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Part Numbering System

pPD72001L  Typical microdevice part humber

kP

D
72001
L

NEC monolithic silicon integrated circuit
Device type (D = digital MOS)

Device identifier (alphanumeric)
Package type (L = PLCC)

A part number may include an alphanumeric suffix that
identifies special device characteristics; for example,
wPD72001L-11 has an 11-MHz data clock rating.



NEC Microcomputers

NEC Electronics Inc. Selection Guide

4-Bit, Single-Chip CMOS Microcomputers

Device, Clock Supply ROM RAM
nPD Features (MHz) Voltage (V) (X8) (X4) [[e] # Package Pins
7502 LCD controller/driver 04 251t06.0 2K 128 23 Miniflat 64
7503 LCD controller/driver 04 25060 4K 224 23 Miniflat 64
7507 General-purpose 04 27106.0 2K 128 32 DIP 40
SDIP 40
Miniflat 52
7508 General-purpose 04 27060 4K 224 32 DIP 40
SDIP 40
Miniflat 52
75CG08 Piggyback EPROM 04 451055 2K or 4K 224 32 Ceramic DIP 40
7514 LCD controller/driver 05 27t06.0 4K 256 31 Miniflat 80
7527A FIP controller/driver 0.6 2.7106.0 2K 128 35 pip 42
SDIP 42
7528A FIP controller/driver 06 271060 4K 160 35 DiP 42
SDIP 42
75CG28 Piggyback EPROM; w05 451055 4K 160 35 Ceramic DIP 42
FIP controller/driver )
7533 A/D converter 05 271060 4K 160 30 DiP 42
SDIP 42
s Miniflat 44
75CG33 Piggyback EPROM; 05 " 451055 4K 160 30 Ceramic DIP 42
A/D converter T
7537A FIP controller/driver 06 2710610, 2K 128 35 DIP 42
SDIP 42
7538A FIP controller/driver 06 27t06.0 4K 160 35 DIP 42
SDIP 42
75CG38 Piggyback EPROM; 05 45t055 4K 160 35 Ceramic DIP 42
FIP controller/driver
7554 Serial 1/0; external clock 07 27106.0 1K 64 16 SDIP 20
or RC oscillator SOP 20
75P54 Serial I/O; external clock 07 451060 1K 64 16 SDIP 20
or RC oscillator OTPROM SOP 20
7564 Serial 1/0; ceramic oscillator - 07 27t060 1K 64 16 SDIP 20
SOP 20
75P64 Serial 1/0; ceramic oscillator 07 45t06.0 1K 64 16 SDIP 20
OTPROM SOP 20
7556 Comparator; external 07 271060 1K 64 20 SDIP 24
clock or RC oscillator SoP 24
75P56 Comparator; external 07 451060 1K 64 20 SDIP 24
clock or RC oscillator OTPROM SOP 24
7566 Comparator; ceramic oscillator 07 2.7t06.0 1K 64 19 SDIP 24
SOP 24
75P66 Comparator; ceramic oscillator 07 451060 1K 64 19 SDIP 24
OTPROM SoP 24
75004 General-purpose 419 271060 4K 512 34 SDIP 42
Miniflat 44

# Plastic unless ceramic (or cerdip) is specified.
* Under development; consult Microcontroller Marketing for availability.



Single-Chip

NEC

4-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock Supply ROM  RAM

uPD Features (MHz) Voltage (V) (X8) (X4) o] # package Pins

75006 General-purpose 419 271060 6K 512 34 SDIP 42

) Miniflat 44

75008 General-purpose 419 271060 8K 512 34 SDIP 42

Miniflat 44

75P008 General-purpose 419 45t05.5 8K 512 34 SDIP 42

OTPROM Miniflat 44

75028 * A/D converter 419 271060 8K 512 40 SDIP 64

Miniflat 64

75P028 * A/D converter 419 45t06.0 8K 512 40 SDIP 64

Miniflat 64

75048 * A/D converter; 0.5K EEPROM 4.19 27t06.0 8K 512 40 SDIP 64

Miniflat 64

75104 High-end with 8-bit instruction 4.19 271060 4096 320 58 SDIP 64

Miniflat 64

75106 High-end with 8-bit instruction 419 271t06.0 6016 320 58 SDIP 64

Miniflat 64

75108 High-end with 8-bit instruction 419 271060 8064 512 58 SDIP 64

Miniflat 64

75P108 High-end with 8-bit instruction; 419 451055 8064 512 58 DIP 64

on-chip OTPROM or UVEPROM Miniflat 64

Shrink cerdip 64

75112 High-end with 8-bit instruction 4.19 2.7t06.0 12,032 512 58 SDIP 64

Miniflat 64

75116 High-end with 8-bit instruction 419 271060 16,128 512 58 SDIP 64

Miniflat 64

75P116 High-end with 8-bit instruction 419 451055 16,128 512 58 DIP 64

: OTPROM Miniflat 64

75206 FIP controller/driver 419 27t06.0 6016 369 32 SDIP 64

Miniflat 64

75208 FIP controller/driver 4.19 271060 8064 497 32 SDIP 64

Miniflat 64

750G208 FIP controller/driver; 419 451055 8064 512 32 Ceramic SDIP 64

piggyback EPROM Ceramic flatpack 64

75212A FIP controller/driver 419 2.7t06.0 12,160 512 32 SDIP 64

Miniflat 64

75216A FIP controller/driver 4.19 271060 16,256 512 32 SDIP 64

Miniflat 64

75CG216A FIP controller/driver; 419 45t055 16,256 512 32 Ceramic SDIP 64

piggyback EPROM Ceramic miniflat 64

75P216A * FIP controller/driver 4.19 45t05.5 16,256 512 32 SbIP 64

OTPROM

75268 * FIP controller/driver 419 27106.0 8064 512 20 SDIP 64

) Flatpack 64

75304 LCD controller/driver 419 271060 4K 512 68 Miniflat 80

75306 LCD controller/driver 419 271060 6K 512 68 Miniflat 80

75308 ~ LCD controller/driver 4.19. 27t06.0 8K 512 68 Miniflat 80

75P308 LCD controller/driver; : 419 451055 8K 512 68 Miniflat 80

on-chip OTPROM or UVEPROM Ceramic LCC 80

75312 LCD controller/driver 4.19 27106.0 12K 512 68 Miniflat 80




NEC Single-Chip

4-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock Supply ROM RAM
pPD Features (MHz) Voltage (V) (X8) (X4) 110 # Package Pins
75316 LCD controller/driver 419 271060 16K 512 68 Miniflat 80
75P316A * LCD controller/driver; 419 271060 16K 512 68 Miniflat 80
on-chip OTPROM or UVEPROM Ceramic LCC 80
75328 LGD controller/driver; 419 271060 8064 512 24 Miniflat 80
A/D converter
75P328 LCD controller/driver; 419 451055 8064 512 24 Miniflat 80
A/D converter OTPROM
75402 Low-end 419 271060 1920 64 22 pip 28
SDIP 28
Miniflat 44
75P402 Low-end 4.19 45055 1920 64 22 DIP 28
OTPROM SDIP 28
Miniflat 44
75516 High-end; A/D converter 419 271060 16K 512 68 Miniflat 80
75P516 High-end; A/D converter 419 451055 16K 512 68 Minifiat 80
OTPROM LcC 80
8-Bit, Single-Chip NMOS/CMOS Microcomputers
Device, Clock Supply ROM RAM
uPD Features (MHz) Voltage (V) (X8) (X8) [/[e) # Package Pins
7810H NMOS; A/D converter 15 451055 External 256 32 SDIP 64
) Quip 64
7811H NMOS; A/D converter 15 451055 4K 256 44 SDIP 64
auip 64
78PG11H NMOS; A/D converter 15 451055 4K 256 44 Ceramic QUIP 64
piggyback EPROM
78C10/78C10A CMOS; A/D converter 15 451055 External 256 32 Quip 64
SDIP 64
Miniflat 64
PLGC 68
78C11/78C11A CMOS; A/D converter 15 45t055 4K 256 44 Quip 64
SDIP 64
Miniflat 64
PLCC 68
78C12A CMOS; A/D converter 15 451055 8K 256 44 Quip 64
sDIP 64
Miniflat 64
PLGC 68
78C14 CMOS; A/D converter 15 451055 16K 256 44 Quip 64
SDIP 64
Miniflat 64
PLCC 68
78GP14 CMOS; A/D converter 15 451055 16K 256 44 Qulp 64
OTPROM SDIP 64
Miniflat 64
PLCC 68
16K 256 44 Ceramic QUIP 64
UVEPROM Shrink cerdip 64
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Single-Chip NEC

8-Bit, Single-Chip NMOS/CMOS Microcomputers (cont)

Device, Clock Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X8) o] * Package Pins
78213 CMOS; A/D converter; 12 451055 External 512 54 SDIP 64
advanced peripherals Quip 64
Miniflat 74
PLCC 68
78214 CMOS; A/D converter; 12 451055 16K 512 54 SoIP 64
advanced peripherals Quip 64
Miniflat 74
PLCC 68
78P214 CMOS; A/D converter; 12 451055 16K 512 54 SDIP 64
advanced peripherals OTPROM Quip 64
Miniflat 74
PLCC 68
16K 512 54 Shrink cerdip 64
UVEPROM Ceramic QUIP 64
78220 CMOS; analop comparator; 12 451055 External 640 7 PLCC 84
large 1/0 Miniflat 94
78224 CMOS; analog comparator; 12 45t055 16K 640 71 PLCC 84
large 1/0 Miniflat - 94
78P224 CMOS; analog comparator; 12 45t055 16K . 640 il PLCC 84
large 1/0 OTPROM =~ Miniflat 94
78233 * CMOS; real-time outputs; 12 45t055 External 640 54 Miniflat 80
A/D and D/A converters Miniflat 94
. PLCC 84
78234 * CMOS; real-time outputs; 12 451055 16K 640 54 Miniflat 80
A/D and D/A converters Miniflat 94
PLCC 84
78P234 * CMOS; real-time outputs; 12 451055 16K 640 54 Miniflat 80
A/D and D/A converters OTPROM Miniflat 94
PLCC 84
16-Bit, Single-Chip CMOS Microcomputers
Device, Clock Supply ROM RAM
uwPD Features (MHz) Voltage (V)  (X8) (X8) Vo * Package Pins
78310A Real-time motor control 12 451055 External 256 48 SDIP 64
Quip 64
Miniflat 64
PLCC 68
78312A Real-time motor controi 12 45t055 8K 256 48 SDIP 64
Quip 64
Miniflat 64
PLCC 68
78P312A Real-time motor control 12 451055 8K 256 48 Shrink cerdip 64
UVEPROM Ceramic QUIP 64
8K 256 48 SDIP 64
OTPROM auip 64
PLCC 68
78320 High-end; advanced analog 16 451055 Extemal 640 55 Miniflat 64
and digital peripherals PLCC 68
78322 - High-end; advanced analog 16 451055 16K 640 55 Miniflat 64
and digital peripherals ; PLCC 68




NEC Single-Chip

16-Bit, Single-Chip CMOS Microcomputers (cont)

Device, Clock Supply ROM RAM

uPD Features (MHz) Voltage (V) (X8) (X8) o] # Package Pins

78P322 High-end; advanced analog 16 451055 16K 640 55 PLCC 68
and digital peripherals OTPROM

71P301 Port and memory extender - 451055 16K 1K 16 PLCC 44
used with 7832X Miniflat 64
microcomputer family; Ceramic QUIP 64
UVEPROM or OTPROM

8-Bit, Single-Chip Microcomputers

Device, Clock Supply ROM RAM
uPD Features (MHz) Voltage (V) (X8) (X8) o] # Package Pins
8035HL HMOS 6 451055 External 64 27 DIP 40
8039HL HMOS 11 451055 External 128 27 DIP 40
80C39H CMOs 12 251060 External 128 27 DIP 40
Miniflat 44
80C40H CMOS 12 251060 External 256 27 DIp 40
8041AH NMOS; universal PPI 1 451055 1K 64 18 DIP 40
80C42 CMOS; universal PPI 12 45t055 2K 128 18 bip 40
Miniflat 44
8048H HMOS 6 451055 1K 64 27 DIp 40
8049H HMOS 1 451055 2K 128 27 DIP 40
80C49H CMO0S 12 251060 2K 128 27 DIP 40
49H CMos 12 25106.0 2K 128 27 Miniflat 44
80C50H CMO0s 12 25106.0 4K 256 27 DIP 40
50H CMoS 12 25t06.0 4K 256 27 Miniflat 44
8741A NMOS; universal PPI; UVEPROM 6 451055 1K 64 18 Cerdip 40
8748H NMOS; OTPROM or UVEPROM 1 451055 1K 64 27 DIP 40
Cerdip 40
8749H HMOS; OTPROM or UVEPROM 1" 451055 2K 128 27 DiP 40
Cerdip 40
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NEC V-Series
. Microprocessors and Peripherals
NEC Electronics Inc. Selection Guide

CMOS Microprocessors

Device, Data Clock
uPD Features Bits (MHz) # package Pins
70008A *Z80 microprocessor 8 8 DiP 40
Miniflat 44
PLCC 44
70108 8088 compatible; enhanced 8/16 8or10 DIP 40
(v20) Ceramic DIP 40
Miniflat 52
PLCC 44
70116 8086 compatible; enhanced 16 8or10 DIP 40
(v30) Ceramic DIP 40
Miniflat 52
PLCC 44
70208 MS-DO0S, V20 compatible CPU with peripherals 8/16 8or10 Ceramic PGA 68
(v40) PLCC 68
Miniflat 80
70216 MS-DOS, V30 compatible CPU with peripherals 16/16 8or10 PGA 68
(V50) PLCC 68
Miniflat 80
70616 32-bit; high-speed 16/32 16 PGA 68
(V60)
70632 32-bit; high-speed 32/32 20/25 PGA 132
(vr0)
70832 32-bit; high-speed 32/32 25 Ceramic PGA 208
(v80)
70136 Hardwired, enhanced V30 16 120r16 PGA 68
(v33) ' PLCC 68
70236 V33 core-based; high-integration; DMA, serial 1/0, 16 - Ceramic PGA 132
{V53) interrupt controller, etc.
70320 MS-DOS compatible; high-integration; DMA, serial 1/0, 8/16 50r8 PLCC 84
(V25) interrupt controller, etc. Miniflat 94
70330 MS-DOS compatible; high-integration; DMA, serial {/0, 16 8 PLCC 84
(V35) interrupt controller, etc. Miniflat 94
70325 MS-DOS compatible; high-integration; high-speed DMA 8/16 8ort0 PLCC 84
(V25+) Miniflat 94
70335 MS-DOS compatible; high-integration; high-speed DMA 16 8or10 PLCC 84
(V35+) Miniflat 94
70327 MS-DOS compatible; high-integration; software protection 8/16 8 PLCC 84
(V25 Software Guard) Miniffat 94
70337 MS-DOS compatible; high-integration; software protection 16 8 PLCC 84
(V35 Software Guard) Miniflat 94
79011 MS-DOS compatible; high-integration; real-time operating system 8/16 8 PLCC 84
(V25 RTOS) Miniflat 94
79021 MS-DOS compatible; high-integration; real-time operating system 16 8 PLCC 84
(V35 RTOS) Miniflat 94
70322 MS-DOS compatible; high-integration; 16K-byte ROM 8/16 8 PLCC 84
(V25 ROM)

# Plastic unless ceramic (or cerdip) is specified.
* For additional information, refer to 1987 Microcomputer Data Book.
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V-Series

NEC

CMOS Microprocessors (cont)

Device, Data Clock
pPD Features Bits (MHz) *# Package Pins
70P322 Ms-DOS compatible; high-integration; 16K-byte UVEPROM; 8/16 8 Ceramic LCC 84
V25 or V35 mode
70332 MS-DOS compatible; high-integration; 16K-byte ROM 16 8 PLCC 84
(V35 ROM)
NMOS and HMOS Microprocessors
Device, Data Clock
1PD Features Bits (MHz) # Package Pins
8085A * *g-bit microprocessor; NMOS or HMOS 8 5 DIP 40
8086 *16-hit microprocessor; HMOS 16 8 Cerdip 40
8088 *8-bit microprocessor; HMOS 8 8 Ceramic DIP 40
CMOS System Support Products
Device, Data Clock
uPD Name Bits (MHz) * package Pins
71011 Clock Pulse Generator/Driver - 20 DIP 18
SOP 20
71037 Programmable DMA Controller 8 10 DIP 40
' Miniflat 40
PLCC 44
71051 Serial Control Unit 8 8/10 DiP 28
Miniflat 44
PLCC 28
71054 Programmable Timer/Controlier 8 8/10 DIP 24
‘ Minifiat 44
PLCC 28
71085 Parallel Interface Unit 8 810 DIp 40
Miniflat 44
PLCC 44
71059 Interrupt Controf Unit 8 810 DIP 28
Miniflat 44
PLCC 28
71071 DMA Controller 8/16 8/10 DIP 48
Ceramic DIP 48
Miniflat 52
PLCC 52
71082 Transparent Latch 8 8 pIp 20
SOP 20
71083 Transparent Latch 8 8 pIP 20
SoP 20
71084 Clock Pulse Generator/Driver = .25 pIP 18
SOP 20
71086 Bus Buffer/Driver 8 8 DiP 18
SOP ‘20
71087 Bus Buffer/Driver 8 8 DIP 20
SOP 20
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N E C V-Series

CMOS System Support Products (cont)

Device, Data Clock
wPD Name Bits (MHz) # package Pins
71088 System Bus Controller - 8/10 DIP 20
SOP 20
82043 *Input/Output Expander - 5 DIP 24
Skinny DIP 24
NMOS System Support Products
Device, Data Clock
wPD Name Bits (MHz) ¥ Package Pins
8155H *256 x 8 RAM; 1/0 ports and timer 8 3ors DIP 40
8156H *256 x 8 RAM; 1/0 ports and timer 8 3or5 DiP 40
8237A *Programmable DMA Controller 8 5 DIP 40
8243 *Input/Output Expander - 5 DIP 24
8251A *Programmable Communications Interface 8 35 DiP 28
8253 *Programmable Internal Timer 8 5 DIP 24
8255A *Programmable Peripheral Interface 8 5 DIP 40
8257 *Programmable DMA Controller 8 5 DIP 40
8250A *Programmable Interrupt Controller 8 5 DIP 28
8279 *Programmable Keyboard/Display Interface - 5 DIP 40
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Intelligent
Peripheral Devices (IPD)
Selection Guide

NEC

NEC Electronics Inc.

Communications Controllers

Device,
uPD Name Desctription Data Rate ¥ Package Pins
7201A Multiprotocol Serial Dual full-duplex serial channels; four DMA channels; 1 Mb/s DIP 40 1
Communications Controller programmable interrupt vectors; asychronous Ceramic DIP 40
COP and BOP support; NM0OS
72001 CMOS, Advanced Multiprotocol Functional superset of 8530; 8086/V30 interface; two 2.2 Mb/s DIP 40
Serial Communications full-duplex serial channels; two digital phase-locked Miniflat 52
Controller loops; two baud-rate generators per channel; loopback PLCC 52
test mode; short frame and mark idle detection
72002 CMOS, Advanced Multiprotocol Low-cost, single-channel version of 72001; software 2.2 Mb/s Dip 40
Serial Communications Controller compatible; direct interface to 8237 DMA. Miniflat 44
PLCC 44
Not included in 1989-1990 IPD Data Book; refer to 72002
data sheet.
72101 CMOS, HDLC Controlier Single full-duplex serial channel; on-chip DMA Centroller. 4 Mb/s DIP 64
PLCC 68

Not included in 1989-1990 IPD Data Book; refer to 72101
data sheet

Graphics Controllers

Device,

uPD Name Description Drawing Rate ¥ Package Pins

7220A High-Performance General-purpose, high-integration controller; hardwired 500 ns/dot Ceramic DIP 40
Graphics Display support for lines, arc/circles, rectangles, and graphics
Controller characters; 1024x1024 pixel display with four planes

72020 Graphics Display CMOS 7220A with 2M video memory; dual-port RAM control; 500 ns/dot DIP 40
Controller write-masking on any bit; enhanced external synch Miniflat 52

72022 Intelligent Display Display and image processing for text and sprites; three display 500 ns/dot PLGC 68
Processor modes; four-way horizontal split-screen display; CMOS Miniflat 80

72120 Advanced Graphics High-speed graphics operations including paint, area fill, 500 ns/dot PLCC 84
Display Controller slant, arbitrary angle rotate, up to 16x enlargement and Miniffat 94

reduction; dual-port RAM control; CMOS

72123 Advanced Graphics Enhanced 72120; expanded command set; improved painting 400 ns/dot PLCC 84

Display Controller 1 performance; laser printer interface controls; CMOS Miniflat 94

Advanced Compression/Expansion Engine

Device,

wPD Name Description *# Package Pins

72185 Advanced Compression/ High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test SDIP 64
Expansion Engine chart, 400 PPI x 400 LPI in under 1 second); 32K-pixel line length; 32-megabyte PLCC 68

image memory; on-chip DMA and refresh timing generator; CMOS

# Plastic unless ceramic (or cerdip) is specified.
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iIPD : NEC

Floppy-Disk Controllers

Device, Transfer
uwPD Name Description Rate # Package Pins
765A/B Floppy-Disk Controller Industry-standard controller supporting I1BM 3740 and IBM 500 kb/s DIP 40

System 34 double-density format; enhanced 765B supports
multitasking applications )

71065/66 Floppy-Disk Interface Compatible with 765-family controllers and others; supports 500 kb/s SOP 28
multiple data rates from 125 to 500 kb/s . SDIP 30
72065/658  CMOS Floppy-Disk 100% 765A/B microcode compatible; compatible with 808x 1 Mb/s DIP 40
Controller microprocessor families PLCC 44
. Miniflat 52
72067 Floppy-Disk Controller CMOS; 765A/B microcode compatible; clock generation/ 500 kb/s pip 48
switching circuitry; selectable write precompensation; Miniflat 52
digital phase-locked loop PLCC 52
72068 Floppy-Disk Controller Al features of the 72067 plus IBM-PC, PC/XT, PC/AT, or 500 kb/s Miniffat 80
PS/2 style registers; 24-ma high-current drivers PLCC 84
72069 Floppy-Disk Controller Al features of the 72067/68 with subsitution of high- 1 Mb/s PLCC 84
performance analog phase-locked loop for digital PLL Miniflat 100
Hard-Disk Controllers ,
Device, _ Read/Write
uwPD Name Description Clock * Package Pins
7261A/8 Hard-Disk Controller Supports eight drives in SMD mode, four drives in ST506 23 MHz Ceramic DIP 40
mode; error correction and detection
7262 Enhanced Small-Disk Serial-mode ESDI compatible; controls up to seven drives; 18 MHz Ceramic DIP 40
Interface (ESDI) Controller supports up to 80 heads; hard and soft-sector interfacing
72061 CMOS Hard-Disk Supports SMD/SMD-E and ST506/412 type drives 24 MHz pIP 40
Controller ) Miniflat 52
PLCC 52
72111 Small Computer System Selectable 8/16 data bus width; 16 high-level commands 16 MHz SDIP 64
Interface (SCSI) Controller for reduced CPU load; single-command automatic Miniflat 74
execution; 4-Mb sync/async; CMOS PLCC 68

114



N EC DSP and

. Speech Products
NEC Electronics Inc. Selection Guide
Digital Signal Processors
Device, Instruction Instruction Data ROM  Data RAM
wPD Description Cycle (ns) ROM (Bits) (Bits) (Bits) * Package Pins
7720A 16-bit, fixed-point DSP; NMOS 244 512x 23 510x 13 128 x 16 DIP 28
PLCC 44
77C20A 16-bit, fixed-point DSP; CMOS 244 512x 23 510x 13 128x 16 DIP 28
PLCC 28
PLCC 44
77P20 16-bit, fixed-point DSP; CMOS 244 512x23 510x 13 128x 16 Cerdip 28
UVEPROM UVEPROM
77025 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 pIP 28
PLCC 44
77P25 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256 x 16 DIp 28
OTPROM OTPROM PLCC 44
2048 x 24 1024 x 16 256 x 16 Cerdip 28
UVEPROM UVEPROM
77220 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024x 24 512x24 Ceramic PGA 68
PLCC 68
77230AR 32-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 nfa nfa nfa 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
77810 16-bit fixed-point modem DSP; CMOS 181 2048 x 24 1024 x 16 256 x 16 Ceramic PGA 68
PLCC 68
7281 Image pipelined processor; NMOS 5-MHz nfa n/a 512x 18 Ceramic DIP 40
clock
9305 Support device for uPD7281 10-MHz nfa nfa n/a Ceramic PGA 132
processors; CMOS clock
Speech Processors
Device, Clock Data ROM
uPD Name Technology (MHz) (Bits) * Package Pins
7730 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28
77C30 ADPCM Speech Encoder/Decoder NMOS 8 - DIP -28
PLCC 44
7755 ADPCM Speech Synthesizer CMOS 0.7 96K g(I)PP ; 2
7756 ADPCM Speech Synthesizer CMOS 0.7 256K gg)P ;3
77P56 ADPCM Speech Synthesizer CMOS 0.7 256K DIP 20
OTPROM SOP 24
7757 ADPCM Speech Synthesizer CMos 0.7 512K DIP 18
SOP 24
7759 ADPCM Speech Synthesizer CcMos 0.7 1024K DIP 40
external Miniflat 52

# Plastic unless ceramic (or cerdip) is specified.
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NEC Electronics Inc. Selection Guide

V-Series Development Tools Selection Guide

Part Full : Relocatable
Number Full Emulator Minl-IE Mini-IE Evaluation EPROM/OTP Assembler C Compliler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
uPD70136GJ-12 |E-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
1#PD70136GJ-16 |E-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
pPD70136L-16  [E-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
#PD70136L-12  |E-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
pPD70136R-12  |E-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
pPD70136R-16  |E-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
pPD70208GF-8 |E-70208-A010 (Note 12) EB-V40MINIHE - EB-70208 - RA70116 CC70116
#PD70208GF-10 |E-70208-A010 (Note 12) EB-V4OMINIHE - EB-70208 - RA70116 CC70116
1PD70208L-8 |IE-70208-A010 |IE-70000-2958 EB-V4AOMINIME  ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC
(Note 4)
pPD70208L-10  |E-70208-A010 |E-70000-2958 EB-V40OMINI-IE ~ ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC
~ (Note 4)
nPD70208R-8  |E-70208-A010 |IE-70000-2959 EB-V4OMINIE  (Note 4) EB-70208 - RA70116 CC70116
pPD70208R-10  |E-70208-A010 IE-70000-2959 EB-V4OMINIHE  (Note 4) - EB-70208 - RA70116 CC7o116
uPD70216GF-8  |E-70216-A010 (Note 12) EB-V50MINI-E - EB70216 - RA70116 CC70116
uPD70216GF-10 |E-70216-A010 (Note 12) EB-V50MINI-HE - EB70216 - RA70116 CC70116
1PD70216L-8 |E-70216-A010 IE-70000-2958 EB-V50MINIHE  ADAPT68PGA EB70216 - RA70116 CC70116
. 68PLCC
(Note 4)
wPD70216L-10  IE-70216-A010 |IE-70000-2858 EB-VS50MINIHE  ADAPT68PGA EB70216 - RA70116 CC70116
68PLCC
(Note 4)
#PD70216R-8  |E-70216-A010 |IE-70000-2959 EB-VSOMINIHE  (Note 4) " EB70216 - RA70116 CC70116
wPD70216R-10  |E-70216-A010 IE-70000-2959 EB-V50MINIHE  (Note 4) EB70216 - RA70116 CC70116
wPD70320GJ  1E-70320-A008 EP-70320GJ  EB-V25MINIME-P EP-70320GJ DDK-70320 - RA70320 CC70116
{Note 5) (Note 6)
#PD70320GJ-8  |E-70320-A008 EP-70320GJ  EB-V25MINIE-P EP-70320GJ  DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
#PD70320L |E-70320-A008 EP-70320L EB-V25MINIHE-P (Note 7) DDK-70320 - RA70320 CC70116
uPD70320L-8  |E-70320-A008 EP-70320L EB-V25MINHIE-P (Note 7) DDK-70320 - RA70320 CC70116
wPD70322GJ  |E-70320-A008 EP-70320GJ. EB-V25MINMHE-P EP-70320GJ DDK-70320 -~ RA70320 CC70116
(Note 5) : (Note 6)
#PD70322GJ-8  |E-70320-A008 EP-70320GJ  EB-V26MINIHE-P EP-70320GJ  DDK-70320 - RA70320 CGC70116
(Note 5) (Note 6) :
wPD70322L |E-70320-A008 EP-70320L EB-V25MINIHE-P (Note 7) DDK-70320 70P322K RA70320 CC70116
(Note 10)
50173
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V-Series Development Tools Selection Guide (cont)

Part Full Relocatable
Number Full Emulator MInHE Minl-IE Evaluation EPROM/OTP Assembler C Compliler
{Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
uPD70322L-8  |E-70820-A008  EP-70320L EB-V25MINI-IE-P (Note 7) DDK703820 70P322K RA70320 CC70116
. . (Note 10) :
uPD70325GJ-8  IE-70325-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 5) :
rPD70325GJ-10 |E-70325-A008  EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8) (Note 5)
nPD70325L-8  |E-70325-A008 ~ EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
wPD70325L-10 IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8)
pPD70327GJ-8  |E-70320-A008 EP-70320GJ  EB-V25MINIHE-P EP-70320GJ - - RA70320 CC70116
(Note 9) (Note 5) : (Note 6)
wPD70327L-8  IE-70320-A008 EP-70320L EB-V25MINIHE-P (Note 7) - - RA70320 CC70116
(Note 9)
#PD70330GJ-8 |E-70330-A008 EP-70820GJ  EB-V35MINIHE-P EP-70820GJ DDK-70330 - RA70320. CC70116
(Note 5) (Note 6)
rPD70330L-8 IE-70330-A008 EP-70320L EB-V35MIN|-IE-P‘ (Note 7) DDK-70330 - RA70320 CC70116
#PD70332GJ-8  IE-70330-A008 EP-70820GJ  EB-V35MINIHE-P EP-70820GJ DDK-70330 - RA70320 CC70116
(Note 5) (Note 6)
#PD70332L-8  |E-70330-A008 EP-70320L EB-V35MINI-{E-P (Note 7) DDK-70330 70P322K RA70320 CC70116
(Note 10)
#PD70335GJ-8  |E-70335-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
(Note 5)
#PD70335GJ-10 IE-70335-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
(Note 8) {Note 5)
#PD70335L-8  |E-70335-A008 EP-70320L (Note 12) (Nots 12) DDK-70330 - RA70320 CC70116
uPD70335L-10  |E-70335-A008  EP-70320L  (Note 12) (Note 12) DDK-70330 - RA70320  CC70116
{Note 8)
#PD70337GJ-8  IE-70330-A008 EP-70820GJ  EB-V35MINIHE-P EP-70320GJ - - RA70320 CC70116
(Note 9) {Note 5) (Note 6)
wPD70337L-8  |E-70330-A008  EP-70320L EB-V35MINI-IE-P (Note 7) - - RA70320 CC70116
(Note 9)
uPD79011GJ-8  IE-70320-A008 EP-70320GJ  (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) (Note 5) )
uPD79011L-8  +IE-70320-RTOS EP-70320L  (Note 12) (Note 12) - - RA70320  CC70116
(Note 11) : !
wPD79021L-8  |E-70330-A008 EP-70320L (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) +1E-70330-RTOS
Notes:
( 1) Packages: ( 8) 68-pin PGA parts are supported by using the EP-70136L-APLCC
Pack probe or EP-70136L-PC PLCC probe, plus a PLCG socket with a
ackage Description PGA-pinout. A PLCC socket of this type. is supplied with the
GF 80-pin plastic miniflat EP-70136L-A.
b ot ( 4) The EB-V40 MINIE and EB-VE0 MINHE support PGA packages
L ea'_p in o 84-pin plastic LCC directly; the ADAPT68PGAG8PLCC adaptor converts the PGA-
R 68.0in PGA | P pinout on the MINME to a PLCC footprint. This adaptor is

{ 2) 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 miniflat footprint.
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(o)

(7
(8

(9

(10)

(11

(12)

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

The EP-70320GJ adaptor can be used to convert the supplied
84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P
to a 94-pin miniflat.

