit memory or I/0 address. The A45-Ag pins enter
the high-impedance state during hold acknowledge or
an internal interrupt acknowledge bus cycle. During a
slave interrupt acknowledge bus cycie, Ajp-Ag contain
the address of the selected slave interrupt controller.

AD7-ADg [Address/Data Bus]

These three-state pins form the active-high, time-multi-
plexed address/data bus. During T1 of a bus cycle,
AD7-ADg output the lower 8 bits of the 20-bit memory
or I/0O address. During the T2, T3, TW, and T4 states,
AD7-ADg form the 8-bit bidirectional data bus.

The AD7-ADg pins enter the high-impedance state
during hold acknowledge or internal interrupt acknow-
ledge bus cycles or while RESET is asserted.

ASTB [Address Strobe]

This active-high output is used to latch the address
from the multiplexed address busin an external address
latch during T1 of a bus cycle. ASTB is held at a low
level during hold acknowledge.

BS,-BSg [Bus Status]

Outputs BS»-BSy indicate the type of bus cycle being
performed as follows. BS,-BSg become active during
the state preceding T1 and return to the passive state
during the bus state preceding T4.

BS; BS; BSg Bus Cycle
0 0 0 Interrupt acknowledge
0 0 1. 1/0 read
0 1 0 - 110 write
0 1 1 Hait (Note 1)
1 0 0 Instruction fetch
1 0 1 Memory read (Note 2)
1 1 0 Memory write (Note 3)
1 1 1 Passive state
Note: -

(1) BSy-BSginahaltbus cycle returns tothe passive state one clock
earlier than normal CPU bus cycles.

(2) Memory read bus cycles include CPU,' DMA read, DMA verify,
and refresh bus cycles.

(3) Memory write bus cycles include CPUand DMA write bus cycleé.

BS,-BSy are three-state outputs and are high imped-
ance during hold acknowledge.
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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 T3 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-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 during CPU bus cycles. 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 for the 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 ignored.

CLKOUT

CLKOUT is a buffered clock output used as a reference
forall timing. 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.

DMAAK3/TxD [DMA Acknowledge 3]/[Serial
Transmit Data]

Two output signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

o DMAAKS is an active-low output and enables an
external DMA peripheral to perform the requested
DMA transfer for channel 3.

e TxD is the serial data output from the serial control
unit.

DMARQO-DMARQ2 [DMA Request]

These synchronized inputs are used by externalv pe-
ripherals to request DMA service forchannels 0-2 from
the internal DMA controller.

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.

¢ DMARQS3isused by an external peripheral to request
a DMA transfer cycle for channel 3.

o RxD is the serial data 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 I/O pin, and requires an
external 2.2-kQ pull-up resistor.
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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
complete the current bus cycle and negate the HLDRQ
signal. This allows the bus arbiter to reassign the bus to
the higher priority requester.

If a higher priority internal bus master subsequently
requests the bus, the high-level width of HLDAK is
guaranteed to be a minimum of one CLKOUT period.

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 inputis 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 (]

CPU i .

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 penpheral
connection register.

o 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 TOUTT1 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 asynchronousinterruptrequests 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 controliers
such as the uPD71059 can be cascaded to increase the
number of vectored interrupts.

These interrupt i‘nputs cause the CPU to exit both the
standby and 8080 emulation modes.

The INTP1-INTP7 inputs contain internal pull-up
resistors and may be left unconnected.

IORD [I/O 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 or register. It
enters the high-impedance state durmg hold acknow-
Iedge

IOWR [1/O Write]

This three-state pin outputs an active-low I/O 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 or
register. It enters the high-impedance state during
hold acknowledge.
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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-
impedancestate 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 durmg hold acknowledge.

NMI [Nonmaskable Interrupt]

The NMI pin is a rising-edge-triggered interrupt input
that cannot be masked by software. NM! is sampled by
CPU logic each clock cycle and when found valid for
one 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-QSp [Queue Status]

The QS4 and QSy outputs maintain instruction syn-
chronization between the uPD70208 CPU and external
devices. These outputs are interpreted as follows.

08 08p 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.

READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the. uPD70208. Slow
memory and /O devices can lengthen a bus cycle by
negating the READY inputand forcing the BlU to insert
TW states. READY must be negated prior to the rising
edge of CLKOUT during the T2 state or by the last
internally generated TW 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 contro! 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]

RESET is a Schmitt trigger input used to force the
uPD70208 to a known state by resetting the CPU and
on-chip peripherals. 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 in the native mode.

RESET will- release the CPU from the low-power
standby mode and force itAto the native mode.
RESOUT [Reset Output]

This active-high output is 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 control
unit. The three timer/counters can be programmed to
operate with either the TCLK input or a prescaled
CLKOUT input.

TCTL2
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.

In the case of an external clock generator, the X2 pin
can be either left unconnected or be driven by the
complement of the X1 pin clock source.

Pin States

Table 1 lists the output pin states during the Hold, Halt,
Reset, and DMA Cascade conditions.

Table 1. Input/Output Pin States

DMA
Symbol Pin Type Hold  Halt Reset Cascade
Aqg-A15/PS3-PS. 3stateOut  Hi-Z H/L H/L Hi-Z
Ats-Ag
AD7-ADg 3-state 1/0 H-Z2 H/IL Hi-Z HiZ
ASTB Out L L L L

" BUFEN 3stateOut  H-Z H H  Hi-Z
BUFR/W 3stateOut  Hi-Z H/IL H  Hi-Z
BUSLOCK 3stateOut  H-2 H/L H  Hi-Z
BS,-BSg 3-state Out H-Z H H H
CLKOUT Out HIL H/IL H/IL  HIL
DMAAKO-DMAAK2 out H HIL H HL
DMAAK3 Out H HL H HL
D HIL HIL  HIL
END/TC 110 H HIL H H
HLDAK Out H HL L L
INTAK Out H H H H
TOUT1 HIL  HIL H/L
SRDY » HIL  HIL HIL
I0RD 3-state Out H-Z H H  HiZ
{OWR 3-state Out HZ H H  HiZ
MRD 3stateOut Hi-Z H H  HiZ
MWR 3stateOut  HiZ H H  HiZ
054-0Sg Out HL L L HIL
REFRQ Out H HIL H H

_RESOUT Out L L H L
TOUT2 out HIL H/L H/IL  HIL

H: high level; L: tow level; H/L: high or low level; Hi-Z: high

impedance.
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Block Diagram

INTP1 ————»]

Wait CZ:Z:Z$>
INTP2 —————»] Control -
INTP3 — |  Interrupt Unit Lr_:_l‘>
Control
INTPA ———! i [wcu]
INTP5 ———— [Icu] <:>
INTP —————»} ‘
INTP7 ———— j—,—l >
————
F——e
TOUT2 +— Timer/
TOUT1 «— Counter Bus
TCTL2 ——f  Unit Intertace
TCLK ———=  [TCU] Unit
[BIU] .
———
[
DMARQO .
DMAAKG «——— Central -
Processing L .
DMARQ1 ———+ Unit
DMAAKI «——] DMA [CPU]
Control g
DMARQ2 ——» Unit -
DMAAK2 «——] [DMAU]
e
DMARQ3 ——————+ L .
DMAAK3 ———]
END/TC ———]
Bus
INTAK Gm‘itra!ion >
P
NMI (BAU]
X1 Refresh Serial
Clock |
X2 —— Generator Sg;‘ml S:i':‘m'
CLKOUT +——] [CG] [RCU] [SCu] SR

A1g-A1s/P$3-PSo
A15-Ag |
AD7-ADo

BS2-BSo

POLL
ASTB

BUFEN
BUFR/W
BUSLOCK

1ORD
IOWR
MRD
MWR
READY

RESET
RESOUT

HLDAK
HLDRQ

TxD
SRDY
RxD

REFRQ
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Absolute Maximum Ratings
Ta=+25°C

Power supply voltage, Vpp —05t0+7.0V
Input voltage, V| —0.5t0 Vpp + 0.3V
CLK input voltage, Vi —05toVpp+1.0V
Output voltage, Vg —0.5t0 Vpp + 03V
Operating temperature, Topr —10 to +70°C
Storage temperature, Tgrg —65 to +150°C

Comment: Exposure to Absolute Maximum Ratings for extended
periods may affect device reliability; exceeding the ratings could
cause permanent damage. The device should be operated within the
limits specified under DC and AC Characteristics.

Capacitance
TA =425 °C, VDD =0V

Limits Test
Parameter Symbol Min  Max Unit Conditions
Input capacitance Cy 15  pF fg=1MHz
Output capacitance  Cg 15 pF Unmeasured pins

are returned to O V.

DC Characteristics
Ta=—10to +70°C, Vpp = +5 V £10% (8 MHz),
Vpp =5V £5% (10 MHz)

Limits

Test
Parameter Symbol Min Max  Unit Conditions
Input voltage, high V|4 22 Vpp+ V
03
Input voltage, low V) -05 08 V
X1, X2 input VkH 39 Vp+ V
voltage, high 1.0
X1, X2 input Vi -05 06 V
voltage, low
Output voltage, high Vgy 0.7 Vpp v lon = —400 LA
Output voltage, low Vg 04 Vv lo =2.5mA
Input leakage ILIH 10 wA Vi=Vpp
current, high
Input leakage ILipL -300 wA V=0V, INTP
current, low input pins
I —-10 wA Vi=0V, other
input pins
Output leakage ILoH 0 wA Vo= Vpp
current, high
Output leakage ILoL 10 A Vo=0V
current, low
Supply current
8 MHz Iop 90 mA Normal mode
20 mA Standby mode
10 MHz Ipp 120 mA Normal mode
25 mA Standby mode

41
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AC Characteristics
Ta=—10to0 +70°C; Vpp =5V £10% (8 MHz), Vpp =5 V £ 5% (10 MHz), C_ =100 pF

8 MHz Limits 10 MHz Limits

Parameter Symbol Min Max Min Max Unit Test Conditions

External clock input cycle time ) toyx 62 250 . 50 250 ns

External clock pulse width, high to 20 19 ns V=30V

External clock pulse width, low XL 20 o 19 ns VgL =156V

External clock rise time tyR o 10 oo 5 ns 15—3.0V

External clock fall time txp . . 10 5 ns 30—15V

CLKOUT cycle time tovk 124 500 100 500 s oo

CLKOUT pulse width, high tKKH 0.5toyk =7 0.5 fCYK -5 ns Vky =30V

CLKOUT pulse width, low tkke  0S5teyk =7 051tgyk —5 ns VkL =15V
<~ CLKOUT rise time . tkR 7 5 ns 15—-30V

CLKOUT fall time tKF ' 7 o 5 ns 30—15V

CLKOUT delay time from externai clock toxk 55 40 ns

Input rise time (except external clock) R : 2 15 ns 08—22V

Input fall time (except external clock) Y 12 10 ns 22—08V

Output rise time {except CLKOUT) tor ) 20 15 ns 08 —22V

Output fall time (except CLKOUT) toF 12 10 ns 22—08V

RESET setup time to CLKOUT! tSRESK 25 20 ns

RESET hold time after CLKOUT HKRES 35 25 ns

RESOUT delay time from CLKOUT! tDKRES 5 60 5 50 ns

READY inactive setup time to cLkouT? SRYLK 15 15 ns

READY inactive hold time after CLKOUT? tHKRYL 25 20 ns

READY active setup time to CLKOUT? tSRYHK 15 15 ns

READY active hold time after CLKOUT? tHKRYH 25 20 ns

NMI, POLL setup time to CLKOUT? tsik 15 15 ns

Data setup time to CLKOUT} tSDK 15 15 ns

Data hold time after CLKOUT! tHkp 10 10 ns

Address delay time from CLKOUT} tpKA 10 55 10 50 ns Aqg-Ag UBE

Address hold time after CLKOUT! tHKA 10 10 ns

1/0 recovery time tal 2tcyk — 90 2tcyk — 40 ns (Note 1)

PS delay time from CLKOUT! tokp 10 60 10 50 ns

PS float delay time from CLKOUT? trkp 10 60 10 50 ns

Address setup time to ASTB! tsasT  tkkL— 20 tkkL — 30 ns

Address float delay time from CLKOUT! trkA tHKA 60 tHKA 50 ns

ASTB! delay time from CLKOUT! tDKSTH 45 40 ns

ASTB! delay time from CLKOUT? tpKSTL 50 45 ns

ASTB pulse width, high tsTST txk — 10 tkxL — 10 ns

Address hold time after ASTB} thsTA  tkkH — 20 tkkH — 20 ns

Control delay time from CLKOUT toKCT1 10 70 10 60 ns (Note 2)

tpKCT2 10 60 10 55 ns (Note 3)
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AC Characteristics (cont)
8 MHz Limits 10 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Conditions
RD} delay time from address float tDAFRL 0 0 ns (Note 4)
RD! delay time from CLKOUT! tDKRL 10 75 10 65 ns
RD! delay time from CLKOUT! tDKRH 10 70 10 60 ns
REFRQ! delay from MRD1 tpRaHRH  tkkL — 30 tykL — 30 ns - (Note5)
Address delay time from RD? torHa  foyk — 40 toyk — 40 ns
RD puise width, low tRR 2teyk — 50 2tcyk — 40 ns
BUFR/W delay from BUFEN? toecT  tkkL — 20 tkke — 20 ns Read cycle
tower  tkkL— 20 tkke — 20 ns Write cycle

Data output delay time from CLKOUT! tokp 10 60 10 55 ns
Data float delay time from CLKOUT! trkD 10 60 10 55 ns
WR pulse width, low tww  2toyk —40 2teyk — 40 ns (Note 4)
BS! delay time from CLKOUT? toKpL 10 60 10 55 ns
BS1 delay time from CLKOUT! tpkBH 10 60 10 55 ns
HLDRQ setup time to CLKOUT? tsHaK 20 15 ns
HLDAK delay time from GLKOUT! tDKHA 10 70 10 60 ns
DMAAK! defay time from CLKOUT? tDKHDA 10 60 10 55 ns
DMAAK! delay time from CLKOUT} tDKLDA 10 90 10 80 ns Cascade mode
WR pulse width, low (DMA cycle) tww1 2toyk — 40 2toyk — 40 ns DMA extended

write cycle
WR pulse width, low (DMA cycle) twwe toyk — 40 toyk — 40 ns DMA normal

write cycle
RO, WR! delay from DMAAK/ tppaRw  tkky — 30 tkkn — 30 ns
DMAAK! delay from RD1 tpRHDAH  tkkL— 30 tkkL— 30 ns
RD? delay from WRt tOWHRH 5 5 ns
TC output delay time from CLKOUT? tpKTCL 60 55 ns
TC oft delay time from CLKOUT? tpKTCE 60 55 ns
TC pulse width, low treTeL toyk — 16 toyk — 15 ns
TC pullup delay time from CLKOUT? tpKTCH tkkH tKKH ns

+toyk — 10 +toyk — 10

END setup time to CLKOUT! tsenk 35 30 ns
END pulse width, low tEpEDL 100 80 ns
DMARQ setup time to CLKOUT? tspok 35 30 ns
INTPn pulse width, low tippL 100 80 ns
RxD setup time to SCU internal clock! tsRrx 1 05 us
RxD hold time after SCU internal clock! tHRX 1 0.5 us
SRDY delay time from CLKOUT! tbksk 150 100 ns

Notes:

(1) This is specified to guarantee a read/write recovery time for 1/0

devices.

(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs.

() Delay from CLKOUT to BUFR/W, BUFEN, INTAK, REFRQ out-
puts and CPU cycle MWR/IOWR outputs.

MRD 1 at all times.

(4) RD represents TORD and MRD. WRrepresents TOWR and MWR.
(5) This is specified to guarantee that REFRQ ! is delayed from

12
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AC Characteristics (cont)

8 MHz Limits 10 MHz Limits
Parameter : Symbol Min Max Min Max Unit Test Conditions
TxD delay time from TOUT14 tpTx 500 200 ns
TCTL2 setup time from CLKOUT} tsak 50 40 ns
TCTL2 setup time to TCLK? tsgTK 50 40 ns
TCTL2 hold time after CLKOUT! thkg 100 80 ns
TCTL2 hold time after TCLK? tHTKG 50 40 ns
TCTL2 pulse width, high taGH 50 40 ns
TCTL2 pulse width, low teaL 50 40 ns
TOUT output delay time from CLKOUT} tokTo 200 150 ns
TOUT output delay time from TOUT} tpTKTO 150 100 ns
TOUT output delay time from TCTL2} tpeTo 120 0 ns
TCLK rise time tTkR 25 25 ns
TCLK fall time 51'(3 25 25 ns
TCLK pulse width, high tTKTKH 50 45 ns
TCLK pulse width, low tTKTKL 50 45 ns
TCLK cycle time toyTK 124 DC 100 DC ns
RESET pulse width low tRESET1 50 50 s After power on
treseTz 4 tcyk 41cyk During operation

14
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Clock Input Configurations

Timing Measurement Points

Crystal-Con

trolied Internal Clock

||}—-<

0 x
15 pF l
15 pF ]

{1 X2

External Clock 1

CLK

External Clock 2

CLK ————-Do— x1

Buffers are high-speed
CMOS inverters.

x1

X2

X2

83-004019A

input 24V
[except Clock]
0.4V

22V
\ 0.8 v

22V
0.8 V

Output

22v
08V

22V Y
08V 4

83-001816A

Timing Waveforms

Clock Timing

External
Clock
[x1)

/N

/N

txp—

toxx

toxk l

le———  toyk————— 5]

CLKOUT \ j

l———— tkkH———— >

txr

kr

te———— tkkL————

jt——toy X

tXxH

txxu

tKn—q

83-001844B
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Timing Waveforms (cont)

Reset and Ready Timing

Reset Timing

T\

READY

Ready Timing, Wait States I
) T ™o

cLkouT _/_\__j

tsRYLK

READY

CLKOUT
— tSRESK
RESET
>
LYAY
l+—tDKRES: e—tDKRES:
2 A
? ¢
RESOUT
Ready Timing,No Wait States
™ T2 T3 T4 T
CLKOUT
tHKRYH

tHKRYL

tHKRYH

83-0027258
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Timing Waveforms (cont)

Poll, NMI, and Buslock Timing

POLL, NMI Input Timing

BUSLOCK Output Timing

CLKOUT

tsiK

POLL, NMI

i

CLKOUT

BUSLOCK

)

toka

:

q__(\_

> /
e

83-0018318

Read/Write Recovery Time

MWR
IOWR

|————— tpA| —————»

/]

—> tal

le— tal

83-0042668
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Timing Waveforms (cont)

Read Timing

T4 | ™ T2 | T3/TW | T4 |

CLKOUT
*—tHKA [+ trxe
A1g/PS3-
A::IPsg Address Processor Status
1l
toka —J toke
Aqs-Ag x
- trkaA [¢—tspK —
- X 4
AD7-ADg Address ; J! Data Input - —
—— 7 7 N
tDKSTH—] (e—thsTA tHKp — le—
ASTB = F /
—{ <—tpkcT2 — l<— tokeTz
/ \ [Note 1]
BUFEN ~ N
T+ <*—tpBECT
—» tokeT2 —p! le—toarmL —» tokeT2
— I
BUFRIW
—| e tokaL —  |e—tpkrH
MRD \ [Note 1] f
1ORD
tRR [¢— tbRHA —>]
1 l

BS2-BSo

- toksL —4 tokeH
Note:
[1] Except internal I/0 accesses.

83-001848B
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Timing Waveforms (cont)

Write Timing

T4 T T2 TITW | T4 '
|
A19/PS3-
AllePsg Address X Processor Status 4)——-*
Ats-Ag x
inm—ol [4— —+ le—tpkp —o‘ «— trkp
s ' R
w Add
AD7-ADg ﬁl Data Output )——
l — r—'nm
[e—tsast
ASTB == /
(4 tHSTA
tokerz — tokeT2
[Note 1]
BUFEN =
BUFRIW _/ \————
o —»| & tokcr2 —» ‘4— tokcT2
MWR — = mm e e em e .
IOWR \ [Note 1] f
tww
BS2-BSp I 4
— tokeL —4 tokeH
Note:
[1] Except internal I/0 accesses.

83-001846B
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Timing Waveforms (cont)

Status Timing

T4

cLKOUT /

"\

,.A;f;;;ssso Address JL Processor Status }>__<:
toka—>|
Ats-Ag x
j«—— tspk
KA~ [ [4— tHKkD
AD7-ADg Address % g “ Data Input -
1 7 -
* toRHA >
ASTB /
—* |“19an
BS2-BSo \t Bus Status | ﬂz
—4 tokeL [T toAFRL —P] —»  l—tpkrH
MRD, IORD s
MWR, IOWR
toka —>] - {DKRL
tRR ——————————»

Qs1, Qso

X

83-002724B
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Timing Waveforms (cont)

Interrupt Acknowledge Timing

™ | T2 | T3 I T4 [ T | T2 T ™
CLKOUT U \._./ \K__/
[ - toxa—e]  fe— |—trka . — e thko
. y ", - -
AD7-ADg < >___
Vector number
[Note 2]
1
As-As [Note 1]
I
ASTB / \
tpKCT2 —]
INTAK \ /
——J tokeT2 —»| [e—tDKCT2

[Note 2] \ [Note 2) /
BUFEN

BUFRIW
— toka
BUSLOCK /
Note:
[1] Slave address when the interrupt is from external uPD71059. Undefined when internal ICU
interrupt.

[2] Solid line when interrupt from external #xPD71059. Dash lir;e when internal ICU interrupt.

83-0018408]
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Timing Waveforms (cont)

HLDRQ/HLDAK Timing, Normal Operation

T2 | l | T

T4 I T

/A

[« toKaA

7 Internal

Y Bus Master
*—— IpKA

[2) BS2-BSg

ereent _/_j\_e F_—\_/—e ‘\
| S
: |
— }« tsHak <+ tsHok
! a 2
d ¢
HLDRQ f Nr
l
— «— tDkHA tDKHA
oa
HLDAK /f
e e
I
— fetka
D, |
—0¢
[NOTE1] Internal Bus Master }——((‘
Pl
—
%‘ tFka
_—
(NOTE 2] internal Bus Master ’a
—_gg__f
NOTES: (1] A1g/PS3-A16/PSy, AD7-ADg, A15-Ag, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR

;"7 Internal Bus Master
e

83-001842B

HLDRQ/HLDAK Timing, Bus Wait

wer N/ T\ N\

t/\/\(\_

tsHak
HLDRG 2 —
I
tDKHA —
HLDAK
Is
? &
[NOTE1) External Bus Master

Internal Bus Master

52
T ¢

NOTE: [1] A4g/PS3-A16/PSg, AD7-ADo, A1s-Ag, BUFEN, BUFRIW, MRD, IORD, MWR, TOWR, BS2-BS0

83-002732B
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Timing Waveforms (cont)

Refresh Timing

CLKOUT

A19/PS3
-A16/PSo

Aqs-Ag

Ag

AD7-ADg

ASTB

MRD

REFRQ

BS2-BSo

T4 T T2 T3/TW T4 I
tokp
)
X Undefined
N
Undefined x
tDKA—vI e —» }e— tHKA
X Row Address x
r p! /
———ﬂ Row Address
A W,
b tDAFRL
——{ toKRL tDRQHRH
toker2 —+ tokcT2 —»

—4 ‘... tokBL

— I-— toKBH

X

BS2=1,BS1=0,BSg=1

83-0027318
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

T4 | T T2 T3/TW | T4 |
CLKOUT 7!'—\—
toKBL — I._tm(nn
BS2-BSo \ 7
ASTB / \
4 — tokp
DKA —
— thHka
A4g/PS3
-A1s/PSo Address
Aqs-Ag Address
—»| |+—1FKA
AD7-ADg Address jFF
tokHDA ‘.l
DMAAK
tDKRL — >
— toAFRL —» tDKRH
tDDARW —» tRR -
MRD, IORD
toKCTt —» o —+|  |e— tokeTt —
DDARW —| twwi.
tww2
_ \
MWR, IOWR &K—Early write mode

83-002723B
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Timing Waveforms (cont)

DMA Timing

END/TC Timing
T ' T2 ' T3 T4

[\

fokTeF
tokTeL [«
tokTCH

treteL

SEDK | L—

[e—teDEDL

DMA Request Timing

I T2

"I‘SDOK
DMARQn f
(n=0-3)

Cascade Mode, Normal Operation

T4
CLKoUT
tspak -— ispak —»
- Y
23 nls
DMARQ
tDKLDA 'DKLDA—»'
s
DMAAK

Cascade Mode, Refresh Cycle Insertion

omara /T ) *\_( J

toKLDA tbkLDA
DMAAK 2

)

83-001826C
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Timing Waveforms (cont)

SCU Timing

RxD —\

' ' X

[ ———— tgp — > r¢———— typx ———>

- NS

16 or 64 TOUT! pulses

[¢——— 16 or 64 TOUT{ pulses

™D
[——tpTX
CLKOUT
toksR
SRDY
|
83-0018498
ICU Timing
tipipe
INTPn
(n=1-7)

83-0040208
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Timing Waveforms (cont)

TCU Timing, Internal Clock Source

CLKOUT

TCTL2

le— toaTo (TouT?) ’ —»| tokTO

TOUTn X x;
[n=1,2]

83-002722B

TCU Timing, TCLK Source

trkr trkr TKTKH
-— - > [— tCYTK —
TCLK f \
tTKTKL
‘tHTKEv tsaTk
tsaTk le— teaH ‘ tHTKG
TCTL2 \
taaL
e, {* o feem
TOUTn X .
[n=1,2]
)

83-001823B8
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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 (B1U)

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/
uPD70116 and the uPD8086/PD8088 microprocessors.

Figure 1 is the uPD70208 CPU block diagram. A listing
of the uPD70208 instruction set is in the final sections
of this data sheet.

Internal address/data bus (20}

[ rpsw K e

Subdat;_l_)us(16)

> ToBIU
ADM
PS T TState
SS Control
B, IAl
DSq 3
PFP Cycle Interrupt  [&—NMI
DP Decision Controi INT
TEMP U (from ICU)
Qo Qq
Q2 Q3 Queue Standby lg  crock
l Control Control (from CG)
]
- _ 1 _ _ BCU -
X
C EXU
pC } Effective Address
AW. Generator
BW
CW .
N T N s
> ddress > Instruction
v Register H ROM 28 > Micro data bus
BP °
SP §
® ~
TC . 2% uSequence
g H Control
N Tl K-
| Shifter -
TB : Instruction Decoder j
ALU
oK e

Main data bus(16)

83-002733B
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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 (BIU) 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, SS, DSy, DS¢]. The uPD70216
memory address space is divided into 64K-byte logical
segments. Amemory 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
nosegment register is used. The four segment registers
are program segment (PS), stack segment (SS), data
segment 0 (DSgy), and data segment 1 (DS4). The
following table lists their offsets and overrides.

Default
Segment Register Dffset Override

PS PFP register " None -

SS SP register ' None

SS . Effective address (BP-| based) PS, DSy, DS4
DSy Effective address (non BP-based) - PS, SS, DSy
DSy IX register (1) PS, SS, DS4
DS4 1Y register (2) ~ None

Note:

(1) Includes source block transfer, output BCD strmg and bit field
extraction.

(2) Includes destination block transfer, input, BCD string, and bit
fleld insertion.

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/0, BCD
rotation, data conversion, translation

AH - Byte multiplication/division

BW  Translation

CW Loop co_ntrol, 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

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

e V (Overflow) . o MD (Mode)

e S (Sign) e DIR (Direction)

e Z (Zero) e |E (Interrupt Enable)
o AC (Auxiliary Carry) ¢ BRK (Break)

¢ P (Parity) '

e CY (Carry)

29
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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
rMD 1 1 1 V. DIR IE BRK ‘

0
"oy |

7 B
T T T T i T
[S z 0 AC © P 1

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 uPD70208 CPU
are:

Dual data buses

Effective address generator
Loop counter

PC and PFP

Dual Data Buses. To increase performance, dual data
buses (figure 2) have been employed in the CPU to
fetchoperandsin 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 regardiess 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.

Loop Counter and Shifters. A dedicated loop counteris
used to count the iterations of block transfer and
multiple shiftinstructions. This logic offers a significant
performance advantage over architectures thatcontrol
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.

30

Figure 2. Dual Data Buses

v o

-

Registers

{

Temporary
Registers/Shifters

16 16

=/

(= )

L LA
Sub data bus Main data bus
83-0038288

Figure 3. Effective Address Generator

mod rim

EA Generator

Effective Address
83-002737A

Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupled in the 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
pPD70208 has added the following enhanced instruc-
tions.
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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

ouTM 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 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
FPO2 Floating point operation 2

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
bitfield offset. A content of 0 selects bit 0 and 15 selects
bit 15 of the word that DS0:1X points to. Following
execution, the IY 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
reg8is a bit field offset. A content of 0 selects bit 0 and
15 selects bit 15 of the word that DSO0:1X 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 1to 254 digits) or as a byte data type with a
single instruction.

BCD string arithmetic is supported by the ADDA4S,
SUBA4S, 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
BCDdigitsis 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 4
bits of the result.

The two BCD rotate instructions (ROR4, ROL4) perform
rotation of a single 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 uPD70208 instruction set. The
ability to test, set, clear, or complementasingle bitina
register or memory operand increases code readability
as well as performance over the logical operations
traditionally used to manipulate bit data.

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
pointoperation (FPO) instruction types are recognized
by the uPD70208 CPU. These instructions are detected
by the CPU, which performs any auxiliary processing
such as effective address calculation and the initial bus
cycle if specified by the instruction. It is the responsi-
bility of the external coprocessor to latch the address
information and data (if a read cycle) from the bus and
complete the execution of the instruction.
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Figure 4. Bit Field Insertion

Bitlength
15 ‘ 0
. ///
. . l < Bitoffset Byte offset (IY) |
| | |
K 1 | / | )2 } ) Memory
i + é ’
Byte boundary Segment base (DS1)
’ 83-0001068
Figure 5. Bit Field Extraction
Bit length | Bit offset L Byte offset (IX)
AN - | - S
[ | [// U [
! i !
| 1 ! f ]
Byte boundary ‘ Segment base (DS0)
15
AW ' 0 ///
83-000107B
§089 Emulation Mode. The HPD70208 QPU canoperate uuPDBOBOAF uPD70208
in either of two modes; see figure 6. Native mode allows Regiot AIPSW AL/PSW
the execution of the uPD8086/88, enhanced and unique egisters . (lower)
instructions. The other operating mode is 8080 emu- B CH
lation mode, which allows the entire uPD8080AF c oL
instruction set to be executed. A mode (MD) flag is D DH
provided to distinguish between the two operating E DL
modes. Native mode is active when MD is 1 and 8080 H BH
emulation mode is active when MD is 0. L BL
Two instructions are provided to switch from native to gg gg
8080 emulation mode and return back. Break for
emulation (BRKEM) operates similarly to a BRK Flags g CZY
instruction, except that after the PSW has been pushed S S
on the native mode stack, the MD flag becomes P P
write-enabled and is cleared. AC AC

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, DS;,
1X, 1Y, AH, and the upper half of the PSW registers are
inaccessible to 8080 programs.
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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
mode stack pointer by emulation mode programs.
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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.

The 8080 emulation mode programs also have the
capability to invoke native mode interrupt handiers by
means of the cali native (CALLN) instruction. This
instruction operates like the BRK instruction except
that the saved PSW indicates 8080 emulation mode.

Figure 6. pPD70208 Modes

To exit 8080 emulation mode, the return from emulation
(RETEM) instruction pops the PS, PC, and PSW from
the native mode stack, disables modification of the MD
bit, and execution continues with the instruction follow-
ing the BRKEM instruction. Nesting 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:

e Nonmaskable interrupt (NMI)
o Maskable interrupt (INT)

Bus Hold

Native Mode

Bus Hold

Standby Mode

NM1, INT

INT [D1]

Emulation Mode

Bus Hoid

83-0038308
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The six software exceptions are:

Divide error (D1V, 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)

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 6 0 31 are reserved. Interrupt vectors 32 t0 255
are available for use by application software.

Each vectoris 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.

Nonmaskable interrupts and maskable interrupts (when
enabled) are normally serviced following the execution
of the current instruction. However, the following
casesare exceptionsto this rule and the occurrence of
the interrupt will be delayed until after the execution of
the next instruction.

Moves to/from segment registers

POLL instruction

Instruction prefixes

Elinstruction (maskable interrupts only)

Another special case is the block transfer instructions.
These instructions are interruptable and resumable,
but because of the asynchronous operation of the BIU,
the actual occurrence of the interrupt may be delayed
up to three bus cycles.

Standby Mode

The pyPD70208 CPU has a low-power standby mode,
which can dramatically reduce power consumption
during idle periods. Standby mode is entered by simply
executing a native or 8080 emulation HALT instruction;
no external hardware is required. All other peripherals
such as the timer/counter unit, refresh control unit,
and DMA control unit continue to operate as pro-
grammed.
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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.

QOutput Signal Status in Standby Mode
INTAK, BUFEN, High level

MRD, MWR, IOWR,

I0RD _

BS,-BSy (Note 2) High level

QS4-QSp, ASTB Low level

BUSLOCK High level (low level if the
HALT instruction follows the
BUSLOCK prefix)

BUFR/W, High or low level

A1g-A1g/PS3-PSg,
Aq5-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 T
Vectoro Divide Error
004H
Vector1 Break Flag
008H
Vector2 NMI Input
00CH — Dedicated

Vector3 BRK 3 Instruction

010H

Vector4 BRKV Instruction

014H

Vector5 CHKIND Instruction
018H A —
Vector6

— Reserved
07CH

Vector 31
080H

Vector32 General Use

— & BRK imma3 Instruction

® BRKEM Instruction
3FCH # INT Input [External]
@ CALLN Instruction

Vector 265

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, required for frequency stability, are
selected to match the crystal load capacitance.

External clock sources are also accommodated as
shown in figure 9. The CG distributes the clock to the
CLKOUT pin and to each functional block of the
puPD70208. The generated clock signal has a 50-
percent duty cycle.

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 BlU 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.

The BIU also has the capability of overlapping the
execution of the next instruction with memory write
bus cycles. There is no overlap of instruction execution
with read or I/0 write bus cycles.

Figure 8. Crystal Configuration

Figure 9. External Oscillator Configuration

uPD70208
X1 X2

High speed
CMOS inverter

External
Clock

83-002740A

Figure 10. RESET/READY Synchronization

RESET CKY RESOUT
[ — D Q
To internal

circuit

To internal
circuit

83-002728A

X1

osc
Oscillator

X2

Frequency Divider
+2]
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\°]
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HiH

Ct< =<C2

€C1=C2=1510 30 pF

|
v
CLOCK
(CLKOUT)

- ose _—\___/_\_/_\__/——\_/_
| i !

- tcYK ——————

CLOCK (to internal circuit)
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Bus Arbitr_‘ation Unit

The bus arbitration unit (BAU) arbitrates the external
address, data and control buses 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 shouldbe exercised when using the
BUSLOCK prefix with instructions having a long
-execution time. : .

If abus 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. Whenever possible, the BAU per-
forms bus switching between internal bus masters
without the introduction of idle bus cycles, enhancing
system throughput.

System 1/0 Area

The 1/0 address space from addresses FFOOH to
FFFFH is reserved for use as the system 1/O area.
Located in this area are the 12 pPD70208 registers that

Figure 11. OPCN Register Format

determine the I/O addressing, enable/disable periph-
erals, and control pin multiplexing. Byte 1/0O instruct-
ions must be used to access the system 1/O area.