The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an
84-pin PLCC cable.

At the current time, the emulators for the pPD70325 and
«PD70335 are specified to 8 MHz. 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 xPD70330 tools; however, debug-
ging of programs in the Software Guard mode is not supported
at this time.

The nPD70P322K EPROM device can be used for both uPD70322
and pPD70332 emulation. The xPD70P322K 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 |E-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.

(13) The following relocatable assemblers are available:

RA70116-D52 For V20®/V30%®/ {vs-DOS®)

RA70116-VVT1 V40™/Vs0™ (VAX/VMS ™)

RA70116-VXT1 (VAX/UNIX™ 4.2 BSD or Ultrix™)

RA70136-D52 For v33™ (MS-DOS)

RA70136-WVT1 {(VAX/VMS)

RA70136-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)

RA70320-D52 For V25™ and V35™ (MS-DOS)

RA70320-VVT1 (VAX/VMS)

RA70320-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)

(14) The following C compilers are available:

CC70116-D52 For V20/V30/ (MS-DOS)

CG70116-VVT1  V40/V50 and (VAX/VMS)

CC70116-VXT1  V25/V35 (VAX/UNIX 4.2 BSD or Ultrix)
CC70136-D52 For V33 (MS-DOS)

CC70136-VVT1 (VAX/VMS)

CC70136-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)

CC70320-D52 For V25 and V35  (MS-DOS)

CC70320-VVT1 (VAX/VMS)

CC70320-VXT1 (VAX/UNIX 4.2 BSD or Ultrix)

V20 and V30 are registered trademarks of NEC Corporation,

V25, V33, V35, V40 and V50 are trademarks of NEC Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
VAX, VMS and Ultrix are trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.
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NEC uPD75XX Series
Development Tools

NEC Electronics Inc. Selection Guide

pPD75XX Series Development Tools Selection Guide

System PG-1500 Absolute

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board™ Board Device (Note 2) (Note 3)
rPD7501G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
pPD7502G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
1PD7503G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
1PD7506C EVAKIT-7500B - SE-7508 - - ASM75
1PD7506CT EVAKIT-75008B - - - - ASM75
nPD7506G-00 EVAKIT-7500B - - - - ASM75
wPD7507C EVAKIT-7500B - - rPD78CGOSE - ASM75
pPD7507CU EVAKIT-7500B - - - - ASM75
#PD7507G-00 EVAKIT-7500B - - - N ASM75
rPD7507HC EVAKIT7500B EV7508H - #PD75CGOSHE - ASM75
#PD7507HCU EVAKIT7500B EV7508H - - - ASM75
uPD7507HG-22 EVAKIT-75008 EV7508H - - - ASM75
wPD7507SC EVAKIT-7500B - SE-7508 - - ASM75
wPD7507SCT EVAKIT-7500B - - - - . ASM75
#PD7508C EVAKIT-7500B - - #PD78CGO8E - ASM75
rPD7508CU EVAKIT-7500B - - - - ASM75
£PD7508G-00 EVAKIT75008 - . - - - ASM75
wPD75CGOSE EVAKIT-75008 - - - - ASM75
pPD7508AC EVAKIT-7500B - SE-7508 - - ASM75
rPD7508HC EVAKIT-7500B EV7508H - wPD75CGO8HE - ASM75
#PD7508HCU EVAKIT-7500B EV7508H - - . ASM75
rPD7508HG-22 EVAKIT-7500B EV7508H - - - ASM75
pPD75CGOSHE EVAKIT-7500B EV7508H - - . - ASM75
rPD7514G-12 EVAKIT-7500B EV7514 SE-7514A - - ASM75
rPD7516HCW EVAKIT-75008 EV7500FIP - . - - ASM75
uPD7516HG-12 EVAKIT-75008 EV7500FIP - - - ASM75
pPD7516HG-36 EVAKIT-7500B EV7500FIP - #PD75CG16HE - ASM75
rPD75CG16HE EVAKIT-7500B EV7500FIP - - - ASM75
pPD7519HCW EVAKIT-7500B EV7500FIP - - - ASM75
rPD7519HG-12 EVAKIT-7500B EV7500FIP - - - ASM75
pPD7519HG-36 EVAKIT-75008 EV7500FIP - #PD75CG19HE - ASM75
pPD75CG19HE EVAKIT-75008 EV7500FIP - - - ASM75
nPD7527AC EVAKIT-7500B EV7528 - wPD75CG28E - ASM75
wPD7527ACU EVAKIT-7500B EV7528 - - - ASM75
wPD7528AC EVAKIT75008 EV7528 - wPD75CG28E - ASM75
rPD7528ACU EVAKIT-7500B EV7528 - - - ASM75

* Required Tools

50174
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uPD75XX Series Development Tools Selection Guide (cont)

System PG-1500 Abgolute

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board* Board Device (Note 2) (Note 3)
#PD75CG28E EVAKIT-7500B EV7528 - - - ASM75
wPD7533C EVAKIT-7500B EV7533 - pPD75CG33E - ASM75
#PD7533CU EVAKIT-7500B EV7533 - - - ASM75
wPD7533G-22 EVAKIT-7500B EV7533 - - - ASM75
wPD75CG33E EVAKIT-75008 EV7533 - - - ASM75
uPD7537AC EVAKIT7500B EV7528 - wPD75CG38E - ASM75
wPD7537ACU EVAKIT7500B EV7528 - - - ASM75
#PD7538AC EVAKIT-75008 EV7528 - pPD75CG38E - ASM75
wPD7538ACU EVAKIT-75008 EV7528 - - - ASM75
#PD75CG38E EVAKIT-75008 EV7528 - - - ASM75
wPD7554CS EVAKIT-75008B EV7554A SE-7554A #wPD75P54CS PA-75P54CS ASM75
#PD7554G EVAKIT-75008 EV7554A SE-7554A uPD75P54G PA-75P54CS ASM75
nPD75P54CS EVAKIT7500B EV7554A - - - ASM75
wPD75P54G EVAKIT-7500B EV7554A - - - ASM75
wPD7556CS EVAKIT-7500B EV7554A SE-7554A wPD75P56CS PA-75P56CS ASM75
u#PD7556G EVAKIT-75008 EV7554A SE-7554A uPD75P56G PA-75P56CS ASM75
#PD75P56CS EVAKIT-7600B EV7554A - - - ASM75
#PD75P56G EVAKIT-75008 EV7554A - - - ASM75
rPD7564CS EVAKIT-75008 EV7554A SE-7554A uPD75P64CS PA-75P54CS ASM75
wPD7564G EVAKIT-7500B EV7554A SE-7554A wPD75P64G PA-75P54CS ASM75
#PD75P64CS EVAKIT-75008 EV7554A - - - ASM75
wPD75P64G EVAKIT-7500B EV7554A - - - ASM75
rPD7566CS EVAKIT-7500B EV7554A SE-7554A uPD75P66CS PA-75P56CS ASM75
rPD7566G EVAKIT-75008 EV7554A SE-7554A uPD75P66G PA-75P56CS ASM75
wPD75P66CS EVAKIT-7500B EV7554A - - - ASM75
rPD75P66G EVAKIT-7500B EV7554A - - - ASM75

* Required tools
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Notes:

(1) Packages:
Package Description
28-pin plastic DIP («PD7506/07S)
40-pin plastic DIP (xPD7507/07H/08/08A/08H)
42-pin plastic DIP (nPD7527A/28A/33/37A/38A)

Cs 20-pin plastic shrink DIP (uPD7554/P54/64/P64)
24-pin plastic shrink DIP (uPD7556/P56/66/P66)

cr 28-pin plastic shrink DIP

23} 40-pin plastic shrink DIP (xPD7507/07H/08/08H)

42-pin plastic shrink DIP
(uPD7527A/28A/33/37/37A/38A)

cw 64-pin plastic shrink DIP

E 40-pin ceramic piggy-back DIP (uPD75CG08/08H)
42-pin ceramic piggy-back DIP (uPD75CG28/33/38)
64-pin ceramic piggy-back QUIP

(uPD75CG16H/19H)
G 20-pin plastic SO (uPD7554/P54/64/P64)
24-pin plastic SO (xPD7556/P56/66/P66)
G-00 52-pin plastic miniflat
G-12 64-pin plastic miniflat (uPD7501/02/03/16H/19H)
80-pin plastic miniflat (xPD7514)
G-22 44-pin plastic miniflat
G-36 64-pin plastic QUIP
(2) By usingthe specified adapter, the PG-1500 EPROM programmer
can be used to program the OTP device.
(8) The ASM75 Absolute Assembiler is provided to run under the

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

MS-DOS is registered trademark of Microsoft Corporation.
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uPD75 XXX Series

Development Tools

Selection Guide

pPD75XXX Series Development Tools Selection Guide

Relocatable  Structured
Part Number Main Board  Add-on Emulation Optional Socket EPROM/OTP Assembler Assembler
(Note 7) Emulator* Board* Probe* Adapter (Note 1)  Device (Note 2) (Note 5) (Note 6)
#PD75004CU EVAKIT-75X EV-75008  (Note 3) - xPD75P008CU/DU  RA75X S§T75X
1#PD75006GB EVAKIT-75X EV-75008 EP-75008GB EV-9200G-44 #PD75P008GB RA75X ST75X
pPD75006CU EVAKIT-75X EV-75008  (Note 3) - #PD75P008CU/DU  RA75X 8T75X
#PD75006GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 wPD75P008GB RA75X ST75X
1#PD75008CU EVAKIT-75X EV-75008  (Note 3) - pPD75P008CU/DU  RA75X S§T75X
1#PD75008GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 #PD75P008GB RA75X S§T75X
wPD75P008CU EVAKIT-75X  EV-75008  (Note 3) - - RA75X ST75X
#PD75P008DU EVAKIT-75X EV-75008  (Note 3) - - RA75X §T75X
1PD75P008GB EVAKIT-75X EV-75008  EP-75008GB EV-9200G-44 - RA75X S§T75X
#PD75028CW EVAKIT-76X EV-75048  (Note 4) (Note 4) rPD75P028CW RA75X ST75X
uPD75028GC EVAKIT-76X  EV-75048  (Note 4) (Note 4) uPD75P028GC RA75X ST75X
u#PD75P028CW EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X S§T75X
wPD75P028GC EVAKIT-76X  EV-75048  (Note 4) (Note 4) - RA75X ST75X
#PD75048CW EVAKIT-75X EV-75048  (Note 4) (Note 4) - RA75X ST75X
uPD75048GC EVAKIT76X ~ EV-75048  (Note 4) (Note 4) - RA75X ST75X
uPD75104CW EVAKIT-75X EV-75108  (Note 3) - pPD75P108CW/DW  RA75X ST75X
#PD75104G EVAKIT-756X EV-75108  EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X S§T75X
wPD75P116GF
uPD75104GF EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 rPD75P108G/GF RA75X ST75X
w«PD75P116GF
#PD75104AGC EVAKIT-75X EV.75108  EP-75108GF EV-9200G-64 - RA75X 8T75X
#PD75106CW EVAKIT-75X EV-75108  (Note 3) - #PD75P108CW/DW  RA75X - 8T78X
#PD75106G EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X ST75X
uPD75P116GF
nPD75106GF EVAKIT-75X EV-75108 EP-75108GF EV-9200G-64 1PD75P108G/GF RA75X ST76X
uPD75P116GF
uPD75108AG EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 - RA75X 8T75X
1PD75108AGC EVAKIT-75X EV-75108 EP-75108GF EV-9200G-64 - RA75X ST75X
u#PD75108CW EVAKIT-75X EV-75108  (Note 3) - rPD75P108CW/DW  RA75X ST75X
»PD75108G EVAKIT-75X EV-75108 EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X ST75X
#PD75P116GF
u#PD75108GF EVAKIT-75X EV-75108  EP-75108GF EV-9200G-64 #PD75P108G/GF RA75X S§T75X
#PD75P116GF
wPD75P108BCW  EVAKIT-75X EV-75108  (Note 3) - - RA75X 8T75X
wPD75P108CW EVAKIT-75X EV-75108  (Note 3) - - RA75X 8T75X
«PD75P108DW EVAKIT-75X EV-75108  (Nots 3) - - RA75X 8T75X
pPD75P108G EVAKIT-75X EV-75108 EP-75108GF EV-9200G-64 - RA75X ST75X
#PD75112CW EVAKIT-75X EV-75108  (Note 3) - #PD75P116CW RA75X §T75X

* Required Tools

50175
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pPD75XXX Series Development Tools Selection Guide (cont)

Relocatable  Structured
Part Number Main Board Add-on Emulation Optional Socket EPROM/OTP Assembler Assembler
(Note 7) Emulator* Board* Probe* Adapter (Note 1)  Device (Note 2)  {Note 5) (Note 6)
nPD75112GF EVAKIT75X EV-75108 EP-75108GF EV-9200G-64 wPD75P116GF RA75X ST75X
PD75116CW EVAKIT75X EV-75108 (Note 3) - #PD75P116CW RA75X 8§T75X
pPD75116GF EVAKIT-75X EV-75108 EP-75108GF EV-9200G-64 wPD75P116GF RA75X ST75X
nPD75P116BGF EVAKIT75X EV-75108 EP-75108GF EV-9200G-64 - RA75X ST75X
#PD75P116CW EVAKIT75X EV-75108 (Note 3) - - . RA78X 8T75X
rPD75P116GF EVAKIT75X EV-75108 EP-75108GF EV-9200G-64 - RA75X S§T75X
#PD75206CW EVAKIT-76X EV-75216A  (Note 3) - uPD75P216ACW  RA75X S§T75X
#PD75206G EVAKIT-75X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X S§T75X
#PD75208CW EVAKIT75X EV-75216A  (Note 3) - uPD75P216ACW  RA75X ST76X
#PD75208G EVAKIT-75X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X 8T75X
#PD75CG208AE EVAKIT-75X EV-75216A  (Note 3) - - RA75X ST76X
pPD75CG208AEA  EVAKIT-75X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X ST75X
#PD75212ACW EVAKIT-76X EV-75216A  (Note 3) - pPD75P216ACW  RA75X ST76X
#PD75212AGF EVAKIT-76X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X ST75X
#PD75216ACW EVAKIT-76X EV-75216A  (Note 3) - wPD75P216ACW  RA75X ST75X
uPD75216AGF EVAKIT-76X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X ST75X
#PD75CG216AE EVAKIT-75X EV-75216A  (Note 3) - - RA75X 8§T75X
uPD75CG216AEA  EVAKIT-75X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X 8T75X
pPD75P216ACW EVAKIT-75X EV-75216A  {Note 3) - uPD75P216ACW  RA75X ST75X
1#PD75268CW EVAKIT76X EV-75216A  (Note 3) - pPD75P216ACW  RA75X ST75X
nPD75268GF EVAKIT-75X EV-75216A  EP-75216AGF EV-9200G-64 - RA75X ST75X
#PD75304GF EVAKIT75X EV-75308 (Note 3) EV-9200G-80 uPD75P308GF/K  RA75X §T75X
#PD75306GF EVAKIT-756X EV-75308 (Note 3) EV-8200G-80 wPD75P308GF/K  RA75X ST75X
#PD75308GF EVAKIT75X EV-75308 (Note 8) EV-9200G-80 xPD75P308GF/K  RA75X S§T75X
#PD75P308GF EVAKIT75X EV-75308 (Note 3) EV-9200G-80 - RA75X §T75X
rPD75P308K EVAKIT75X EV-75308 (Note 8) EV-9200G-80 - RA75X ST76X
#PD75312GF EVAKIT756X EV-75308 (Note 3) EV-9200G-80 kPD75P316GF RA75X S§T75X
nPD75P316GF EVAKIT-756X EV-75308 (Note 3) EV-9200G-80 - RA75X ST75X
#PD75328GC EVAKIT75X EV-75328 (Note 8) - xPD75P328GC RA75X §T75X
rPD75P328GC EVAKIT-75X EV-75328 (Note 3) - - RA75X ST75X
nPD75402C EVAKIT-75X EV-75402 (Note 3) - sPD75P402C RA75X S§T75X
#PD75402CT EVAKIT-75X EV-75402 (Note 3) - #PD75P402CT RA75X S§T75X
rPD75402GB EVAKIT-75X EV-75402 EP-75402GB EV-9200G-44 sPD75P402GB RA75X S§T75X
#PD75P402C EVAKIT-75X EV-75402 (Note 3) - - RA75X ST75X
#PD75P402CT EVAKIT76X EV-75402 (Note 3) - - RA75X 8T75X
#PD75P402GB EVAKIT-75X EV-75402 EP-75402GB EV-9200G-44 - RA75X ST75X
#PD75516GF EVAKIT-75X EV-75516 (Note 3) = uPD75P516GF/K  RA75X ST75X
#PD75P516GF EVAKIT76X EV-75516 (Note 3) - - RA75X ST76X
#PD75P516K EVAKIT-75X EV-75516 (Note 3) - -

* Required Tools
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Notes:
(1) The EV-9200G-XX is an LCC socket with the footprint of the flat (7) Packages:
package. One unit is supplied with the probe. Additional units are Package Description
available as replacement parts in sets of five. 28-pin plastic DIP
(2) All EPROM/OTP devices can be programmed using the NEC cr 28-pin plastic shrink DIP
PG-1500. Refer to the PG-1500 Programming Socket Adapter Cu 42-pin plastic shrink DIP
Selection Guide for the appropriate socket adapter. gUW 64-pin Planlci Sh;:f:klel)TP .
. 42-pin ceramic shrin with window
(3) The emulation probe is shipped with the add-on board. ow 64-pin ceramic shrink DIP with window
(4) Preliminary information. Contact your NEC Sales Representative E 64-pin ceramic piggy-back shrink DIP
for further information and availability. EA 64-pin ceramic piggy-back minifiat
(5) The RA75X relocatable assembler package is provided for the G 64-pin plastic minifiat
i i , GB 44-pin plastic miniflat
following operating systems: .
. ® GC 64 or 80-pin plastic miniflat
RA75X-D52 (MOS-DOS®) GF 64 or 80.pin plastic miniflat
RA75X-VVT1 (VAX/VMS") Ol: -pll’l‘ p a%ﬂhc minifia
K 80-pin plastic miniflat
(6) The ST75X structures assembler preprocessor is provided with

RA75X

MS-DOS is registered trademark of Microsoft Corporation.
VAX and VMS are trademarks of Digital Equipment Corporation.
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N EC uPD78XX Series

. Development Tools
NEC Electronics Inc. Selection Guide
uPD78XX Series Development Tools Selection Guide**
PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compiler
(Note 1) Emulator* Probe* Device (Note 2) (Note 10) (Note 10)
pPD7810HCW IE-7811H-M EV-9001-64 - - RA87 [ofef:74
(Note 3)
uPD7810HG-36 IE-7811H-M {Note 4) - - RA87 [ofe}:74
pPD7811HCW IE-7811H-M EV-9001-64 - - RA87 (o ef:74
(Note 3)
nPD7811HG-36 1E-7811H-M (Note 4) #PD78PG11HE (Note 6) - RA87 - CcCs7
pPD78PG11HE IE-7811H-M (Note 4) - - RA87 [oef:74
rPD78C10CW |IE-78C11-M EV-9001-64 - - RA87 ccsr
(Note 3)
#PD78C10G-36 IE-78C11-M (Note 4) - - RA87 [ofe1:74
pPD78C10G-1B IE-78C11-M (Note 5) - - RA87 ccsr
#PD78C10GF-3BE IE-78C11-M (Note 5) - - RA87 ccs?
rPD78C10L IE-78C11-M (Note 5) - - RA87 [ofez:74
#PD78C10ACW IE-78C11-M EV-8001-64 - - RA87 [ofe1:74
(Note 8) (Note 3)
#PD78C10AGQ-36 IE-78C11-M {Note 4) - ) - RA87 [ofei:74
(Note 8)
uPD78C10AGF-3BE IE-78C11-M (Note 5) - - RA87 ccsr
(Note 8)
uPD78C10AL IE-78C11-M (Note 5) - - RA87 ccsr
(Note 8)
#PD78C11CW IE-78C11-M EV-2001-64 wPD78CP14CW/DW PA-78CP14CW RA87 [ofei:74
(Note 3)
#PD78C11G-36 IE-78C11-M {Note 4) «PD78CP14GQ-36/R PA-78CP14GQ RA87 cce7
uPD78CG14E
wPD78C11G-1B IE-78C11-M {Note 5) PD78CP14GF-3BE PA-78CP14GF RA87 ccs7
1PD78C11GF-3BE |IE-78C11-M (Note 5) wPD78CP14GF-3BE PA-78CP14GF RA8B7 CCs7
wPD78C11L IE-78C11-M {Note 5) uPD78CP14L PA-78CP14L RA87 CCs7
#PD78C11ACW 1E-78C11-M EV-9001-64 #PD78CP14CW/DW PA-78CP14CW RA87 [o107:74
(Note 8) (Note 3) (Note 7)
nPD78C11AGQ-36 |IE-78C11-M (Note 4) uPD78CP14GQ-36/R PA-78CP14GQ RA87 CCs7
(Note 8) (Note 7)
wPD78C11AGF-3BE IE-78C11-M (Note 5) #PD78CP14GF-3BE PA-78CP14GF RA87 [ofe}:74
(Note 8) (Note 7)
wPD78C11AL |IE-78C11-M (Note 5) #PD78CP14L PA-78CP14L RA87 cce7
{Note 8) (Note 7) .
#PD78C12ACW IE-78C11-M EV-9001-64 #PD78CP14CW/DW PA-78CP14CW RA87 ccsr
(Note 8) (Note 3) {Note 7)
#PD78C12AGQ-36 IE-78C11-M (Note 4) #PD78CP14GQ-36/R PA-78CP14GQ RA87 [ofe;:14
(Note 8) {Note 7)

* Required Tools
** For all sPD78C1X devices, you may use the DDK-78C10 for
evaluation purposes.
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pPD78XX Series Development Tools Selection Guide** (cont)

PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compiler
(Note 1) Emulator* Probe* Device (Note 2) (Note 10) (Note 10)
#PD78C12AGF-3BE IE-78C11-M (Note 5) wPD78CP14GF-3BE PA-78CP14GF ~ RA87 (o] e}:14
(Note 8) (Note 7)
nPD78C12AL IE-78C11-M (Note 5) uPD78CP14L PA-78CP14L RA87 ccsr
(Note 8) (Note 7)
wPD78C14CW IE-78C11-M EV-9001-64 wPD78CP14CW/DW PA-78CP14CW RA87 (o] e1:14
(Note 3) - )
wPD78C14G-36 "IE-78C11-M {Note 4) 4PD78CP14GQ-36/R PA:78CP14GQ RA87 ccer
wPD78CG14E
rPD78C14G-1B {E-78C11-M (Note 5) wPD78CP14GF PA-78CP14GF RA87 ccer
uPD78C14GF-3BE IE-78C11-M (Note 5) wPD78CP14GF PA-78CP14GF RAB87 [ofei:14
#PD78C14L IE-78C11-M (Note 5) wPD78CP14L PA-78CP14L RA87 CCs7
rPD78C14AG-ABS |E-78C11-M (Note &) - - RA87 [ofef:14
(Note 8)
uPD78CG14E IE-78C11-M (Note 4) - - RA87 ccer
(Note 9)
wPD78CP14CW |E-78C11-M EV-9001-64 - PA-78CP14CW RA87 ccs7
{Note 3)
wPD78CP14DW IE-78C11-M EV-9001-64 - PA-78CP14CW RA87 ccs7
(Note 3)
nPD78CP14GQ-36 |IE-78C11-M (Note 4) - PA-78CP14GQ RA87 [ofe1:74
#PD78CP14GF-3BE |E-78C11-M (Note 5) - PA-78CP14GF RAS87 ccsr7
uPD78CP14L IE-78C11-M (Note 5) - PA-78CP14L RA8S7 ccer
#PD78CP14R IE-78C11-M (Note 4) - PA-78CP14GQ RA87 [ofe}:14

* Required Tools
Notes:
(1) Packages

Packege Description (6) No emulation probe available.

(6) The uPD78PG11HE is a piggy-back EPROM device in a ceramic

cw 64-pin plastic shrink DIP

DW 64-pin ceramic shrink DIP with window QUIP package. It accepts 2764 EP‘ROMS'

E 64-pin ceramic piggyback QUIP * {7) The uPD78CP14 EPROM/OTP devices do not have pull-up resis-
GF-1B 64-pin plastic miniflat (Resin Thickness: 2.05mm) tors on ports A, B, and C.

G-36 64-pin plastic QUIP (8 The IE-78C11-M can be used by replacing the pPD78C10G-36

G-AB8 64-pin plastic miniflat (interpin Pitch: 0.8mm)
GF-3BE  64-pin plastic miniflat (Resin Thickness: 2.7mm)
GQ-36 64-pin plastic QUIP

with a 4uPD78C10AGQ-36. However, it will not be able to emulate
the optional pull-up resistors on ports A, B, and C.

L 68-pin PLCC (9) The uPD78CG14E is a piggy-back EPROM device in a ceramic
R 64-pin ceramic QUIP with window QUIP package. It accepts 27C256 and 27G256A EPROMS.