1/0 Address Register Operation
FFFFH Reserved - B
FFFEH OPCN Read/Write
FFFDH OPSEL Read/Write
FFFCH OPHA Read/Write
FFFBH - DULA Read/Write
FFFAH IULA ReadWrite
FFFOH TULA 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
FFFIH - Reserved -

FFFOH TCKS

Read/Write

On-Chip Peripheral Connection Register

The on-chipipe‘ripheral 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/TOUT1/SRDY pins. Bit 0 of the

7 6 5 4 3 2 1 0
| =[-1=0—-]msw | pr |opcn

Pin Function | DMARQ3/RxD | DMAAKS/TxD | INTAK/SRDY/TOUT]
00 DMARQ3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUTY
10 - RxD XD INTAK
11 " RxD ™D SRDY
Interrupt Request Switch INT1 INT2
00 INTP1 Pin| INTP2 Pin
01 “SCU | INTP2 Pin
10 INTP1 Pin[ TOUT1
11 SCU TOUT1

83-0018278
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OPCN controls the function of the INTAK/TOUT1/
SRDY pin. If cleared, INTAK will appear on this
output pin. If bit 0 is set, either TOUT1 or SRDY wili
appear at the output depending on the state of bit 1. If
bit 1 is cleared, DMA channel 3 I/0 signals will appear
on the DMARQ3/RxD and DMAAKS3/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

[;Tji | i | :siTzs T:s [c;)s OPSEL
Jll

Peripheral
Selected

DMAU

Operation

ICU 0 = Disabled
TCU 1 = Enabled

SCuU

83-001813A

Figure 13. uPD70208 Peripheral Relocation

Internal Peripheral Relocation Registers

The five internal peripheral relocation registers (figure
13) are used to fix the I/O 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

Ag |

T T T T T T
Ais Ag Az Az Ay A 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
| I | 1 I T
I A; Ag As Ay — — — —_ ]
7 IULA 0
] I I I I [ I
LA7 Ag As Ay Az Ao — — !
7 TULA 0
| | I I | i I
L Az Ag As Ay Az Ao — —
7 SULA 0
| | 1 I I | T
I A; Ag As Aq Az Az — — l

64 K byte I/O space

FFFFH
Reserved

System 1/O Area
FFOOH

e —]

i,

/"\
—

OPHAx256

0100H

0000H

e —
/

256 byte area

/ L1/ IULA
111117897, TULA
TITTSTTTTT T soia

/,
\\ /DMAU // j o

83-0027278
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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/counter is independently select-
ed from either the prescaled internal CPU clock or from
an 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 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/O
area contains two fields. The refresh enable field
enables or disables 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 yPD70208 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-
priority bus requester (normal mode). However, if
seven refresh requests are allowed to accumulate in
the RCU refresh request queue, the RCU will change to
the highest-priority bus requester (demand mode).

Figure 14. Timer Clock Selection Register

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 toyk

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
—_— e —_
F_ 00100 5
00101 6
11110 31
1114 32
Refresh Enable Function
0 Disables Refresh
1 Enables Refresh
83-001814A

0

7 6 5 4 3 2 1
| -1 —] —Jcsz2[csi{cso] ps

| Teks

Prescale Select

Internal Clock
Prescaled by:

00

2

01

4

10

8

1

16

Clock Selection

for TCTn

Clock
Input

0

internal Clock

1

TCLK Pin

83-001819B
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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 statesin all bus cycles. This allows operation
with slow memory and peripheral devices before the
initialization of the WCU registers.

The three system |/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 néver 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 I/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. DMA wait states must be set to the
maximum of the DMA memory and I/O partitions.
Refresh wait states should be set to the maximum value
of all DRAM memory partitions.

7 65 4 3 2 1 0
[-] M8 [—] ume jwwms
Mem: ize [1
L;::;r n:e,:gysslfoikkssllz:e[ ! Memory Block Size (KB)
000 =
001 64
010 %
011 128
100 192
101 256
110 384
111 512

FFFFFH
Upper Memory Block
Middie Memory Block
Lower Memory Block }
00000H
Note:

middle memory block.

Specified by the UMB Field

Specified by the LMB Field

[1] By default, the address space remaining between the UBM and LBM is the

83-001820B
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Figure 18. Wait Cycle 2 Register

Figure 17. Wait Cycle 1 Register

76 543210

[ iow Jumw [mMmw]Lmw | weyi 6 5 4 3 2 1 0
|=1—-]—-1]—] omaw | Rew Jwevz
Lower Memory Block Wait States | Refresh Wait States| Number of
Middie Memory Block Wait States| number of DMA Wait States | . Wait States
Upper Memory Block Wait States | Wait States 00 0
O Wait States
01 1

00 0 0 2

0 ! 1 3

10 2

11 - 3 83-001815A
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. 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
of timer/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

The TCU has the following features:

Three 16-bit timer/counters .

Six programmable count modes
Binary/BCD counting

Multiple latch command

Choice of two clock sources

Figure 19. TCU Block Diagram

TCLK (EXT) CLOCK  1cTLO=High TCTLI=High TCTL2 (EXT)
{ORD 1OWR Ao A; TUS TOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT)
Prescaler |.
¢— To ICU/SCU
Mux Mux Mux
TCTO CLK ) CLK CLK
B B r- ——————————————— ‘ - _|
Read/Write Control : — |
Circuit | Control Logic |
i [ {
' J
| ) |
l Stat I
| > R';i::r Down Counter (16) | . TCT TCT2
' |
} ® (16) |
| (16) |
(o U e || [relve] [roite] | |
Register) I Latch —*| Count Count [*+ |
| Register Latch |
(5 I I | o4 ~
ﬁl ® o ® [ % I @
) Internal Data Bus (
83-001834B
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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/O instructions to
the I/0 port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits Aj and Ag as follows.

A Ag Register Operation
0 0 TCTO Read/Write
TSTO Read
0 1 TCT1 Read/Write
TST1 Read
1 .0 TCT2 Read/Write
TST2 Read
1 o1 T™D 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.

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 afrequency divider. All timer/counters can
operate using mode 2.

Mode 3 [Square-Wave Generator]. Mode 3isa frequency
divider similar to mode 2, but the output has a sym-
metrical duty cycle. This mode is available on all three
timer/counters.

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.

e Full-duplex asynchronous serial controller

e Clock rate divisor (x16, x64)

e Baud rates to 250 kb/s supported

e 7-, 8-bit character lengths

e 1-, 2-bit stop bit lengths

e Break transmission and detection

e Full-duplex, double-buffered transmitter/receiver .
e Even, odd, or no parity

e Parity, overrun, and framing error detection

e Receiver-full/transmitter-empty interrupt

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 41 0 7 6 5 4 3 2 1 0
T™p| sc | Awm | cmobe [ 8D | o[ sc [ oJoJoJoJoT ol
L Binary or BCD Count SC Counter to be Latched
0 Binary 00 TCTO
1 BCD 01 TCTH
10 TCT2
Count Mode Mode .
000 0
001 1 :
%10 2 7 6 5 4 3 2 1 0
prr Py o 1 [ 1 Jet]sLfer2fcrfcrof o |
100 4
101 5
Read/Write .
> Mode Operation
00 Counter Latch Command
Counter Selection Operation
01 Lower Byte Only
m Higher Byie Onl 0 TCTn not selected
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Figure 21. TCU Status Register
7 6 5 4 3 2 1 0
tsm[oonc] mwm [ cmobe | &b |
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
83-0018218
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Figure 22. TCU Waveforms (Sheet 1 of 3)
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Figure 22. TCU Waveforms (Sheet 2 of 3)
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Figure 22. TCU Waveforms (Sheet 3 of 3)
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Figure 23. SCU Block Diagram

SST
{Status Register)

/L

RESET CLOCK
< IORD
- IOWR
Read/Write Aq
Control
-— sus

RTCLK (from TCU)

Receiver (Inctuding

Buffer) SRDY

SRB
(Receive Data Buffer)

3
]
L O
p =
< -
4/\ \l
Control Bus

o RxD

Internal Data Bus

STB
(Transmit Data Buffer)

b> —»-0 TXD

Transmitter

SMD
(Mode Register)

SCU Status

SIMK (Interrupt

INRIRIRIE

Mask Register)

Butfer)
Interrupt
Generation Logic # SINT (To ICU)
83-0018388B

Receiver Operation

Whilethe RxD pinis high, the receiver is in an idle state.
Atransition on RxD from high to low indicates the start
of new serial data. 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 zerg 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
when 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
prevent the immediate overrun of a received character.

Transmitter Operation

TxD is kept high while the STB register isempty. When
the transmitter is enabled and a character is written to
the STB register, the data is converted to serial format
and output on the TxD pin. The start bit indicates the
startof the transmission and is followed by the character
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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 SRBis full, and receive
interrupts are unmasked.

(2) The transmitter is enabled, the STB is empty, and
transmit interrupts are unmasked.
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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 A1 and Ag and the read/
write lines select one of the six internal registers as
follows:

A Ap 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 arevalid and bit 7 is cleared to 0. If programmed
for 7-bit characters, bit 7 of the STB is ignored.

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 24. SST Register

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.

Baud Rate Generator

Timer/counter 1 is used as the baud rate generator
when the SCU is enabled. The input baud rate clock is
scaled by 16 or 64, as selected in the SMD register, to
determine the receive/transmit data clock. There are
no restrictions on the SCU input baud rate clock other
than operating the TCU in mode 3 with a square-wave
output.

7 3 5 4 3 2 1

0

sstT| 1 |sko| Fe |ove| PE | 1 [merov|TBRDY)

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
0 No Error
1 Error Occurred
Break Operation
0 Normal Reception
1 Break Detected

83-001832B
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Figure 25. SCM and SMD Registers
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7 6 5 4
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Receiver Enabled Operation
0 Receiver Disabled
1 Receiver Enabled
Send Break Operation
0 Normal Operation
1 TxD = 0 (Break)
Error Clear Operation
0 No Operation
1 Error Fiag Clear
MRDY Mask Ready
0 SRDY = 1 (Mask)
1 Normal Operation .of
Output
Baud Rate Factor Operation
0- litegal
10 RTCLK Frequency + 16
1" RTCLK Frequency + 64
Ch ter Length Operation
0- Hiegal
10 7 Bit Characters
11 8 Bit Characters
- Parity Select Operation
-0 No Parity
01 0Odd Parity
1 Even Parity
—> Stop Bit Length Operation
-0 Hiegal
o1 1 Stop Bit
1 2 Stop Bits

83-001836B
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Figure 26. SIMK Register

2 1 0

s == [= [= = T=Tw ]

Operation
Receiver 0 | Unmask
Int Mask 1 | Mask
Transmitter | 0 | Unmask
Int Mask 1 | Mask
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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 Eightinterrupt request inputs .

e Cascadable with uPD71059 Interrupt Controllers

e 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 1/0 instructions to the I/0 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. :

&

Other Condition Operation

Read 0  IMD selects IRQ CPU « IRQ data

0 - IMD seiects IS CPU < IIS 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 ~ GPU — lIW2

1 CPU — 1IW3

1 CPU — lIW4

1 After initialization CPU — IMKW
Note:

(1) In polling phase, polting data has priority. over the contents of
the IRQ or NS register when read.

Figure 27. ICU Block Diagram
initialize and [ SAo ——=ohs .
)] Command Word Slave Control |—— SAq i To BIU»{ —0Ag
Register Group - SA; ——s0Aq0
IORD—>1
owA~ U !
B Read/Write -
Control TNTAK
Ao Control Logic j¢———— INTAK (from CPU)
us-] - ———— INT (to CPU)
TOUTO (from TCU)
. SINT (from SCU)
TOUT! (from TCU)
Priority INTog——
) Deie{:lgl;\:hon K LINT oINTP4 )
In- Interrupt [INT2 oINTP,
service Req FINT3————INTP3
Register Register LT INTP4 ;External Pi
(s) (RQ) 4 4 (External Fins
interrupt FHNTs————INTP;
RMa,S:‘ HINTg——————INTPg
egister
(l%ﬂK) LINT,————oINTP;
A 4 U
N 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 1CU initialization and com-
mand words.

Interrupt initialization words 1-4 (IIW1-1IW4) 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 1IW1. [IW2 sets the interrupt vector.
ItW3 specifies which interrupts are connected to slaves.
1IW3isonly required in extended systems. The ICU will
only expectto receive IW3 if SNGL =0 (bit D1 of IW1).
1IW4 is only written if 114 = 1 (bit Dy of 1IW1).

uPD71059 Cascade Connection

To increase the number of maskable interrupts, up to
seven slave yPD71059 Interrupt Controllers can be
cascaded. During cascade operation (figure 31), each

Figure 28. |Initialization Sequence

Bits SNGL and |14 are set.
The default initiatization
is performed.

Ap=0,D4=1

SNGL=0, ll4=1 SNGL=0, 14=0 SNC‘L=1, H4=1 SNGL=1, Il4=0
w3 w3
Ag=1 Ag=1

we ] wa

[ Ro=1 ] A=

Initialization
Completed

83-003821A
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slave uPD71059 INT output is routed to one of the
uPD70208 INTP inputs. During the second interrupt
acknowledge bus cycle, the ICU places the slave
address on address lines Ayg-Ag. Each slave com-
pares this address with the slave address programmed
using interruptinitialization word 3 (1IW3). If the same,
the slave will place the interrupt vector on pins ADz-
ADg during the second interrupt acknowledge bus
cycle.

Figure 29. Interrupt Initialization Words 1-4

D2

D3 Di__ Do
| Lev| — [sNGL| na |
|

4

D7 D6 D5 D
wi [ = -] =11

L Writes lIW4 Operation
0 1IW4 Not Required
1 1IW4 Required
Single Mode Mode
0 Extended Mode (Slave Controllers)
1 Single Mode (No Slave Controllers)
» |LevelTriggered|
Mode Mode
0 Edge Trigger (Rising Edge)
1 Level Trigger (Active High)
Dy Dg Ds Dy D3 Dy Dy Do
w2l ve [ Ve [ Vs [ Va] Va] =] =1 =1
— T 1
Lo Higher 5 bits of interrupt

vector number

D Dg Dy Dy D3 Dz Dy Do
S NwW3 D7 Lss | Sg,_rs,,_[ Ss szT&T 5 1
L Az 1 T S — T
Slave Connection
Status Status
INTn is not a slave
0 input
1 INTn is a slave input
D; Dg Ds Dy D3 D2 Dy Do
wwa[ 0 ] o [ 0 JextNl =] — [ sk ] 1]
Self Finish i
Interrupt Operation
0 Fl Command Mode
1 Self Finish Mode
External
Nesting Mode| Mode
0 Normal Nesting
1 Extended Nesting
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Figure 30. Command Words

D7 Dg D Dg D3 D Dy Dg
IMKW I M7 | Mg | Ms | Mg | M3 | M2 | My MGI
Interrupt Request Mask Operation
0 INTh not Masked
1 INTh Masked
D7 Dg Ds Dy D3 D2 Dy Dy
wrw [Re[siL] Fi | o [ o [ra]ii]io]
Interrupt] 0 | 0 | 0 [INTO
Level o [ o] 1INt
0 1 0 |INT2
0| 1] 1 ]INT3
1 0 0 |INT4
1 0 1 [INT5
1] 1] 0]INTE
1 1 1 |INT?7
y
0]0 |1 No Rotation| Normal FI Command
No Level
1 0 (1 Specification |Rotation Normal Rotation
FI Command
Fl "
o1 |1 No Rotation| FI Command
Command for Specification
Rotate Priority 111 |1 Level Rotation Specified Bit
Specify Interrupt Level, Specification Rotation FI Command
Finish Interrupt of1]o No Rotation] No Operation
1 110 Rotation Specified Bit
Non-FI Rotation Command
o |0 |o |[Command No Rotation| Self FI Mode
No Level Rotation Reset
Specification
1 oo Rotation Self Fl Mode
Rotation Set
D7 Ds Ds Dy D3 D2 D4 Do
mow ] — [snmlexen] o | 1 teoL] sr [isiR}
Select Regi in-Service/Request Register | Read Register Selection
to Read Select .
0 —_ No Operation
1 0 IRQ Selection
1 1 IS Selection
Polling Mode Polling
0 No Operation
1 Polling Command
Set Nesting Exceptional Nesting Mode 2
Mode Nesting Mode
0 — No Operation
1 0 Exceptional Nesting Mode Release
1 1 Exceptional Nesting Mode Set
83-001835C
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Figure 31. uPD71059 Cascade Connection
uPD70208 I |
ASTB
Address
A1glPS3-A16/PSo Latches/ | LA
A15-Ag Buffers | BA1g-BAg
P uPD71059
AD7-ADg ¢ D7-Do INTPg —
INTP4 L—
L a INTP, :
1ORD RD INTP3
IOWR WR INTP4 —
INTPs —
INTPg |—
INTPn INT_ INTP; —.
INTAK INTAK
LA - Latched Address SA2-SAp
BA - Buffered Address
83-002739A

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 controllers
20-bit address registers

16-bit transfer count registers

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.
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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.

o 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 /O port. ADMA write operation reads an
1/0 .port and writes the data into 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 IOWR, MRD

DMA write 1/0 — Memory IORD, 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 that in
bus release mode, only a single 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.

Figure 33. Bus Modes

Bus Release Mode

Right to Use

Bus CPU

Service DMAU

Channel CHO CH1 CH2 CH3
Bus Hold Mode

" Rightto Use

Bus CPU —'] ,_

Service DMAU - - -

Channel CHO‘;CH1 ECHZ:CHS
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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 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

53
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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
channelcompletes transfer of a single byte, the DMAU
enters the slave mode regardless 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 asthe DMA request of that channel is active, even
thoughother 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
bus master requests the bus.
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Byte Transfer

The DMD register can specify only byte DMA transfers
foreach 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 channeis 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. During DMA cascade mode operation, it
is the responsibility of external logic to isolate the
cascade bus master from the pgPD70208 control
outputs. These outputs are listed in a table at the front
of this data sheet. :

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 uPD71071 channel is in’
service. When the cascaded uPD71071 ends service
and moves into the slave state, the DMAU also moves
to the slave 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.

Fixed Priority Highest Rotating Priority Highest
Highest CHo CH2
Lowest Lowest
CH1 Service -
z P
o o
Lowest CHO
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Figure 36. uPD71071 Cascade Example
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-
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(Slave)
83-0018578
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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.

Starting address for the transfer
Transfer count

DMA operating mode

Transfer size (byte/word)

The contents of the OPHA and DULA registers deter-
minethe base I/0 port address of the DMAU. Addresses
Az-Ag are used to select a particular register as follow:

A3 A A A 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 1I/0O 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

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 countregister updates both
the DMA base count (DBC) and the DMA current count
(DCC) registers with a new count. If bit 2 of the DCH
registeris 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.

; 2H, IN/OUT 0
m | 1 I !
lc:'ce s ci G Co |
; 3H, IN/OUT 0

1 1 T T 1 T
|C15 Ci4 Ciz3 Ci2 Cyy Cio Cg CL'

i I
C, Cy

Address Register. Use either byte or word 1/0O in-
structions with the lower two bytes (4H and 5H) of the
DMA address register. However, byte I/0 instructions
must be used to access the high-order byte (6H) of this
register. When bit 2 of the channelregisteris 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 register
affects only the DBA register.

; 4H, IN/OUT 0
| T T T T T
L A, As As Ay Az A Ay Ag ]
7 5H, IN/OUT 0
T T T T T T T
[A15 Ay Az A A Agp Ag  Ag I
7 6H, IN/OUT (Byte only) 0
T T T T | E—
l — — —  — Ay A A A16]

R7
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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.

Status Register. The DMA status (DST) register (figure
41) contains information about the current state of
each DMA channel. Software can determine if atermin-
ation condition has been reached (TC3-TCyp) or if a
DMA service request is present (RQ3-RQg). The byte
IN instruction must be used to read this register.

Figure 37. Bus Waiting Operation
Othe Oth
Bus Magler ' DMAU RCU DMAU { Bus M:;ter
DMARQ / \ '
DMA BUSAK / _ \ / \
Approx 2 Clocks
na—
DMA BUSRQ \ :
Bus Waiting State
| 83-0018588
Figure 38. DMA Initialize Command Register
Initialize )
7 6 5 4 3 2 1 0

on| — [ -1 - 1 =1 _-],— | o k] RES | OUT (Byte only)

o

No operation
Reset

Reset

-

Clears all bits
Clears all bits
Clears all bits

Mode Control
Device Control
Status

Note: )
[1) The DMAU initializes as follows:
Register Initiali Operation
Initiatize Clears all bits
Address No change
Count No change
Channe! Selects channel 0

Mask . Sets all bits [masks all channels]

83-001859B
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Figure 39. DMA Channel Register

Channel Register Read
7 6 5 4 3 2 1 0
[ — | — | — Isase|sELs[sEL,|sELy|sELe]| N (Byte only)
A |

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
Wl — | =] =1 =1 — |ease] serch | out Byteonly)
L1

00 | Channel 0
Select 01 | Channel 1
Channel 10 ] Channel 2
11 | Channel 3
Select Current (read),

0 select both 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
i — | — Jexw]|ror| — Jooma]l — | — | wwvour
T
l_—_’ Disable DMA | 0 | Enable
Operation() [1 1 pisable
0 | Fixed
Priorit
tortty 1 | Rotational
Extended 0 | Normal
Writing(2) 1 | Extended
7 6 5 4 3 2 1 1]
ol — [ = ~| =1 =] — [ wev]sno] mour
Bus Mode 0 | Bus Release
1 | Bus Hold
Wait Enable | O | Disable
During Verify3)] 1 | 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 transfer.
83-0018638
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Mode Control Register. The DMA mode (DMD) register
(figure 42) selects the operating mode for each DMA
channel. The DCH register selects which DMD register
will be accessed. A byte IN/OUT instruction must be
used to access this register.

Figure 41. DMA Status Register

Mask Register Read/Write. The' DMA mask (DMK)
register (figure 43) allows software to individually
enable and disable DMA channels. The DMK register
can only be accessed via byte 1/0 instructions.

7 6 5 4 -3 2 1

0

08H [Ras [ Raz | RQ1 [ RQo | TC3 [ TC2 | TC1 [ TCo | IN (Byteonly)
I R D

|
. 0 | Not ended (for each read)
Terminal
Count 1 | END or terminal
count
0 | No DMA request active
DMA 1 | DMA request active
Request
83-001860B
Figure 42. DMA Mode Register
7 6 5 4 3 2 1 0
oaH | Tmope [aApbr{aun| TOR | — ] - |

00 | Verify
Transfer 01 | 1/O-to-memory
Direction 10 | Memory-to-1/0

11 | Not allowed
Auto- 0 | Disable
initialize 1 | Enable
Address 0 | Incremernit
Direction 1 | Decrement

00 { Demand
Transter | 91| Single
Mode 10. | Block

11 | Cascade

83-0027348
Figure 43. DMA Mask Register
7 6 5 4 3 2 1 0
ofH [ — | — T — [ =T ms[m] mi [ mo ] mour (yteony

Not masked
Masked

o

DMARQ
Mask

-

83-0038298
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Reset

The falling edge of the RESET signal resets the
puPD70208. The signal must be held low for at least four

clock cycles to be recognized as valid.

Output Pin Status
The following table lists output pin status during reset.

Signal Status
INTAK, BUFEN, BUFR/W, High level
CPU Reset State MRD, MWR END/TC, IOWR, I0RD,
Register Reset Value REFRQ, BS»-BS, USLﬁC
RESOUT, DMAAKE DMAAKD
PFP 0000H
PC 0000H 0S4-QSp, ASTB, HLDAK Low level
PS FFFFH Aqg-Ats/PS3-PSg, TOUT2 High or low level
SS 0000H -
DS0 0000H A15-Ag High or low level
DS1 0000H AD7-ADg High impedance
PSW FO02H CLKOUT Continues to supply clock
AW, BW, CW, DW, Undefined
IX, 1Y, BP, SP
Instruction queue Cleared

When RESET returns to the high level, the CPU will
start fetching instructions from physical address

FFFFOH.

Internal Peripheral Registers

Internal peripheral devices initialized on reset are
listed in the following table. 1/O devices not listed are
not ‘initialized on reset and must be initialized by

software.
Register Reset Value
System OPCN ----0000
1/0 area OPSEL ----0000
WCY1 11111111
WCY2 ----1111
WMB -111-111
TCKS ---00000
RFC x--01000
SCU SMD 01001011
SCM --0000-0
SIMK e 11
SST 10000100
DCH ---00001
DMD 000000-0
DMAU DDC (low) --00-0--
DDC (highy ~ ------ 00
psT xxxx0000
DMK ----1111

Symbols: x = unaffected; 0 = cleared; 1 = set; (-) = unused.

o4
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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

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- or 4-bit immediate bit offset

imm8 8-bit immediate operand

imm16 16-bit immediate operand

mem Memory field (000 to 111);

8- or 16-bit memory location

on

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_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_label Label between —128 and -+127 bytes from
the end of the current instruction

sr Segment register

sre Source operand or address

temp Temporary register (8/16/32 bits)

AC Auxiliary carry flag

AH Accumulator (high byte)

AL Accumulator (low byte)

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)
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Symbols (cont) Flag Operations
Symbol Meaning Symbol Meaning
DSO Data segment 0 register (16 bits) (blank) No change
DS1 Data segment 1 register (16 bits) 0 Cleared to 0
DW DW register (16 bits) 1 Setto 1
IE Interrupt enable flag X Set or cleared according to result
IX Index register (source) (16 bits) u Undefined
Y Index register (destination) (16 bits) R Restored to previous state
MD Mode flag A
P Parity flag Memory Addressing Modes
PC Program counter (16 bits) mem mod = 00 mod = 01 mod = 10
PS Program segment register (16 bits) 000 BW + IX BW + IX + disp8 BW + IX + disp16
PSW Program status word (16 bits) 001 BW + 1Y BW + 1Y + disp8 BW + 1Y + disp16
R Register set 010 BP + IX BP + IX + disp8 BP + IX + disp16
S Sign extend operand field o1 BP +1Y BP + 1Y + disp8 BP + 1Y + disp16
W
operand 101 Y 1Y + disp8 1Y + disp16
S Sign flag 110 Direct BP + disp8 BP + disp16
SP Stack pointer (16 bits) m BW BW + disp8 BW + disp16
SS Stack segment register (16 bits)
v Overflow flag Register Selection (mod = 11)
w Word/byte field (0 to 1) reg W=0 wW=1
X, XXX, YYY, ZZ2Z Data to identify the instruction code of the 000 AL AW
external floating point arithmetic chip 001 CL cW
XOR Exclusive logical sum 010 DL oW
XXH Two-digit hexadecimal value on BL BW
XXXXH Four-digit hexadecimal value 100 AH Sp
z Zero flag 101 CH BP
110 DH IX
m BH 1y

Segment Register Selection

sr

Segment Register

00 DS1
01 PS
10 SS
1 DSO

AR
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Instruction Set

: Opcode Flags
Mnemonic Operand 76543210 76543 21 0 Clocks Bytes ACCYVY P § Z
Data Transfer Instructions ; B
Mov reg, reg 100010 1W 11 reg reg 2 2
mem, reg 100010 0W mod reg mem 7M1 2-4
reg, mem 100010 1W mod reg mem 10/14 2-4
mem, imm 110001 1W mod reg mem 9/13 36
reg, imm 101 1W reg 4 2-3
acc, dmem .1 010000W 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
DS0, reg16, mem32 11000101 mod  reg mem 25 24
DS1, reg16, mem32 11000100 mod reg mem 25 24
AH, PSW 10011111 2 1
PSW, AH 10011110 3 1 X X X X X
LDEA reg16, mem16 10001101 mod reg mem 4 24
TRANS src_table 11010111 9 1
XCH © reg,reg 100001T1W 11 reg reg 3 2
mem, reg 100001 1W mod reg mem 13/21 2-4
AW, reg16 10010 reg 3 1
Repeat Prefixes
REPC 0110010 2 1
REPNC 01t100100 2 1 :
REP 11110011 2 1
REPE
REPZ
REPNE 11110010 2 1
REPNZ
Block Transfer Instructions

MOVBK dst, src 1010010W 1
. ‘ 9(9) +8n (W=0)
9(17) + 16n (W =1)
CMPBK dst, src 10410011W 1 X X X X X X
7(18) + 14n (W =0)
7(21) + 220 (W=1)

CMPM dst T010111w 1 X X X X x x
7(7)+10n(W=0) .
7(11) + t4n (W= 1)

LDM st 1010110W 1
7(7)+9n (W=0)
7(1)+ 13 (W=1)

ST™ 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.

oA



NEC

uPD70208 (V40)
Instruction Set (cont)
Opcode Flags
Mnemonic Operand 76543210 76 5 43 21 0 Clcks Bytes ACCYV P § 2
I/0 Instructions
IN - acc, imm8 1110010W 9/13 2
acc, DW 1110110W 8/12 1
out imm8, acc 111001 1W 8/12 2
DW, acc 111011 1W 8/12 1
INM dst, DW 0110110W 1
9(10) +8n (W=10)
9(18)+16n (W=1)
OUTM DW, src 01101 11W 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 u uwu
ADJ4A 00100111 3 1 X X U X X X
ADJBS oo011t1 111 7 1 X X u u uu
ADJ4S oo0ot1o01111 3 1 X X U X X X
ADD4S dst, src 00001111 00100000 7+19n 2 U X uuuXx
SuB4S dst, src 00001111 00100010 7+ 2 U'xX uuux
CMP4S dst, src 00001111 0600100110 7+1n 2 U X uuux
ROL4 reg8 00001111 00101000 13 3
11000 reg
mems8 ooo0o0t111 00101000 25 3-5
mod 0 0 0 mem
ROR4 reg8 oo0o001111 00101010 17 3
1100 0 reg
mem8 ooo001t111 00101010 29 35
mod 0 0 0 mem ’
n = number of BCD digits divided by 2
Data Type Conversion Instructions
CVTBD 11010100 O 0 15 2 U uuXx X x
CVTDB 11010101 0 7 2 U uuXx x x
CVTBW 10011000 2 1
CVTWL 10011001 4/5 1
Arithmetic Instructions
ADD reg, reg 0000O0O0T1TW 11 reg reg 2 2 X X X X X X
mem, reg 000O0OOOW mod reg mem 13/21 2-4 X X-X X X X
reg, mem 000O0GCO0O0CI1TW mod reg mem 10/14 2-4 X X X X X X
reg, imm 10000O0SW 11000 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 000 mem 15/23 3-6 X X X X X X
acc, imm 0000O0T1TO0OW 4 2-3 X X X X X X
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 76 543 21 0 Clocks Bytes ACCYV P § Z
Arithmetic Instructions (cont)
ADDC reg, reg 000100 1TW 1 1 reg reg 2 2 X X X X X X
mem, reg 000100 0W mod reg mem 13/21 2-4 X X X X X X
reg, mem 000100 1W mod reg mem 10/14 24 X X X X X X
reg, imm 100000SW 1. 1010 reg 4 3-4 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 2-3 X X X X X X
SuB reg, reg 0010101TW 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 001010 1W mod reg mem 10/14 24 X X X X X X
reg, imm 10000O0SW 1 1101 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 101 mem 15/23 36 X X X X X X
acc, imm 0010110W 4 23 X X X X X X
SUBC reg, reg 000t1T101TwWwW 11 reg reg 2 2 X X X X X X
mem, reg 0001100W mod reg mem 13/21 2-4 X X X X X X
reg, mem 000110 1W mod reg mem 10/14 24 X X X X X X
reg, imm 100000SW 11011 reg 4 3-4 X X X X X X
mem, imm 100000SW mod 011 mem 15/23 36 X X X X X X
acc, imm 000111 0W 4 2-3 X X X X X X
INC reg8 11111110 11 0 0 reg 2 2 X X X X X
mem 111111 1W mod 000 mem 13/21 2-4 X X X X X
reg16 01000 reg 2 1 X X X X X
DEC reg8 11111110 11001 vreg 2 2 X X X X X
mem 111111 1W mod 00 1 mem 13/21 2-4 X X X X X
regi16 01001 reg 2 1 X X X X X
MULU reg 111101 1W 11100 reg 21-30 2 U X X U uu
mem 111101 1W mod 100 mem 26-39 2-4 U X X Uuuu
MUL reg t111011wW 11101 reg 33-47 2 U X X uuu
mem 111101 1TW mod 1 01 mem 38-56 2-4 U X X uuu
reg16,reg16,imm8 01101011 11 reg reg 28-34 3 U X X u uwu
reg16,mem16,imm8 01101011 mod reg mem 37-43 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 45-51 4-6 U X X uuwu
DIVU reg 1111011 WwW 11110 reg 19-25 2 Uuuuuu
mem 111 1011W mod 110 mem 24-34 2-4 U uuwuuu
DIV reg 111101 1wW 11111 reg 29-43 2 U uuuuu
mem 111101 1W mod 111 mem 34-52 2-4 U W uuwuu
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Instruction Set (cont)

Opcode Flags
Mnemonic Operand 76543210 7 65 43 21 0 Clocks Bytes ACCYV P § 2
Comparison Instructions -
CMmP reg, reg oo0t11101wW t 1 reg reg 2 2 X X X X X X
mem, reg 001T1100W mod reg mem 10/14 24 X X X X X X
reg, mem 0011101W mod reg mem 10/14 2-4 X X X X X X
reg, imm 10000O0SW 1T 1111 reg 4 34 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 1t 1010 reg 2 2
mem 1111011W mod 010 mem 13/21 24
NEG reg 1111011 W 1 1011 reg 2 2 X X X X X X
mem 111101 1W mod 011 mem 13/21 2-4 X X X X X X
TEST reg, reg 100001 O0W 1 1 reg reg 2 2 u00 x x x
mem, reg 10000 1T0W mod reg mem 9/13 24 u 00 x x x
reg, imm 111101 1W 1 1000 reg 4 34 u00x x x
mem, imm 111101 1W mod 000 mem 10/14 36 u 00 x x x
acc, imm 1010100W 4 2-3 u 00 x x x
AND reg, reg 0010001TW 1 1 reg reg 2 2 u 00 x x x
mem, reg 001000O0W mod reg mem 13/21 2-4 u 00 x x x
reg, mem 001000 1W mod reg mem 10/14 24 u 00 x x x
reg, imm 10000O0O0OW 1T 1100 reg 4 3-4 udo0 x x x
mem, imm 10000O0O0OW mod 100 mem 15/23 36 ubd 0 x x x
acc, imm 0010010W 4 2-3 u0do0 x x x
OR reg, reg 00600G1TO01TW 1 1 reg reg 2 2 u0 0 x x x
mem, reg 0000100W mod reg mem 13/21 2-4 u 00 x x x
reg, mem 000010 1W mod reg mem 10/14 2-4 u 00 x x x
reg, imm 10000O0O0OW 1T 1001 reg 4 3-4 u00 x x x
mem, imm 100000O0W mod 00 1 mem 15/23 36 u 00 x x x
acc, imm 00001T1TO0W 4 2-3 u00 x x x
XOR reg, reg 0oo011001TW 1 1 reg reg 2 2 u00 x x x
mem, reg 0011000W mod reg mem 13/21 2-4 u 00 x x x
reg, mem 001100 1W mod reg mem 10/14 2-4 u0o0 x x x
reg, imm 10000O0O0OW 1T 1110 reg 4 3-4 u 00 x x x
mem, imm 100000O0W mod 110 mem 15/23 36 u 00 x x x
acc, imm 0011010W 4 2-3 u00 x x x
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Instruction Set (cont) i I