() By using the specified adapter, the PG-1500 EPROM programmer  (10) The following relocatable assemblers and C Gompilers are
can be used to program the EPROM/OTP device. available:

(3) 64-pin shrink DIP adapter which plugs into the EP-7811HGQ  RA87-D52 (MS-DOS®) Relocatable assemblers
emulation probe supplied with each IE. RA87-VVT1 (VAX/VMS™) for 78XX series

(4) The emulation probe for the 64-pin QUIP package (EP-7811HGQ) CCMSD-15DD-87  (MS-DOS) C Compilers for
is supplied with the IE. CCVMS-0T16-87  (VAX/VMS) 78XX Series

CCUNX-OT16-87  (VAX/UNIX™)
MS-DOS is a trademark of Microsoft Corporation. 4.2 BSD or Ultrix™)

VAX, VMS and Ultrix are trademarks of Digital Equipment
Corporation.
UNIX is a trademark of AT&T Bell Laboratories.
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NEC Electronics Inc. Selection Guide

pPD78XXX Series Development Tools Selection Guide

PG-1500 Relocatable Structured
Part Number Emulation EPROM/OTP Adapter Assembler Assembler C Compiler
(Note 1) Emulator* Probe™ Device (Note 2) {Notes 11) (Note 12) (Note 13)
1PD78213CW |IE-78210-R EP-78210CW - - RA78K2 ST78K2 CC782XX
1PD78213GC-3B8 IE-78210-R  EP-78210GC - - RA78K2 ST78K2 CC782xXX
pPD78213GJ-5BJ IE-78210-R  EP-78210GJ - - RA78K2 ST78K2 CC782XX
(Note 3)
1#PD78213GQ-36 |IE-78210-R  EP-78210GQ - - RA78K2 ST78K2 CC782XX
uPD78213L IE-78210-R  EP-78210L - - RA78K2 ST78K2 CCr82xX
uPD78214CW IE-78210-R  EP-78210CW  pPD78P214CW/DW  PA-78P214CW  RA78K2 S§T78K2 CC782XX
1PD78214GC-3B8 |IE-78210-R  EP-78210GC  uPD78P214GC PA-78P214GC  RA78K2 ST78K2 CC782XX
1#PD78214GJ-58J IE-78210-R  EP-78210GJ  pPD78P214GJ PA-78P214GJ  RA78K2 S§T78K2 CC782XX
(Note 3)
rPD78214GQ-36 |IE-78210-R  EP-78210GQ  pPD78P214GQ PA-78P214GQ  RA78K2 ST78K2 CC782XX
uPD78214L IE-78210-R  EP-78210L wPD78P214L PA-78P214L RA78K2 S§T78K2 CC782XX
uPD78P214CW IE-78210-R  EP-78210CW ~ PA-78P214CW  RA78K2 ST78K2 CC782XX
uPD78P214DW |IE-78210-R  EP-78210CW - PA-78P214CW  RA78K2 ST78K2 CC782XX
pPD78P214GC-3B8 |IE-78210-R  EP-78210GC ~ PA-78P214GC  RA78K2 ST78K2 GC782XX
#PD78P214GJ-5BJ IE-78210-R  EP-78210GJ - PA-78P214GJ  RA78K2 ST78K2 CC782XX
(Note 3)
#PD78P214GQ-36 |IE-78210-R  EP-78210GQ ~ PA-78P214GQ  RA78K2 ST78K2 GC782XX
#PD78P214L IE-78210-R  EP-78210L - PA-78P214L RA78K2 ST78K2 CC782XX
1PD78220GJ-5BG |E-78220-R  EP-78220GJ - - RA78K2 ST78K2 GC782XX
(Note 4)
#PD78220L IE-78220-R  EP-78220L - - RA78K2 ST78K2 CC782XX
uPD78224GJ-5BG |IE-78220-R  EP-78220GJ  pPD78P224GJ PA-78P224GJ  RA78K2 S§T78K2 CC782XX
(Note 4)
#PD78224L |IE-78220-R  EP-78220L #PD78P2241 PA-78P224L RA78K2 S8T78K2 CC782XX
rPD78P224GJ-5BG IE-78220-R  EP-78220GJ - PA-78P224GJ  RA78K2 ST78K2 CC782XX
(Note 4)
uPD78P224L |E-78220-R  EP-78220L - PA-78P224L RA78K2 ST78K2 CC782XX
#PD78310ACW |IE-78310A-R  (Note 5) nPD78P312ACW/DW  PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
nPD78310AGF-3BE IE-78310A-R  EP-78310GF  pPD78P312AGF-3BE  PA-78P312GF  RA78K3 ST78K3 CC78K3
(Note 7)
#PD78310AGQ IE-78310A-R  (Note 6) uPD78P312AGQ/RQ  PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
uPD78310AL IE-78310A-R  EP-78310L p#PD78P312AL PA-78P312L RA78K3 ST78K3 CC78K3
(Note 7)
nPD78312ACW |IE-78310A-R  (Note 5) pPD78P312ACW/DW  PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
pPD78312AGF-3BE IE-78310A-R  EP-78310GF  puPD78P312AGF-3BE  PA-78P312GF  RA78K3 S8T78K3 GC78K3
(Note 7)

* Required Tools
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NEC

pPD78XXX Series Development Tools Selection Guide (cont)

PG-1500 Relocatable  Structured
Part Number Emulation EPROM/OTP Adapter Assembler Assembler C Compliler
(Note 1) Emulator* Probe* Device (Note 2) (Note 11) (Note 12) (Note 13)
nPD78312AGQ IE-78310A-R  (Note 6) uPD78P312AGQ/RQ  PA-78P312GQ  RAT78K3 ST78K3 CC78K3
. (Note 7)
uPD78312AL IE-78310A-R  EP-78310L uPD78P312AL PA-78P312L RA78K3 ST78K3 CG78K3
(Note 7)
nPD78P312ACW IE-78310A-R  (Note 5) - PA-78P312CW  RA78K3 ST78K3 CC78K3
(Note 7)
pPD78P312ADW IE-78310A-R  (Note 5) - PA-78P312CW  RA78K3 S8T78K3 CC78K3
(Note 7)
rPD78P312AGF-3BE |IE-78310A-R  EP-78310GF - PA-78P312GF  RA78K3 ST78K3 CC78K3
(Note 7)
uPD78P312AGQ IE-78310A-R  (Note 6) - PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
pPD78P312AL |IE-78310A-R -~ EP-78310L - PA-78P312L RA78K3 ST78K3 CC78K3
(Note 7)
#PD78P312AR |IE-78310A-R  (Note 6) - PA-78P312GQ  RA78K3 ST78K3 CC78K3
(Note 7)
wPD78320GJ-5BJ IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
#PD78320L IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
. (Note 7)
uPD78322GJ-5BJ IE-78320-R  (Note §) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
wPD78322L IE-78320-R  (Note 8) (Note 8) (Note 8) RA78K3 ST78K3 CC78K3
(Note 7)
#PD71P301GF-3BE - - - PA-71P301GF - - -
#PD71P301GQ-36 - - - PA-71P301GQ - - -
#PD71P301KA - - - PA-71P301KA - - -
(Note 9)
#PD71P301KB - - - PA-71P301KB - - -
(Note 10)
uPD71P301L - - - PA-71P301L - - -

* Required Tools
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Notes:
( 1) Packages:
Package Description
cw 64-pin plastic shrink DIP
bw 64-pin ceramic shrink DIP with window
GC-3B8  64-pin ceramic plastic miniflat (14mm x 14mm
GF-3BE  64-pin plastic miniflat (Resin Thickness: 2.7mm)
GJ-5BG  94-pin plastic miniflat
GJ-5BJ  74-pin plastic miniflat (20mm x 20mm)
GQ 64-pin plastic QUIP
GQ-36 64-pin plastic QUIP
KA 44-pin ceramic LCC with window
KB 64-pin ceramic LCC with window
L 44-pin PLCC (wPD71P301L)
68-pin PLCC (uPD78213/214/P214L.,
1PD78320/322L)
84 pin PLCC (uPD78220L., xPD78224L)
RQ 64-pin ceramic QUIP with window

( 2) By using the specified adapter, the PG-1500 EPROM program-
mer can be used to program the EPROM/OTP device.

( 8 The EP-78210GJ is a 68-pin PLCC to 74-pin minifiat package
adapter for use with the EP-78210L emulation probe.

( 4) The EP-78220Gd is a 84-pin PLCC to 94-pin miniflat package
adapter for use with the EP-78220L emulation probe.

{ 5) The emulation probe for the 64-pin shrink DIP package (EP-
78310CW) is supplied with the |E.

( 6) The emulation probe for the 64-pin QUIP package (EP-78310GQ)
is supplied with the IE.

( 7) There are two C Compilers for the uPD783XX devices: CC78K3
from NEC Electronics and one from Lattice Corporation. A
source code debugger is included with CC78K3 package.

( 8) Please contact your NEC Sales Representative for further infor-
mation.

( 9) Sockets for the uPD71P301KA (44-pin LCC package) are
available from Yamaichi (IC61-0444-030).

(10) Sockets for the pPD71P301KB (64-pin LCC package) are
available from NEC Electronics (EV-9200G-64) in sets of five,

uPD78XXX Series Evaluation Boards Selection
Guide

Part Number

Design/Development Boards Evaluation Boards

pPD7821X EB-78210-PC DDK-78K2
1PD7822X EB-78220-PC DDK-78K2
wPD7831X - DDK-78310A
1PD7832X EB-78320-PC -
Notes:

(1) The following relocatable packages are available:

RA78K2-D52 (MS-DOS®) Relocatable assembler
RA78K2-VVT1 (VAX/VMS™) for 78XX series
RA78K3-D52 (MS-DOS) Relocatable assembler
RA78K3-VVT1 (VAX/VMS) for 78XX series

(2) The ST78K2 structured assembler processor is provided with
RA78K2. The ST78K3 structured assembler preprocessor is pro-
vided with RA78K3 and CC78K3.

{3) The following C Compiler packages are available:

CCMSD-I5DD-782XX (MS-DOS) For uPD783XX series
CC78K3-D52 (MS-DOS)
CC78K3-VVT1 (VAX/VMS)

MOS-DOS is a trademark of Microsoft Corporation.
VAX and VMS are trademarks of Digital Equipment Corporation.
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NEC Electronics Inc.

DSP and Speech

Development Tools

Selection Guide

DSP and Speech Development Tools Selection Guide

Part Number Evaluation Assembler Simulator EPROM/OTP Zga::stgg
(Note 7) Emulator Board (Note 1) (Note 2) Device (Note 3)
BPD7720AC EVAKIT-7720B - ASM77 SIM77 uPD77P20D (Note 5)
#PD7720AL EVAKIT7720B (Note 4) - ASM77 SIM77 - -
#PD77P20D EVAKIT-7720B - ASM77 SIiM77 - -
#PD77C20AC EVAKIT-7720B — ASM77 SIM77 #PD77P20D (Note 5)
wPD77C20AL EVAKIT7720B (Note 4) — ASM77 SIM77 - -
#PD77C20ALK EVAKIT-7720B (Note 4) - ASM77 SiM77 — -
wPD77220L EVAKIT-77220 - RA77230 SM77230 - -
#PD77220R EVAKIT-77220 - RA77230 SM772230 uPD77P220R PA-77P230R
#PD77P220R EVAKIT-77220 - RA77230 SM77230 - PA-77P230R
#PD77230AR EVAKIT-77230 DDK-77230 RA77230 SM77230 uPD77P230R PA-77P230R
uPD77P230R EVAKIT-77230 DDK-77230 RA77230 SM77230 - PA-77P230R
wPD77C25C EVAKIT-77C25 -— RA77C25 —_ uPD77P25C/D PA-77P25C
wPD77C25L EVAKIT77C25 (Note 4) - RA77C25 - wPD77P25L -
#PD77P25C EVAKIT-77C25 - RA77C25 - - PA-77P25C
#PD77P25D EVAKIE77C25 - RA77C25 - — PA-77P25C
#PD77P25L EVAKIT-77C25 (Note 4) - RA77C25 - - -
wPD7755C NV-300 System EB-7759 - - uPD77P56C PA-77P56C
u#PD7755G NV-300 System EB-7759 - - uPD77P56G PA-77P56C
(Note 6)
wPD7756C NV-300 System EB-7759 — — uPD77P56C PA-77P56C
#PD7756G NV-300 System EB-7759 - - uPD77P56G PA-77P56C
{Note 6)
wPD77P56C NV-300 System EB-7759 — — - PA-77P56C
wPD77P56G NV-300 System EB-7759 - - - PA-77P56C
(Note 6)
wPD7757C NV-300 System EB-7759 - - - -
wPD7757G NV-300 System EB-7759 - - - -
(Note 6)
#PD7759C NV-300 System EB-7759 - - - -
#PD7759GC NV-300 System EB-7759 - - - -
wPD77810L IE-77810 - RA77810 —_ - -
wPD77810R IE-77810 - RA77810 - el -
50148
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Notes:

(1) The following assemblers are available:
Part Number Description
ASM77-D52 Assembler for 7720 (MS-DOS®)
RA77C25-D52 Assembler for 77C25 (MS-DOS)
RA77C25-VWWT1 Assembler for 77C25 (VAX/VMS™)
RA77230-D52 Assembler for 77230 (MS-DOS)
RA77230-WVT1 Assembler for 77230 (VAX/VMS)
RA77230-VXT1 Assembiler for 77230 (VAX/UNIX ™)

4.2 BSD or Ultrix™)

(2) The following simulators are available:
Part Number Description
SIM77-D52 Simulator for 7720 (MS-DOS)

- SM77280-WT1 Simulator for 77230 (VAX/UNIX)
SM77230-VXT1 Simulator for 77230 (VAX/UNIX
4.2 BSD or Ultrix)

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

4) ' Please check with your NEC Sales Representative on the avalil-
ability of a PLCC emulation probe.

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

(6) The EB-7759 comes with an emulation probe for only the 18-pin
DIP.

(7) Packages:
Package Description

3

<

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

G 24-pin plastic SOP

GC 52-pin plastic miniflat

L 44-or 68-pin PLCC

LK 28-pin PLCC

R 68-pin ceramic PGA

MS-DOS is a registered trademark of Microsoft Corporation.

VAX, VMS, and Ultrix are trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T Bell Laboratories.
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Socket Adapters and Adapter Modules

Socket Adap Adapter Module Socket Adapter Adapter Module
Target Chip (Note 1) (Note 2) Target Chip (Note 1) (Note 2)
Standard 27XXX EPROM Devices aPD75XXX Series Devices (cont)
wPD27256 (125 V) - 027A Board wPD75P316GF PA-75P308GF 04A Board
rPD27256 (21 V) - 027A Board 1PD75P328GC PA-75P328GC 04A Board
uPD27C256 - 027A Board uPD75P402C (Note 3) 027A Board
rPD27C256A - 027A Board rPD75P402CT PA-75P402CT 027A Board
pPD27C512 - 027A Board uPD75P402GB PA-75P402GB 027A Board
#PD27C1000 - 027A Board pPD75P516GF PA-75P516GF 04A Board
uPD27C1001 - 027A Board wPD75P516K PA-75P516K 04A Board
pPD27C1024 - 027A Board #PD78XX Series Devices
#PD75XX Series Devices #PD78CP14CW PA-78CP14CW 027A Board
rPD75P54CS PA-75P54CS 04A Board p#PD78CP14DW PA-78CP14CW 027A Board
uPD75P54G PA-75P54CS 04A Board wPD78CP14GQ PA-78CP14GQ 027A Board
uPD75P56CS PA-75P56CS 04A Board #PD78CP14GF PA-78CP14GF 027A Board
wPD75P56G PA-75P56CS 04A Board nPD78CP14L PA-78CP14L 027A Board
uPD75P64CS PA-~75P54CS 04A Board #PD78CP14R PA-78CP14GQ 027A Board
rPD75P64G PA-75P54CS 04A Board #PD78XXX Series Devices
#PD75P66CS PA-75P56CS 04A Board uPD71P301GF PA-71P301GF 027A Board
rPD75P66G PA-75P56CS 04A Board sPD71P301GQ PA-71P301GQ 027A Board
aPD75XXX Series Devices 1PD71P301KA PA-71P301KA 027A Board
#PD75P008CU PA-75P008CU 04A Board uPD71P301KB PA-71P301KB 027A Board
#PD75P008DU PA-75P008CU 04A Board 1PD71P301L PA-71P301L 027A Board
#PD75P008GB PA-75P008CU 04A Board wPD78P214CW PA-78P214CW 027A Board
pPD75P028CW PA-75P028CW 04A Board 1PD78P214GC PA-78P214GC 027A Board
#PD75P028GC PA-75P028GC 04A Board nPD78P214GJ PA-78P214GJ 027A Board
pPD75P108BCW PA-75P108CW 04A Board wPD78P214GQ PA-78P214GQ 027A Board
#PD75P108CW PA-75P108CW 04A Board nPD78P214L PA-78P214L 027A Board
nPD75P108DW PA-75P108CW 04A Board wPD78P224GJ PA-78P224GJ 027A Board
#PD75P108BGF PA-75P116GF 04A Board 1PD78P224L PA-78P224L 027A Board
wPD75P108G PA-75P116GF 04A Board wPD78P312ACW PA-78P312CW 027A Board
pPD75P116CW PA-75P108CW 04A Board nPD78P312ADW PA-78P312CW 027A Board
wPD75P116GF PA-75P116GF 04A Board wPD78P312AGF PA-78P312GF 027A Board
pPD75P216ACW PA-75P216ACW 04A Board uPD78P312AGQ PA-78P312GQ 027A Board
p1PD75P308GF PA-75P308GF 04A Board wPD78P312AL PA-78P312L 027A Board
nPD75P308K PA-75P308K 04A Board nPD78P312AR PA-78P312GQ 027A Board
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Socket Adapters and Adapter Modules (cont)

Socket Adapter Adapter Module
Target Chip (Note 1) (Note 2)
V-Series Devices
sPD70P322K PA-70P322L 027A Board
Digital Signal Processors
nPD77P56C PA-77P56C 04A Board
pPD77P56G PA-77P56C 04A Board
#PD77P25C PA-77P25C 027A Board
rPD77P25D PA~77P25C 027A Board
rPD77P230R PA-77P230R 027A Board

Notes:

(1) All socket adapters must be purchased separately.

(2) The 27A and 04A Adapter Modules are shipped with the PG-1500.

(8) The uPD75P402C does not require a programming socket
adapter. It can be plugged directly into the 027A Board.
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Digital Signal Processor

uPD77C25/77P25 2-25
Digital Signal Processor

pPD77220 2-51
24-Bit, Fixed-Point Digital Signal Processor
pPD77230/77P230 ) 2-81
32-Bit, Floating-Point Advanced Signal Processor
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Modem Digital Signal Processor
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uPD77C20A/7720A/77P20
DIGITAL SIGNAL PROCESSOR

Description

The yPD77C20A, yPD7720A, and uPD77P20—three
signal processing interface (SPI) chips that are func-
tionally the same—are advanced architecture micro-
computers optimized for signal processing algorithms,
Their speed and flexibility allow these SPls to effi-
ciently implement signal processing functions in a
wide range of environments and applications.

The 7720A SPI, a revision of the 7720, the original mask
ROM chip, uses a third less power than the 7720.

The 77C20A isa CMOS pin-for-pin compatible version
of the NMOS version, 7720A. This advanced architec-
ture CMOS microcomputer has power requirements 80
percent less than the 7720A. This low-power feature
makes the 77C20A appropriate for portable applica-
tions and other designs requiring low power and low
heat dissipation.

The 77P20 is an ultraviolet erasable and electrically
programmable (EPROM) version of the 7720A. Program
and data ROM, masked for the 7720A, are implemented
in EPROM for the 77P20. The 77P20 is useful in proto-
type applications or in systems where product quanti-
ties are insufficient for masked ROM development.

Since the inception of 7720 and its companion EPROM
version, 77P20, there have been several mask revisions
to improve manufacturability and function. A 77P20
must always be used to verify the functions of a user’s
system before ROM code for 77C20A or 7720A is sub-~
mitted, but certain early versions of 77P20 must not be
used for final verification. Refer to the section on
uPD77P20 for details.

Features

O Low-power CMOS: 24 mA typical current
use (77C20A)

0O Fast instruction execution: 240 ns with 8.333-MHz
clock

O 16-bit data word

O Multi-operation instructions for fast program
execution: multiply, accumulate, move data, adjust
memory pointers—all in one instruction cycle

O Modified Harvard architecture with three separate
memory areas
— Program ROM (512 x 23 bits)
— Data ROM (510 x 13 bits)
— Data RAM (128 x 16 bits)

0 16 x 16-bit multiplier; 31-bit product with every
instruction

[J Dual 16-bit accumulators

50161

O External maskable interrupt
O Four-level stack for subroutines and/or interrupt
[0 Multiple 1/0 capabilities
— Serial: 8 or 16-bit (480 ns/bit)
— Parallel: 8 or 16-bit
— DMA
0 Compatible with most uP’s, including:
— uPD8080
— uPDB8085
— uPD8086/88
— uPD780 (Z809)
O Single +5-volt power supply
O Extended temperature (77C20A)
O NMOS technology (7720A, 77P20)
0 Extended temperature range (7720A)
Z80 is a registered trademark of Zilog Corporation.

Applications

O Portable telecommunications equipment

O Digital filtering

O High-speed data modems

O Fast Fourier transforms (FFT)

O Speech synthesis and analysis

O Dual-tone multifrequency (DTMF)
transmitters/receivers

O Equalizers

O Adaptive control

[0 Numerical processing

Performance Benchmarks

O Second-order digital filter (biquad): 2.21 us
O Sin/cos of angles: 5.16 us
O w/A law to linear conversion: 0.49 us
O FFT
— 32-point complex: 0.7 ms
— 64-point complex: 1.6 ms

Ordering Information

Normal
Max Frequency  Temperature

Part Number Package Type of Operation Range
uPD77C20AC 28-pin plastic DIP 8.33 MHz —40 to +85°C
uPD77C20ALK  28-pin PLCC
uPD77C20AL 44-pin PLCC
uPD7720AC 28-pin plastic DIP 8.33 MHz —10to +70°C
uPD7720AL 44-pin PLCC
uPD77P20D 28-pin cerdip 8196 MHz  —10to +70°C
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Pin Configurations 28-Pin PLCC
28-Pin Plastic DIP
e} =4
4
N A\ b v |E|§§8a|§|§
NC/Vpp/Nec 11 1 28 cc Aonaann
DACK[] 2 277 DA QIQYIR2
brAQ 3 263% csHzs 18{18CK
P"E 4 % ji_ Aol]27 17Nt
= 24 = WR Voo 28 16 RST
Do 6 23 11 SORQ nelt O 15 oLk
D10 7 22 S0 DACK[] 2 141 GND
D20 8 xn s pRaC]s 13 b7
D30 9 20 [ SOEN po] 4 12h 08
D4 10 19 [1SIEN o -
ps 1 18 [ sck ESGSSGG
ps ] 12 17 FINT f8588388
D73 13 16 [JRST 4ONR-494A
GNDO] 14 15 [1CLK
Notes: .
[1] No connection: 77C20A, 7720A 44-Pin PLCC
Must be connected for EPROM version; consult 77P20 specifications.
49-000905A b4
.U g 2 Q S8 o wn O
zfclbzs8z28=
Pin Identification A0 00000000070
W W T M N T T MONr O
Symbol Function Ne L7 T YT ¥ SapNe
P18 O 38 [1RD
Ay Status/data register select input po]9 37 I WR
CLK Single-phase master clock input Nc [ 10 36 [1sORQ
= - - D11 35[1s0
cS Chip select input D20 12 s Fine
Dg-D7 Three-state |/0 data bus D313 33[sI
DACK DMA request acknowledge input D414 . s2INC
NC[]15 31 [1SOEN
DRQ DMA request output ps 16 30 1 STEN
INT Interrupt input NOT7Tew o ggaoggeng29pNe
Pg, P4 General-purpose output control lines U Uy
— ——— 28888856883
RD Read control signal input 66 °“obax“=aqg
RST Reset input 83-004489
SCK Serial data /0 clock input
sl Serial data input Pin Functions
SIEN Serial input enable input Ag [Status Data Register Select]
S0 Three-state serial data output This input selects data register for read/write (low) or
SOEN Serial output enable input status register for read (high).
SORQ Serial data output request
T - P CLK
WR Write control signal input
GND Ground This is the single-phase master clock input.
V +5 V power suppl == .
£e SVp PRy CS [Chip Select]
NC/Vpp/Vgg No connection (77C20A,7720A)/

programming voltage (77P20)

This input enables data transfer through the data port
with RD or WR.
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Dg-D7 [Data Bus]

This three-state /O data bus transfers data between
the data register or status register and the external data
bus.

DACK [DMA Request Acknowledge]

Thisinputindicates to the SPIthat the data bus is ready
for a DMA transfer (DACK = CS AND Ag = 0).

DRQ [DMA Request]

This output signals that the SPI is requesting a data
transfer on the data bus.

INT [Interrupt]

A low-to-high transition on this pin executes a call
instruction to location 100H, if interrupts were previously
enabled.

Po, P1
These pins are general-purpose output control lines.

RD [Read Control Signal]

This input latches data from the data or status register
to the data port where it is read by an external device.

RST [Reset]

This input initializes the SPI internal logic and sets the
PC to 0.

SCK [Serial Data 1/0 Clock]

When this input is high, a serial data bit is transferred.

Sl [Serial Data Input]

This pin inputs 8- or 16-bit serial data words from an
external device such as an A/D converter.

SIEN [Serial Input Enable]

This input enables the shift clock to the serial input
register.

SO [Serial Data Output]

This three-state port outputs 8- or 16-bit data words to
an external device such as a D/A converter.

SOEN [Serial Output Enable]

This input enables the shift clock to the serial output
register.

SORAQ [Serial Data Output Request]

This output specifies to an external device that the
serial data register has been loaded and is ready for
output. SORQ s reset when theentire 8- or 16-bit word
has been transferred.

WR [Write Control Signal]

This input writes data from the data port into the data
register.
GND

This is the connection to ground.

Vce [Power Supply]
This pin is the +5-volt power supply.

NC/Vpp/Vce

This pin is not internally connected in the 77C20A and
7720A. In the 77P20, this pin inputs the programming
voltage (Vpp) when the part is being programmed.

This pin must be connected to V¢ for proper 77P20
operation. Consult the section on the uPD77P20 for
details.
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Block Diagram

=l —
OACK—> DpmA i : r—— SOEN
Interface — — SORQ
Logic ! N E $ SOy
DRQ =— . RAM T
Instruction ]
: ROM 128x16 Multiplier — Lol
512x23 ! Serial
Low i High M so Sga
PC : | SCK
|
K}::]I sl l
DP K L | i‘— SEN
- 7 E S —
o __ o] sl
1 A - | . ”

— L e T

Read Write
Control Logic

Do-D7
Parallel
o

Data
ROM ) (::
510x13

z g g3

r
s{s|c|z 3 8
Alafjala
FlagA | {' | g Alal
1]o
s|s|ciz|O]|O
FlagB slelele|Vv]|V
LK —~ 1]0 58
RST —» ACCA
INT —— ACCB
Vee —
™ fnterrupt _:j
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Functional Description

The primary bus (unshaded in the block diagram)
makes a data path between ali of the registers
(including 1/0), memory, and the processing sections.
This bus is referred to as the IDB (internal data bus).
The multiplier input registers Kand L can be loaded not
only from the IDB but alternatively via buses (darkened
in the block diagram) directly from RAM to the K
register and directly from data ROM to the L register.
Output from the multiplier in the M and N registers is
typically added via buses (shaded in the block diagram)
to either accumulator A or B as part of a multi-
operation instruction.

The SPlis acomplete 16-bit microcomputer on asingle
chip. ROM space provides program and coefficient
storage; the on-chip RAM may be used for temporary
data, coefficients, and results. A 16-bit arithmetic/logic
unit (ALU) and a separate 16 x 16-bit, fully-paratlel
multiplier provide computational power. This com-
bination allows the implementation of a “sum of
products” operation in a single 240-ns instruction
cycle. In addition, each arithmetic instruction allows a
number of data movement operations to further
increase throughput.

Two serial 1/0 ports interface to codecs and other
serially-oriented devices; a parallel port provides both
data and status information to conventional micropro-
cessors. Handshaking signals, including DMA controls,
allow the SPI to act as a sophisticated programmable
peripheral as well as a stand-alone microcomputer.

Memory

Memory is divided into three types: instruction ROM,
data ROM, and data RAM. The 512 x 23-bit words of
instruction ROM are addressed by a 9-bit program
counter that can be modified by an external reset,
interrupt, call, jump, or return instruction.

The data ROM is organized in 510 x 13-bit words that
are addressed through a 9-bit ROM pointer (RP regis-
ter). The RP may be modified simultaneously with
arithmetic instructions so that the next value is avail-
able for the next instruction. The data ROM is ideal for
storing the necessary coefficients, conversion tables,
and other constants for your processing needs.