) } Opcode Flags
Mnemonic Operand o 76543210 7 65 43 2 1 0 Clocks Bytes ACCYV P S Z
Bit Manipulation Instructions v o
INS reg8, reg8 00001111 00110001 35133 3
11  reg reg - ) '
reg8, imm8 00001111 00111001 3513 4
11000 reg .
EXT reg8, reg8 00001111 00011001 1 345 3
11 reg reg
reg8, imm8 00001111 00111011 345 4
11000 reg )
TEST1 reg, CL 00001111 0001%00O0W 3 3 u00uux
11000 reg . )
mem, CL 00001111 0001000W 7/11 35 U000 uuHx
mod 0 0 0 mem
reg, imm3/4 00001111 00O01T10O0W 4 4 u00uux
11000 reg )
mem, imm3/4 00001111 0001100W 8/12 4-6 u 00 uwux
mod 0 0 0 mem
SET1 reg, CL 00001111 000101O0W 4 3
1100 0 reg ] ‘
mem, CL 00001111 0001010W 10/18 35
mod 0 0 0 mem
reg, imm3/4 00001111 00011 10W 5 4
11000 reg
mem, imm3/4 00001111 0001 110W /19 46
mod 0 0 0 mem ‘ :
cY 11111001 ' : 2 1 1
DIR 71 1111101 2 1
CLR1 reg, CL 00001111 0001001W 5 3
11000 reg
mem, CL 00001111 0001001W 119 35
mod 0 0 0 mem ]
reg, imm3/4 0009011 11 0001 101W 6 4
11000 reg
mem, imm3/4 00001111 00011041 W 12/20 46
. mod 0 0 0 mem )
cY 11111000 2 1 S0
DIR 11111100 2 1
NOT1 reg, CL 00001111 000101 1W 4 3
1100 0 reg .
mem, CL 00001111 000101 1W 10/18 35
mod 0 0 0 mem
reg, imm3/4 0000O0CT1T 111 0001T111W 5 4
11000 reg
mem, imm3/4 00001111 00011 11W 11/19 46
mod 0 0 0 mem
cY 11110101 2 1 X
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Instruction Set (cont)

) Opcode Flags
Mnemonic Operands 76543210 762543 1 Clocks Bytes ACCYV P S Z
Shift/Rotate Instructions
SHL reg, 1 1101000W 11100 reg 2 2 U X X X X X

mem, 1 1101000W mod 100 mem 1321 24 U X X X X X
reg, CL 1101001TW 111900 reg 7+n 2 U X U X X X
mem, CL 110100 1W mod 1 0 0 mem 16/24+n 2-4 Uu X u x X X
reg, imm8 1100000W 11100 reg 7+n 3 Uu X u Xx x X
mem, imm8 1100000W mod 100 mem 16/24+n 35 Uu'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 13/21 24" U x X X X X
reg, CL 1101001W 11101 reg 7+n 2 U X uXx x X
mem, CL 1101001W mod 701 mem 16/24+n 24 U X U X X X
reg, imm8 1100000W 11101 reg 7+n 3 U X u X X X
mem, imm8 110000 O0W mod 10 1 mem 16/24 +n 35 U X uxxx
SHRA reg, 1 t1To01000W 11111 reg 2 2 ux 0 x x x
mem, 1 1101000W mod 1 1 1 mem 13/21 2-4 u x 0 x x x
reg, CL 1101001TW 11111 reg 7+n 2 uXx uXx x x-
mem, CL 1 101001W mod 111 mem 16/24 +n 2-4 U X uXx x X
reg, imm8 t100000W 11111 reg 7+n 3 U X u Xx X X
mem, imm8 110000 0W mod 111 mem 16/24+n 35 U x'ux 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 1101001W 11000 reg 7+n 2 X U
mem, CL 110100 1W mod 0 0 0 mem 16/24 +n 2-4 X U
reg, imm 1100000W 11000 reg 7+n 3 X u
mem, imm 110000 0W mod 0 0 0 mem 16/24+n 35 X u
ROR reg, 1 1101000W 11001 reg 2 2 X U
' mem, 1 1t101000W mod 0 0 1 mem 13/21 2-4 X X
reg, CL 1101001W 11001 reg 7+n 2 X U
mem, CL 1101001W mod 001 mem 16/24 +n 2-4 X u
reg, imm8 1100000W 11001 reg 7+n 3 X U
mem, imm8 110000 0W mod 00 1 menm 16/24 +n 35 X u
ROLC reg, 1 1101000W 11010 reg 2 2 X X
mem, 1 1101000W mod 010 mem 13/21 24 X X
reg, CL 11701001W 11010 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 t100000W mod 010 mem 16/24 +n 35 X u

n = number of shifts
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Instruction Set (cont)

Flags

Mnemonic Operands 7654321 ‘;]pcud 6 543 21 0 Clocks Bytes ACCYV P S 2
Shift Rotate Instructions (cont)
RORC reg, 1 1101000W 1 1011 reg 2 2 XX
mem, 1 1101000W mod 011 mem 13/21 2-4 X X
reg, CL 1101001W 1 1011 reg 7+n 2 X U
mem, CL 1101001W mod 01 1 mem 16/24+n 24 X u
reg, imm8 1100000W 1 1011 reg 7+n 3 X U
mem, imm8 110000O0W mod 011 mem 16/24+n 35 X u
. n = number of shifts
Stack Manipulation Instructions
PUSH mem16 11111111 md 110 mem 23 2-4
reg16 01010 reg 10 1
sr 000 sr 110 10 1
PSW 10011100 10 1
R 01100000 65 1
imm 011010S0 9-10 2-3
PoP mem16 10001111 mod 0 0 0 mem 25 2-4
reg16 01011 reg 12 1
Sr 000 sr 111 12 1
PSW 10011101 12 1 RRRRRR
R 01100001 75 1
PREPARE imm16, imm8 11001000 * 4
*imm8=0:16
imm8>1: 21+ 16 (imm8 — 1) _
DISPOSE 11001001 10 1
Control Transfer Instructions
CALL near_proc 11101000 20 3
regptr 11111111 11010 reg 18 1
memptri6 1111111 mod 0 1 0 mem 31 2-4
far_proc 10011010 29 5
memptr32 11111111 mod 011 ‘mem 47 2-4
RET ) 110000 11 19 1
pop_value 1100001090 24 3
) 11001011 29 1
pop_value 11001010 32 3
BR near_label 11101001 13 3
short_label 111010 11 ) 12 2
reg 11111111 1110 reg 1 2
memptri6 11111111 mod 100 mem 23 2-4
far_label 11101010 ) 15 5
memptr32 11111111 med 101t mem 34 2-4
BV near_label 01110000 14/4 2
BNV near_label 01110001 14/4 2
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Instruction Set (cont)

Opcode Fiags

Mnemonic Operands 76543210 76054321 0 Clcks Bytes ACCYV P § Z
Control Transfer instructions (cont)
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 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 0t111010 14/4 2
BPO near_label 01111011 14/4 2
BLT near_label 01111100 14/4 2
BGE near_label 0t111101 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
BRK 3 11001100 50 1

imm8 11001101 50 2
BRKV imm8 11001110 52/3 1
RETI 11001111 39 1 RRRRRR
CHKIND reg16, mem32 01100010 mod reg mem 25/72-75 2-4
BRKEM imm8 coo0o01t1tt+1 11111111 5 3
CPU Control Instructions
HALT 11110100 2 1
BUSLOCK 11110000 2 1
FPO1 fp_op 11011 XXX 11YYYZ2Z2Z 2 2

fp_op, mem 1101 1X XX mod Y Y Y mem 14 2-4
FP0O2 fp_op 01to0oo011X 11YYYZZZ 2 2

fp_op, mem 011001 1X mod YYY mem 14 2-4
POLL 10011011 2+5n 1

n = number of times POLL pin is sampled.

NOP 100 0000 3 1
DI 11111010 2 1
El 11111011 2 1
DSO:, DS1:, PS:, and SS: 001 seg 110 2 . 1

(segment override prefixes)

8080 Instruction Set Enhancements

RETEM 111 0 1101t t1111101 39 2 RRRRRR
CALLN imm8 111 0 t101 1101101 58 3

—_
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N EC 4PD70216 (V50)
' 16-Bit Microprocessor:

NEC Electronics Inc. High-Integration, CMOS
Description Ordering Information

The uPD70216 (V50™) is a high-performance, low-  Part Number Max Frequency (MHz) Package
power 16-bit microprocessor integrating a number of uPD70216R8 8 68-pin ceramic PGA
commonly-used peripherals to dramatically reduce the R10 10

size of microprocessor systems. The CMOS construc- -

tion makes the uPD70216 ideal for the design of L8 8 68-pin PLCC

portable computers, instrumentation, and process L10 10

control equipment. GF8 8 80-pin plastic QFP

The uPD70216 contains a powerful instruction set that GF10 10

is compatible with the uPD70108/uPD70116 (V20®/

V30®) and uPD8086/uPD8088 instruction sets. In-  pjn Configuration
struction set support includes a wide range of arith-

metic, logical, and control operations as well as bit  68-Pin Ceramic PGA

manipulation, BCD arithmetic, and high-speed block Bottom View
transfer instructions. The uPD70216 can also execute 4
the entire uPD8080AF instruction set using the 8080 P OO0 00
emulation mode. Also available is the uPD70208 (V40™), A2 0000 O
identical to the uPD70216 but with an 8-bit external 2 OO0OO0OO0OLOOOOO
data bus. ‘ i OO0 O 0
Features 0 OO OO
O Low-power CMOS technology - 51 OO SR
O V20/V30 instruction set compatible sf OO 4#PD70216R OO
O Minimum instruction execution time: 250 ns at

8 MHz; 200 ns at 10 MHz 1 00 OO
O Direct addressing of 1M bytes of memory s OO ONO)
0O Powerful set of addressing modes °
0 Fourteen 16-bit CPU registers OO O 0
0 On-chip peripherals including L ENONONOCHONONONONONCHO 90

— Clock generator " O0000O0O0O0O0

— Bus interface

— Bus arbitration

. A B [o] D E F G H J K L
— Programmable wait state generator

— DRAM refresh controller Pin Symbol Pin _Symbol | Pin Symbol | Pin  Symbol
— Three 16-bit timer/counters A2 INTP7 B9 DMARQ1 | FI0 ADy7 K4 NMI
— Asynchronous serial I/0 controller AS _INTPS B10_DMARQO | F11_ GND K5 RESET
) . . A4 INTP3 B11_ ADg 61 x1 K6 RESOUT
— Eight-input interrupt controller AS_INTP1 C1_TCTLz |Gz CLKOUT | K7 HLDRQ
— Four-channel DMA controller A6 DMAAK3/TxD | C2 POLL G10 ADg K8  A1e/PS3
0O Hardware effective address calculation logic A7__ DMAAK2 C10_ADg G11_ADg K9 __Aw/PS1
O Maskable and nonmaskable interrupt inputs P e B L
O IEEE 796 compatible bus interface A0 END/TC D2 aso W10 AD1 L2 oAb
O Low-power standby mode Bl TCLK D10 AD3 H11_ AD1y L3 BSo
B2 TOUT2 D1__AD4 J1__ BUSLOCK | L4  BSz
. . B3 INTP§ E1__ASTB J2__ iOWR L5 READY
V20 and V30 are registered trademarks of NEC Corporation. B4 INTPa 2 UBE 110 ADg2 s Voo
V40 and V50 are trademarks of NEC Corporation. BS INTP2 E10 ADs J11 AD13 L7 HLDAK
B6 INTAK/TOUTY/ | E11 ADg K1 WWR L8 REFRQ
SRDY
B7 DMARQ3/RxD | F1 GND K2 WMRD L9  Aw/PS2
B8 DMARQ2 F2_ X2 K3 BSy L10__ A16/PSo

83-0027198

50008-1 (NECEL-419)
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Pin Configurations (cont)

68-Pin Plastic Leaded Chip Carrier (PLCC)

b4
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83BGEBIBITRBREILILTESS
1ORD [] 61 43 [JINTP7
MRD [} 62 " 42 []INTP6
BSo []63 41 [JINTPS
BSy [] 64 40 [JINTP4
BS; [] 65 39 [ INTP3
NMI [] 66 38 [ INTP2
READY [] 67 ° 37 [JINTP1
RESET [ 68 ) 36 [ INTAK/TOUT1/SRDY
Vop E 1 O uPD70216L 35 [] DMAAK3/TxD
RESOUT ] 2 34 [ ] DMARQ3/RxD
HLDAK ] 3 "33 [ DMAAK2
HLDRQ ] 4 32 [7) DMARQ2
REFRQ [ 5 31 [ DMAAK1
A19/PS3 ] 6 30 [] DMARQ1
A1/PS2 O] 7 29 [7] DMAAKO
Aq7/PSy [} 8 28 [ DMARQO
A16/PSg (] 9 27 [1END/TC
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Pin Configurations (cont)

80-Pin Plastic QFP
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AD12[] 6 59 [ BUFR/W
AD11 7 58 [ BUFEN
AD1o [] 8 57 [ CLKOUT
ADg []9 56 [ X1
ADg ] 10 55 [1x2
GND ] 11 54 [ GND
Ne [ 12 HPD70216GF 53 FINC
GND ] 13 52 [1GND
AD7 [ 14 51.[] UBE
ADg ] 15 50 [JASTB
ADs [] 18 49 [JQsp
ADgq ] 17 48 [1QS1
AD3 ] 18 47 [dPOLL
AD2 ] 19 46 [JTCTL2
ADq ] 20 45 [JTOUT2
ADg ] 21 44 [JTCLK
NC [ 22 43 [INC
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END/TC [] 24 41 [1INTP6
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Pin Identification

Symbol Function

Aqg-A15/PS3-PSy Multiplexed address/processor status outputs

AD15-ADg Multiplexed address/data bus

ASTB Address strobe output

BS3-BSp Bus status outputs

BUFEN Data bus transceiver enable output

BUFR/W Data bus transceiver direction output

BUSLOCK Buslock output

CLKOUT System clock output

DMAAKO DMA channel 0 acknowledge output

DMAAK1 DMA channel 1 acknowledge output

DMAAK2 DMA channel 2 acknowledge output

DMAAK3/TxD DMA channel 3 acknowledge output/Serial
transmit data output

DMARQO DMA channel 0 request input

DMARQ1 DMA channel 1 request input

DMARQ2 DMA channel 2 request input

DMARQ3/RxD DMA channel 3 request input/Serial receive
data input

END/TC End input/Terminal count output

GND Ground

HLDAK Hold acknowledge output

HLDRQ Hold request input

IC Internal connection; leave unconnected

INTAK/TOUT1/SRDY  Interrupt acknowledge output/Timer/counter 1
output/Serial ready output

INTP1-INTP7 Interrupt request inputs

IORD 1/0 read strobe output

IOWR 1/0 write strobe output

MRD Memory read strobe output

MWR Memory write strobe output

NC No connection

NMI Nonmaskable interrupt input

POLL Poll input

QS4-QSg CPU queue status outputs

READY Ready input

REFRQ Refresh request output

RESET Reset input

RESOUT Synchronized reset output

TCLK Timer/counter external clock input

TCTL2 Timer/counter 2 control input

Symbol Function

TOUT2 Timer/counter 2 output

UBE Upper byte enable output

Voo +5V power supply input
Crystal/external clock inputs

X1, X2

Pin Functions
A19-A16/PS3-PSo [Address/Status Bus]

These three-state output pins contain the upper 4 bits
of the 20-bit address during T1 and processor status
information during the T2, T3, TW, and T4 states of a
bus cycle. During T1 of a memory read or write cycle,
these pins contain the upper 4 bits of the 20-bit
address. These pins are forced low during T1 of an 1/0
bus cycle.

Processor status is output during T2, T3, TW, and T4 of
both memory and 1/O bus cycles. PS3 is zero during
any CPU native mode bus cycle. During any DMA,
refresh, or 8080 emulation mode bus cycle, PS3 outputs
a high level. PSy outputs the contents of the interrupt
enable (IE) flag in the CPU PSW register. PS1 and PSy
indicate the segment register used to form the physical
address of a CPU bus cycle as follows:

PS; " pSp Segment
0 0 Data segment 1 (DS1)
0 1 Stack segment (SS)
1 0 Program segment (PS)
1 1 Data segment 0 (DS0)

These pins are in the high-impedance state during hold
acknowledge.

ADq5-ADg [Address/Data Bus]

These three-state pins form the middle byte of the
active-high, time-multiplexed address/data bus. During
T1 of a bus cycle, AD15-ADg output the lower 16 bits of
the 20-bit memory or 1/0 address. During the T2, T3,
TW, and T4 states, AD45-ADg form the 16-bit bi-
directional data bus.

The memory and I/O address spaces are organized
into a pair of byte-wide banks. The even bank is
accessed whenever ADg = 0 during T1 of a bus cycle.
Access to the odd bank is controlled by the UBE pin.

The AD15-ADg pins enter the high-impedance state
during hold acknowledge or internal interrupt acknow-
ledge bus cycles or while RESET is asserted. Pins
AD1p-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.

BS2-BSq [Bus Status]

Outputs BS»-BSj indicate the type of bus cycle being
performed as shown below. BS,-BSy become active
during the state preceding T1 and return to the passive
state during the bus state preceding T4.

BSy 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 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,-BSg are three-state outputs and are high imped-
ance 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 T3 of a read cycle, T2
through T3 of aslave interruptacknowledge 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-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 during CPU bus cycles. A high level indicates the
#PD70216 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 is asserted for the duration of the instruction
following the BUSLOCK prefix. BUSLOCK is also
asserted during interrupt acknowtedge cycles and
enters the high-impedance state during hold acknow-
ledge. While BUSLOCK is asserted, DMAU, RCU, and
external bus requests are ignored.

CLKOUT

CLKOUT is a buffered clock output used as a reference
for all timing. 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.

DMAAK3/TxD [DMA Acknowledge 3)/[Serial
Transmit Data]

Two output signals multiplexed on this pin are selected
by the PF field of the on-chip peripheral connection
register.

e DMAAKS is an active-low output and enables an
external DMA peripheral to perform the requested
DMA transfer for channel 3.

o TxD is the serial data output from the serial control
unit. .
DMARQO-DMARQ2 [DMA Request]

These synchronized inputs are used by external pe-
ripherals to request DMA service for channels 0-2 from
the internal DMA controlier.

DMARQ3/RxD [DMA Request 3]/[Serial Receive
Data]

Two input signals multiptexed on this pin are selected
by the PF field of the on-chip penpheral connection
register.

o DMARQS3 s used by an external peripheral to request
a DMA transfer cycle for channel 3.

¢ RxD is the serial data input to the serial control unit.
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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/O 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
complete the current bus cycle and negate the HLDRQ
signal. This allows the bus arbiter to reassign the bus to
the higher priority requester. -

If a higher priority internal bus master subsequently
requests the bus, the high-level width of HLDAK is
guaranteed to be a minimum of one CLKOUT period.

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 e .
HLDRQ .

CPU .

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.

o 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 controllers
such as the 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.

The INTP1-INTP7 inputs contain internal pull-up re-
sistors and may be left unconnected.

IORD [I/O Read]

This three-state pin outputs an active-low /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 or register. It
enters the high-impedance state during hold acknow-
ledge.

IOWR [I/0 Write]

This three-state pin outputs an active-low /O 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 or
register. It enters the high-impedance state during
hold acknowledge. :

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.
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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
one 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 QS1 and QSp outputs maintain instruction synch-
ronization between the uPD70216 CPU and -external
devices.These outputs are interpreted as follows.

08, 0Sp 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.

READY [Ready]

This active-high input synchronizes external memory
and peripheral devices with the yPD70216. Slow
memory and I/0 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 or by the last internally-
generated TW 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
uPD70216 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-A{ during a refresh bus cycle.

RESET [Reset]

RESET is a Schmitt trigger input used to force the
uPD70216 to a known state by resetting the CPU and
on-chip peripherals. 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 in the native mode.

RESET will release the CPU from the low-power
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 synchronized
with CLKOUT and output on the RESOUT pin.

TCLK

TCLK is an external clock source for the timer control
unit. The three timer/counters can be programmed to
operate with either the TCLK input or a prescaled
CLKOUT input.

TCTL2

TCTL2 is the control input for timer/counter 2.

TOUT2
TOUT2 is the output of timer/counter 2.

UBE [Upper Byte Enable]

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 foliows.

_ 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 is a three-state output and enters the high-
impedance state during hold acknowledge.
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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.

In the case of an external clock generator, the X2 pin
can either be left unconnected or be driven by the
complement of the X1 pin clock source.

Pin States

Table 1 lists the output pin states during the Hold, Halt,
Reset and DMA Cascade conditions.

Table 1. Output Pin States

DMA
Symbol Output Hold Halt Reset Cascade
Aqg-A1g/PS3-PSp - JstateOut  Hi-Z H/L H/IL Hi-Z
AD45-ADg 3-state 1/0 Hi-z H/L Hi-Z Hi-Z

ASTB . Out oL L L L

BS,-BSy 3-state Out Hi-z H H H
BUFEN 3stateQut  Hi-Z H HiZ
BUFR/W 3-state Out Hi-Z H/L H  HiZ
BUSLOCK 3stateOut  Hi-Z H/L H  HiZ
CLKOUT Out HIL H/L HIL  HIL
DMAAKO-DMAAK2 - Out H HL H HL
DMAAK3/ Out H HIL™ H  HL
XD HIL  HIL HIL
END/TC 10 H HIL H H
HLDAK Out HOHIL L L
INTAK , Out 'H H H H
TOUT1 H/L H/L HIL
SRDY " HILOHIL HIL
IORD 3stateOut  Hi-Z H H  HiZ
IOWR . dstateOut Hi-Z H H  HiZ
MRD 3stateQut  Hi-Z H H  HiZ
MWR 3stateOut H-Z H H  HizZ
084Sy Out HIL L L HL
REFRQ ‘ Out H HL H H
RESOUT ot L L :H L
TOUT2 out HIL H/L H/L  HIL
UBE 3stateOut  Hi-Z H H  HiZ

H: high level; L: low level; H/L: high or low level; Hi-Z: high
impedance. :
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Block Diagram

> A19-A16/PS3-PSg .

<:> AD15-ADg
> BS2-BSo

F——— QS4

—— QSo

|je———— POLL
|——— ASTB
[—— UBE
|—— BUFEN

|—— BUFR/W
——— BUSLOCK

——— IORD
|—— IOWR
F— MRD

[/ MWR
f«—— READY

[e——— RESET

——— RESOUT

|—— HLDAK
l«— HLDRQ

INTP1 ————» Wait
INTP2 ————» Int ot Control
nterru Unit
INTP3 Control
INTP4 ———— Unit {wcu]
INTP5 —— [ICU]
INTP6 ———
INTP7 ————»
TOUT2 «———] Timer/
TOUT! ] Counter Bus
TCTL2 ——*] Unit Interface
TolKk —{  [TCU] Unit
[BIU]
DMARQ0 ————»|
DMAAK(O «— Central
Processing
DMARQ1 ——— Unit
DMAAKT «——— DMA {CPU]
Control
DMARQ2 ——— Unit
DMAAK2 +~—— [DMAU]
DMARQ3 ——
DMAAK3 +—]
END/TC ——>]
Bus
IV Arbitration
INTAK Unit
NMI [BAU]
X1 ——— Refresh Serial
Clock trol
X2 Generator Control Control
Unit Unit
cLkouT «—|  [CG] [RCU] [scu]

|——— TXD

[-————- SRDY

— REFRQ

83-004138C




#PD70216 (V50)

Absolute Maximum Ratings
Ta=+25°C

Power supply voltage, Vpp —05t0+7.0V
Input voltage, V| -05toVpp+0.3V
CLK input voltage, Vi —05t0Vpp+1.0V
Output voltage, Vg —051t0 Vpp +03V
Operating temperature, Topt ~10to +70°C
Storage temperature, Tg7g —65 to +150°C

Comment: Exposure to Absolute Maximum Ratings for extended
periods may affect device reliability; exceeding the ratings could
cause permanent damage. The device should be operated within the
limits specified under DC and AC Characteristics.

Capacitance
Ta=+25°C,Vpp=0V

. Limits Tost |
Parameter Symbol Min  Max Unit Conditions
Input capacitance G 15 pF fg=1MHz
Output capacitance g 15 unmeasured pins

are returned to O V.

10
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Ta=—101t0 +70°C, Vpp = +5 V +10% (8 MHz),
Vpp = 5 V £5% (10 MHz)

Limits

- - Test
_ Parameter Symbol - Min Max  Unit Conditions
Input voltage, high  Viy 22 Vpp+ V
0.3
Input voltage, low- V). -05 08 V
X1, X2 input VkH 39 Vpp+ V
voltage, high 1.0
X1, X2 input VkL -05 06 V
voltage, low :
Output voltage, high Voy  0.7:Vpp ' loy = —400 A
Output voltage, low Vg 04 V for=2.5mA
Input leakage LK 10  wA Vi=Vpp
current, high
Input leakage lupL —300 wA Vi=0V,INTP
current, low input pins
[ —10 pA Vi=0V, other
input pins
Output leakage ILoH 10 WA Vo=Vpp
current, high
Output leakage ILoL —-10 wA Vo=0V
current, low
Supply current
8 MHz Iop 90 mA Normal mode
20 mA Standby mode
10 MHz Iop 120 mA Normal mode
25 mA Standby mode




NEC

uPD70216 (V50)
AC Characteristics
Ta =—101t0 +70°C; Vpp =5 V £10% (8 MHz), Vpp =5 V £5% (10 MHz), C,_ = 100 pF
8 MHz Limits 10 MHz Limits

Parameter Symbol Min Max Min Max Unit Test Conditions
External clock input cycle time toyx 62 250 50 250 ns
External clock pulse width, high txxH 20 19 ns VkH=3.0V
External clock pulse width, low txxL 20 19 ns VkL=15V
External clock rise time txr 10 5 ns 15—=30V
External clock fall time txr 10 5 ns 3015V
CLKOUT cycle time toyk 124 500 100 500 ns
CLKOUT pulse width, high tkKH 05tgyk —7 05tcyk—5 ns Vkp=3.0V
CLKOUT pulse width, low tkkL 05toyk —7 05tcyk —5 ns VkL=15V
CLKOUT rise time kR 7 5 ns 15—30V
CLKOUT fall time tke 7 5 ns 30—15V
CLKOUT delay time from external clock tpxk 55 40 ns
Input rise time (except external clock) iR 20 15 ns 08—22V
Input fall time (except external clock) Y 12 10 ns 22—08V
Output rise time (except CLKOUT) toR 20 15 ns 08—22V
Output fall time (except CLKOUT) tor 12 10 ns 22—-08V
RESET setup time to CLKOUT! tSRESK 25 20 ns
RESET hold time after CLKOUT! tHKRES 35 25 ns
RESOUT delay time from CLKOUT! DKRES 5 60 5 50 ns
READY inactive setup time to CLKQUT? tSRYLK 15 15 ns
READY inactive hold time after CLKOUT? tHKRYL 25 20 ns
READY active setup time to CLKOUT? tSRYHK 15 15 ns
READY active hold time after CLKOUT? tHKRYH 25 20 ns
NMI, POLL setup time to CLKOUT? tsik 15 15 ns
Data setup time to CLKOUT! tSDK 15 15 ns
Data hold time after CLKOUT! thkp 10 10 ns
Address delay time from CLKOUT! tbkaA 10 55 10 50 ns Aqg-Ag UBE
Address hold time after CLKOUT! tHkA 10 10 ns
1/0 recovery time tal 2tcyk — 50 2tcyk — 40 ns (Note 1)
PS delay time from CLKOUT! tokp 10 60 10 50 ns
PS float delay time from CLKOUT? tekp 10 60 10 50 ns
Address setup time to ASTB! tsasT  tike — 20 txkL — 30 ns
Address float delay time from CLKOUT} tFkA tHKA 60 tHKA 50 ns
ASTB? detay time from CLKOUT! tpKSTH 45 40 ns
ASTB! delay time from CLKOUT! tpKsTL 50 45 ns
ASTB pulse width, high tsTST tkk — 10 tkk — 10 ns
Address hoid time after ASTB! thsTA  tkkH — 20 tkkH — 20 ns
Control delay time from CLKOUT tpkeTd 10 70 10 60 ns (Note 2)

tpkcT2 10 60 10 55 ns (Note 3)

11
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AC Characteristics (cont)

8 MHz Limits 10 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Gonditions
RD! delay‘ time from address float tpAFRL 0 0 ns (Note 4)
RD! delay time from CLKOUT! tDKRL 10 75 10 65 ns
RD? delay time from CLKOUT! tOKRH 10 70 10 60 ns
REFRQ! delay from MRD! toraHRH  tkkL — 30 tkkL — 30 ns (Note 5)
Address delay time from RD! tpRHA  toyk — 40 tovk — 40 ns
RD pulse width, low tRR 2tcyk — 50 2tcyk — 40 ns
BUFR/W delay from BUFEN? tpeecT  tikL — 20 tgkL — 20 ns Read cycle
tower  tkkL— 20 ke —20 ns Write cycle
Data output delay time from CLKOUT! toKD 10 60 10 55 ns
Data float delay time from CLKOUT! tekD 10 60 10 55 ns
WR pulse width, low tww  2toyk — 40 2toyk — 40 ns (Note 4)
BS! delay time from CLKOUT? tpKBL 10 60 10 55 ns ‘
BST delay time from CLKOUT! toKBH 10 60 10 55 ns
HLDRQ setup time to CLKOUT! tsHaK 20 15 ns
HLDAK delay time from CLKOUT tDKHA 10 70 10 60 ns
DMAAK! delay time from CLKOUT!  tpkwoa 10 60 10 55 ns
DMAAK! delay time from CLKOUT! tDKLDA 10 90 10 80 ns Cascade mode
WR pulse width, low (DMA cycle) twwi1 2tcyk — 40 2toyk — 40 ns DMA extended
. write cycle
WR pulse width, low (DMA cycle) tww2 toyk — 40 toyk — 40 ns DMA normal
. write cycle
RD!, WR! delay from DMAAK/ tppaRw  tkkH — 30 tkkn — 30 ns
DMAAK' delay from RDt toRHDAH  tkkL— 30 tkkL— 30 ns
RD? delay from WRt {DWHRH 5 5 ns
TC output delay time from CLKOUT? tpkTCL 60 55 ns
TC off delay time from CLKOUT? tokTeF 60 55 ns
TC pulse width, low -ttt toyk— 16 toyk — 16 ns
TC pullup delay time from CLKOUT? tokTCH tKH tikH ns
) +toyk — 10 +toyk — 10
END setup time to CLKOUT? tSEDK 35 30 ns
END pulse width, low " tepEDL 100 80 : ns
DMARQ setup time to CLKOUT? tspaK 35 30 ns
INTPn pulse width, low tpipL 100 80 ns
RxD setup time to SCU internal clock tSRX 1 . 0.5 S
RxD hold time-after SCU internal clock ! tHRX 1 0.5 us
SRDY delay time from CLKOUT! tpKsR 150 100 ns

Notes:
(1) Thisis specified to guarantee a read/write reéovery time for 1/0 (4) RD represents IORD and MRD. WRrepresents IOWR and MWR.

devices. (5) This is specified to guarantee that REFRQ ! is delayed from
(2) Delay from CLKOUT to DMA cycle MWR/IQWR outputs. MRD 1t at all times.

(3) Delay from CLKOUT to BUFR/W, BUFEN, INTAK, REFRQ out-
puts and CPU cycle MWR/IOWR outputs.

12
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AC Characteristics (cont)

8 Mtz Limits 10 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Conditions
TxD delay time from TOUT1} toTx 500 200 ns
TCTL2 setup time from CLKOUT! tSGK 50 40 ns
TCTL? setup time to TCLK? tsGTK 50 40 ns
TCTL2 hold time after CLKOUT! tHKG 100 80 ns
TCTL2 hold time after TCLK? tHTKG 50 40 ns
TCTL2 pulse width, high tGGH 50 40 ns
TCTL2 pulse width, low tgeL 50 40 s
TOUT output delay time from CLKOUT} tpkTO 200 150 ns
TOUT output delay time from TOUT! toTKTO 150 100 ns
TOUT output delay time from TCTL2} tpgTo 120 90 ns
TCLK rise time kR 25 25 ns
TCLK fall time ke 25 25 ns
TCLK pulse width, high HKTKH 50 45 ns
TCLK pulse width, low tTKTKL 50 45 ns
TCLK cycle time toyTkK 124 DC 100 DC ns
RESET pulse width low tRESET1 50 50 us After power on
tResere 4 tgoyk 4 toyk During operation

13
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uPD70216 Clock Input Configurations

Timing Measurement Points

Crystal-Controlled Internal Clock ) )
Input 24V s
X1 [except Clock]) X 22v 22v X
1} L 0.8V 0.8 V
15 pF l 04V |
1= =
15 T r
1 x2 22V 22V
Output )g( 0.8V 0.8V 4
External Clock 1
83-001816A
CLK X1
X2
External Clock 2
CLK Dc x1
Buffers are high-speed X2
CMOS inverters.
83-004019A
Timing Waveforms
Clock Timing
[ty x———
t
XR txF txxn
External
Clock \ \
[x1] N
toxk toxk baxe
- tevk
[ tKKH—— ke tkr

CLKOUT \

[——— kKL ———»

83-001844B
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Timing Waveforms (cont)

Reset and Ready Timing

Reset Timing

— tsResk tHKRES
RESET
> A
OO 1
[+—toKRES |e—tDKRES
D A
—
RESOUT

Ready Timing No Wait States

T T2 T3 T4 T
CLKOUT
tHKRYH
tSRYHK -
READY
Ready Timing, Wait States
T | T2 | T3 ™™ T4
CLKOUT _/_\_J
tSRYLK —»| fe— tHKRYH
READY
— tHKRYL

83-002725B
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Timing Waveforms (cont)

Poll, NM|, and Buslock Timing

CLKOUT

POLL, NMI Input Timing

POLL, NMI

CLKOUT

BUSLOCK Output Timing

tsik

BUSLOCK

toka

toxka

83-001831B

Read/Write Recovery Time

_/

tar

le— ta]

tai

83-004266B
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Timing Waveforms (cont)

Read Timing

T4 I T T2 | T3/TW | T4
CLKOUT/ I
toka: [— tHKA [e—trkp
1
A19/PS3-
Av6/PSo Address Processor Status ] 5—{
. 1
toka —*| ‘ tokp
-
UBE x
[*—tFka [e—tspk ——
\ o
AD;5-ADp 5 v, Data Input -
1 .
tm(sm—ﬂ l -5 re—tusTA tHkp—> lt—
tsTs:
ASTB =y wd|
toKsTL — "— )
—* tokeT2 — l-—lnxcrz
/ [Note 1}
BUFEN === I
-+ l«—tpBECT
!
— tockr2 — *—tDAFRL —> tokcr2
BUFRIW
I
[+ toxkee —> toKkRH
WD e - - |m - = -
—_ \ {Note 1]
IORD
e tRR It tORHA——
L
BS2-BS| \
2-BSo Y
— [*— tokeL — tokeH
Note:
{1] Except internal /0 accesses.
83-0018458
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Timing Waveforms (cont)

Write Timing

T4 | T1 T2

T\

CLKOUT /

T3I/TW

T4

AqglPS3
-A16/PSg

Address X

Processor Status

X
= X

toka— e— — tokp
ADy5-ADg 7& Add Data Output
I
| —»{ [4—tHKA
e—tsAST —9

ASTB = i'

%1 [*—tHsTA

tbker2

BUFRIW -1/

~ il

tpkeT2
[Note 1)
BUFEN - — ]
—»| te—1tpKcT2 — tokeT2
- \ [Note 1]
MWR . J
tww

BS2-BSp S K

A

/

-+ }‘—‘DKBL
Note:

[1] Except internal I/0O accesses.

[+—tDKBH

DR
allal!