Do not use data ROM locations 0 and 1 in the 77C20A
or 7720A. These locations are reserved for storage of
test pattern data. (When submitting code, set these
locations to 0). Note that 77P20 allows use of these
locations, but using them is not advised.
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The data RAM is 128 x 16-bit words and is addressed
through a 7-bit data pointer (DP register). The DP has
extensive addressing features that operate simulta-
neously with arithmetic instructions, eliminating addi-
tional time for addressing or address modification.

Arithmetic Capabilities

One of the unique features of the SPI's architecture is
its arithmetic facilities. With a separate multiplier, ALU,
and multiple internal data paths, the SPI is capable of
carrying out a multiply, an add or other arithmetic
operation, and a data move between internal registers
in a single instruction cycle.

ALU

The ALU is a 16-bit two’s complement unit capable of
executing 16 distinct operations on virtually any of the
SPI's internal registers, thus giving the SPI both speed
and versatility for efficient data management.

Accumulators [ACCA/ACCB]

Associated with the ALU are two 16-bit accumulators,
each with its own set of flags, which are updated at the
“end of each arithmetic instruction (except NOP). Table
1 shows the ACC A/B flag registers. In addition to zero
result, sign, carry, and overflow flags, the SPI incor-
porates auxiliary overflow and sign flags (SA1, SB1,
OVA1, OVB1). These flags enable the detection of an
overflow condition and maintain the correct sign after
as many as three successive additions or subtractions.

Table 1. ACC A/B Flag Registers

Flag A SA1  SA0 CA ZA OVA1
Flag B SB1  SBO CB PA:] ovB1

OVAO
0vBo

Sign Register [SGN]

When OVAT1 is set, the SA1 bit will hold the corrected
sign of the overflow. The SGN register will use SA1 to
automatically generate saturation constants 7FFFH(+)
or 8000H(—) to permit efficient limiting of a calculated
value. The SGN register is not affected by arithmetic
operations on accumulator B, but flags SB1, SBQ, CB,
ZB, OVB1 and OVBO are affected.

Multiplier

Thirty-one bit results are developed by a 16 x 16-bit
two’s complement multiplier in 240 ns. The result is
automatically latched to two 16-bit registers, M and N,
at the end of each instruction cycle. The sign bitand 15

higher bits are in M and the 15 lower bits are in N; the
LSBinNiszero. Anew productis available for use after
every instruction cycle, providing significant advan-
tages in maximizing processing speed for real-time
signal processing.

Stack

The SPI contains a four-level program stack for
efficient program usage and interrupt handling.

Interrupt

The SPI supports a single-level interrupt. Upon sens-
ingahigh levelonthe INT terminal, a subroutine call to
location 100H is executed. The El bit of the status
register automatically resets to 0, disabling the inter-
rupt facility until itis reenabled under program control.

Input/Output

General

The SPI has three communication ports, as shown in
figure 1: two serial and one 8-bit parallel, each with its
own control lines for interface handshaking. Parallel
port operation is software-configurable to be in either
polled mode or DMA mode. A general-purpose, two-
line output port rounds out a full complement of
interface capability.

Serial 1/0

The two shift registers (Sl, SO) are software-configur-
able to single- or double-byte transfers. The shift
registers are externally clocked (SCK) to provide a
simple interface between the SPl and serial peripherals
such as A/D and D/A converters, codecs, or other SPIs.
Figure 2 shows serial 1/0 timing

Figure 1. SPI Communication Ports
SPI
8 1 Do-Dy
Paralle! 110 —
Interface il so
to External | ™| WR SORQ [——>
DataBus —>|cs SOEN ‘_. Serial 110
>| A ScK Interface

~—»1 DACK =
DMA SIEN |e——
interface - DRQ
Interrupt ———] INT Po }-g:?:or:le
Reset —»|RST Pq H Output Port
Clock —CLK P

49-000907A
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Figure 2. Serial I/0 Timing

s L LI L LIl L L L LIl
o __ MMM e
o 1L ML ML ML I, r rer rt I
SORQ / = AN
SOEN \ ) / ________
LS S
iahz [Note 1] N — —Highz
oupu __ WME 5 X 1 X 2 X s; X 1305 X uors X 1507 %__f__
é ______ [Nohﬁ} _____
& i soack | ] . - (NextDataSet) - -1
Hlows [ —
[Note 2] N
Input Data x X 0 X 1 x 2 x : x 13o0r5 X 14or6 X 150r7 X x
SEN \ /
Sl Load I l
SIACK I I
Notes:
(1] Data clocked out on falling edge of SCK.
[2] Data clocked in on raising edge of SCK.
(3] Broken line denotes consecutive sending of next data. .
9-0009088
Parallel 1/O Table 2. Parallel R/W Operation
The 8-bit parallel 1/O port may be used for transferring 65_A _WR RD Operation

data or reading the SPV's status, as shown in table 2.
Data transfer is handied through a 16-bit data register
(DR) that is software-configurable for double- or
single-byte data transfers. The portis ideally suited for
operating with 8080, 8085, and 8086 processor buses
and may be used with other processors and computer
systems.

X No effect on internal operation; Do-D7
are at high impedance levels.

1

1 Data from Dy-D7 is latched to DR (Note 1)

0 Contents of DR are output to Dg-D7 (Note 1)
1 Iilegal (SR is read only)
0
0

Eight MSBs of SR are output to Dg-D7

lllegal (may not read and write
simultaneously)

IO O| OO x| —
Xialslolo|X| X

X
1
0
1
0
1
0

DMA Mode Option

Parallel data transfers may be controlled (optionally)  yote:
via DMA control lines DRQ and DACK. DMA mode . o, 1 mons or 8 LsBs of data register (DR) are used, depending
allows high-speed transfers and reduced processor on DR status bit (DRS). The condition of DACK =0 is equivalent
overhead. When in DMA mode, DACK input resets to Ag=CS=0.

DRQ output when data transfer is completed. DACK

does not affect any status register bit or flag bit.

2-6
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Status Register

The status register, shown in figure 3, is a 16-bit
register in which the eight most significant bits may be
read by the system’s microprocessor for the latest
parallel data I/O status. The RQM and DRS bits can
only be affected by parallel data moves. The other bits
can be written to (or read) by the SPI's load immediate
(LDI) or move (MOV) instructions. The El bit is automa-
tically reset when an interrupt is serviced.

Figure 3. Status Register (SR)

MsB LsB
14 13 12 11 10 9

15 8 7 6 5 4 3 2 1 [
{ram{usF1{usFo|prs|omalprefsoctsic[er [o [ o [ o [ o To [p1]ro]

49-0009098

Table 3. Status Register Flags

Flag Description

RQM (Request for A read or write from DR to IDB sets ROM = 1.

Master) An external read (write) resets RQM = 0.
USF1 and USFO General-purpose flags which may be read
(User Flags 1 by an external processor for user-defined
and 0) signaling
DRS (DR Status) For 16-bit DR transfers (DRC = 0). DRS = 1
after first 8 bits have been transferred.
DRS = 0 after all 16 bits have been transferred.
DMA (DMA Enable) DMA = 0 (Non-DMA transfer mode)
DMA = 1 (DMA transfer mode)
DRC (DR control) DRC = 0 (16-bit mode)

DRC = 1 (8-bit mode)
S0C = 0 (16-bit mode)
SOC =1 (8-bit mode)
SIC = 0 (16-bit mode)
SIC =1 (8-bit mode)

SOC (SO Control)

SIC (SI Control)

El (Enable El = 0 (interrupts disabled)
Interrupt) El =1 (interrupts enabled)
P1, PO PO and P1 directly control the

(Ports 0 and 1) state of output pins Py and P4

Instructions

The SPI has three types of instructions: Load Imme-
diate, Branch, and the multifunction OP instruction.
Each type takes the form of a 23-bit word and executes
in 240 ns.

Instruction Timing

To control the execution of instructions, the external
8-MHz clock is divided into four phases for internal
execution. The various elements of the 23-bit instruc-
tion word are executed in a set order. Multiplication

automatically begins first. Also, data moves from
source to destination before other elements of the
instruction. Data being moved on the internal data bus
(IDB) is available for use in ALU operations (if P-select
field of the instruction specifies IDB). However, if the
accumulator specified in the ASL field is also specified
as the destination of the data move, the ALU operation
becomes a NOP, as the data move supersedes the ALU
operation.

Pointer modifications occur at the end of the instruc-
tion cycle after their values have been used for data
moves. The result of multiplication is available at the
end of the instruction cycle for possible use in the next
instruction. If a return is specified as part of an OP
instruction, it is executed last.

An assembly language OP instruction may consist of
what looks like one to six lines of assembly code, butall
of these lines are assembled together into one 23-bit
instruction word. Therefore, the order of the six lines
makes no difference in the order of execution described
above. However, for understanding the SPI's operation
and to eliminate confusion, write assembly code in the
order described; that is: data move, ALU operations,
data pointer modifications, and then return.

OP/RT Instruction Field Specification

Figure 4 illustrates the OP/RT instruction field specifi-
cation. There are two instructions of this type, both of
which are capable of executing all ALU functions listed
in table 5. The ALU functions operate on the value
specified by the P-select field (see table 4).

Besides the arithmetic functions, these instructions
can also (1) modify the RAM data pointer DP, (2)
modify the data ROM pointer RP, and (3) move data
along the on-chip data bus from a source registerto a
destination register (the possible source and destina-
tion registers are listed in tables 10 and 11, respectively).
The difference in the two instructions of this type is that
RT executes a subroutine orinterruptreturn at the end
of the instruction cycle, but the OP does not. Tables 6, 7,
8, and 9 show the ASL, DPL, DPH, and RPDCR fields,
respectively.

Figure 4. OP/RT Instruction Field

22 21|20 191817 1615[14 {13 12|11 10 9 7654(3210

oP 00

P- 5 or
Select ALY E L

8
P
DPH-M g SRC DST

RT 01 Same as OP instruction

49-000910A
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Table 4. P-Select Field

Mnemonic D2 Dyg ALU Input

RAM 0 0 RAM

IDB 0 1 Internal Data Bus (Note 1)
M 1 0 M Register

N 1 1 N Register

Note:

(1) Any value on the on-chip data bus. Value may be selected from
any of the registers listed in table 6 source register selections.

Table 5. ALU Field

SA1 SAO CA ZA OVA1 OVAO

Mnemonic Dig 07 Dig D5 ALU Function $B1 SBO CB B 0vB1 0VBO
NOP 0 0 0 0 No operation — — — — — —
OR 0 0 0 1 OR X I 0 A 0 0
AND 0 0 1 0 AND X IN 0 a 0 0
XOR 0 0 1 1 Exclusive OR X A 0 I 0 0
suB 0 1 0 0 Subtract A N A A A A
ADD 0 1 0 1 ADD A a A N A A
SBB 0 1 1 0 Subtract with borrow A N A A IN A
ADC 0 1 1 1 Add with carry A o A IN A A
DEC 1 0 0 0 Decrement ACC A A A A A A
INC 1 0 0 1 Increment ACC A A N IN A A
CMP 1 0 1 0 Complement ACC (one’s complement) X A 0 A 0 0
SHR1 1 0 1 1 1-Bit right shift X A A A 0 0
SHLA1 1 1 0 0 1-Bit left shift X A A A 0 0
SHL2 1 1 0 1 2-Bit left shift X A 0 A 0 0
SHL4 1 1 1 0 4-Bit left shift X I 0 A 0 0
XCHG 1 1 1 1 - 8-Bit exchange X A 0 A 0 0
Note:
A May be affec)ed, depending on the results
— Previous status can be held
0 Reset ¢
x Indefinite
Table 6. ASL Field L Table 8. DPH Field
Mnerionic Dy ‘ACC Selection Mnemonic Dy Dyg  Dg High DP Modify
ACCA 0 ACCA MO 0 0 0 Exclusive OR'of DPH (DPg-DPy4) vyith
| LN T ST L

. M2 0 1 0
Table 7. DPL Field w3 0 ] ]
Mnemonic D3 D12 Low DP Modify (DP3-DPg) 14 1 0 0
DPNOP 0 0 No operation M5 1 0 1
DPINC 0 1 Increment DPL M6 1 1 0
DPDEC 1 0 Decrement DPL M7 1 1 1
DPGLR 1 1 Clear DPL

2-8
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Table 9. RPDCR Field Table 11. DST Field

Mnemonic Dg RP Operation Mnemonic D3 D, D; D Destination Register

RPNOP 0 No operation @NON 0 0 0 0 No register

RPDEG 1 Decrement RP @A 0 0 0 1 ACCA (Accumulator A)
@B 0 0 1 0 ACCB (Accumulator B)

Table 10. SRC Field @TR 0 0 1 1 TR temporary register

Mnemonic D; Dg D5 Dy Source Register @DP 0 1 0 0 DP data pointer

NON 0 0 0 0 No register @RP 0 1 0 1 RP ROM pointer

A 0 0 0 1 ACCA (Accumulator A) @DR 0 1 1 0 DR data register

B 0 0 1 0 ACCB (Accumulator B) @SR 0 1 1 1 SR status register

TR 0 0 1 1 TR temporary register @S0L 1 0 0 0 S0 serial out LSB (Note 1)

DbP 0 1 0 0 DP data pointer @SOM 1 0 0 1 SO serial out MSB (Note 2)

RP 0 1 0 1 RP ROM pointer @K 1 0 1 0 K (Mult)

RO 0 1 1 0 RO ROM output data @KLR 1 0 1 1 IDB— K, ROM — L (Note 3)

SGN 0 1 1 1 SGN sign register @KLM 1 1 0 0 HiRAM —K, IDB — L (Note 4)

DR 1 0 0 0  DRdata register @L 1 1 0 1 L (Mult)

DRNF 1 0 0 1 DR no flag (Note 1) @NON 1 1 1 0 No register

SR 1 0 1 0 SR status register @MEM 1 1 1 1 RAM

SIM 1 0 1 1 Sl serial in MSB (Note 2) Notes:

SIL 1 1 0 0 Sl serial in LSB (Note 3) (1) LSB is first bit out.

K 1 1 0 1 K register (2) MSB is first bit out.

L 1 1 1 0 L register (3) Internal data bus to K, and ROM to L register.

MEM 1 1 1 1 RAM (4) Contents of RAM address specified by DPg = 1, is placed in K

Notes: register, IDB is placed in L (that is, 1, DP5, DP4 DP3-DPp).

(1) DR to IDB, RQM not set. In DMA, DRQ not set.
(2) First bitin goes to MSB, last bit to LSB.
(3) First bit goes to LSB, last bit to MSB (bit reversed).

Jump/Call/Branch
Figure 5 shows the JP instruction field specification.

Three types of program counter modifications are ac-
commodated by the processor and are listed in table
12. All the instructions, if unconditional or if the speci-
fied condition is true, take their next program execution
address from the next address field (NA); otherwise
PC=PC+1.

For the conditional jump instruction, the condition
field specifies the jump condition. Table 13 lists all the
instruction mnemonics of the jump/call/branch codes.

Load Data [LDI]

Figure 6 shows the LD instruction field specification.

The load data instruction will take the 16-bit vaiue
contained in the immediate data field (ID) and place.it
in the location specified by the destination field (DST)
(see table 11).

Table 12. BRCH Field

Dezg Dig Dig Branch Instruction

1 0 0 Unconditional jump
1 0 1 Subroutine call

0 1 0 Conditional jump

Figure 5. JP Instruction Field Specification

2221 201918 [17 16 15 14 13| 12

1109876543210

BRCH CND

| o] 10

NA

43-000911A

Figure 6. LD Instruction Field Specification

2221 20 19 18 17 16 15 14 13 12 1110 98 76 5 4 3210

Jwl ] D

o ]

49-000912A
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Table 13. BRCH/CND Fields

Absolute Maximum Ratings

) Conditions Supply voltage, Voo
Mnemonic ~ Dgp Dyg D1g Dy7 Dig Dis Dyg Dy3  (Noted) 77C20A —05t0+70V
JMP 1 0 0 0 0 0 0 0 Nocondition 7720A —05t0+70V
CALL 1 0 1 0 0 0 0 0 Nocondition 77P20 —0.3t0+70V
JNCA 0 1 0 0 0 0 0 0 CA=0 Programming voltage, Vpp (77P20) —0.3t0 +22V
JCA o1 0 0 0 0 0 1 CA=1 Input voltage, V)
INCB 0 1 0 0 0 0 1 0 cB=0 77C20A —05t0Vgg +0.5V
JCB 0o 1 0 0 0 0 1 1 CB=1 7720A —05%+70V
INZA 0 1 0 0 0 1 0 0 ZA=0 77P20 —03t+70V
) 1 =1 Output voltage, Vg
! 0 = 7720A 0510 +70V
I8 0o 1 0 0 0 1 1 1 2=t 77P20 ~03Vto+70V
JNOVAO 01 0 0 1 0 0 0 OVAO=0 -
Operating temperature, Topr
JOVAO 01 0 0 1 0 0 1 OVAO=1 77C20A —40 to +85°C
JNOVBO o 1+ 0 0 1 0 1 0 OVBO=0 7720A, 77P20 —10 to +70°C
JOVBO o 1 0 0 1 0 1t 1 0VBO=1 Storage temperature, Tgtg —65 to 150°C
JNOVAT 0 1 0 0 1 1.0 0 OVA1=0 Comment: Exposing the device to stresses above those listed in
JOVA1 o 1 0 0 t 1 0 1 OVA1 =1 Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
JNOVB1 0 1 0 0 1 1 1 0 0vB1=0 limits described in the operational sections of this specification.
JOVB1 0o 1 0 0 1 1 1 A OVB1=1 Exposure to absolute maximum rating conditions for extended
INSAD 0 1 0 1 0 0 0 o SAD=0 periods may affect device reliability.
JSAD 0 1 0 1 0 0 0 1 SAI=1 DC Characteristics
Ta=—101t0 +70°C; Vg = +5 V 159
JNSBO 9 1 0 1 0 0 1 0 SBO=0 A to #707Ci Veo - /:
imits
JSBO 01 0 1 0 0 1 1 SBO=1 paramel svmbol T T el Iﬁ:
INSAY 0 1 0 1 0 1 0 o SsAico ImTT er - y‘;n ol Min Typ ax  Uni onditions
nput low voltage
JSA1 6+ 0 1 0 1 0 1 SA1 =1 p77020A g L —03 0.8 v
JNSB1 o1 0 1 0 1 1 0 SB1=0 7720A, 77P20 05 0.8 v
JSB1 o1t 0 1 0 1 1 1 SBi=t Input high voltage Vi
JOPLO 01 0 1 1 0 0 0 DPL=0 77C20A 22 Voc+03 V
JOPLF 0 1 0 1 1 0 0 1 DPL=FH 7720A, 77P20 20 Ve +05 V
JINSIAK 01 0 1 1 0 1 0 SIAK=0 CLK low voltage Vg :
77C20A —03 045 V
JSIAK 6 1 0 1 1 0 1 1 SFACK=1 0A T7P20 05 YR
JINSOAK 01 0 1 1 1 0 0 SOACK=0 K h’ " v - -
age
JS0AK 0 1 0 1 1 1 0 1 SOACK=1 Trogon L oe T Voo +03 V
JNROM o1 0 1 1 1 t 0 RWM=0 7720A, 77P20 35 Vge +05 V
JRQM 0 v 0 1 1 1 1 1 RWM=1 Output low VoL 045 V lg =20mA
Note: ; voltage
(1) BRCH or CND values not in this table are prohibited. sg;{tpalgehigh Vou 24 V oy = —400 uA
Input load e —-10 wAVy=0V
current
Input load ILK 10  wAViy=Vge
current
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DC Characteristics (cont)

Limits Test
Parameter Symbol Min  Typ Max  Unit  Conditions
Output float -0 wA Voyr =047V
leakage
Output float 10  wA Vour=Vge
leakage
Power supply
current
77C20A 24 40 mA fgk = 8.192 MHz
7720A 120 170 mA
77P20 270 350 mA
Vpp current 70  mA Program mode
(77P20 only) max pulse
current
(Note 1)
0.5 3.0 mAProgram verify,
inhibit
(Note 2)
Notes:

(1) Vep=21+05V

(2) For K-tevel parts, Vpp max = (Vgc —0.6 V) +0.25V

Vpp min = (Vgg —0.6V) —0.25V
For all other step ievels: Vpp max = Vg +0.25V
Vpp min = VCC — 085V

Capacitance
Limits Test
Parameter Symbol Min Max  Unit Conditions
CLK, SCK Co 20 pF fe=1MHz
capacitance
Input pin capacitance Gy 10 pF
Output pin capacitance Coyt 20 pF
AC Characteristics
Tao=—10t0 +70°C; Voc = +5 V +5%
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
CLK cycle time ocy
77C20A, 7720A 120 2000 ns
77P20 122 2000 ns
CLK pulse width 3 60 ns (Note 4)
CLK rise time PR 10 ns (Note 1)
CLK fall time ®F 10 ns (Note1)
Address setup time taR 0 ns
for RD
Address hold time tRA 0 ns
for RD
RD pulse width thn 250 ns

AC Characteristics (cont)

Limits Test

Parameter Symbol Min Typ Max Unit Conditions
Data delay from RD ) 150 ns Cp =100 pF
Read to data tor 10 100 ns Cp =100 pF
floating
Address setup taw 0 ns
time for WR ’
Address hoid twa 0 ns
time for WR
WR pulse width tww 250 ns
Data setup time tow 150 ns
for WR
Data hold time twp 0 ns
for WR
RD, WR, recovery tay 250 ns (Note 2)
time
DRQ delay tam 150 ns Cp =100 pF
DACK delay time tpack 1 ¢D (Note 2)
DACK pulse width top

77C20A 250 ns

7720A 250 2000 ns

77P20 250 50,000 ns
SCK cycle time tscy 480 DC ns
SCK pulse width tsck 230 ns
SCK rise/fall time  trsc/trsc 20 ns
SORQ delay tpra 30 150 ns Cp =100 pF
SOEN hold time tcso 30 ns
SOEN setup time tsoc 50 ns
SO delay from SCK toek 150 ns
= low
S0 delay from tpzra 20 300 ns  (Note2)
SCK before 1st bit
(Note 3)
S0 delay from SCK tpzsg 20 300 ns  (Note2)
SO delay for SOEN tpze 20 180 ns  (Note2)
SOEN to SO fioating tHzE 20 200 ns  (Note2)
SCK to SO floating tyzsg 20 300 ns (Note2)
with SORQ high
SO delay from SCK thzra 70 300 ns (Note2)
for last bit
SIEN, Si setup time  tpg 55 ns  (Note2)
SIEN, Sl hold time tcp 30 ns
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AC Characteristics (cont) Write Operation
Limits Test
Parameter Symbol Min Typ Max Unit Conditions Ao, TS, DACK X ' X
Pg, P1 delay top $cy ns tAw—»| le-twa
+150 . le—— tyy Wy ———|
- WR
RST pulse width tRsT 4 ocy i
INT pulse width tiNT 8 éey ~—'ow two

Notes:
(1) Voltage at timing measuring point: 1.0 V and 3.0 V.

(2) Voltage at AC timing measuring point:
V||_ = VOL =08V
ViH=Vpon =20V
(3) SO goes out of tristate, but data is not valid yet.

(4) Pulse width includes CLK rise and fall times. Refer to Clock

Timing Waveform.

Timing Waveforms

Input Waveform of AC Test (except CLK)

49-000913A

Clock

CLK

49-000914A

Read Operation

Ao, TS, DACK N X

tAR—™ [+ — +—tRA
'rln
— Ty
RD
tRD l«—1tDF
DBg-DB7 — = — = — — — 4 ——-—
43-000915A
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DBop-DB7 j

49-000916A

DMA Operation

tDACK |tam

S S

49-000917A

16-Bit Transfer Mode

tpp—=1
DACK

loACK'-—i tam
DRQ £

/S

49-000939A

Port Output

Po, Py )]

49-000918A

Reset

RST a
r——1tRsT

49-000984A
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Read/Write Cycle

CS, DACK _—\_——-/__—\——

v

83-004490

Interrupt

—L

|

)
_
1,
INT

49-000985A

Serial Timing
Serial Output, Case 1

Figure 7 shows serial output timing when SOEN is
asserted in response to SORQ when SCK is low. If
SOEN is held inactive until after SORQ is asserted, and
then SOEN is asserted while SCKis low (SOEN should
be held inactive until the period of tggo, after the falling
edge of SCK), SO wiil become active but not valid
tpzsc after the next rising edge of SCK. SO will become
valid with the first bit tpck after the next falling edge of
SCK, for use by an external device at the subsequent
rising edge of SCK.

Subsequent bits will be shifted out tpgk after subse-
quent falling edges of SCK, for use at subsequentrising
edges of SCK. The last bit to be shifted out will also
follow this pattern, and will be held valid tyzrq after the
corresponding rising edge of SCK at which it is to be
used. SORQ will be held tprq after this same rising
edge of SCK, and then removed. SOEN should be re-
leased at least tgoc before the next falling edge of SCK.

Serial Output, Case 2

Figure 8 shows timing for serial output when SOEN is
asserted in response to SORQ when SCK is high. If
SOEN is held inactive until after SORQ is asserted, and
then SOEN is asserted while SCK is high (at least tgog
before the falling edge of SCK), SO will become active
but not valid tpzg after the falling edge of SOEN. SO
will become valid tpck after the falling edge of SCK, for
use by an external device at the subsequent rising edge
of SCK.

Note that, although figure 8 shows SOEN being
asserted during a different SCK pulse than the one in
which SORQ is asserted, it is permissible for these to
occur during the same pulse of SCK, as long as SOEN
is still asserted tsoc before the falling edge of SCK. The
timing for the second through the last bits is identical
to the timing shown in figure 7.

Serial Output, Case 3

Figure 9 shows output timing when SOEN is active
before SORQ is high. If SOEN is held active before
SORQ is high, data will be shifted out whenever it
becomes available in the serial output register (assum-
ing previous data is already shifted out). In this case,
SORQ will rise tpgq after a rising edge of SCK. SO will
become active (but not valid yet) tpzrq after the same
rising edge of SCK. The first valid SO bit occurs tpck
afterthe next falling edge of SCK for use by an external
device at the subsequent rising edge of SCK.

Subsequent bits will be shifted out tpck after subse-
quent falling edges of SCK, for use at subsequent rising
edges of SCK. The last bit to be shifted out will also

Figure 7. Serial Output Case 1: SOEN Asserted in Response to SORQ When SCK Is Low

tscy
SCK tsek {'ﬁ
t *tsck tora
i) tasc =1 L tesc
SORQ 7z 27
tSOC
SOEN _\, L A
omall I A e P
tozsc it e /
[Y0) DZSC ) S
s 2 A
Active, FirstBit/” Second \ Last Bit
Not Valid Valid to Last Valid
Bit Valid
49-000919A
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Figure 8. Serial Output Case 2: SOEN Asserted in Response to SORQ When SCK Is High

RN

SOR! ﬂ
K tsoc
SOEN i

L/

5 20

took . | tock tsoc
Active, tock— (PR P (S le—>{thzra
so Not Valid—_Lr— :5 rTwE
t
pze First Bit \ Last Bit
Valid Valid
49-000920A
Figure 9. Serial Output Case 3: SOEN Active Before SORQ Is High
SCK r \ :___/'_—\ / bt \ ¥
J tora L—J tora \_
ry-
SORQ Fﬂf &)
OEN 44
S tozra tock ¢ I tock  |lhzra
[ DCK—>{ ,
Active, FirstBit./ 7 \Last Bit
Not Valid Valid Valid
49-000921A

followthis pattern, and will be held valid tyzrq after the
corresponding rising edge of SCK at which it is to be
used. SORQ will be held tprq after this same rising
edge of SCK, and then removed.

Serial Output, Case 4A

Avoid releasing SOEN in the middle of a transfer (that
is, before the last bit is shifted out), since this will stop
the output shift operation, and, when SOEN is again
asserted, the remainder of the transfer will be shifted
out before the next transfer can begin. The nexttransfer

will begin immediately without any indication of the

byte/word boundary. If SOEN is released while SCK is
high, as shown in figure 10, at least tgoc before the
-falling edge of SCK, then SO will go inactive tyzg after
SOEN is reieased (which may be before or after the
falling edge of SCK).

214

Serial Output, Case 4B

If SOEN is released while SCKis low, asin figure 11, at
least tcgo after the falling edge of SCK, then the next
bit will be shifted out tpck after the falling edge of SCK,
for use at the subsequent rising edge of SCK. SO will
then go inactive tyzgc after this rising edge of SCK.

Note: For all its uses, SOEN must not change state
within tgoc before or tggp after the falling edge
of SCK; otherwise, the results will be indeter-
minate.

Serial Input

Serial input timing, shown in figure 12, is much simpler
than serial output timing. Data bits are shifted in on the
rising edge of SCK if SIEN is asserted. Both SIEN and
S| must be stable at least tpg before and tgp after the
rising edge of SCK; otherwise the results will be
indeterminate.
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Figure 10. Serial Output Case 4A: If SOEN Is Released in the Middle of a Transfer During SCK High

SCK / \‘

—

tsoc'—*l

SOEN
thze
High-Z
SO Valid q, i
49-000986A
Figure 11. Serial Output Case 4B: If SOEN Is Released in the Middle of a Transfer During SCK Low
SCK /
AEN t,
SOEN cso if forec
F—‘DCK—>
High-Z
S0 valid X vaia
49-000922A
Figure 12. Serial Input
T ——
SCK -___/ \ 9__/
—| le—tpe tep
SIEN \ L /_
7 tDC ] l—
le—tcp——nf /L teo
sl X vaid 0y X vaid
17 '
49-000923A

Serial Timing Example

Figure 13 shows serial timing of cascaded SPIs with a
common SCK. SO from the first SPI equais SI of the
second, and the first SPI’s SORQ inverts to become
SIEN of the second. SOEN of the first SPI is always
asserted.

When cascading two SPIs in the described configura-
tion, most of the timing involved is directly copied from
the case of serial output with SOEN always enabled
(figure 13). It must be shown that the results will be
suitable for the serial input timing of the second SPI.

(1) SORQ (1) rises tprq afterarising edge of SCK, and
it is inverted (inverter has tpy_ delay time) to
become SIEN (2), which must be stable tpc before
the next rising edge of SCK. It also must not

change until tgp after this first rising edge of SCK,
as shown by case 2 in figure 8.

tpra(max) + tpni + tpc(min) < tscy(min)
tprL(max) = tgcy(min) — tpe(min) — tpra(max)
=480 — 55— 150
=< 275 ns (readily achieved by 74LS14,
for example)

@

~

SORQ (1) is released tprq after the last useful
rising edge of SCK, and is inverted (inverter has
tpHL delay time) to become SIEN (2), which must
remain stable tgp after the rising edge of SCK.

tora(min) + tprH(min) = top(min)
tpLH(min) = tep(min) — tpra(min)
=30-30
=0 (no problem, assuming
causality)
Note: This also shows tpy (min) = 0 for the rising edge of SORQ.
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Figure 13. Serial Timing Example

'SCY
SCK
(182)_J \_/—" N:_A \
—— t
SOEN _leb—tsck—sl"[ 5K Y
U] l-toRa 7 tora
o G
SORQ 77
U] - oy, n
> PLH
SIEN toc .y L"CD% y
2
( () t letco tock L_" toe ’}";;—K» 4-‘:“( ‘FZRQ
SO(1) _tbzra v
= sI(2) 7&( // )( Z) 2 )‘ \\ )
Active, Not First Bit Last Bit
Yet Valid Valid Valid
49-000924A

(3) SO (1) is valid tpgk after a falling edge of SCK;
since it becomes Sl (2), it must be valid tpg before
the next rising edge of SCK.

tpck(max) + tpc(min) = tgck(min)
150 + 55 =230
205 < 230 (this condition is
satisfied)
(4) SO (1) remains valid tyzrq after the last useful
rising edge of SCK; since it becomes S! (2), it must
remain valid tgp after this rising edge of SCK.

thzra(min) = tcp(min)
70 = 30 (this condition is satisfied)

Note: The above calculations may need to be
adjusted for rise and fall times, since tggy and
tsck are measured for midpoints of wave
slopes.

uPD77P20 UV Erasable EPROM Version
Function

The 77P20 operates from a single +5-volt power supply
and can accordingly be used in any 77C20A/7720A
masked ROM application.

Figure 14. Instruction ROM Format

Use of Evakit-7720

The following sections describe electrical conditions
that are required for programming the 77P20. However,
the Evakit-7720, NEC’s hardware emulator develop-
ment tool for the 77C20A/7720A/77P20, meets the
electrical and timing specifications presented below.
When the Evakit-7720 is used for programming 77P20,
all data transfers and formatting are handled auto-
matically by Evakit's monitor program. Please refer to
the Evakit-7720(B) User's Manual for programing
procedures.

The information presented below in the sections on
Configuration, Operation, and Programming (and the
various subsections) is required only for users who do
NOT intend to use an Evakit to program the 77P20.

Configuration

Data transfer for programming and reading the internal
ROM is partitioned into three bytes for each 23-bit wide
instruction location and into two bytes for each 13-bit
wide data location. Partitioning of data transfer into
and out of the data port is shown in figure 14.

M
S
B

L
S

|22{21]20]19]18]17[16]15[14]13]12]11]10] 9 [8 |76 [s [a |3 2] 1]0]

49-0009258
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Instruction ROM

The instruction ROM data is transferred through the
data port as a high byte, middle byte, and low byte as
shown in figure 15. Bit 7 of the middle byte should be
assigned a value of zero. Data is presented to the data
portinabit-reversed format. The LSB through the MSB
of an instruction ROM byte is applied to the MSB
through the LSB of the data port, respectively.

Data ROM

Figure 16 shows the data ROM format. The data ROM
data is transferred through the data port as a low byte
and a high byte asshown infigure 17. Bits 0, 1,and 2 of
the low byte should be assigned a value of zero. Data is
presented to the data portin corresponding order. The
MSB through the LSB of a data ROM byte is applied to
the MSB through the LSB of the data port, respectively.

Initially and after each erasure, all bits of the 77P20 are
in the zero state.

Figure 15. Transfer of Instruction ROM Data

Data Port 7 6 5§ 4 3 2 10

HighByte |15 116 [17|18]19]20]21]22])

Middle Byte | » | 8 | 9 [10]11[12]13]14]

towsyte [o[1]2]3]4]s5]6]7]

Note: * = Set to zero as dummy data.

49-000926A

Figure 16. Data ROM Format

M L
S S
B

el e [ s [s e 13 [z o]

49-000927A

Figure 17. Transfer of Data ROM Data

Data Port 7 6

HighByte 112]11]10{9 |87 ]6]5]

5 4 3 2 10

Lowbyte [4[3]2]1]o]-[-]-]

Note: * = Set to zero as dummy data.

49-000928A

Operating Modes

In order to read or write the instruction or data ROMs,
the mode of operation of the 77P20 must be initially set.
Atthe RST trailing edge, the RD, WR, and TS should be
logical zero and the DACK, Ag, and Sl signals should be
set to determine the mode of operation accordingly, as
set out in table 14.

Table 14. uPD77P20 Operation Mode

DOACK A Si
0 0 0 Write mode instruction and data ROM
0 0 1 Read the instruction ROM
0 1 0  Read the data ROM

Once set, the 77P20 will remain in the selected mode.
A reset is required to transfer to another mode.

Write Mode

The individual instruction ROM and data ROM bytes
are specified by control signalsﬁﬁ, Ag, SI,and INT as
set out in table 15. Before writing the EPROM location,
the bytes should be loaded accordingly.

Table 15. Write Mode Specification of ROM Bytes
R0 A sI INT

Write instruction byte, high
Write instruction byte, middie

Write instruction byte, low

Write data byte, low
Write data byte, high

1 0
1 0
1 0
1 1
1 1

oclo|lalalo
alolalol

Read Mode

The instruction ROM and data ROM bytes are specified
by the control signals RD, Ag, SI, and INT as set outin
table 16. Reading is accomplished by setting the
control signals accordingly.

Table 16. Read Mode Specification of ROM Bytes
RD Ay st INT

Read instruction byte, high

Read instruction byte, middle

Read instruction byte, low
Read data byte, high and low

0 0
0 1
0 1
1 0

olololo
olwlol -

The instruction ROM and data ROM are addressed by
the 9-bit program counter and the 9-bit ROM pointer
respectively. The PC is reset to 000H and is automati-
cally incremented to the end address 1FFH. The RP is
reset to 1FFH and is automaticaly decremented to
000H.
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Erasing

Programming can only occur when all data bits are in
an erased or low (0) level state. Erase 77P20 pro-
grammed data by exposing it to light with wavelengths
shorter than approximately 4,000 angstroms. Note that
constant exposure to direct sunlight or room level
fluorescent lighting could erase the 77P20. Conse-
quently, if the 77P20 will be exposed to these types of
lighting conditions for long periods of time, mask its
window to prevent unintentional erasure.

The recommended erasure procedure for the 77P20 is
exposure to ultraviolet light with wavelength of 2537
angstroms. The integrated dose (i.e., UV intensity x
exposure time) for erasure should not be less than
15 W-s/cm2. The erasure time is approximately 20
minutes using an ultraviolet lamp with a power rating of
12,000 uW/cm2,

During erasure, place the 77P20 within 1 inch of the
lamp tubes. If the lamp tubes have filters, remove the
filters before erasure.

Programming

Programming of the 77P20 is achieved with a single
50-ms TTL pulse. Total programming time for the

Figure 18. Programming Mode of Instruction ROM

11,776 bits of instruction EPROM and also for the 6630
bits of data EPROM is 26 seconds. Data is entered by
programming a high (1) level in the chosen bit loca-
tions: Both instruction ROM and data ROM should be
programmed since they cannot be erased indepen-
dently. Both instruction ROM and data ROM pro-
gramming modes are entered in the same manner.

The device must be reset initially before it can_be
placed into the programming mode. After reset, the WR
signal and all other inputs (RD, CS/PROG, DACK, A,
Sl, and INT) should be a TTL low (0) signal trg prior to
the falling edge of RST. WR is then held for tgy before
being set to a TTL high (1) level signal. The device is
now in a programming mode and will stay in this mode,
allowing ROM locations to be sequentially pro-
grammed.

Programming Mode—Instruction ROM. Instruction
ROM locations are sequentially programmed from
address 000H to address 1FFH. The location address is
incremented by the application of CLK for a duration of
toy. Data bytes for each location as specified by control
signals RD, Ao, S, and INT (table 15) are clocked into
the device by the falling edge of RD.

tRST1
CLK
J;\g j:_/ N/ \/ N/ \/
4
- F— RSCL— o= 1RR1 tPRCL
RST
tcors
R tRsw
WR b Y
tCOR ta-sl tRPR tpRR |
>
. ) =in .
— -
& tCLR—] tRCO be—nf
PROG @ } Y
1PRPR
DACK 27
—
Ao o N
st - \ /
—it= - 7 au—
INT : L ] \ / \
2 g / tDR1 —\
DBg- .
7 g M gy S S {  High Middle X Low Y= —o4 — ——1————
) .
— f—trp0 VR ~ o Vep
Vep
: 2 Vee
Mms 001H-1FFH

49-000929C
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After the three bytes have been loaded into the device,
Vpp is raised to 21 V £0.5 V, tyg prior to CS/PROG
transitioning toa TTL high (1) level signal. Vpp is held
for the duration of tprpr plus tpry before returning to
the Vg level. Aftertprgy the instruction ROM address
can be incremented to program the next location.
Figure 18 shows the programming mode of instruction
ROM timing.

Programming Mode—Data ROM. Data ROM locations
are sequentially programmed from address 1FFH to
address 000H. The location address is decremented by
the application of CLK for tgy. The data bytes for each
location as specified by control signals RD, Ag, Si, and
INT are clocked into the device by the falling edge of
RD.

After the two bytes have been loaded into the device,
Vpp is raised to 21 V, £0.5 V typg prior to CS/PROG
transitioning to a TTL high (1) level signal. Vpp is held
for the duration of tprpg plus tpry before returning to
the Vg level. After tprg the data ROM address can be

Figure 18. Programming Mode of Data ROM

decremented to program the next location. Figure 19
shows programming mode of data ROM timing.

Read Mode. A read should be performed to verify that
the data was programmed correctly. Prior to entering
read mode the device must be reset.

Read Mode—Instruction ROM. This mode is entered
by holding the WR signal at a TTL low (0) level with the
Slsignal ata TTL high (1) level and all other specified
inputs (RD, CS/PROG, DACK, Ag, INT) at TTL low (0)
levels for tcors prior to the falling edge of RST. WR is
then held for tggw before being set to a TTL high (1)
level. The device is now in the instruction ROM read
mode and will stay in this mode until reset.

Instruction ROM locations are sequentially read from
address 000H through 1FFH. Application of CLK for
tcy will increment the location address. The three data
bytes will be read as specified by the control signals
RD, Ag, SI and INT (table 16). Figure 20 shows read
mode of instruction ROM timing.

IRST1
ok \Jj\/@ Y}/ X/ S
[=—tRSCL-
- tev
RST p
]
o "_'Q)——\ icors tRSW 4
WR L 7'
RD
RD \
[ N
PROG -
DACK R
—
Ag o
2 [~—tcoco—
si N 7 X 7 \\ \ /
—
INT \ 7 \ 4 N / \ /
DBO-DB7 | _ e — — g)] righ_|JOX midale Low ~_X_High w
tcop le— - l—~tCODF
Fe—tCLD—+

Address

Address

000H

001H-1FFH

48-000931C
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Figure 20. Read Mode of Instruction ROM

cLK Wm 7 \ L/ \YAVA

[trscL.
1 hal
RST
{
. tcors tRsw
WR : 7|
RD
E )
PROG h
DACK R

Ao y

L

3 tcoc
P R N " N S—

—— e

INT N y _/ L S { ) S \——J’
DBYDB7 — m — — — e e i — —— - -4 D] Figh | Widate Low :X X _igh XX wiaate )OC
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le— —l le—tcoor

fe—tCLD~>i

Address
Aggﬁs 001H-1FFH

49-000931C
Figure 21. Read Mode of Data ROM
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Read Mode—Data ROM. Figure 21 shows read mode of
data ROM timing. This mode is entered by holding the
WR signal ata TTL low (0) level with the Ag signal ata
TTL high (1) level and all other specified inputs (RD,

Programming Operation,
AC Characteristics
Ta =25°C +5°C; Voo =5V £5%; Vpp=21 V05V

Limits

CS/PROG, DACK, Si, INT) at TTL low (0) levels for syl W e Wax Umit cﬂnﬁ‘nns
tcors prior to the falling edge of RST. WR and Ag are - y LLd :
then held for tggw prior to the falling edge of RST. WR  CLK cycle time tey 240 ns
and Ag are then held for trgw before being settoa TTL  CLK setup time toLR 2 us
high (1) level and TTL low (0) level, respectively. The  toRD
device is now in the data ROM read mode and will stay CLK hold time tRsCL 6 us
in this mode until it is reset. from RST}
Data ROM locations are sequentially read from address ?Lﬁqh;’;%g{ne tRCL 200 ns
1FFH through 000H. Application of CLK for toy will ~ [°0
decrement the location address. After the address has Qonfm';'QT"lal set-up tcors 1 us
been decremented, the low byte of the current location im0 RS
will be available at the data port subsequentto atc p  WRhold Iime tRsw 6 us
delay. Application of RD will present the high bytetpp; ~ 0M RST
from the falling edge of the RD pulse. RD is then Data set-up time tpRio 1 us
applied for tyr to complete reading of the current  from RD!
location. Data hold time tRD 100 ns
from RD{
Read Operation, AC Characteristics RD pulse width tRR1 1 us
Ta =25°C +5°C; Voo =5V £5%; Vpp = Vg + 0.25 V max o
— _ f SI, INT set-up tcoR 100 ns
v vV 0.85V
pp ~ Vo — 085V min — time from RD1
_ Limits Test SI, INT hold_ tRco 100 ns
Parameter Symbol Min  Typ Max Unit Conditions time from RD}
Data access time  tgp 1 us RD set-up time tRPR 100 ns
from CLK to PROG
Data delay time tcop 1 s RD hold time tPRR 2 us
from SI, IN1 from PROG!
Data float time tcoDF 0 ns Vpp set-up time tvpR 2 us
from SI, INt to PROG!
SI, INT puise width  tcoco 1 s Vpp hold time tpRV 2 s
RD recovery time  tpyq 500 ns from PROG
Data access time  tgpy 150 ns RST pulse width __ tasTt 4 foy
from RD} RST setup time tps 1 us
Data float time tDF1 10 ns PROG puise width  tpppg 45 50 55 ms
from RD?

2-21



uPD77C20A/7720A/77P20

NEC

Operation Mode

The 77P20 may be utilized in an operation mode after
the instruction ROM and data ROM have been pro-
grammed. Since it was first introduced in 1982, the
77P20 has undergone several mask revisions to
improve manufacturability and/or function. And since
the purpose of the 77P20 is to run any program that
may be programmed in the masked ROM 77C20A/
7720A, it is important to know how to determine the
step level, and the differences between them.

Step Level

The markings on the uPD77P20 package consist of
three lines, as follows:

NEC JAPAN < Manufacturer
D77P20D <« Part number
nnnnXnnnn < Date code

In the date code, “X” identifies the step level of the part.
Parts marked with step level K, E, or P should not be
used for final system test by customers who are plan-
ning to submit code for the masked ROM 77C20A/
7720A.

On all other 77P20 stepping versions, a slight functional
change was made, and the change is incorporated in
the 77C20A/7720A. The change allows the serial clock
(SCK) to run asynchronously with CLK. Specified ver-
sions of 77P20 (i.e. K, E, P) and all Evakit-7720s and
Evakit-7720Bs (Evaluation Systems for 77C20A/
7720A/77P20) require that SCK run synchronously
with CLK.

Because this functional change results in a slight
change in internal serial timing, it is mandatory that
code to be submitted for 77C20A/7720A be verified in
customer’s system using versions of 77P20 other than
those listed above (i.e. K, E, P).

Figure 22. Vpp Circuitry for K Mask Version

—0 +5V + 5%

Vap = Vee — (0.6 £ 0.25)V
Ipp Min = 0.5mA
Max = 3.5mA

49-000933A
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Pin 1 Connection

The K mask version requires that the programming
voltage Vpp be supplied in a different manner than for
all later versions, as shown in figure 22. A silicon
junction diode of 0.6 V forward voltage (Vg) shoulid be
used. R should be 800 to 1800 Q to satisfy the Vpp and
Ilpp requirements.

In all mask versions other than K, pin 1 must be
connected directly to Vgc.

Development Tools

For software development, assembly into object code,
and debugging, an absolute assembler and simulator
are available. The ASM77 Absolute- Assembler and
SIM77 Simulator for analyzing development code and
1/0 timing characteristics are available for systems
supporting CP/M® and CP/M-86®, ISIS-II®, or
MS-DOS® operating systems. Additionally, the ASM77
Absolute Assembler is offered in Fortran source code
for mini and main frame computer systems.

Once software development is complete, the code can
be completely evaluated and debugged in hardware
with the Evakit-7720 Evaluation System. The Evakit
provides true in-circuit real-time emulation of the SPI
for debugging and demonstrating your final system
design. Code may be down-loaded to the Evakit froma
development system via an RS232 port using the EVA
communications program. This program is available in
executable form for ISIS-lI systems and many CP/M,
CP/M-86, and MS-DOS systems. The EVA communica-
tions source code is also available for adapting the
program to other systems.

The Evakit also serves to program the 77P20, a full-
speed EPROM version of the SPI. A demonstration
mask ROM chip, containing some common digital fil-
tering routines, including N-stage |IR (biquadratic) and
FIR (transversal filters), is available to test hardware
interfaces to the SPI.

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

ISIS-li is a registered trademark of Intel Corp.

MS-DOS is a registered trademark of Microsoft Corp.
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Further operational details of the SPI can be found in
the uPD77C20A/7720A/77P20 Signal Processing Inter-
face Design Manual. Operation of the SPI development
tools is described in the Absolute Assembler User
Manual, the Simulator Operating Manual, and Evakit-
7720 User's Manual.

System Configuration

Figures 23, 24, 25, and 26 show typical system applica-
tions for the 77C20A/7720A/77P20 SPI.

Figure 23. Spectrum Analysis System

Sensor SPI b Product Example
Microphone Data & e, i
Presoure 18] (FFT) [+~ Dicpiay
Light Control] | %00 2
Band-limiting Freq—-
Filter

49-000935A

Figure 24. Analog-to-Analog Digital Processing
System Using a Single SPI

Figure25. Signal Processing System Using Cascaded
SPIs and Serial Communication

Clock
Generator

49-000937A

Figure 26. Signal Processing System Using SPIs as a
Complex Computer Peripheral

Host

CPU Memory
L System Bus —?
A/D Ll DRQ 1
—————1 DMA
SPI [L DACKT | controlier
. . .
o . .
= - DRQ (n)
SPI DACK (n)
D/IA SO

49-000938A

Fiter

49-000936A
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NEC Electronics Inc.

uPD77C25/77P25
Digital Signal Processor

Description

The uPD77C25 and uPD77P25 signal processing inter-
face (SPI) chips are significant upgrades to the uPD7720
—theoriginal member of NEC’s family of digital signal
processors. Designated the “SPI PLUS” (SPI+), these
chips execute instructions twice as fast as the 77C20A/
7720A. Additional instructions allow the SPI+ to
execute common digital filter routines more efficiently
and hence at more than twice the speed of a 7720
implementation.

In addition to doubled execution speed, the SPI+ has
four times the instruction ROM space and twice the
data ROM and RAM space of the 7720. Real savings are
now possible, especially where one 77C25 can do the
work of and replace two or more 7720s.

The external clock frequency (8.3 MHz maximum)
remains the same as for 77C20A/7720A while the
internal instruction execution speed is doubled. For
most applications, the 77C25A/77P25 is plug-in com-
patible with the 77C20A/7720A/77P20.

The feature that distinguishes digital signal processing
(DSP) chips from general-purpose microcomputers is
the on-chip multiplier, necessary for high-speed signal
processing algorithms. The SPI+ multiplier is very
sophisticated, especially for a low-cost DSP chip,
since both multiplier inputs can be ioaded simultane-
ously from two separate memory areas. These loading
operations are only two of nine operations that can
occur during one 122-ns instruction cycle. (On com-
petitive DSP chips, such operations require separate
instructions). For a typical DSP filter application
involving many successive multiplications, the SPI+
provides a new multiplication product for addition to a
sum of products every 122 nanoseconds. Additionalily,
during the same instruction, memory data pointers are
manipulated, and even a return from subroutine may
be executed.

The uPD77C25 is the mask ROM version and
uPD77P25D is the UVEPROM version. The uPD77P25C/
77P25L are the one time programmable (OTP) EPROM
device versions. All versions are CMQS and functionally
identical.

Table 1 compares SPI+ chips with SPI chips.

Features

O Low-power CMOS: 25 mA typical current use
(77C25)

O Fast instruction execution: 122 ns with 8.192 MHz
clock

NECEL-001050

O All instructions execute in one instruction cycle
0 Drop-in compatible with
uPD77C20A/7720A/77P20
O 16-bit data word
O Multi-operation instructions for fast program
execution: any part, any combination, or all of the
following operations may constitute one
instruction that executes in 122 ns.
— Load one multiplier input
— Load the other multiplier input
— Multiply (automatic)
— Load product to output registers (automatic)
— Add product to accumulator
— Move RAM column data pointer
— Move RAM row pointer
— Move data ROM pointer
— Return from subroutine
0 Modified Harvard architecture with three separate
memory areas
— Program ROM (2048 x 24 bits)
— Data ROM (1024 x 16 bits)
— Data RAM (256 x 16 bits)
16 x 16-bit multiplier; 31-bit product with every
instruction
Dual 16-bit accumulators
External maskable interrupt
Four-level stack for subroutines and/or interrupt
Multiple I/O capabilities
— Serial: 8 or 16-bit (244 ns/bit)
— Parallel: 8 or 16-bit
— DMA
O Compatible with most uPs, including:
— uPD8080
— pPD8085
— uPD8086/88
— uPD780 (Z80®)
— uPD78xx family
O One-time programmable (OTP) version available
in a 28-pin plastic DIP or a 44-pin PLCC
O Single +5-voit power supply
Z80 is a registered trademark of Zilog Corporation.

oogoo 0O

Applications

[0 Portable telecommunications equipment
0 Digital filtering
O High-speed data modems
O Fast Fourier transforms (FFT)
O Speech synthesis and analysis
O Dual-tone multifrequency (DTMF)
transmitters/receivers
O Equalizers
O Adaptive control
O Numerical processing
2-25
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Performance Benchmarks

O Second-order digital filter (biquad): 1.1 us
[ Sin/cos of angles: 2.58 us
O u/A law to linear conversion: 0.24 us

O FFT

— 32-point complex: 0.35 ms
— 64-point complex: 0.8 ms

Ordering Information

Since the 77C25 executes an instruction in one external
clock cycle (versus two cycles of the same 8.192-MHz
clock for 77C20A), the 77C25 may be substituted for a
77C20A (or 7720A or 77P20) in a circuit without
modification of that circuit. Hardware/software that
implements data transfers—both serial and parallel—
between the SPI+and other devices in an existing 7720
design should use the handshake protocol described
more fully in the 77C25 User’s Manual.

Normal Pin Configurations
Temperature
Part Number Package Type ROM Range 28-Pin DIP
uPD77C25C 28-pin plastic DIP - Mask —40 to +85°C
uPD77C25L 44-pin PLCC NCVPPVGC mEA
uPD77P25C 28-pin plastic DIP oTP —10to +70°C DACKO]
- - - Q
WPOTTP25D  28-pin ceramic DIP UV EPROM P
uPD77P25L 44-pin PLCC oTP P14
Do [
D10
Table 1. Comparison of SPI+ and SPI Chips DzE
D
SPI+ Sl pe
77025/77P25 77C20A/77P20 Dps Ol
Technology CMOS/CMOS CMOS/NMOS gGE
Instruction cycle 122 ns ) 244 ns GN; O
Instruction ROM 2048 x 24 bits 512 x 23 bits Notes: [1] :’," ml;mec“om 77(,°f5 R
i i t t
Data ROM 256 x 16 bits 510 x 13 bits o}lf; E ; R‘g"'!‘"::r;(mg;f conault an
Data RAM 256 x 16 bits 128 x 16 bits 77P25 specifications. .
¢ A
Fixed-point multiplier 16 bits x 16 bits 16 bits x 16 bits
— 31 bits -— 31 bits 44-Pin PLCC
ALU 16 bit fixed point 16 bit fixed point «
Accumulator 2 x 16 bits 2 16 bits 2IR, 99
! . se5lsgSfg i
Host CPU interface 8-bit bus 8-bit bus oonnnNOoonoon
" - N A EEEEEE R
Serial interface One input and one  One input and one ne7 ¥ ¥ ¥ < S39[0NC
output output P10s O 38 [1RD
AMHz 2 MHz o9 37 WR
. Nc [ 10 36 [1SORQ
Temporary registers two one - b 35 (150
Additional instructions  JDPLNO — D2 12 3a[INC
. D313 33 si
JDPLNF - D414 32 [ONC
Modification of RAM — NC 15~ 31 [1SOEN
column data pointer ps ] 16 30 [1SIEN
ME-MF Ne"eegsama gy g RPN
DMA mode Fully implemented  Partially implemented EpEgEpEREEEENNEREREE ]
Package 28-pin DIP 28-pin DIP g&a g g 238228
44-pin PLCC 44-pin PLCC 49-001645A
Power supply 5V 5V
Power consumption 50 mA (max) 40 mA (max)
@ 8.192 MHz @ 8.192 MHz
Power saving mode Yes No

(when idle)
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Pin Identification

Symbeol Function

Ay Status/data register select input
CLK Single-phase master clock input
S Chip select input

Do-D7 Three-state 1/0 data bus

DACK DMA request acknowledge input
DRQ DMA request output

INT Interrupt input

Po, P4 General-purpose output control lines
RD Read control signal input

RST Reset input

SCK Serial data 1/0 clock input

Sl Serial data input

SIEN Serial input enable input

S0 Three-state serial data output
SOEN Serial output enable input

SORQ Serial data output request

WR Write control signal input

GND Ground

Voo +5 V power supply

NC/Vpp/ Ve 77G25: no connection

77P25: +12.5 V programming
77P25: +5 V for normal operation

Pin Functions
Ag [Status Data Register Select]

This input selects data register for read/write (low) or
status register for read (high).

CLK

This is the single-phase master clock input.

CS [Chip Select]

This input enables data transfer through the data port
with RD or WR.

Do-D7 [Data Bus]

This three-state 1/0 data bus transfers data between
the data register or status register and the external data
bus.

DACK [DMA Request Acknowledge]

This input indicates to the SPI+ that the data bus is
ready for a DMA transfer (DACK = CS and Ag =0).

DRQ [DMA Request]

This output signals that the SPI+ is requesting a data
transfer on the data bus.

INT [Interrupt]

A low-to-high transition on this pin executes a call
instruction to location 100H if interrupts were previously
enabled.

Po, P4
These pins are general-purpose output control lines.

RD [Read Control Signal]

This input latches data from the data or status register
to the data port where it is read by an external device.

RST [Reset]

This input initializes the SPI+ internal logic and sets
the PC to 0.