—»| [&—trkD

83-0018438
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Timing Waveforms (cont)

Status Timing

T4 | ™ T2 T3/TW | T4
1
cLKOUT / \ ‘_/_—1 N
tHkA le—
[e— tFkp
|<— tokp
3\1196/;3530 Address‘ jﬁ Processor Status
I
toKA—]
UBE x
e— tspK
na [+— tHKD
AD1s-ADg E ; Data Input E—
}ﬁ_ Y A X
tDRHA
ASTB / \ /
"*fokau
BS2-BSo . \ Bus Status i
N
. —=| toksL [T tDAFRL —P| —{  [#—tpKRH
MRD, IORD 4
MWR, IOWR
toka —™ — toxRL
Ind 1RR —-
Qs1, QS0 x x x x

83-0027218
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Timing Waveforms (cont) e

Interrupt Acknowledge Timing

(Note 1) \

hal | T1 = I T2 | T3 I

cLkour./ ' . / k / \
kA== g . lpKA—>| potm —>‘ — trgca . .
[€—1tsDK

-—-— = —

"~ Vector number
[Note 2]

AD1s-ADp

£
2 {  (Note2) }—

Y

4

:

tokCT2 —»
R - .
INTAK \ /

— tpkeT2 — tpkcT2

— —— i —— — = - e o s e e e e
(Note 3) . \ {Note 3) /
BUFEN

BUFR/W 2
— toka
BUSLOCK 2 2 /
Notes:

[1] If the interrupt is accepted following a control transfer, the three Tl states
can be replaced with an unused instruction fetch bus cycle.

[2] Slave address when the is from | uPD70159. L
when internal ICU interrupt. N !

(3] Solidiine when interrupt-from external uPD70159. Dash line when internal
ICU interrupt.

83-0018418
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Timing Waveforms (cont)

HLDRQ/HLDAK Timing, Normal Operation

) T T T4
\_f \ / y i \t_/ A\
cLkouT é—/ \
+‘ tsHQK sHak
52 >
—0'¢ -0d
HLDRQ J
| !4-:9,(“;\ 1DKHA [
D e
f G \
HLDAK —
— |e— trkaA toka
—a
3 3 1z Internal
Internal Bus Master [Not)e 1] (s \_Bus Master
_.‘ tFKA - toka
D2
0 ¢ .
Internal Bus Master [Note 2] o Int | Bus Master
BN ;r -

¢ .

NOTES: (1) A1g/PS3-A1g/PSo, AD15-ADo, BUFEN,BUFR/W,MRD,IORD,MWR,IOWR,UBE
(2) BS2-BSp
83-0018288

HLDRQ/HLDAK Timing, Bus Wait

CLKOUT \ / \

SVARNEVARN

tsHak

HLDRQ

tDKHA —»

HLDAK

External Bus Master [Note 1]

Note:

[1] A19/PS3-A16/PS0, AD15-ADg, UBE, BUFEN, BUFR/W, MRD, iORD, MWR, IOWR, BS2-BSq.

Internal Bus
Master

83-0018298
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Timing Waveforms (cont)

Refresh Timing

T4 I T T2 T3/TW T4 |

CLKOUT ’

I‘— tbkp

A1g/PS3- .
A16/PSg X{ Undefined X

1DKA—’I le— —of le— tHKA

AD15-ADg ’ X‘ Undefined ;}
. r \

ADg-ADp —¥L‘ij Address ’E
ASTB ] / \
BUFEN /

AAN X H

g

—> tDAFRL
_J tDRQHRH
tDKRL

=
]
o

tokcT2 — tokcT2 —»

REFRQ

- l‘- tDKBL > r— tDKBH
BS2-BSp \L BSy=1,BS1=0,BSp=1 ﬂ

83-003517C
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Timing Waveforms (cont)

DMAU, DMA Transfer Timing

T4 ] m | T2 T3/TW | T4 |

tokeL e |<—(0K3H

o/

— tokp
— tHkaA
A19/PS3- Address
A16/PSg
foka —»
UBE Address X
l —»f le—1tFKA
N
AD45-ADg Address E {
7 \__

tDKHDA ——' [e— ——4
DMAAK \k

tDAFRL — <—tDRHDAH
— toKRL «—1DKRH
{DDARW —+| R |
MRD, IORD

1

toKCT1—ef  |o— —=| je—tokert |-— tokeT
IDDARW —| twwi [; tDWHRH
twwa
— \
MWR, IOWR \_ Early write mode. F 7

83-0018478
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E

Timing Waveforms (cont)

DMA Timing

END/TC Timing "

CLKOUT

q

\_/

ok TCF

|¢—|nmcn

T

[e—trcTeL

tsepk le—
{EDEDL
END

DMA Request Timing

CLKOUT

.

/

DMARQn
(n=0-3)

[\

SDOK|

Cascade Mode, Normal Operation

cLKouT .
spak

hal

DMARQ

2
s

tokLDA
2

DKLDA —»I

s

Cascade Mode, Refresh Cycle Insertion

cLKouT /

DMARQ

L

tokLDA

tokLDA :
\ ¢

83-001826C
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Timing Waveforms (cont)

SCU Timing

s ) )
+———tsRx - tHRX
o S\ VS AW
- 16 or 64 TOUT1 pulses

[ «—— 16 or 64 TOUT! pulses
<D m

[——tpTX

CLKOUT
tpksr
SRDY
83-0018498
ICU Timing
INTPn teeL
(n=1-7)
83-0040208

25



uPD70216 (V50)

NEC

Timing Waveforms (cont)

TCU Timing, Internal Clock Source

CLKOUT

{ R
TCTL2 Z
I-—toe'ro (TOUT2) — k10 |e—
TOUTn =
[n=1,2]
|
83-0027228
TCU Timing, TCLK Source
tTkR trke TKTKH
*— - [+ teyTk ——
TCLK g \ / \
TKTKL
tHTKG —l .
- > SGTK
tsGTK l— tagH tHTKG
TCTL2 \
taaL
tbGTO —>f AJ [+ tokTO
(TOUT2)
TOUTn [n=1,2] g 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-

cause the uPD70216 has internal peripheral devices,

Interrupt control unit (ICU)
DMA control unit (DMAU)

: gf;;;alg':gf:t?r"zgé?n (CPU) its bus architecture has been modified to permit
e Bus intgerface unit (BIU) sharing the bus with internal peripherals. The uPD70216
« Bus arbitration unit (BAU) CPU is object code compatible with both the uPD70108/
« Refresh control unit (RCU) uPD70116 and theyED8086/yP08088 miCroprocessors.
e Wait control unit (WCU) Figure 1is the uPD70216 CPU block diagram. A listing
e Timer/counter unit (TCU) of the uPD70216 instruction set is in the final sections
e Serial control unit (SCU) of this data sheet. -

L]

L]

Figure 1. uPD70216 CPU Block Diagram

Internal address/data bus (20)
> ToBIU
ADM
PS T-State
SS Control
= N
DS4 .
PFP i Cycle Interrupt  |+— Nm1
) DP Decision Control  |e— INT
TEMP U (from ICU)
Qo Qq
Q Q3 Queue Standby «— CLOCK
Qs | Os Control Control (from CG)
L
.
- - _ _ BCU _
c EXU
PC D Effective Address
AW Generator
BW
CcwW
* R4 ?)Zv ’ instructi
uaddress uinstruction .
v X Register ) ROM 29 > Micro data bus
BP «
SP E
s
p A Shifter O ¢ °3
TB * Instruction Decoder l
oL __ e
.
Subdata bus(16) Main data bus(16)
83-001839B
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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 PCare 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 nextinstruction 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
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, SS, DSy, DS4]. 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 (DS4). The
following table lists their offsets and overrides.

Default

Segment Register Offset Override
PS PFP register None
SS SP register None
S5 Effective address (BP-based) PS, DSq, DS4
DSq Effective address (non BP-based) PS, S8, DS¢
DSg IX register (1) PS, SS, DS4
DS4 1Y register (2) None

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.

28

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 I/0, BCD
rotation, data conversion, transiation

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 flags
and four control flags.

Status Flags Control Flags

V (Overflow) o MD (Mode)

S (Sign) e DIR (Direction)

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

P (Parity)

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 vV _ DIR IE BRKl

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: :

Dual data buses

Effective address generator
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)
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.

Loop Counter and Shifters. A dedicated loop counter is
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, muitiply
and divide instructions execute approximately four
times faster.

Figure 2. Dual Data Buses

s -
-

Registers

Temporary
Registers/Shifters

16 16

=/

< D

L L
Sub data bus Main data bus
83-0038288

Figure 3. Effective Address Generator

mod rim

EA Generator

Effective Address
83-002737A

Program Counter and Prefetch Pointer. The functions
of instruction execution and queue prefetch are de-
coupled in 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 toaccount for prefetch-
ing before computing the new destination address.
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Enhanced Instruction Set

In addition to the uPD8086/88 instruction set, the
uPD70216 has added the following enhanced instruct-
ions.

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
OUTM Output multiple

PREPARE
DISPOSE

Prepare new stack frame
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

FPO2 Floating point operation 2

Bit Fields. Bit fields are data structures that range in
lengthfrom 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.

30

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 in reg8is a
bit field offset. A content of O selects bit 0 and 15 selects
bit 15 of the word that DS0:IX points to. Following
execution, the IY 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).
Ifthe bitfield is less than 16 bits, it is right justified with
azerofill. The bitfield 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 that DSO0:1X 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) or as a byte data type with a
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 digits is 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 4
bits of the result.

The two BCD rotate instructions (ROR4, ROL4) perform
rotation of a single 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, or complementasingle bitina
register or memory operand increases code readability
as well as performance over the logical operations
traditionally used to manipulate bit data.

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.
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Figure 4. Bit Field Insertion
Bitlength
15 ]
AW / /
l Bit offset | Byte offset (1Y) o
| [ ;
\ | // e
1 | | f
Byte boundary Segment base (DS1)
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Figure 5. Bit Field Extraction.
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Floating Point Operation Instructions. Two floating
point 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
cycle if specified by the instruction. It is the responsi-
bility of the external coprocessor to latch the address
information and data (if a read cycle) from the bus and
complete the execution of the instruction.

8080 Emulation Mode. The uPD70216 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 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 becomes
write-enabled and is cleared. 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, DSg, DS, IX, 1Y, AH and the
upper half of the PSW registers are inaccessible to
8080 programs.

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
mode 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.
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1PDBOBOAF uPD70216

Registers A/PSW AL/PSW (lower)

CH
CL

DH
DL

BH
BL

BP
PC

cY
Z
S
P
AC

Flags

> ow
SvoeNOISY|rTmo|o®m

- Eitheran NM1 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,

Figure 6. ©PD70216 Modes.

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.

The 8080 emuiation mode programs also have the
capability to invoke native mode interrupt handlers by
means of the call native (CALLN) instruction. This
instruction operates like 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, disables modification of the MD
bit, and execution continues with the instruction follow-
ing the BRKEM instruction. Nesting 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.

Bus Hold

Native Mode

Bus Hold

Standby Mode

NM|, INT

Emulation Mode
Bus Hold

83-0038308
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The two types of external interrupts are:

e 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 (BRKYV 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 6 1o 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.

Nonmaskable interrupts and maskable interrupts (when
enabled) are normally serviced following the execution
of the current instruction. However, the following
cases are exceptions to this rule and the occurrence of
the interrupt will be delayed until after the execution of
the next instruction.

e Moves to/from segment registers

e POLL instruction

e Instruction prefixes

e Elinstruction (maskable interrupts only)

Another special case is the block transfer instructions.
These instructions are interruptable and resumable,
but because of the asynchronous operation of the BIU,
the actual occurrence of the interrupt may be delayed
up to three bus cycles later.

Standby Mode

The uPD70216 CPU has a low-power standby mode,
which can dramatically reduce power consumption
during idle periods. Standby mode is entered by simply
executing a native or 8080 emulation HALT instruction;
no external hardware is required. All other peripherals
such as the timer/counter unit, refresh control unit,
and DMA control unit continue to operate as pro-
grammed.

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 followingthe 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.

Status in Standby Mode

Oulpul Signal

INTAK, BUFEN, High level
mm R, I0WR, '

I0R

D UBE
(

BS2-BSg (Note 2) - Sends halt status (011),

then remains high {111)

0S4-QSg, ASTB Low level

BUSLOCK High level (low level if the
HALT instruction follows the
BUSLOCK prefix)

BUFR/W, - High or fow level

Aq4g-A4g/PS3-PSg,

AD45-ADg

Note:

(1) -Output bin states during refresh and DMA bus cycles will be as
defined for those operations.

(2) Halt status is presented prior to entering the’p'assive state.

Figure 7. Interrupt Vector Table

000H -

Vector0 Divide Error

004H

Vector 1 Break Flag

008H -
Vector2 NMI Input

00CH

— Dedicated
Vector3 BRK 3 Instruction

010H

Vector4 BRKYV Instruction

014H

Vectors CHKIND Instruction
018H I -
Vector6 .

— Reserved

07CH
Vector31
080H —
Vector 32

General Use

— ® BRK imm8 Instruction
® BRKEM Instruction
® INT Input [External]
® CALLN Instruction

3FCH
Vector 255

83-000111A
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Clock Generator Figure 9. External Oscillator Configuration

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 1 HPDTOHE 2
shows the recommended circuit configuration. Capac- -

itors C1 and C2, required for frequency stability, are High Speed

selected to match the crystal load capacitance. ngg:

External clock sources are also accommodated as
shown in figure 9. The CG distributes the clock to the External
CLKOUT pin and to each functional block of the )
pPD70216. The generated clock signal has a 50-percent
duty cycle. ‘

83-002735A

Figure 10. RESET/READY Synchronization

Bus Interface Unit

The bus interface unit' (BIU) controls the external cLock

address, data, and control buses for the three internal RESEF C'ii RESOUT
. bus masters: CPU, DMA control unit (DMAU), and w————b—go Q ’

refresh control unit (RCU). The BIU is also responsible ) T°cii'r‘;fl'i;‘a'

for synchronization of the RESET and READY inputs READY 7 cxl§ )

with the clock. The synchronized reset signal isused |~ ——Jo " @ D af—— Tonternal

internally by the uPD70216 and provided externally at

the RESOUT pin as a system-wide reset. The synch- 83-002728A

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.

The BIU also has the capability of overlapping the
execution of the next instruction with memory write
bus cycles. There is no overlap of instruction execution
with read or I/O write bus cycles.

Figure 8. Crystal Configuration

o .
i . 0osc Frequency Divider l\
Oscillator l/ O

[+2] CLKOUT

CLOCK (to internal circuit)

[
1
|

B

cLock m

(CLKOUT)

-——
- ——

83-0018228
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Bus Arbitration Unit

The bus arbitration unit(BAU) arbitrates the external
address, data, and control buses 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. Whenever possible, the BAU per-
forms bus switching between internal bus masters
without the introduction of idle bus cycles, enhancing
system throughput.

System 1/0 Area

The 1/0O address space from addresses FFOOH to
FFFFH is reserved for use as the system 1/O area.
Located in this area are the 12 uPD70216 registers that

Figure 11. OPCN Register Format

determine the 1/O addressing, enable/disable periph-
erals, and control pin multiplexing. Byte 1/O instruc-
tions must be used to access the system I/O area.

1/0 Address Register Operation
FFFFH Reserved —

FFFEH OPCN Read/Write
FFFDH OPSEL Read/Write
EFFCH OPHA Read/Write
FFFBH DULA Read/Write
FFFAH IULA Read/Write
FFF9H TULA 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 formatof 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/TOUT1/SRDY pins. Bit 0 of the

7 6 5 4 3 2 1 0
[=[=1-[—=[msw [ pF

| open

Pin Function ] DMARQ3/RxD | DMAAKS/TXD | INTAK/TOUT4/SRDY |
00 DMARQ3 DMAAK3 INTAK
01 DMARQ3 DMAAK3 TOUTY
10 RxD <D INTAK
11 RxD TxD SRDY
Interrupt Request Switch INT1 INT2
00 INTP1 Pin| INTP2 Pin
01 sCu INTP2 Pin
10 INTP1 Pin| TOUT1
11 SCU TOUT1

83-0018278
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OPCN-' controls the function of the INTAK/SRDY/
TOUT 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 1/0 signals will appear
on the DMARQ3/RxD and DMAAKS/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 toenable 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
|=1=1=1=]ss]ts]1s]ps] opser

Peripheral
Selected Operation
‘DMAU
ICU 0 = Disabled
> TCU 1 = Enabled
—> sCcu
83-001813A

Figure 13. uPD70216 Peripheral Relocation

Internal Peripheral Relocation Registers

The five internal peripheral relocation registers (figure
13) are used to fix the 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 ] [ { i [ {
Ais Ay Az Aia Ain Ay Ag Ag

The formats for the individual internal peripheral re-
gisters appear below. Since address checking is not
performed, do not overlap two peripheral 1/0 address

spaces.
DULA 0

7
LA71AG1A:rA4|—|f _|_|

7 IULA 0
1 1 ! } | 1
rA7 As As Ay Az — — A |
7 TULA 0
1 I T T T
| A7 As As Ay Az — — Ag I
7 SULA 0
R T T i i
rA7 Ag As Ay A3 — — A l

64 K byte l/O space
FFFFH

Reserved
System /0 Area

© 'FFOOH

sl L

I —
e

0100H

0000H

| / VLTI
_/"\/

DMAU /
N DULA

256 byte area

/ /TCU Z/ TULA

SCuU

SULA

83-0027278
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Figure 14. Timer Clock Selection Register

7 6 5 4 3 2 1 0
| =] =1 —[cs2[csifcso] Pps | Tcks
Internal Clock
Prescale Select Prescaled by:
00 2
01 4
10 8
1 16
Clock Selection Clock
for TCTn Input
0 Internal Clock
1 TCLK Pin

83-001819B

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/counter is independently select-
ed from either the prescaled internal CPU clock or from
an 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
Ap 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 counter is incremented. The refresh control
(RFC) register in the system 1/O area contains two
fields. The refresh enable field enables or disables 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 uPD70216 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-
priority bus requester (normal mode). However, if
seven refresh requests are allowed to accumulate in
the RCU refresh request queue, the RCU will change to

the highest-priority bus requester (demand mode). m
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.