SCK [Serial Data I/0 Clock]

When this input is high, a serial data bit is transferred.

S| [Serial Data Input]

This pin inputs 8- or 16-bit serial data words from an
external device such as an A/D converter.

SIEN [Serial Input Enable]

This input enables the shift clock to the serial input
register.

SO [Serial Data Output]

This three-state port outputs 8- or 16-bit data words to
an external device such as a D/A converter.

SOEN [Serial Output Enable]

This input enables the shift clock to the serial output
register. .

SORQ [Serial Data Output Request]

This output specifies to an external device that the
serial data register has been loaded and is ready for
output. SORQ s reset when the entire 8- or 16-bit word
has been transferred.

'WR [Write Control Signal]

This input writes data from the data port into the data
register.
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GND

This is the connection to ground.

Ve [Power Supply]
This pin is the +5-volt power supply.

Block Diagram

NC/Vpp/Vcc

This pinis notinternally connectedin the 77C25. In the
77P25, this pin inputs the programming voltage (Vpp)
when the part is being programmed.

This pin must be connected to Vg for proper 77P25
operation. .

DACK OMA i -
] N o |— sora
|n|t;r;::o 1 N za»- S0y
DRQ Instruction RAM ] (]
ROM 256 x 16 Multiplier L !
2048 x 24 | 16 % 16 —=31
[EPROM] * ! so |Serial
Low | High M @ . 110
-
PC Pt SCK
i
T Kf:‘ S| ',
op - x| L 1 i’— SEN
7 r e -~ [
[ va l——— sl
- —1— —_ 4 b L | ] < b <~ <7z
Stack == — — = = ! -
? T 1 it
e 3— - 11 EZZZ%— I__ p— _.l Read Write
Fecn | Shift 1 RO Contro! Logic
B Hx o ST -
D,-D;
s[s[cz]of0 Parallel
Flag A ? 3 Ala Al a L.. Data —
1]0 ROM (=) RD
F s|s|clz|o}|©o 1024 x 16 -
9B g | g |p|B|V |V [EPROM)
N 110 B|B U &
Vpp— 1409 ACCA
CLK —» o
RST ——» ACCB
INT
Vee —
GND— Interrupt *uPD77P25
° ) 49-0016438
" P
Functional Description Memory

The primary bus (unshaded in the block diagram)
makes a data path between all of the registers
(including I/0), memory, and the processing sections.
This bus is referred to as the IDB (internal data bus).
The multiplier input registers Kand L can be loaded not
only from the IDB but alternatively via buses (darkened
in the block diagram) directly from RAM to the K
register and directly from data ROM to the L register.
Output from the multiplier in the M and N registers
is typically added via buses (shaded in the block
diagram) to either accumulator A or B as part of a
multi-operation instruction.

2-28

Memory is divided into three types: instruction ROM,
data ROM, and data RAM. The 2048 x 24-bit words of
instruction ROM are addressed by a 11-bit program
counter that can be modified by an external reset,
interrupt, call, jump, or return instruction.

The data ROM is organized in 1024 x 16-bit words that
are addressed through a 10-bit ROM pointer (RP regis-
ter). The RP may be modified simultaneously with
arithmetic instructions so that the next value is avail-
able for the next instruction. The data ROM is ideal for
storing the necessary coefficients, conversion tables,
and other constants for signal and math processing.

The data RAM is 256 x 16-bit words and is addressed
through an 8-bit data pointer (DP register). The DP has
extensive addressing features that operate simulta-
neously with arithmetic instructions, eliminating addi-
tional time for addressing or address modification.
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Arithmetic _Capabilities

One of the unique features of the SPI+’s architecture is
its arithmetic facilities. With a separate multiplier, ALU,
and multiple internal data paths, the SPI+is capable of
carrying out a multiply, an add or other arithmetic
operation, and a data move between internal registers
in a single instruction cycle.

ALU

The ALU is a 16-bit two’s complement unit capable of
executing 16 distinct operations on data routed via the
P and Q ALU inputs.

Accumulators [ACCA/ACCB]

Associated with the ALU are two 16-bit accumulators,
each with its own set of flags, which are updated at the
end of each arithmetic instruction. Table 2 shows the
ACC A/B flag registers. In addition to zero result, sign,
carry, and overflow flags, the SPI+ incorporates
auxiliary overflow and sign flags (SA1, SB1, OVAT1,
OVB1). These flags enable the detection of an overflow
condition and maintain the correct sign after as many
as three successive additions or subtractions.

Table 2. ACC A/B Flag Registers

Flag A SA1  SA0 CA ZA OVA1
Flag B SBt  SBO CB 7B 0vB1

OVAD
0vBo

Sign Register [SGN]

When OVA1 is set, the SA1 bit will hold the corrected
sign of the overflow. The SGN register will use SA1 to
automatically generate saturation constants 7FFFH(+)
or 8000H(—) to permit efficient limiting of a calculated
value. The SGN register is not affected by arithmetic
operations on accumulator B, but flags SB1, SB0, CB,
ZB, OVB1, and OVBO are affected.

Multiplier

Thirty-one bit results are developed by a 16 x 16-bit
two’s complement multiplier in 122 ns. The result is
automatically latched to two 16-bit registers, Mand N,
at the end of each instruction cycle. The sign bitand 15
higher bits are in M and the 15 lower bits are in N; the
LSBinN iszero. A new product is available for use after
every instruction cycle, providing significant advan-
tages in maximizing processing speed for real-time
signal processing.

Stack

The SPI+ contains a four-level program stack for
efficient program usage and interrupt handling.

Interrupt

The SPI+supports asingle-level interrupt. Upon sens-
ingahigh levelon the INT terminal, asubroutine call to
location 100H is executed. The El bit of the status
register automatically resets to 0, disabling the inter-
rupt facility until itis reenabled under program control.

Input/Output

General

The SPI+ has three communication ports as shown in
figure 1: two serial and one 8-bit parallel, each with its
own control lines for interface handshaking. Parallel
port operation is software-configurable to be in either
polled mode or DMA mode. A general-purpose, two-
line output port rounds out a full complement of
interface capability.

Serial /0

The two shift registers (SI, SO) are software-configur-
able to single- or double-byte transfers. The shift
registers are externally clocked (SCK) to provide a
simple interface between the SPI+ and serial peripher-
als such as A/D and D/A converters, codecs, or other
SPI+s. Figure 2 shows serial 1/0 timing

Figure 1. SPI Communication Ports
SPI +
Parallel 110 "B so .
lnElarface —»WR SORQ |——»
to External —
Data Bus — cs SOEN Serial I/0
— Ap SCK [¢———I" Interface

DMA [——) DACK Siie—

Interface™| | pra SIEN |¢—

Interrupt ——» INT General
Resat —» RST :° '} Furpose
Clock ——»fcLK 1 Port

49M-000061
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Figure 2. Serial 1/0 Timing

S I e N e Y s Y s PO e T e S e S e I e OO
et e e e

SO Load I l

SORQ / o \__~~—~ "
SoEN \ N VA,
A9 Y
HighZ [Note 1) ¢ High Z
P
oput 92 0 X 1 Xz X :: X 1305 X 14ore X 150r7}:L__j__
b
P
- MNoted)
#l[soack ] 1 ~ (Next Data Set) B
£ ———n

[Note 2]

Input Data X X 0 X 1 X 2 x Si 1aore Y 1507 X X
SER \ 4
Si Load l l
S ACK I I
Notes:
(1] Data clocked out on falling edge of SCK.
[2] Data clocked in on rising edge of SCK.
[3] Broken line denotes consecutive sending of next data.
49-000908B
Parallel I/0 Table 3. Parallel R/W Operation
The 8-bit parallel I/0 port may be used for transferring €S Ay WR RD Operation
data or reading the SPI+ status as shown in table 3. 1 X X X No effect on internal operation; Do-D7
Data transfer is handled through a 16-bit data register 3~y ] 7 areathigh impedance levels.
(DR) that is software-configurable for double- or -
single-byte data transfers. The portis ideally suited for 0 0 0 1 Datafrom Do-Dy is laiched to DR (Note 1)
operating with 8080, 8085, and 8086 processor buses 0 0 1 0 Contents of DR are output to Do-D7 (Note 1)
and may be used with other processors and computer ¢ 1 0 1 lllegal (SR is read only)
systems. 0 1 1 0  Eight MSBs of SR are output to Dg-D7
0 X 0 0 Illegal (may not read and write

DMA Mode Option

Parallel data transfers may be controlled (optionally)
via DMA control lines DRQ and DACK. DMA mode
allows high-speed transfers and reduced processor
overhead. When in DMA mode, DACK input resets
DRQ output when data transfer is completed.

Note: The RQM bit of the status register is affected by
read/write operations in DMA mode the same as
non-DMA mode. (In 7720 operation, RQMis not
affected when in DMA mode.)
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Notes:

(1) Eight MSBs or 8 LSBs of data register (DR) are used, depending
on DR status bit (DRS). The condition of DACK =0 is equivalent
toAg=CS=0.
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Status Register

The status register, shown in figure 3, is a 16-bit register
in which the 8 most significant bits may be read by the
system’s microprocessor for the latest parallel data l/O

Figure 3. Status Register

status. The RQM and DRS bits can only be affected by
parallel data moves. The other bits can be written to
(or read) by the SPI+ load immediate (LDI) or move
(MOV) instructions. The El bit is automatically reset
when an interrupt is serviced.

MsB ‘LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ROM | UsF1 | UsFo | DRs | DMA | DRC | soc | sic E 0 0 0 0 0 P1 PO
49NR-305B

Table 4. Status Register Flags Temporary Registers
Flag Description The SPI+ has two 16-bit temporary registers.
RQM (Request for A read or write from DR to IDB sets RQM = 1.
master) An external read (write) resets RQM = 0. Instruction Timing

USF1 and USFO
(User flags 1
and 0)

General-purpose flags which may be read
by an external processor for user-defined
signaling

DRS (DR status)

For 16-bit DR transfers (DRC = 0). DRS =1

after first 8 bits have been transferred. DRS =0
after all 16 bits have been transferred.

DMA (DMA enable)  DMA =0 (Non-DMA transfer mode)

DMA =1 (DMA transfer mode)

DRC (DR control) DRC = 0 (16-bit mode)
DRC = 1 (8-bit mode)
SOC (SO control) SOC = 0 (16-bit mode)

SOC = 1 {8-bit made)

SIC (SI control) SIC = 0 (16-bit mode)

SIC = 1 (8-bit mode)

El (Enable El = 0 (interrupts disabled)
Interrupt) El =1 (interrupts enabled)
P1, PO PO and P1 directly control the

(Ports 0 and 1) state of output pins Py and P4

Instructions

The SPI+ has three types of instructions: Load Imme-
diate, Branch, and the multifunction OP instruction.
Each type takes the form of a 24-bit word and executes
in 122 ns.

To control the execution of instructions, the external
8-MHz clock is divided into phases for internal execu-
tion. The various elements of the 24-bit instruction
word are executed in a set order. Multiplication
automatically begins first. Also, data moves from
source to destination before other elements of the
instruction. Data being moved on the internal data bus
(IDB) is available for use in ALU operations (if P-select
field of the instruction specifies IDB). However, if the
accumulator specified in the ASL field is also specified
as the destination of the data move, the ALU operation
becomes a NOP, as the data move supersedes the ALU
operation.

Pointer modifications occur at the end of the instruc-
tion cycle after their values have been used for data
moves. The result of multiplication is available at the
end of the instruction cycle for possible use in the next
instruction. If a return is specified as part of an OP
instruction, it is executed last.
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An assembly language OP instruction may consist of
what looks like one to six lines of assembly code, but all
of these lines are assembled together into one 24-bit
instruction word. Therefore, the order of the six lines
makes nodifference in the order of execution described
above. However, for understanding SPI+ operation
and to eliminate confusion, assembly code should be
written in the order described; that is: data move, ALU
operations, data pointer modifications, and then return.

OP/RT Instruction Field Specification

Figure 4 illustrates the OP/RT instruction field specifi-
cation. This is really one instruction type which is
capable of executingall ALU functions listed in table 6.

Figure 4. OP/RT Instruction Field

The ALU functions operate on the value specified by
the P-select field (see table 5).

The “RT” indicates a 1-bit option in the instruction field
which causes a return from subroutine or interrupt
service.

Besides the arithmetic functions, this instruction can
also (1) modify the RAM data pointer DP, (2) modify the
data ROM pointer RP, and (3) move data along the
on-chip data bus from a source register to a destination
register. The possible source and destination registers
are listed in tables 10 and 11 respectively. Tables 6, 7, 8,
and 9 show the ASL, DPL, DPH, and RPDCR fields,
respectively.

23 22 21 20 19 18 17 16 15 14 13 121110 9 8 7 6 5 4 3 2 1 0
R
A P
OoPjo o P- ALU S| pP_ DPy - M D SRC DST
: Select ' L [
R
RT|O 1 Same as OP Instruction
49M-000058
Table 5. P-Select Field
Mnemonic Dy D2o ALU Input
RAM 0 0 RAM
DB 0 1 Internal data bus (Note 1)
M 1 0 M register
N 1 1 N register
Notes:

(1) Any value on the on-chip data bus. Value may be selected from

any of the registers listed in table 6 source register selections.
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Table 6. ALU Field

SA1 SA0 CA ZA OVAI OVAD

Mnemonic Dig Dig by Dig ALU Function $B1 SBO cB ri] 0VB1 0vBo
NOP 0 0 0 0 No operation — — — — — —
OR 0 0 0 1 OR X A 0 A 0 0
AND 0 0 1 0 AND X A 0 A 0 0
XO0R 0 0 1 1 Exclusive OR X A 0 A 0 0
SuB 0 1 0 0 Subtract A A A A A A
ADD 0 1 0 1 Add A A A A A A
SBB 0 1 1 0 Subtract with borrow A a a A a I
ADC 0 1 1 1 Add with carry A A A A A A
DEC 1 0 0 0 Decrement ACC a A A A A A
INC 1 0 0 1 Increment ACC A A A A A A
Cmp 1 0 1 0 Complement ACC (one’s complement) X A 0 A 0 0
SHR1 1 0 1 1 1-bit right shift X A a A 0 0
SHL1 1 1 0 0 1-bit left shift X A A A 0 0
SHL2 1 1 0 1 2-bit left shift X A 0 A 0 0
SHL4 1 1 1 0 4-bit left shift X A 0 A 0 0
XCHG 1 1 1 1 8-bit exchange X A 0 A 0 0
Notes:
A May be affected, depending on the results
— Previous status can be held
0 Reset
x Indefinite
Table 7. ASL Field Table 9. DPH Field
Mnemonic D5 ACC Selection Mnemonic Dy Dy Dyg Dg High DP Modify
ACCA 0 ACCA Mo 0 0 0 0 Exclusive ORof DPH (DP7-DPy)
| w0 o o i

M2 0 0 1 0
Table 8. DPL Field M3 0 0 1 1
Mnemenic Dyg D3 Low DP Modify (DP3-DPg) M4 0 1 0 0
DPNOP 0 0 No operation M5 0 1 0 1
DPINC 0 1 Increment DPL M6 0 1 1 0
DPDEC 1 0 Decrement DPL M7 0 1 1 1
DPCLR 1 1 Clear DPL M8 1 0 0 0

M9 1 0 0 1

MA 1 0 1 0

MB 1 0 1 1

MC 1 1 0 0

MD 1 1 0 1

ME 1 1 1 0

MF 1 1 1 1
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Table 10. RPDCR Field Jump/Call/Branch

Mnemonic Dg RP Operation Figure 5 shows the JP instruction field specification.

RPNOP 0 Nooperation  Three types of program counter modifications ac-

RPDEC 1 Decrement RP commodated by the SPI+ are listed in table 12. All the
instructions, if unconditional or if the specified condition

Table 11. SRC Field istrue, take their ngxt program execytion address from
the next address field (NA); otherwise PC = PC + 1.

Mnemonic D; Dg Ds Dy Source Register

NON/TRB 0 0 0 0 TRB (Note 1) Table 12. BRCH Field

A 0 0 1 ACCA (Accumulator A) Dy Dy Dig Branch Instruction

B 0 0 1 0 ACCB (Accumulator B) 1 0 0 Unconditional jump

TR 0 0 1 1 TR temporary register 1 0 1 Subroutine call

DP 0 1 0 0 DP data pointer 0 1 0 Conditional jump

RP 0 1 0 1 RP ROM pointer

RO 0 1 1 0 RO ROM output data Load Data [LDI]

SGN o 1 1 ! SGN sign register Figure 6 shows the LD instruction field specification.

R 1 DR ist

D 0 0 0 data register The load data instruction will take the 16-bit value

DRNF o0 i DR no flag (Note 2) contained in the immediate data field (ID) and place it

SR 1 0 1 0 SR status register in the register specified by the destination field (DST).

SIM o0 1 1 Sl serial in MSB (Note2) - See table 13.

SIL 1 1 0 0 Sl serial in LSB (Note 3)

K 1 1 0 1 K register

L 1 1 1 0 L register

MEM 1 1 1 1 RAM

Notes:

(1) DR to IDB, RQM not set. In DMA, DRQ not set.
(2) Firstbitin goes to MSB, last bit to LSB.
(3) First bit goes to LSB, last bit to MSB (bit reversed).

Figure 5. JP Instruction Field Specification

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0

JPI1 © BRCH CND

NA

49M-000059

Figure 6. LD Instruction Field Specification

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LD} 1 1 1D

DST

49M-000060
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Table 13. DST Field

Table 14. BRCH/CND Fields

Mnemonic D3 D B Dy Destination Register Mnemonic Dy Dyg Dyg Dy Dy7 Dig Di5 Dyg Dy3 Conditions

@NON 0 0 0 0 No register JMP 1 0 0 0 0 0 0 0 0 Nocondition

@A 0 0 0 1 ACCA (Accumulator A) CALL 1 0 1 0 0 0 0 0 0 Nocondition

@B 0 0 1 0 ACCB (Accumulator B) JNCA 0ot 0 0 0 0 0 0 0 CA=0

@TR 0 0 1 1 TR temporary register JCA 0 1t 0 0 0 0 O 1 0 CA=1

@DP 0 1 0 0 DP data pointer JNCB 61 0 0 0 0 1t 0 0 CB=0

@RP 0 1 0 1 RP ROM pointer JCB o 1 0 0 0 0 1t 1 0 CB=1

@DR 0 1 1 0 DR data register JNZA o1t 0 0 0 1 0 0 0 ZA=0

@SR 0 1 1 1 SR status register JZA 61 0 0 0 1 0 1 0 ZA=1

@SoL 1 0 0 0 SO serial out LSB (Note 1) JNZB 6 1 0 0 O 1t 1 0 0 ZB=0

@SOM 1 0 0 1 SO serial out MSB (Note 2) JZB ot 0 0 0 t 1 t 0 ZB=1

@K 1 0 1 0 K (Mult) JNOVAD 6 1 0 0 1t 0 0 0 0 OVAO=0

@KLR 1 0 1 1 IDB — K, ROM — L (Note 3) JOVAD 0 1 0 0 1t 0 0 1 0 OQVAO=1

@KLM 1 1 0 0 HiRAM—K, IDB— L (Note4)  JNOVBO 0 1 0 0 t 0 1 0 0 0VBO=0

@L 1 1 0 1 L register JOVBO 0 1 0 0 1 0 1 1 0 ovBo=1

@TRB 1 1 1 0 TRB register JNOVA1 6 1t 0 0 1t 1 0 0 0 OVAI=0

@MEM 1 1 1 1  RAM JWAT 0 1 0 0 1 1 0 1 0 OVAt 1

Notes: JNOVBI 0 1 0 0 1 1 1 0 0 OvBl 0

(1) LSB is first bit out. JVBI 0 1 0 0 1 1 1 1 0 OBI=1

(2) MSB is first bit out. JNSAO0 0 1 0 1 0 0 0 0 0 SA0=0

(3) Internal data bus to K, and ROM to L register. JSAD 0t 0 1 0 0 0 1 0 SA=1

(4) Contents of RAM address specified by DPg = 1, is placed in K JNSBO 0o 1t 0 1 0 0 1 0 0 SBO=0

register, IDB is placed in L (that is: 1, DP5, DP,4, DP3-DPg). 1580 0 1 0 1 0 0 1 1 0 sBo=1t

JNSA1 0 1 0 1t 0 1 0 0 0 SAI=0
JSA1 6 1t 0 1 0 t 0 1 0 SAI=1
JNSB1 c t 0o 1 0 1 1 0 0 SB1=0
JSB1 0o 1 0 1 0 1 1 1 0 SBI=1
JDPLO o 1+ 0 t 1 0 0 0 0 DPL=0
JDPLNO 0 1 0 1 1 0 0 0 1 DPL#0
JDPLF 6t o 1t 1 0 0 1 0 DPL=FH
JDPLNF 61 0 1 1 0 0 1 1 DPLs#FH
JNSIAK 0 1+ 0 1t 1 0 1 0 0 SIACK=0 .
JSIAK 0 1t 0 t 1t 0 1 1 0 SIACK=1
JNSOAK 0 1 0 1 1 1 0 0 0 SOACK=0
JSOAK 6 1 0 1t 1 1 0 1 0 SOACK=1
JNRQM ot 0 1 t 1 1 0 0 ROM=0
JROM 6+ 0o t 1 1 1 1 0 ROIM=1
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Absolute Maximum Ratings
Ta = 25°C unless otherwise specified

—05t0+70V

DC Characteristics, Normal
Ta=—40to +85°C (uPD77C25), —10to +70°C (uPD77P25); Voo =
451055V

Supply voltage, Veg —
Vep® ~0510 135V __ e '
Input voltage, V) 0510 Vpp 405V Parameter Symbol Min Typ Max Unit Test Conditions
VasT" 0510 Vpp +13V %:::pm voltage, VoL 045 V lg.=20mA
Output Voltage, Vo —0510 Voo +05V  Gurputvoltage, Vou 0.7 Vop V lon = 400 4A
Storage temperature, Tgtg —65 to 150°C high
*For uPD77P25 Input leakage I, -0 wA Vy=0V
. N . . current, low
Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The  Inputleakage Iy 0 wA Vin=Vpp
device is not meant to be operated under conditions outside the current, high
limits described in the operational sections of this specification. Output leakage  loL —10  uh Vour=047V
Exposure to absolute maximum rating conditions for extended current, low ’
periods may affect device reliability. -
Output qukage ILoH 10 wA Vour=Vpp
Recommended Operating Conditions current, high
— Supply current  Igg 25 50 mA fgg=8192 MHz
__tmhs (uPD77C23) B 25 mA fgy=8192MHz,
Parameter Symbol  Min Typ Max Unit Test Conditions RST = 1 !
Supply voitage Vgg 45 50 55 V Fornormal 6 mA foLk = 500 KHz;
operation RST = *{1” '
575 60 625 V Forwriting’ Supply current Igg B 6 mA foy=8192 MHz
Vpp+ 45 50 55 V Forreadingand (uPD77P25) — .
normal operation 20 3% mA LCS%;BJQZ MHz;
122 125 12.8 For writing Iep Py
Input voltage, V. -03 0.8
low
DC Characteristics, Prom Mode
Input voltage, Vjy 22 Vp d G Ve = 578
high 408V Ta = +20 to +30°C; Vo =5.75 10 6.25 V
CLKinput  Vyo 03 05 Limits
voltage, low Parameter Symbol Min Typ Max Unit Test Conditions
CLK input Vine 35 Voo Input leakage  IgsT 30 wA VRsT=120+05V
voltage, high +03 V current
Inputvoltage  Vest- 115 120 125 V For reading and Supply current  log 60 mA
for setting writing lpp 30 mA
Prom Mode ’
Operating Topt —40 25 85  °C Still air (uPD77C25) A
temperature o p— ca_paoc!tan_ce
—10 25 70  °C Still ait (uPD77P25)  Ta=25°C; Voo =0V
20 25 30 °C For Prom Mode* Limits
*For uPD77P25 Parameter Symbol  Min Typ Max Unit Test Conditions
CLK, SCK capacitance Cg 20 pF fc=1MHz
Input capacitance Cin 20 pF
Output capacitance  Cout 20 pF
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AC Characteristics
Ta = —40 to +85°C (uPD77C25), —10 to +70°C (uPD77P25);
Vec=451t055V
Limits Limits
Parameter Symbol Min Typ Max Unit Test Conditions Parameter Symbol Min Typ Max Unit Test Conditions
Clock Host Interface Switching
CLK cycletime  tcyg 120 122 2000 ns RD | — data toRD 100 ns
- - delay time
CLK pulse width Measuring at2 V —
uPD77025 tee 55 ns ROt — data trRD 10 65 ns
WPOTTP5 g 60 ns float time
CLKrise time  tcg 10 ns Measuring at gLIK ! t_) DRQ toco 8 ns
- tand3V cay time
CLK fall time tor 0 ns DACK! — DRQ  toara 0 ns
SCK cycletime  tcys 240 244 ns delay time
SCK high pulse  tggH 100 ns CLKt—P0,P1  tpcp 100 ns
width delay time
SCK low pulse  tgg 100 ns Interrupt Reset Timing
width RST setup time  tspsc 50 ns (Note 1)
SCK rise time tsp 20 ns for CLK
SCK fall time tsF 20 ns RST hold time tHeRs 50 ns (Note 1)
Host Interface Timing for CLK .
A0, CS, DACK __ AR 0 ns RST pulse width  tgsT  21tgye ns For system reset
setup time for RD 3tcye ns  For enter power
A0, CS, DACK _  thra 0 ns saving state
hold time for RD INT setup time tsING 50 ns (Note 1)
RD pulse width  typp 120 ns for CLK
70,8, BACK __ toaw 0 . m (I;&I(d time  tyon 50 ns (Note 1)
setup time for WR
20,35, DACK__ tywn 0 s INT pulse width  ty7 3igye ns
hold time for WR INT recovery tRINT 2fgye ns
WRpulse width  tywr 120 ns time
Data setuptime  tgpw 100 ns Interrupt Reset Switching
for WR CLK!—reset  tpcps 100 ns
Datahold me  tywp O ns state delay time
for WR Serial Interface Timing
RD, WR recovery try 100 ns SIEN, Slsetup  tsgig 50 ns
time time for SCK
DACK hold ime  tygga  0.5tcye ns SIEN, Sl hold thss - 30 ns
for DRQ time for SCK
RD, WR setup tswe 50 ns (Note 1) SOEN setup time  tgsgs 50 ns
time for CLK for SCK
RD, WRhold time tycrw 50 ns (Note 1)
for CLK
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AC Characteristics (cont) UVPROM Programming Timing (Write)
Tp =—40t0 +85°C; Voo =4.5t055V Tao=25+5°C; Voc =6.0£0.25V; Vpp=12.5+0.3V;
P ViHr =120+ 05V
) Limits
Parameter Symbol  Min Typ Max Unit Test Conditions Limits
Serial Interface Timing (cont) Parameter i Symbol  Min Typ Max Unit Test Conditions
SOEN hold time  tygse 30 ns Data Write (Prom Mode)
for SCK : . CE setup time tSRSCE 2 us
CLKsetuptime  tsgs 50 ns (Note 1) for RST
for SCK CE setup time tsac 2 us
CLKholdtime  tysg 50 ns (Note 1) for address
for SCK CE setup time tspc 2 s
SCK setuptime  tggg 50 ns (Note 1) for data
for CLK CE setup time tsvpc 2 us
SCK hold time tHes 50 ns (Note 1) for Vpp
for CLK CE setup time tsvoe 2 us
Serial Interface Switching ' for Vop
SCKT—SORQ tpssg 30 50 s O scluptime  fspo 2 us
delay time .
SCK1 — S0 tosLSO 80 ns tli\g]deress hold tHCA 2 us
delay time :
SCK! — 50 thsiso O s Data hold time tHeD 2 us
hold time Initial program  twco 095 1.0 105 ms
sck ! —so trss0 60 ns pulse width
float time Overprogram twe1®  2.85 7875 ms
pulse width
Notes:

Data Write Switching (Prom Mode)

(1) Setup and hold requirement for asynchronous S|gnal only

guarantees recognition at next CLK. OE to output tFoD 0 130 ns
float time
UVPROM Programming Timing (Read) OE to output tpoow 150 ns
Ta=2515°C;Vgc=5.0£05V;Vpp=Vgce: VIHR =120+ 05V delay
Limits *twc1 = 3ntwco assuming initial program pulse is applied n times.
Parameter Symbol Min Typ Max Unit Test Conditions
Data Read (Prom Mode)
CE setup time tsRsce 2 us
for RST
OE setup time tspsoE 2 us
for RST
Data Read Switching (Prom Mode)
Address to tpaD 200 ns
output delay
CE to output tocp © 200 ns
delay
OE to output tbobR 7% ns
delay
OE high to (=) 0 60 ns
output float
Address to tHap 0 ns
output hold
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Timing Waveforms

Input/Output Voltage Reference Levels

Host Read Operation

24V

Ao,
DACK, CS

Do -D7

49M-000046

Host Write Operation

22V 22V
Input
04V 0.8 V 0.8 V.
output Xoav_ oav
49M-000044
Clock Timing
tcyc—
cLK 20V }l \ 3% /
—— tcr
tcc ' tce l‘— tcF
nd tcys
SCK *S
[—— 'SSH—' — ‘SSL_’
*—tsn —* [*tsF

49M-000045

Ag, )g E(
DACK, Cs
tsaw —» [+—1HwA
twwr— |« tRv
WR /
[-tspw -
—p "_'HWD
X )

49M-000047
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Timing Waveforms (cont)

Normal Operation #1, 8-Bit Mode

Internal Timing

I il
execﬂfgr:’iﬁi:s x [Note 1] X X X x [Note 2] X x
RQM flag / \ /

External Timing

CLK

A, CS \_| ’

—"l 4 tSAR, tSAW —> tHRA, tHWA

mw\ W \

‘4—-—-'WRDJWWR'—J

Notes: [1] Setting RQM flag to “1” [MOV @DR, XXX or MOV XXX, DR]
[2] The RQM flag is recognized as “0” from this instruction
49NR-273B

Normal Operation #2, 16-Bit Mode

Internal Timing

Instruction
e X wen X X X XX X s X
timing
RQM flag / \_—/_

External Timing

RV

Notes: [1] Setting RQM flag to “1” [MOV @DH XXX or MOV XXX, DR]
[2] The RQM fiag is recognized as "0" from this instruction

49NR-274B
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Port Operation

Internal Timing

Instruction
execute
timing

XX XX

External Timing

CLK

tocp

PO, P1

A

Note:

[1] Setting PO or P1 [LDI @SR, Imm]

49M-000048

DMA Operation #1, 8-Bit Mode

Internal Timing

Instruction
execute timing

RQM flag

External Timing

CLK

DRQ

b

S
3
E

X XXX

=X X

_/

tDARQ

tHRA: tHWA

\

I‘—‘WRD:'WWR_’

Notes: [1] Setting RQM flag to “1" [MOV @DR, XXX or MOV XXX, DR]
[2] The RQM flag is recognized as “0" from this instruction

\

49M-000050
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Timing Waveforms (cont)

DMA Operation #2, 16-Bit Mode

Internal Timing

ooliteten X e u X X X X X YO
RQM flag / \ /

External Timing

CLK

tRvV

Notes: [1] Setting RQM flag to “1” [MOV @DR, XXX or MOV XXX, DR]
[2] The RQM flag is recognized as “0" from this instruction

49M-000049
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Reset Operation

Internal Timing

Instruction
execute X X X NOP X NOP X NOP X NOP X [0H]

timing

SR

register

External Timing

oK —,——\___/ \_,(_j
tSRSC 5 tsRsc
'HCRS—J r—
tHCRS Ifd
5)
RST AN
T
tRST >
ipp \ ya /
—> <—tDCRS

PO, P1
(L.
T s
—> tpcrs
DRQ,
SORQ .
{ X
—» tDCRS
so
L.

49NR-275B
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Timing Waveforms (cont)

Interrupt Operation

Internal Timing

Instruction
100H ><
exscute )([Nme 1 X )( NoP X[Ntl)les1,]2] x NoP X [100H]
E bit / \ / \

External Timing

CLK

INT E // ]

[————— YyNT ————P [¢—RINT

Notes: [1] Setting El bit to “1” [LDI @SR, Imm}
[2] El bit can be set to “1” from this instruction
49NR-276B

On-Chip UVEPROM Read Timing

VIHR
RST 3
ViL'™ViH
ViH
A13-Ag X'L !E(
viL 7
- tDAD
ViH

viL
L—‘DCD_’ tFCD

tSRSCE
ViH
- s
OE & /
ViL
L—toonn—ﬂ tHAD
»tSRSOE —
ViH
D7 - Do /@‘ )§>
ViL \

49NR-282B
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On-Chip UVEPROM Write Timing

VIHR +F

RST
VIL/VIH

y

14— 1SRSCE
ViIH JF

A13-Ag R
VIL I

rla
L_'SAC

Igd
e

Vpp +1

Vbp
VoD

ViH N
—y \ \
. 1 7 E F ;
D7 - Do y — )
ViL
—»| |e—tgpC
Vep -~
Vep ]
Voo
—»| [¢—tsvDC —» —tpobpw tHCD —*] L—
—>

A'HCA

[~ thep 'snc—J |<—-

tsvbc }<_
VIH —
cE ' N/
Vi
it tspo

—> tFop le—
twe
ViH oy
oF N\ ﬂ
ViL

Figure 7. Serial Input Operation Serial Timing
Serial Output Case 1: SOEN Asserted in Response

toys— to SORQ
SCK W Figure 8 shows timing for serial output when SOEN
tHsSsI

49NR-2818

is asserted in response to SORQ. If SOEN is held
inactive until after SORQ is asserted, and then SOEN

‘ssisi« is asserted at least tgggg before the falling edge of SCK,
SIEN \ SO will become valid tpg| g0 after the falling edge of
~— —) SCK for use by an external device at the subsequent

t5S1S le—>! rising edge of SCK.
1 I‘—'"ss' Note that, although figure 8 shows SOEN being
s >g‘ D(:>C asserted during a different SCK pulse than the one in
which SORQ is asserted, it is permissible for these to

49M-000052

occur during the same pulse of SCK as long as SOEN
is still asserted tgsgg before the falling edge of SCK.
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Figure 8. Serial Output Case #1

JSf
sk r_/_\J \ h_/—
tpssa tpssa
[
"
. 7,
SORQ r
: tSSES tHSSE
e —
SOEN
- —7F —7
tpsLso tHSLSO
tpsLso— |e—  — e  —sf [e— — |*—tFss0
/
so ; First bit X TN Lestbit §
valid valid
5 7
49M-000053

Serial Output Case 2: SOEN Active before SORQ
is High

Figure 9 shows output timing when SOEN is active
before SORQ is high. If SOEN is held active before
SORAQ is high, data will be shifted out whenever it
becomes available in the serial output register (assum-
ing previous data is already shifted out). In this case,
SORQ will rise tpgsq after a rising edge of SCK. The
first SO bit occurs tpg g after the next falling edge of
SCK for use by an external device at the subsequent
rising edge of SCK.

Subsequent bits will be shifted out tps go after sub-
sequent falling edges of SCK for use at subsequent
rising edges of SCK. The last bit to be shifted out will
also follow this pattern, and will be held valid trsso
after the corresponding falling edge of SCK at which it
is to be used. SORQ will be held tpggq after this same
rising edge of SCK, and then removed.

Figure 9. Serial Output Case #2

Serial Qutput Case 3: SOEN Released in Middle
of a Transfer

If SOEN is released while SCK is in the middle of a
transfer, as shown in figure 10, at least tyggg after the
falling edge of SCK, then the next bit will be shifted out
tpsLso after the falling edge of SCK for use at the
subsequent rising edge of SCK. SO will go inactive
trsso after the falling edge of SCK.

Note: For all its uses, SOEN must not change state
within tgggg before or tygge after the falling
edge of SCK; otherwise the results will be
indeterminate.

Sf-
sex x__/_\r_/_ r__/_
tnssa tpssa
r_ Vdd
47
SORQ }f‘
SOEN
-
S~
tpSLSO—> [e— —J <4— {DSLSO - le—tFSSO

£ First bit
valid

Last bit }
valid

{i
7.

] §
&4

49M-000054
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Figure 10. Serial Output Case #3

tHSSE

< tSSES [—
SOEN ;

"FSSO

tHSLSO—¥ |<— wsraol tbsLso—+ [+~  —»] le—tDsiso

SO Valid B Valid x [E

Not valid

Pt
<
s
3

<
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Serial Input

Serial input timing, shown in figure 11, is much simpler
than serial output timing, shown in figure 12. Data bits
are shifted in on the rising edge of SCK if SIEN is
asserted. Both SIEN and S| must be stable at least tggs
before and tygg) after the rising edge of SCK; otherwise
the results will be indeterminate.

Figure 11. Serial Input Timing Example

Internal Timing

"5 XOOOOXOOOOOEOCX

External Timing

CLK_/WW\,

tHes
/ tssc
tssIs
tHSS|—#
SIEN \
K S~
_tssis tHsS!

e
A : — N
Si .
f
Notes: [1] Setting SIAK flag to “1" [MOV XXX, SI]
The SIAK flag is recognized as “0" from this instruction

4SNR-277B
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Figure 12. Serial Output Timing Example

Internal Timing

Instruction
execute

e X XX XX

SOAK flag /

External Timing

CLK

ScK

xm.m)(jm—)(_)(_)(:
\ B}

el

/)

Iyd

e

SORa
tSSES HSSE

SOEN

IL

- 4

tDSLSO—+| [e— —» r—tHsLso tFsS0—#] [—
s F - \
s g IC X -
2

Notes: [1] Setting SOAK flag to “1” [MOV @so XXX

)
2] The SOAK flag is recognized as “0” from this instruction

49NR-2788

uPD77P25 UVEPROM Interface

Both the instruction ROM and data ROM of the
pPD77P25 are an ultraviolet-light erasable UVEPROM.
The following describes how to write to and read from
the UVEPROM.

input/Outpul Data Format

One word of the instruction ROM consists of 24 bits,
while 16 bits make up one data ROM word. Data are
written to or read from these UVEPROMSs. in units of
bytes or 8 bits. Therefore, special addresses are
assigned to the UVEPROMs.

Figure 13 shows the address assignment. Addresses
OH through 1FFFH are assigned to the 2 K-word
instruction ROM. The addresses 2000H through 27FFH
are assigned to the 1 K-word data ROM. Since the
instruction ROM is configured on a 1-word-for-24-bit
basis, one dummy byte address is provided per word.

2-48

Forexample, datain word address OH of the instruction
ROM is equivalent to three bytes of byte addresses OH
to 2H. 3H is a dummy address. Data ROM is shown in
figure 14.

Figure 13. Instruction ROM

e 24 bt ————
23 15 7 0
1H 2H
5H 6H

Internal word address OH

1H

OH
4H

.1

« 1 | | ]

.1

7FEH| 1FF8H

7FFH | 1FFCH
MSB

1FF9H
1FFDH

1FFAH
1FFEH

Note: Numeric values within the boxes are byte addresses of
the instruction ROM viewed from an external device
49NR-279A
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Figure 14. Data ROM

4——16 bitg ——»

15 7 1]
Internal word address OH | 2000H | 2001H
1H | 2002H 2003H
L3 l '
O] | N
LI | t T
3FEH ]| 27FCH | 27FDH
3FFH | 27FEH | 27FFH
MSB

Note: Numeric values within the boxes are byte addresses
of the data ROM viewed from an external device

49NR-260A |

Erasing

The datain the uPD77P25's UVEPROMs can be erased

by exposing them to a light with a wavelength shorter
than 400 nm. All data in the UVEPROMs are set to “1s”
after the erasure. If the uPD77P25 is exposed to direct
sunlight or fluorescent light for a long time, the data
might be erased. To prevent this, the UVEPROM
window must be masked with a cover or film to shield it
from the ultraviolet light. Usually, the UVEPROMSs are
erased when exposed to ultraviolet light with a wave-
length of 254 nm. The total light quantity required
to completely erase the written data is 15WS/cm?2 (UV
intensity x erase time) that is equivalent to exposure to
aUV lamp with a wavelength of 12000uW/cm?2 for about
15 to 20 minutes. However, a longer erasing time may
be required due to such factors as the life of the UV
lamp and stains on the window of the package. The
uPD77P25 must be positioned within one inch away
from the UV lamp.

Write Mode

To write data, the uPD77P25 UVEPROMSs must be first
erased as described in the preceding section. Perform
the writing operation observing the following proce-
dures. Table 15 shows reassigned pin functions when
writing/reading UVEPROMs.

(1) Apply +12.5Vto RST (pin 16), + 6 V to Vg¢, and
+12.5 V to Vpp. This causes the UVEPROMs to
enter write mode.

(2) Specify the desired ROM byte address from
address input pins Ag to Aq3.

(3) Write the data on the data bus (Dg-D7) by applying
“0” to CE while OE is “1” (program mode).

(4) Output the written data to the data bus (Dg-D7) by
applying “0” to OE while GE is “1” (program verify
mode).

(5) Repeat steps 2 through 4, 25 times maximum until
the datais properly written to the specified address.

(6) After verifying that the data has been properly
written, apply additional pulses by setting OE to
- “1”(clear CE t0“0”). The pulse width is 3X ms if the

" number of repetitions in 3and 4 is X.

The above procedure completes writing one byte of
data. If the data will not be properly written even after

| steps 2to 4 have been repeated more than 25 times, the
uPD77C25 is defective.

B kble 15. Pin Functions for Writing/

Reading UVEPROM
Pin Name
= DIP Pin For Normal
Pin Name  Number Operation Function
Ag 27 Ay Input address (viewed from
WR external device) for writing/

A Gl WR reading UVEPROM (instruction

Ay 23 SORQ ROM and data ROM).

A3 2 SO

Ay 21 S|

Ag 20 SOEN

Ag 19 SIEN

A7 18 SC!

Ag 17 INT

Ag 15 CLK

A 5 P1

Ay 4 PO

A 3 DRQ

A3 2 DACK

Do-D7 6-13 Dp-D7 Inputs/outputs data for
UVEPROM (instruction ROM
and data ROM)

CE 26 CS UVEPROM write strobe signal
(active low)

0E 25 RD UVEPROM read strobe signal
(active low)

Vpp 1 Vpp Power pin for writing
UVEPROM; Apply +12.5V for
writing and +5 V for reading.

Voo 28 Vee Power pin; Apply +6 V for
writing and +5 V for reading.

GND 14 GND Ground pin

- 16 RST Sets UVEPROM write or read

mode. Mode is set when
+12.5 V is applied.
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Read Mode

(1) Apply +125V toRST (pin 16), + 5 V'to V¢, and
+5.0 V to Vpp. This causes the UVEPROMSs to
enter read mode.

(2) Specify the desired ROM byte address from the
address input pins Ag to Aq3.

(3) Data will be output to the data bus (Dg-D7) by
clearing OE and CE to “0".

Development Tools

For software development and assembly into
object code, a relocatable assembler (RA77C25) is
available. This software is available to run on
MS-DOS®, CP/M®, VAX™/VMX™, and VAX/UNIX™
systems. For debugging, a hardware emulator
(EVAKIT-77C25) provides in-circuit, real-time emu-
lation of the SP1+. Some of the features of the EVAKIT-
77C25 include: break/step emulation, symbolic de-
bugging, and on-line assembly/disassembly of code.
The EVAKIT-77C25 connects via a probe to your target
system for test and demonstration of your final system
design. The EVAKIT also connects to your host
development system via an RS232 port. Using Kermit
or NEC’s EVA communications program, code can be
down-loaded or up-loaded between development
system and EVAKIT. By connecting to a PROM
programmer, the EVAKIT is also used to prepare
pPD77P25 UVEPROMSs which are intended for proto-
typing and small volume applications. A program
adaptor, PA-77P25, is provided for use with the data I/0
programmer. Code submittal for the mask ROM
uPD77C25is accomplished by preparing a 27C256A or
uPD77P25 PROM using the same programming device.

System Configuration

Figures 15, 16, 17, and 18 show typical system appli-
cations for the 77C25/77P25.

Figure 15. Spectrum Analysis System

Sensor
Microphone
Thermal
Pressure Product
Light SPl+ p, Exampi
: Data
and
H m [FFT] Display
— Control
Bang;:;ren;tmg Frequency —»
49NR-308A

MS-DOS is a registered trademark of Microsoft Corporation.

CP/M is a registered trademark of Digital Research, Incorporated.
VAX and VMX are trademarks of Digital Equipment Corporation.
UNIX is a trademark of AT&T Bell Laboratories.
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Figure 16. Analog-to-Analog Digital Processing
System Using a Single SPI+

Clock
Goenerator

Analog Analog
In

Out

Band-limiting
Filter

Reconstruction
Filter

/o
Control

Figure 17. Signal Processing System Using Cascaded
SPi+s and Serial Communication

Clock
Generator
Analog +SPl+ SPl+y

In ScK ScK

—>iS| SORQ—DO-P SIEN S0
A/D
< —»1S1

49NR-309A

Analog

>ISIEN SO SORQ
Band- SOEN SOEN Recon-
limiting .L _J_ struction
Filter = <+ Filter

v

Input
Control

Figure 18. Signal Processing System Using SPI+s as
a Complex Computer Peripheral

49NR-310A
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DMA
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NEC Electronics Inc.

pPD77220
24-Bit, Fixed-Point
Digital Signal Processor

Description

The uPD77220 is a Digital Signal Processor (DSP) devel-
oped for digital signal processing requiring high accu-
racy. This unit processes 24-bit fixed-point data at the
rate of 122 ns/instruction.

The internal circuit consists of a multiplier (24 x 24 bits),
instruction ROM (2K words x 32 bits), data ROM (1K
word x 24 bits), and two independent data RAMs (256
wards x 24 bits each).

The uPD77220 has two operation modes: master and
slave. These modes can be set using external pins. In
master mode, an external 8K-word memory can be
added, and 4K words in the memory can be used as an
instruction area. In slave mode, the uPD77220 operates
as an |/O processor for the host CPU. An external
8K-byte data memory can be added.

Features

O Processes 24-bit fixed-point data
— 24-bit fixed-point multiplication circuit
24 bits x 24 bits — 47 bits
— 47-bit ALU with eight working registers
— 47-bit barrel shifter
0 High-speed operation and efficient data transfer
— Instruction cycle 122 ns
— Three-stage pipeline processing
— Dedicated data buses in the internal RAM,
multiplication circuit, and ALU

50118

]
[m]
[m]

Architecture suitable for digital signal processing
— Two built-in independent data RAMs and data
RAM pointers
— Each data RAM pointer consists of a base pointer
and index register: the base pointer performs a
ring count operation in any range
— Data ROM pointer steps forward in two-step
increments (2N) in addition to normal
autoincrement/autodecrement addressing
Flexible external interfaces
Two modes of operation: master or slave
— In master mode, 4K word by 32-bit instruction
area
— High-speed access to external memory
Master mode: 4K words by 24 bits
Slave mode: 4K words by 8 bits
CMOS process
5V single power supply
68-pin grid array and PLCC packages

Ordering Information

Part Number Package
wPD77220R 68-pin ceramic PGA
uPD77220L 68-pin PLCC
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Pin Configuration

68-Pin PLCC
%‘ % o] X - = 0IX
z 2 2ZW0® Q30 o+«
Siks5:288B883E s
noononooo@Cnnoonnoanann
[+ ~ N (= ~ v 9
1C (Note 2] Em%m-‘ﬂmfﬁ@i’i-‘gmm%v%’vi‘ivv“ajpE
PD7 O e2 42 [1 so2sT
PDg [ 63 41 0 so2
PDs5 ] 64 40 [1 SO1RQ
PD4 ] 65 39 [1 SO1EN
PD3 ] 66 38 [J so1
PD3 f 67 37 [ S1CK
POy [ e 36 [1 SItEN
Voo o} 1 O 35 1 VDD
PDo [} 2 34 [1 sh
PCeMWR O} 3 33 [J RBAUD
PC5/RD [] 4 a2 [0 AT
PC4/CS [ 5 31 [0 RxD
PCg/A3 d 6 30 [1 SBAUD Notes:
PCo/Ap T 7 29 g STINT [1]  Innormal ope.ration connect the Pull.Up (PU) pin
PCi/A1 O] 8 28 1 sTEXT to the Vpp pin through a pull up resistor.
PCo/A0 ;\99_ rNOTLOrNI2Q SNBSS 827 [ Tx0 2]  Innormal operation the Internal Connection (IC)
(RSN R NSNS R R pin must be open.
N O W T ON-OAN MOW T ONT-O
ol ol - - - -
83ML58198
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Pin Configuration (cont)

68-Pin Ceramic PGA
Top View Bottom View
1 ONONONONONONONONO)
o] OQO0O0000000DO0
s OO ON@)
8] OO (ON©)
71 OO (ONO)
s] OO (ONO)
s| OO (ON@)
4] OO ON®)
sl OO ON@)
2l 0OQO00000000DO0
¥ : O0000000O0 =
A B C D E F G H J K L L K J H G F E D C B A
Mark
Terminal Mnemonic Terminal Mnemonic Terminal Mnemonic Terminal Mnemonic
Terminal | Master | Slave | Terminal | Master | Slave | Terminal [ Master | Slave | Terminal MasliSlave
No. Mode Mode No. Mode Mcde No. Mode Mode No. Mode | Mode
A2 Ay Bg D13 | VOs Fio | Das | W15 | ke Vpp
A3 Ag Bio | D14 | vOs Fi NC Ks SOEN
As Ao B11 Die /Og Gy Dy Ke GND
As Aax c1 Ay Gp Dg Ky WR
A Dg 10g C2 Ag Gyo D24 | HRD Ks Voo
A7 Dy | VO2 Cio | Dy7 | ¥Og Gyt | D25 | HWR Ko X2
Ag D4 1103 C1 Dyg | ¥Oyg Hy Ds K10 Dgo | P2
Ag Dip | UO4 Dy A2 Ha D4 K11 D31 | P3
At | Dy5 | VO7 | D2 Aq Hio | Dzg | CS L2 Do
Aq Ag D1o D1g 1014 Hqq Doy RQM L3 SOCK
B2 As D11 D2o 1012 Jg D3 L4 Lle}
B3 Ag E1q Ao Jo D2 Ls sl
By GND E2 Mis Jio Daog Po Le SIEN
Bs All E10 Dot 1013 | Jd14 Dag Py L7 RESET
Bg VDD E11 Dop V014 Ky Dy Lg RD
By Dg o1 Fq INT K2 SORQ Lg CLKOUT
Bg GND Fa NMi Kg SICK Lio X1

B83ML-5981 B
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pPD77220 and uPD77230A Comparison

The uPD77220 is a 24-bit fixed-point signal processor;
the uPD77230 is a 32-bit floating-point signal processor.
The two processors are generally compatible on an
object level. However, the following uPD77230A instruc-
tions are not available on the uPD77220.

e ADDF, SUBF, NORM, CVT (OP field)

e TRNORM, RDNORM, FLTFIX, FIXMA (C NT field)
e SPIE, IESP (CNT field)

e WRBELS, WRBLSE (CNT field)

e JEVO, JEV1 (C field)

e TRE (DST field)

Also, the CMP instruction on the uPD77220 treats data
as 47-bit fixed-point data at the time of comparison
(as opposed to 55-bit floating-point data on the
uPD77230A).

Internal memory differences between the two proces-
sors are shown in Table 1. Table 2 describes the differ-
ences in the data lengths between the uPD77220 and the
uPD77230A.

Table 1. Internal Memory Differences between

#PD77220 and xPD77230A
Memory Type sPD77220 pPD77230A
Instruction ROM 2K words x 32 bits 2K words x 32 bits
Data ROM 1K words x 24 bits 1K words x 32 bits
RAM 0 256 x 24 bits 512 x 32 bits
RAM 1 256 x 24 bits 512 x 32 bits
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Table 2. Data Length Differences between

uPD77220 and uPD77230A

Item pPD77220 uPD77230A
MAIN BUS 24 bits . 32 bits
P Q 47 bits 55 bits
PSWO, PSW1 4 bits (OVFE not present) 5 bits
RAMO, RAM1 24 bits 32 bits
1X0, IX1 9 bits -
RP 10 bits -
M 47 bits 85 bits
DRS 32 bits -
81, 8O 32 bits -
LC 10 bits -
TR 24 bits 32 bits
PU BUS 47 bits 55 bits
WRO - WR7 47 bits 55 bits
SVR 7 bits ' -
BPO, BP1 9 bits -
ROM 24 bits 32 bits
KL 24 bits 32 bits
DR 32 bits -
AR 13 bits -
STK 13 bits -

20 bits -
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Master Mode Block Diagram

GND

SORQ
SCEN

SO

SOCK
SCK
SICK

Si

SIEN

X1 —»
X2 —»

CLKOUT ——

il

"
E 2

RESET —»

NS
Z
c
x
» K MPY
/ e}
RAMO RAM1 [—
j 24 bits x 24 bits
256W x 24-bit 256W x 24-bit g .
=< L} —= 47bits
™ —4
L~
MUX MUX !
y
M l
» 3
X0 BP1 IX1
Y
MAIN BUS L
FagaN p
\ — ‘[ ']
MUX
| Decoder I m c
I
. MUX MUX ] 2
— | |2
Q.
Instruction op
! ROM ROoM T
AX 2KW x 32 bits 1KW x 24 bits Exchange
‘ -
x
Ag-A11 <—AP—2 _
Ny WS J
1 ; PSW 0
RD L_PC__J - PSW 1 MUX 5
RD = 5 - T
R/W - H
WA <« CNT Ty stk 3
SCK
tt f WRo | WR4
]
CLK INT WR1 | WRS
o0 > WRIC o | WR2 [ WRs
ws GEN CNT '——lsp e

83YL-57228B

2-55




uPD77220 NEC

Slave Mode Block Diagram

]

L —T K MPY
<2 RAMO RAM{ N |

! ) 24 bits x 24 bits
™ 256W x 24 bits 256W X 24 bits g

i ‘ =3 Ll —=47bits
——
Ram [~ o
“ <] / MUX \ MUX )

Cs || HosT i )
AWR z”l”T ' M ] ISFT
— +
HRD _T ‘ SEN

M BPO X0 [BP1] X7
10q -1/045 y L K L
MAIN BUS (
aa
Do-D | ‘ _
0-D7 -
\ mux /
| ] Decoder l m Lc
DP ) ) L
MUX 1|12
) o}
r a
el RN o |
Lo
AX 2KW x 32-bit KW x 24-bit || Exchange |
i SVR BSHIFT
Ag-A11 <—AP T
14{ esTR j
¥ 7 PSW 0
L_fc | 2 | | PSW 1 MUX_\
RD RW 5 R f
Wi < CNT 4 )
R 59 stk [
R ingy :
: WRO | WR4
WR1 | WR5
oo - . = WRIC WR2 | WR6
- |
ws GEN CNT r_sF-I e e
oo — PPy Tt
< = =
X 2 BE B
% o .
o
B83YL-5723B
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Master Mode Operation Slave Mode Operation
2 2
ai —/» X1, X2 S| [—— —»] X1, X2 S| fe——
lock == Serial Clock SEN Serial
~<+——— CLKOUT SIEN |+— i <«——] CLKOUT SIEN je—n
nput Input
SICK f——> SICK f—>
R ———» RESET SO ——» ——| RESET SO |—
eset —_ —— Reset — ==
Interrupt{ —— INT SOEN [¢—— | serial |me"up[{ —— INT SCEN |e—— | gerial
—— NMI SOCK |e—» [ Output —| NMI SOCK {«—— [ Output
SORQ ’——b SORQ }——»
R—
RD ——» —| ARD D l—
WR — —
Host CPU ::X)V]: WR
Interface
13 External 13 External
Ag-Aq1, AX |—F£— + Memory 16 Ap~A11, AX }—F—» > Memory
Interface «—F—>{ 1109 ~1/015 Interface
a2 General-
DoDs1 |e—rom Pupose [ —+ P01 D03y et s
Output ~«—/— P2,P3
Port
83ML-5892A B83ML-5899A
Pin Functions
PGA PLCC
Symbol Pin Location Pin Number 110 Function
Power Supply
Voo B6 36 - +5 V power supply
Ka 6 — Be sure to connect these three pins
K8 6 -
GND B4 40 — Ground terminals
B8 a2 — Be sure to ground these three pins
K6 2 -
Setting Modes
M/S E2 51 | Operation mode; mode cannot be changed during operation
0: Master mode ’
1: Slave mode
Clocks
X1 L10 9 | Input pins for crystal oscillator connection
X2 Ko s — If an external clock is used, connect it to the X1 pin and leave X2 open
CLKOUT L9 7 (o} uPD77220 internal system clock output. The output signal frequency is

half the frequency of the crystal oscillator connected to the X1 or X2 pin
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Pin Functions (cont)

Symbol

PGA
Pin Location

PLCC
Pin Number

110

Function

Reset and Interrupt

RESET

L7

Internal system reset signal input (low-level active)
— Requires latitude of more than three system clock (CLKOUT) cycles

NMI

F2

Non-maskable interrupt input (low-level active)

— Requires latitude of more than three system clock (CLKOUT) cycles
— Fall edge detection

— The interrupt address is 10H

F1

52

Maskable interrupt input (low-level active)

— Requires latitude of more than three system clock (CLKOUT) cycles
— Fall edge detection

— The interrupt address is 100H

Serial Interfaces

SOCK

L3

110

Serlal output data clock /O

— Serial data is output synchronously when the clock to be input or
output at this pin rises

— Whether the external clock is to be input or the internal clock to be
output depends on the status register

SORQ

62

Serial output request (high-level active)
— When output data is in the SO register, set to 1
When output is terminated, set to 0

SOEN

68

Serial output enable (low-level active)
— Enables serial data output from the SO pin

le]

L4

@
state)

Serial data output .
— Serlal data output Is synchronized with the leading edge of the SOCK
signal

SICK

K3

64

110

Serial input data clock /0

— Serial data is latched internally at the trailing edge of the clock input to
or output from this terminal

— The status register determines whether to input the external clock or to
output the internal clock

SIEN

L6

Serial input-enable (low-level active)
— Enables serial data input from the Si pin

Sl

L5

67

Serlal data input
— Inputs serlal data synchronously when SICK falls

Note: The system clock is an internal clock generated by CLK GEN on the basis of the clock (master clock hereafter) input in X1. lts
frequency is half of that of the master clock.