Therefresh countinterval can be calculated as follows:
Refresh interval = 8 x N x tcyk

where N is the timer factor selected by the RTM
field.

When the yPD70216 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 =] RTM | rFc
Refresh Timer | N (Timer Factor)
00000 17
00001 18
00010 19
00011 20
e — — 4 —_——— ]
00100 5
00101 6
11110 31
1M1 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 1/O 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
the READY pin remains inactive. When READY is again
asserted, the bus cycle continues with T4 as the next
cycle. The uPD70216 internal peripherals never require
wait states; four clock cycles will terminate an internal
peripheral bus cycle.

Figure 16. Wait State Memory Boundary Register

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.

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. DMA wait states must be set to the
maximum of the DMA memory and /O partitions.
Refresh wait states should be set to the maximum value
of all DRAM memory partitions.

7 6 5 4 3 2 1 0
[-] we  [—] ume |Jwms

Lower Memory Block Size [1
Upper Memo:'y Block Size[ : Memory Block Size (KB)
000 32
001 64
010 96
011 128
100 192
101 256
110 384
111 512

FFFFFH
Upper Memory Block

Middle Memory Block

Lower Memory Block

00000H

Note:

Specified by the UMB Field

}Specifled by the LMB Field

{1} By default, the add
middle memory block.

space

9

the UBM and LBM is the

83-0018208B
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Figure 17. Wait Cycle 1 Register

Figure 18. Wait Cycle 2 Register

7 6543210
|iow [umw]mmw|Lmw ] weys

Lower Memory Block Wait States
Middle Memory Block Wait States| nymber of
Upper Memory Block Wait States | Wait States
1/O Wait States

00 0

01 1

10 2

1 3
83-001818A

Timer/Counter Unit

The timer/counter unit (TCU) provides a set of three
independent 16-bit timer/counters. The output signal
of timer/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

Figure 19. TCU Block Diagram

7 6 5 4 3 2 1 0
|=]-=[—]—-]omaw ] rFw Jwcr2

Refresh Wait States| Number of
DMA Wait States Wait States

00 0
01 1
10 2
H 3

83-001815A

uPD71054 Programmable Timer/Counter. Figure 19
shows the internal block diagram of the TCU.

The TCU has the following features:

Three 16-bit timer/counters

Six programmable count modes
Binary/BCD counting

Multiple latch command
Choice of two clock sources

TCLK (EXT) CLOCK

TCTLO=High TCTL1=High TCTL2 (EXT)
TOUTO (to ICU) TOUT1 (EXT) TOUT2 (EXT)

—» To ICU/ISCU

R
Prescaler
Mux
TCTO CLK

Mux
CLK CLK
| o -~
Read/Write Control : |
Circuit Control Logic |
' |
' |
|
' |
|
Status TCT1 TCT2
: o Reglster Down Counter (16) :
: ®) (16) |
| (16) |
TMD He) | L@ | [re ' ue |
{Mode : Status L__(-)i _(_)._ .._(_)_L_(_)_ |
Register) Latch Count Count [* |
: Register Latch i
Ly | e | === 4
‘ I
(8)

i
AV

S

) 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 hew 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 |/O instructions to
the I/O port addresses programmed in the OPHA and
TULA registers. The individual TCU registers are
selected by address bits Ap and A4 as follows.

Ay A Register Operation

0 0 TCTO 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.

Writesto 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
statusinformation 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

Thereare 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.

40

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. .

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 avallable 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. Thls 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 250 kb/s supported

7-, 8-bit character lengths

1-, 2-bit stop bit lengths

Break transmission and detection

Full-duplex, double-buffered transmltter/recelver
Even, odd, or no parity

Parity, overrun, and framing error detection
Receiver-full/transmitter-empty interrupt

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
TmD| sc | Rwm | cmopE | BD | ™[ sc [ ool o[o[o] o]
L Binary or BCD Count sC Counter to be Latched
0 Binary 00 TCTO
1 BCD (] TCTt
10 TCT2
Count Mode Mode
000 0
001 1 :
X0 2 7 6 5 4 3 2 1 0
e 2 ol 1 [ 1 fcL]sL]crafcrifcrof o]
100 4
101 5
Read/Write .
Mode Operation
d
2(1) founle; l;an;h IComman Counter Selection Operation
0 H(:w:r By ad On \: 0 TCTn not selected
1 gher Byte Only 1 TCTn selected
1 Lower Byte Followed by
Higher Byte —s| Status Latched Operation
S o oy 0 Latched
elect - — il Not Latched
00 TCTO
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
smlou [ ne | rwm | | 80 |
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)
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Figure 22. TCU Waveforms (Sheet 2 of 3)
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Figure 22. TCU Waveforms (Sheet 3 of 3)
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Figure 23. SCU Block Diagram

RESET CLOCK
F‘ - ‘ }«———IORD
(Status Register) . owR
' a Read/Write
§ Controt N —Az
[ fte—— A4
I SCM €
£ (© d R ) _1/ 8 | ¢———sus
«©
§ SRB g . " RTCLK (from TCU)
5 (Receive Data (8) Receive Buffer) SROY
5 Buffer) RxD
£
2
T
al——N| STB Transmi —oTxD
@ (Transmit Data (8) tncluding Tr: :
& v Buffer) Buffer)
o
H
$ SMD N H
E (Mode Register) _1/ z
2
o
@
SIMK (Interrupt Interrupt
Mask Register) " Generation Logic [ SINT (to ICU)
~J -/
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Receiver Operation

While the RxD pin is high, the receiveris in an idle state.
Atransition on RxD from high to low indicates the start
of new serial data. 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
when 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
prevent the immediate overrun of a received character.

Transmitter Operation

TxD is kept high while the STB register is empty. When
the transmitter is enabled and a character is written to
the STB register, the data is converted to serial format
and output on the TxD pin. The start bit indicates the
start 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 is full, and receive
interrupts are unmasked.

(2) The transmitter is enabled, the STB is empty, and
transmit interrupts are unmasked.

AR
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SCU Registers and Commands

1/0 instructions to the I/0O 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:

Ry 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
registerare valid and bit 7 is cleared to 0. If programmed
for 7-bit characters, bit 7 of the STB is ignored.

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 24. SST Register

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
HPD71051, 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.

Baud Rate Generator

Timer/counter 1 is used as the baud rate generator
when the SCU is enabled. The input baud rate clock is
scaled by 16 or 64, as selected in the SMD register, to
determine the receive/transmit data clock. There are

_no restrictions on the SCU input baud rate clock other

than operating the TCU in mode 3 with a square-wave
output. .

7 6 5 4 3 2 1

0

CssT| 9 IBKD] Fe |ove| pe | .1- [rerpy|TBRDY|

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

83-001832B
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Figure 25. SCM and SMD Registers

SCM Register
7 6 5 4 3 2 1 0
scm| — | — |mrov|EcL [serk| RE [ — [ TE ]
T itter Enabled Op
0 Transmitter Disabled
1 Transmitter Enabled
Receiver Enabled Operation
0 Receiver Disabled
1 Receiver Enabled
Send Break Operation
0 Normal Operation
1 TxD = 0 (Break)
Error Clear Operation
0 No Operation
1 Error Flag Ciear
MRDY Mask Ready
0 SRDY = 1 (Mask)
1 Normal Operation of
SRDY Output
SMD Register
7 6 5 4 3 2 1 0
smp| st | ps | c | BF |
L Baud Rate Factor Operation
0- illegal
10 RTCLK Frequency + 16
1" RTCLK Frequency + 64
> Ch ter Length Operation
0- Hiegal
10 7 Bit Characters
" 8 Bit Characters
> Parity Select Operation
-0 No Parity
01 0dd Parity
" Even Parity
Stop Bit Length Operation
-0 Hlegal
01 1 Stop Bit
" 2 Stop Bits
83-0018368
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Figure 26. SIMK Register

7 6 5 4 3 2 1 0
smk[—|—[—[—[—]—|mm|rm]

Operation
Receiver 0 | Unmask
int Mask 1 | Mask
Ti itter | 0] Ui K
Int Mask 1 [ Mask
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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 yPD71059s permits the uPD70216 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 uPD71059 Interrupt Controllers

e Programmable edge- or level-triggered interrupts
(TCU, edge-triggered interrupts only)

o Individually maskable interrupt requests

e Programmable interrupt request priority

e Polling mode

ICU Registers

Use I/0 instructions to the I/0 addresses selected by
the OPHA and IULA registers toread from and write to
the ICU registers. Address bit A; and the command
word selects an ICU internal register.

Ay Other Condition Operation
Read 0 IMD selects IRQ CPU <= IRQ data

0  IMD selects IIS CPU < IIS data

0 Polling phase CPU < Polling data

1 - CPU < IMKW
Write 0 D4=1 CPU — 1IW1

0 D4=0andD3=0 CPU — IPFW

0 D4=0andD3=1 CPU — IMDW

1 During initialization ~ CPU — 1IW2

1 CPU — 1IW3

1 CPU — 11W4

1 After initialization CPU — IMKW
Note:

(1) In polling phase, polling data has priority over the contents of
the IRQ or IIS register when read.

Figure 27. ICU Block Diagram
Initialize and g [ SAo —0ADg
Command Word >l Slave Control |—— SA; | To BlU»; —>0 ADg
|QRD_>{ Register Group SA, »0 AD1g
IOWR-»| U I
Read/Write
Are] Control — Control Logic je————INTAK (from CPU)
1US+] : — | ———— INT (1o CPU)
—TOuTo (from TCU)
SINT (from SCU)
| J TOUT{ (from TCU)
Priority INTy 4
J Dete{?gi::ation K —INT1| Mux | INTP,
In- Interrupt |'NT2 INTP2
-service Ri t FINT3——————INTP3
Re(ﬂ'ss;e" P(IElQA) fNTq INTP,4 {External Pins
: Interrupt INTs—————INTP;
RMa.sr LINTg——————INTPg
Fiv LINT 7——————INTP7
A 4 U
D) Internal Data Bus Lower 8 Bits )
83-001825B

48



NEC

uPD70216 (V50)

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 (1IW1-1I1W4) 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 HIW1. IIW2 sets the interrupt vector.
1'W3 specifies which interrupts are connected to slaves.
1IW3 is only required in extended systems. The ICU will
only expect to receive [IW3 if SNGL =0 (bit D4 of IW1).
11W4 is only written if 114 =1 (bit Dg 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

slave uPD71059 INT output is routed to one of the
uPD70216 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 (1IW3). If the same,
the slave will place the interrupt vector on pins AD;-
ADq during the second interrupt acknowledge bus
cycle.

Figure 29. Interrupt Initialization Words 1-4

Bits SNGL and 114 are set.
The default initialization
is performed.

A1=0, D4=1

SNGL=0, lli4=1  SNGL=0, li4=0 SNGL=1, l14=1 SNGL=1, [14=0

initialization
Completed

| wws [ wows |
a= ] [a=r
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D7 D6 D5 D4 D3 D2 Di DO
iwt | — ] =] =] 1 [LEv][ — [sNGL| uia
I

L Writes 1IW4 Operation
0 1IW4 Not Required
1 IIW4 Required
Single Mode Mode
0 Extended Mode (Slave Controliers)
1 Single Mode (No Slave Controllers)
Level-Triggered
Mode Mode
0 Edge Trigger (Rising Edge)
1 Level Trigger (Active High)

Dy Dg Ds Ds D3 D2 D4 Do
w2 [ Vi T Ve[ Vs [ Va[Va] = [ —T—]

Higher 5 bits of interrupt
vector number

Dy Dg Ds Dy D3 D Dy Do
nw3 | S [ S [Ss[Sa[Sa] Sa[si [ o]
L 1 1 ! L 1 1

Slave Connection Status
Status
INTn is not a slave
0 input
1 INTn is a slave input

D7 Dg Ds D4 D3 D2 Dy Do

nwa[ o J o J 0 [exiN] =] = [sFi] 1]
Self Finish .
Interrupt Operation
0 FI Command Mode
1 Self Finish Mode
External
Nesting Mode| Mode
0 Norma! Nesting
1 Extended Nesting

83-0027268
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Figure 30. Command Words

D7 Dg Ds Ds D3 D Dy Do
IMKW | M7 [ Mg [ Ms | Mg [ M3 | M2 | M1 [ Mg |
L1 11

Interrupt Request Mask * Operation

0

INTh not Masked

1

INTn Masked

D; Dg Ds Dy D3 D2 Dy Do
1pFW [ RP[siL] Fi [ o [ o Ji2]i]io]

Y v v
interrupt| O 0 | 0 |INTO
Level ofof1][mwm
011 0 |INT2
0|1 1 |INT3
1 0| 0 |INT4
1] 0] 1 [INTS
1 1 0 [INT6
1 1 1 | INT7
3 3
0 0|1 . No Rotation| Normal FI Command
No Level
A [ Specification | Rotation Normal Rotation
FI Command
Fl N
0|1 |1 No Rotation| FI Command
Command for Specification
Rotate Priority 1111 Level Rotation Specified Bit
Specity Interrupt Level, Specification Rotation FI Command
Finish Interrupt 0110 No Rotation| No Operation
111fo Rotation Specified Bit
Non-Fi Rotation Command
o0 [o |o |Command No Rotation | Self FI Mode
No Level Rotation Reset
Specification
1]0]o0 - Rotation Self FI Mode
Rotation Set
Dy D¢ Ds Dg D3 D2 D4 Do
mow | — [snmlexcn] o | 1 [roL]| sr [isiR]
Select Regist In-Service/lRequest Regi Read Register Selecti
to Read Select
0 - No Operation
1 0 IRQ Selection
1 1 IS Selection
Polling Mode Polling
0 No Operation
1 Polling Command
o] SetN i Exceptional Nesting Mode 2
Mode Nesting Mode
0 —_ 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
A1g/PSg-A16/PSo Address || 5,
Latches
AD15-ADg Buffer | SA10-SAs
uPD71059
AD7-ADg o D7-Dg INTPo —
INTPy |—
— —1 Ao INTP2 |—
IORD RD INTP3 [—
{OWR WR  INTPs |—
INTPs [—
INTPg [—
INTPn INT_ INTP; |—
INTAK INTAK
SA2-SAg
LA - Latched Area
SA10-SAg - Buffered Slave Address
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DMA Control Unit master mode, the DMAU controls the external bus and

performs DMA transfers based on the preprogrammed

The DMA Control Unit (DMAU) is a high-speed DMA channel information.

controller compatible with the uPD71071 DMA Con-

troller. The DMAL{ has fourindependent DMA channels Terminal Count

and performs high-speed data transfers between

memory and external peripheral devices at speeds as  The DMAU ends DMA service when the terminal count

high as 4 megabytes/second in an 8-MHz system. condition is generated or when the END input is

Figure 32 is the block diagram for the DMAU. asserted. A terminal count (TC) is produced when the
contents of the current count register becomes zero. If

The DMAU has the following features. autoinitialization is not enabled when DMA service

e Four independent DMA channels terminates, the mask bit of the channel is set and the
e Cascade mode for slave uPD71071 DMA controllers ~ DMARQ input of that channel is masked. Otherwise,
e 20-bit address registers the current count and address registers are reloaded
e 16-bit transfer count registers from the base registers and new DMA transfers are
e Single, demand, and block transfer modes again enabled.
e Bus release and bus hold modes
¢ Autoinitialization DMA Transfer Type
* Aeress |n(_:rement/decre-meAn.t The type of transfer the DMAU performs depends on
e Fixed/rotating channel priorities the following conditions.
e TC output at transfer end o
e Forced termination of service by END input o Direction of the transfer (each channel)

e Transfer mode (each channel)
DMAU Basic Operation e Bus mode

The DMAU operates in either a slave or master mode. Transfer Direction

In the slave mode, the DMAU samples the four DMARQ

input pins every clock. If one or more inputsare active,  All DMA transfers use memory as a reference point.
the corresponding DMA request bits are set and the Therefore, a DMA read operation transfers data from
DMAU sends a bus request to the BAU whilecontinuing ~ memory to an 1/O port. ADMA write operation reads an
to sample the DMA request inputs. After the BAU  1/O port and writes the data into memory. During
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
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Figure 32. DMAU Block Diagram

(OWAU Afdress Bus @0 | Decrementer
Internal Address Bus { (20) } @0
Internal Bus
Interface
Address
Internal Data Bus <j(8 > Register | [ Current Address (20x4) Control Register Group
ﬁ Base Address (20x4) Channel (4]
Internal Control Bus ’ [ { Tl [ @ —I
Device Control (10)
BA BUSRQ «——] e
Y1 eusak —» K DMAU Data Bus J) ( Status (8) ]
. (} Mode Control (7x4) |
Count
Register | [ Base Count (16x4) | [ Mask@ ]
DMARQS-0 '—_———> Current Count (16x4) |
Priority Control
DMAAK3-0 < ()
Terminal Count Count
ENDITC E Decrementer (16)
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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 IOWR, MRD

DMA write 1/0 — Memory IORD, MWR

DMA verify Addresses only; no transfer
performed

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 a single 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.

52

Figure 33. Bus Modes

Bus Release Mode

Right to Use

Service DMAU

Channel CHO CH1 CH2 CH3
Bus Hold Mode

Right to Use

Bus CPU —l I"—

Service DMAU - - -

Channel CHoO i CH1 E CH25 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

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 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 completesa
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
bus 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
Count register -1 —1

Byte Transfer

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 this reason, always
select even addresses. The Ag and UBE outputs
control byte and word DMA transfers. The following
shows the relationship between the data bus width,
Ag and UBE signals, and data bus status.

Ag UBE Data Bus Status
0 1 D7-Dg valid

1 0 ‘ Dy5-Dg valid

0 0 D15-DO 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 countregisters 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.

r2



uPD70216 (V50)

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. During DMA cascade mode operation, itis
the responsibility of external logic to isolate the cascade
bus master from the uPD70216 control outputs. These
outputs are listed in a table at the front of this data
sheet.

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 uPD71071 channel is in
service. When the cascaded yPD71