External Memory Interfaces (Master Mode Only)

WR

K7

4

[o]

Wirite output (low-level active)
— Write control output for external memory. If 0 is set, the output address
is valid and data Is output to data bus (DO to D31)

RD

L8

Read output (low-level active)
— Read output control for the external memory. If 0 is set, the output
address is valid and data is output to data bus (DO to D31)

A5

37

Highest-order memory address output

— If the external instruction memory is accessed (highest-order bit PG12
of the Internal program counter is 1), 0 Is output

— If the external data memory is accessed, the value of the highest-order
bit AR12 of the internal address register is output
0: High-speed access area
1: Lowspeed access area
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Pin Functions (cont)

Symbol

PGA
Pin Location

PLCC
Pin Number

/10

Function

External Memory Interfaces (Master Mode Only) (cont)

A0 - A11 See PGA pin See PLCC pin (o] Memory address output
configuration configuration @ — Address output when the external memory is accessed
diagram diagram state) — If the external instruction memory s accessed, the value of low-order
12 bits of the internal program counter Is output
— If the external data memory is accessed, the value of low-order 12 bits
of the address register is output
DO - D31 See PGA pin See PLCC pin 110 32-bit data bus for the external memory
configuration configuration (]
diagram diagram state)
Host CPU Interfaces (Slave Mode Only)
s H10 15 I Chip select input (low-level active)
— If 0 is set, read/write from host CPU through 16-bit data bus (/00 to
1/O15) is enabled
HWR G111 16 ! Host CPU write input (low-level active)
— If 0 is set, 16-bit data bus (/OO0 to I/015) Is ready for input
(also TS = 0)
HRD G10 17 i Host CPU read input (low-level active)
— If 0 is set, 16-bit data bus (/00 to I/O15) Is ready for output
(for TS = 0)
1/00 to /015 See PGA pin See PLCC pin 1o 16-bit data buses for host CPU
configuration configuration @ — Bidirectional buses that input and output data according to control
diagram diagram state) signals CS, HWR, and HRD from the host CPU
— 16-bit or 32-bit I/O data transfer format can be set in the internal status
register
RQM H11 14 (o] Host request input

— Signal that indicates a read or write request to host CPU

External Data Memory Interfaces (Slave Mode Only)

WR K7 4 o] Wirite data output (low-level active)
— Write control output for the external memory. If set to 0, the output
address is valid and data is output to data buses (D0 to D7)
RD L8 5 o] Read data output (low-level active)
— Read control output for the external memory. If set to 0, the output
address Is valid and data is input through data buses (D0 to D7)
AX A5 37 (o] Highest-order memory address output
— If the external memory is accessed, the value of the highest-order bit
AR12 of the internal address register is output
0: High-speed access area
1: Low-speed access area
A0 - A1 See PGA pin See PLCC pin (o] Memory address output
configuration configuration — Address output when the external memory Is accessed. The value of
diagram diagram the low-order 12 bits of the internal address resister is output from this
address
Do - D7 See PGA pin See PLCC pin 1/0 8-bit data bus for external memory
configuration configuration (€] — 1-byte, 2-byte, 3-byte, or 4-byte I/O data transfer format can be set in
diagram diagram state) the internal status register
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Pin Functions (cont)

PGA PLCC
Symbol Pln Location Pin Number [l]e} Function
General-Purpose I/O Ports (Slave Mode Only)
PO, P1 J10, J11 13,12 | General-purpose input port
: — The status of these general-purpose input ports can be determined by
an instruction
P2, P3 K10, K11 11,10 [0} General-purpose output port

— Data to be output from these general-purpose output pins can be set
using an instruction; the data is stored unless the set value is changed

Internal Functions

Mnemonic Multiplier Description
Multiplier Peripheral Circuits
MPY Multiplier 24-bit fixed-point data multiplier
24 bits x 24 bits — 47 bits
K K Register MPY input data storage register (24 bits)
L L Register MPY input data storage register (24 bits)
M M Register MPY multiplication result storage register (47 bits)
ALU Peripheral Circuits
ALU Arithmetic Logic Unit 47-bit data logical operation circuit
P P Register ALU input data storage register (47 bits)
Q Q Register ALU Input data storage register (47 bits)
EXCHANGE Data Exchanger Selects P or Q from which the fixed-point data is to be input to the barrel shifter
BSHIFT Barrel Shifter Barrel shifter for fixed-point data in the P or Q register
SVR Shift Value Register Shift value set register
WRIC Working Register Specifies the format of data transfer between the working register and PU bus
Interface Circuit o
WRO - WR7 Working Register (0-7) ALU operation result storage register (47 bits)
PSWO Program Status Word 0 ALU operation result status register
PSW1 Program Status Word 1 ALU operation result status register
Data Memory Peripheral Circuits
ROM . Data ROM Fixed-data storage ROM (1 kW x 24 bits)
RP ROM Pointer Register specifying ROM address (10 bits)
RAMO Data RAMO Data storage RAMO (256 W x 24 bits)
BPO Base Pointer 0 Register specifying RAMO base address (9 bits)
1X0 Index Register 0 Register specifying RAMO index address (9 bits)
RAM1 Data RAM1 Data storage RAM1 (256 W x 24 bits)
BP1 Base Pointer 1 Register specifying RAM1 base address (9 bits)
X1 Index Register 1 Register specifying RAM1 index address (9 bits)
Instruction ROM Peripheral Circuits .
INSTRUCTION ROM Instruction ROM Instruction storage ROM (2 kW x 32 bits)
PC Program Counter Register specifying instruction ROM address (13 bits)
STK Stack 8-level 13-bit stack
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Internal Functions (cont)

Mnemonic Multiplier Description
Instruction ROM Peripheral Circuits (cont)
SP Stack Pointer Pointer indicating stack address
DECODER Instruction Decoder Instruction decoding circuit
Parallel Interface Buses
DP Data Port Master mode:
— 32-bit parallel data bus for the external memory
Slave mode:
— 8-bit parallel data bus for the external data memory
— 16-bit parallel data bus for host CPU
— Read/write control signal for host CPU
— General-purpose /O port
AP Address Port Master mode:
— Address bus for the external memory
Slave mode:
— Address bus for the external data memory
DR Data Register Master mode:
— Register for interface between mode DP and internal data bus (main bus) (32
bits)
Slave mode:
~ Register for interface between mode DP (8-bit parallel data bus for the
external data memory) and main bus (32 bits)
DRS Data Register for Slave Slave mode:
— Register for interface between mode DP (16-bit parallel data bus for host
CPU) and main bus (32 bits)
AR Address Register Register specifies external data memory address (13 bits)
HOST RW CNT Host CPU Read/Write Slave Host CPU interface control mode circuit
Control Circuit
R/W CNT Read/Write Control Circuit External memory read/write control circuit
Serial Input/Output Interfaces
SO Serial Output Data Register  Serial output data storage register (32 bits)
OSFT Output Shift Register Shift register - outputs SO data serially
SOCNT Serial Qutput Control Serial output control circuit
Circuit
Si Serial Input Data Register Serial input data storage register (32 bits)
ISFT Input Shift Register Shift register - inputs serial data
SICNT Serial Input Control Circuit Serial input control circuit
Control Circuits
CLK GEN Clock Generator Circuit for generating internal system clock and serial I/O clock
INT CNT Interrupt Controller Internal interrupt control circuit
TR Temporary Register General-purpose register (24 bits)
LC Loop Counter Register which sets program loop count (10 bits)
SR Status Register Register which specifies or indicates operation mode (20 bits)
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Absolute Maximum Ratings Capacitance

Ta = +25°C Ta = +25°C;Vpp = 0V

Operating temperature, Topt -10 to +70°C Parameter Symbol Max Unit Conditions
Storage temperature, Tstg ~65 to +150°C Input capacitance Cin 10 pF fo = 1MHz
Output voltage, Vo -0.5to Vpp +05V Output capacitance Cout 20 pF

Input voltage, V| ~0.5to Vpp +0.5V

Power supply voltage, Vpp -05t0 +65V

Exposure to Absolute Maximum Ratings for extended periods may

affect device reliability; exceeding the ratings could cause permanent

damage.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Power supply voltage Vop 4,75 5.0 5.25 \'
Low-level input voltage ViL -0.3 0.8 \
High-level input voltage VIH 22 Vpp +0.3 V'
Low-level X1 input voltage ViLx -0.3 0.5 A"
High-level X1 input voltage ViHX 3.9 Vpp +0.3 \
Operating temperature TopT -10 +25 +70 °C
DC Characteristics

Ta = —10to +70°C; Vpp = 5V = 5%

Parameter Symbol Min Typ Max Unit Conditions

Low-level output voltage VoL 0.45 A lop=20mA

High-level output voltage VoH 0.7 Vpp \ lon=-400 pA

Lowlevel input current W -400 pA RESET, SICK, SOCK VIN = 0V
High-level input current hH 400 pA M/S Vin= Vop

Low-level input leak current I -10 A Except RESET, SICK, SOCK, Vijy = 0V
High-level input leak current I 10 uA Except M/S, Viy = Vpp

Low-level output leak current oL -10 pA Vout = 0V

High-level output leak current lLon 10 A Vout = Vob

X1 input current lix4 400 sA X1 pin, external clock input

Power supply current Ibo 140 200 mA foyx = 16.384 MHz

Crystal Oscillator Connection Conditions

Ta = -10to +70°C; Vpp = 5V % 5%

Parameter Mnemonic Min Typ Max Unit Conditions
Oscillation frequency fovx ) 1.0 16.384 16.667 MHz See figure 1.
C1, C2 capacity 15 pF
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Timing Requirements

Tp = -10to +70°C; Vpp = 5V * 5%

Parameter Mnemonlc Min Typ Max Unit Conditions

X1 cycle time toyx 60 61 1000 ns See figure 2. Seg figure 3; switching

X1 high pulse width Yo 25 ns (;Tz)ar:rc:‘tjeg'soﬂ\c;s timing measurement voltage =
X1 low pulse width tyxL 25 ns

X1 rise time %R 5 ns

X1 fall time X 5 ns

SICK, SOCK cycle time tcvs 240 244 ns

SICK, SOCK high pulse width tssH 100 ns

SICK, SOCK low pulse width tssL 100 ns

SICK, SOCK rise time tsr 20 ns

SICK, SOCK fall time tsk 20 ns

Switching Characteristics Figure 2. External Clock Connection Diagram

Ta = =10to +70°C; Vpp = 5V = 5%; G = 100 pF

Item Mnemonic Min Max Unit

X1 1 — RD delay time toxc 50 ns X1 X2

X1 T - CLKOUT hold time  tHxc 0 ns

SCK cycle time tcys 8toyx ns J

SCK high pulse width tssH 4tcyx—65 . ns Eétle";(al NU*

i OC

SCK low pulse width tssL 4toyx—65 ns Sou

SCK rise time tsR 20 ns

SCK fall time tse 20 ns Note:

. inN .

X117 SCKtdelaytime  tpys 10 120 ns Use in Not Use open I

Figure 1. Oscillation Circuit Diagram Figure 3. Switching Characteristics
Input Wave Form

X1 X2 24V X 22V 22 vx

04V 0.8V 0.8V
Output Wave Form

—|r—rL—|F
C1 c2

83ML-5893A

22V 22V
0.8V 08V

83ML-5900A
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Timing Waveforms

Clock Inpul/Output o s o

Je————te¥t————n
Clock Input

" ,

a— UXXII tXxL

Clock Output

X1

CLKOUT

X1

tpxs

SCK
{Note 1]

SICK,
SOCK

N
[Note 2] e tsh

Notes: :
[1] Atoutputtime S
[2] Atoutput time (input asynchronous with X1 is possible.)
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External Memory Access Timing
TA = -10 to +70°C; VDD =5V =*5%

Item Mnemonic Min Max Unit Conditions

Data set time (for address) tsaDI 2tcyx-85 ns When an instruction is read

Data set time (for RD {) tsrDI toyx-25 ns

Data hold time (for RD 1) tHRDI 0 ns

Data set time (for address) tsAD1 4atcyx-135 ns Applied to high-speed access area

tsap2 8toyx—135 ns Applied to low-speed access area
Data set time (for DR J) tsrRD1 Btoyx-75 ns Applied to high-speed access area
tspp2 Ttov75 ns Applied to low-speed access area

Data hold time (for RD 1) tHRD 0 ns

Switching Characteristics

Ta = -10to +70°C; Vpp = 5V = 5%; C_ = 100 pF

Item Mnemonic Min Max Unit Conditions

X1 T - RD delay time tpXRD 55 ns

X1 T — WR delay time tpxwaR 55 ns

Address set time (for RD {) tsaR tcyx-50 ns

Address hold time (for RD 1) tHRA 5 ns

RD low-level width twR1 toyx-20 ns When an instruction is read
twrz Steyx—30 ns ~ Applied to high-speed access area
twRrs Ttoyx-30 ns Applied to low-speed access area

Address set time (For WR J) tsaw toyx—45 ns

Address hold time (for WR 1) tHWA 5 ns

WR low-level width twwi1 3toyx—50 ns Applied to high-speed access area
twwe Ttoyx-50 ns Applied to low-speed access area

Data set time (for WR 1) tspwi1 3toyx—100 ns Applied to high-speed access area
tspwz 7Ttcyx-100 ns Applied to low-speed access area

WR | — data delay time towp 0 ns

Data float time (for WR 1) tFrwp 10 50 ns

RD, WR recovery time try toyx=30 ns At time of continuous operation
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Timing Waveforms (cont)

Instruction Read Operation (Master Mode Only)

1CYX—

IDXRD —» [e— —»] l«— IDXRD
4 { :
X X X
— tHRA

la— IRV

™ N

tSRDI tHRDI

e— ISADl——»|

83ML-58908B
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Timing Waveforms (cont)

Data Read Operation

toyx—»

m AVAVAVAVAVAWA

- le— 'DXRD —» le— 'DXRD

.
Ag~Aqq, AX X
\ ©
<—ISAR—4 — tHRA
et
RD \
X .

le———————IWR1,!WR2

'HRD
'SRD1, 'SRD2 o
ta-—SAD1, ISAD2—-]

Do~D31 ,.
[Note 1] 4 X
Dg~D7 ) gk . 415 (
[Note 2]

Notes:

[1] Master Mode

[2] Slave Mode

83ML-58858
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Timing Waveforms (cont)

Data Write Operation

NV aVaVaVaVavavaul

— le— 'DXWR —» le— toxwa

Ag~Aqy, AX
M
'SAWﬂ — tHWA

le— tRV
R ___/_—\( ) / \

| w1, tWwW2————————

|+ tOWD —-la———tsDW+, 1SDW2 ———»| | tFWD-]
Do~D31 4
[Note 1] 4 -
Do~Dy . 7
[Note 2]
Note:
[1] Master Mode
[2] Slave Mode 83ML-58868
Data Read/Write Operation

Read —» Write Operation
RD

tRV

Write — Read Operation

N/
WR

tRV

RD \

83ML-5902A
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Host Interface Timing (Slave Mode)
TA = —10to +70°C; vDD =5V =*=5%

Switching Characteristics
Ta = —10to +70°C; Vpp = 5V = 5%; G = 100 pF

Item Mnemonic Min Unit Item Mnemonic  Min Max Unit
CS set time (for HRD J) tscr 0 ns HRD { — data delay time  tpyp; 100 ns
TS hold time (for HRD 1) tHRC 0 ns HRD | — data floattime  tgyp 10 65 ns
HRAD low-level width twHRD 150 ns X1 1> RQM T delay time tpxgpy 100 ns
C8 set time (for HWR 1) tsow 0 ns X11 - RQM ! delay time tpxgL 100 ns
T3 hold time (for HWR 1) thwe 0 ns HRD, HWR 1~ RQM { tpHR 2tcyx+100 ns
FIWR lowlevel width twHWR 150  ns  Jelaytime
Data set time (for FWR {) tsHW 100 ns X171 P2P3delaytime toxp 100 ns
Data hold time (for HHR 1) tHHWI 0 ns
HRD, HWR recovery time tHRY 100 ns
HRD, HWR hold time for RQM ) tugry tovx ns
PO, P1 set time (for X1 1) tspx tovx ns
PO, P1 hold time (for X1 1) tHxp toyx ns
Timing Waveforms (cont)
Host Read Operation
cs
tscR» —>| tHRC
tHRY |
YWHRD »|
-
HRD
\
+#—— IDHRI—| 'FHRI
Y
109~1015
N
83ML-58838
Host Write Operation
c3
tsew - tHwe
LHRV
WHRD

HWR \
N\

ISIHW————

fe—] THHWI

100~1045

83ML-5884B
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Timing Waveforms (cont)
RQM Port

CLKOUT

N VA VAR Y NV
AN N N /2 N VA

e {DXRH le—t DXRL
RQM
Y HRH ———| tDHR
HRD, HWR \
A
1SPX —————potet— LHXP
PO, P1
- toxp >
P2, P3

83ML-5894B

Interrupt Reset Timing
Ta = -1010 +70°C; Vpp = 5V + 5%

Item Mnemonic Min Unit
RESET low-level width tRsT 6tcyx ns
NMI, INT hold time (for RESET T)  tyrni 6tovx ns
NMI, INT low-level width tNT Btoyx ns
NMI, INT recovery time taINT Btoyx ns

Timing Waveforms (cont)

Interrupt Reset Timing Chart

RESET \

tRST

tHRNI
tRINT

UNT————»
83ML-5891B
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Serial Interface Timing Switching Characteristics
Ta = ~10to +70°C; Vpp = 5V = 5% Tp = —10to +70°C; Vpp = 5V = 5%; C_ = 100 pF
Item Mnemonic Min Unit ltem * Mnemonlc Min Max  Unit
SIEN, Sl set time (for SCK {) tssis 55 ns SCK ! - SORQ Tdelay time  tpgsq 30 150 ns
SIEN, S| hold time (for SCK ) tHss 30 ns S0EN ! — SO delay time tpseso 60 ns
SOEN set time (for SCK 1) tsses 50 ns SOEN 1 — SO float time trsESO 10 100 ns
SOEN hold time (for SCK 1) tHssE 30 ns SCK 1 — SO delay time tpsHsO 60 ns
SIEN, SOEN recovery time tsav tcys ns SCK | — SO hold time tHSHSO 0 ns
SCK ! — SO delay time tpsLso 60 ns
Switching Characteristics
SCK{ — SO float time tesso 10 100 ns
(at time of SORQ V)
Timing Waveforms (cont)
Serial In
[ tevs
(SICK)
tssis —» tHss| tSRV |
_ /
SIEN
tssis—e-fatHsSI
: X X
B83ML-5895B
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Timing Waveforms (cont)
Serial OUT 1 (SOEN Interrupt Control)

teys >
4 4
o /] N/
—» |e— tssEs — tsseEs

3
S

tsRv

tpssa

L i
—r
l

A4, tDSHSO
{DSESO — — YHSHSO — l& tFSESO

SO VALID VALID x VALID {

3

B83ML-5896B

Serial OUT 2 (SOEN Control- SOEN Low AT SCK is Low Level)

t
P— CcyYs
e _/—_\x___/ i_/_—\
—| je— UsSES tHSSF

SOEN \

N 4

tpssQ —» — — -«— 'Dssa
SORQ
> [e«—'DSHSO —= tHsHsO
1DSESO —») tFsso

SO VALID VALID x VALID x VALID

T

83ML-5897B
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Timing Waveforms (cont)
Serial OUT 3 (SOEN Control: SOEN Low AT SCK is High Level)

le——toys—»
SoK _/—\x_/ \_/ !_—\_/ c__/—\
sses tussF
SOEN \
tHsSQ —» —»  |«— tpssa
"
SORQ
tDSLSO —» > tDSHSO —] ‘-‘ tHSHSO trsso
4= \
o) VALID VALID VALD
PR 7
. 83ML-5898B

Data Format Figure 4. Fixed-Point Data Format
The pPD77220 can process fixed-point data. Data is 47Bits
represented by a 2's complement, and the highest-order .
bit of fixed-point data indicates the sign. See figure 4. - o
Table 3 shows the 24-bit fixed-point data format. Table 4 o eaeter |
shows the 47-bit fixed point data. Sign
Numeric data is processed in fixed-point data format,
and the decimal point is positioned between the sign bit 24 Bits
and the following bit. s 2 —
24-Bit Bus %
Register
Sign

83ML-5888A
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Table 3. 24-Bit Fixed-Point Internal Data Format

Value Binary Notation Hexadecimal Notation Converslon to Decimal Number
Maximum Positive Value 0111 ... 1111 7FFFFFy 10-28=~ 10
0111 ... 1110 7FFFFFy 1.0-222
0100 ..... 0000 4000001 1.0-21=05
Minimum Positive Value 0000 ..... 0001 0000014 228 =~ 1.2x107
Zero 0000 ..... 0000 000000 0.0
Maximum Negative Value 1111 ... 11114 FFFFFFy -(223) ~ ~1.2¢107
1100 ..... 0000 C00000y -1 = -05
1000 ..... 0001 800001y ~-1,0 + 223
Minimum Negative Value 1000 ..... 0000 800000 -1.0
Table 4. 47-Bit Fixed-Point Internal Data Format
Value Binary Notation Hexadecimal Notation Conversion to Decimal Number
Maximum Positive Value o111 ... 1111 7FFFFFFFFFFEY 1.0-246 =~ 10
o111 ... 1110 7FFFFFFFFFFCH 1.0-245
0100 ..... 0000 4000000000001 1.0-21=05
Minimum Positive Value 0000 ..... 0001 0000000000024 246 = 1,4 x 1014
Zero 0000 ..... 0000 000000000000, 0.0
Maximum Negative Value 111 .. 111 FFFFFFFFFFFEL ~(2-46) =~ -1.4 x 1014
1100 ..... 0000 00000000000 - = -05
1000 ..... 0001 800000000002, -1.0 + 246
Minimum Negative Value 1000 ..... 0000 8000000000004 -1.0

Conversion of data (47 bits) into hexadecimal format ranges from the
highest-order bit (sign bit) to the lowest-order bit sequentially.
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Instructions Table 5. OP Field Specifications
All gPD77220 instructions consist of a 32-bit word. The OP Fleid
instructions fall into three categories: Mnemonic (81-27) Operation
. i NOP 00000 No operation
e Operation instructions NG 00001 ————
o Branch instructions DEC 00010 Decrement
e Load instructions ABS 00011 Absolute
. . NOT 00100 Not

Operation Instructions

NEG 00101 Negate
An Operation (OP) instruction is an ALU Operation in- SHLC 00110 Shift left with carry for double
struction where 22 different operations may be specified precision
in the upper five bits. Figure 5 shows the bit format. SHRG 00111 Shift right with carry for
Pointer modifications may be specified in the CNT figld. double precision
Transfers may also be specified within the SRCand DST  ROL 01000 Rotate left
fields of an OP instruction. When all fields are specified  gop 01001 Rotate right
in an OP instruction, several different tasks are per- SHLM 01010 Shit Ieft multiple (see note)
formed simultaneously.

. . . . SHRM 01011 Shift right multiple (see note)
OP Field. The 5-bit OP field specifies the operation type SHRAM 01100 Shift right arithmetic multiple
inthe ALU. Table § lists the 22 types of operations it may see note)
contain. CLR ot101 Clear
CNT (Control) Field. The CNT field is 12 bitslongand  ;pp 10000 Add fixed-point data
specifies a pointer, flag operation, register switch-over, - -
data transfer format, and loop counter decrement. Sus 10001 Subtract fixed-point data
. . . L, o ADDC 10010 Add fixed-point data with
The control field bit configuration is shown in figure 6. carry
The field has 22 types of subfields. Table 6 describesthe g 10011 Subtract fixed-point data with
subfields. cany
. . M 101

Figure 5. Operation Instruction Format omp 0109 Compare

AND 10101 AND

31 0 OR 10110 OR
opP CNT Pi Q SRC DST XOR 10111 Exclusive OR

83ML-5982A

Multiple value is in SVR or specification value of SHV bit.
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Table 6. Control Field Specifications

Group’ Field Function Effective
Interrupt EM Enables/disables maskable interrupt -
BM Sets and clears maskable interrupt input flag -
PSW FIS PSW control */—
) FC Switches over PSW0, PSW1 *
ROM pointer RP Rules ROM pointer count operations -
RPC ' Specifies n value in ROM pointer operation -
RPS Specifies low-order nine bits of data ROM -
address
RAMO/RAM1 pointers Mo Specifies base pointer 0 and index register 0 -
M1 Specifies base pointer 1 and index register 1 -
DPO Rules count operations of base pointer 0 and -
index register 0 ’
DP1 Rules count operations of base pointer 1 and -
index register 1
BASEO Specifies counter length of modulo counter base -
pointer 0
BASE1 Specifies counter length of modulo counter -
counter base pointer 1
Data format conversion wi Specifies transfer format when working register g
is specified in the DST field
WT Specifies transfer format when working register -
is specified in the SRC field
Shift specification SHV Specifies amount of shift for 47-bit fixed-point *
data
Data memory access RW Specifies input/output operation for external *
memory
EA Address register increment and decrement */—>
General-purpose output port P2 Controls signal output of pins with the same -
name
P3 Controls signal output of pins with the same -
name '
Loop counter L Loop counter decrement *
Jump NAL Specifies unconditional jump address *

* Effective starting with current instruction.
-+ Effective starting with the next instruction.
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Figure 6. CNT Field Bit Configuration Q Field. The 3-bit Q field (bits 12-10) specifies the source
of input to the Q register, which is the second of two ALU
31 27 15 12 9 4 0 input registers.
oP CNT Pl Q | SRC DsT One of the working registers, WR0 to WR?7, must be
" specified in the Q field. The result of the operation is
SO T placed in the working register specified in the Q field.
. Table 8 provides the Q field specifications.
26 |25 |24 | 23|22 ] 21 [20 [19 18 [17 [16 | 15
oo | Mo M1 DPO DP1 Table 8. Q Field Specifications
0,10} 0 EA DPoO DP1 Mnemonic Bit 12 Bit 11 Bit 10 Register
of1io |1 RP Mo DPO FC WRO 0 0 0 Working register 0
o1 |10} RP Mi DP1 FC WR1 0 0 1 . Working register 1
o1 |1 |1 RP Mo M1 ﬁ FC WR2 0 1 0 Working register 2
1 oo oo BASE 0 BASE 1 FC WR3 0 1 1 Working register 3
1(o0jojoj1 RPC I “ | L|FC WR4 1 0 0 Working register 4
1]olo]1]o0]Prs Lpz EMJ BM | L |FC y= 1 0 1 Working register 5
1o o 1|1 RW L |FC WR6 1 1 0 Working register 6
1]o)1jo0]o wT L |FC WR? 1 1 1 Working register 7
11ol1lo]n wi L |FC
rtjofryprio Fis L SRC (Source) Field. The 5-bit SRC field (bits 9-5) holds
o SHv the source register for a transfer instruction. Table 9 lists
101 ]o0 RPS the 32 types of registers that may be specified in this
PR R NAL field.
B3ML-5983A

P Field. The 2-bit P field (bits 14, 13) specifies the source
of input to the register, which is used as an input to the
ALU for operations requiring two operands. The internal
data bus, MPY output, RAMO, or RAM1 can be specified.
Table 7 shows the field specifications.

Table 7. P Field Specifications
Mnemonic Bit 14 Bit 13 Input of P Register

B 0 (o} PU bus

M4 0 1 Muitiplier output register (MPY output)
RAMO 1 0 RAM block 0

RAM1 1 1 RAM block 1
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Table 9. SRC Field Specifications Table 10. DST Field Specifications

Mnemonic SRC Field (9-5) Selected Source Register Mnemonic  DST Field (4-0)  Selected Destination Register
NON 00000 Non-selection NON 00000 Non-selection

RP 00001 ROM pointer RP 00001 ROM pointer

PSWO ’ 00010 Program status word 0 PSWO 00010 Program status word 0
PSW1 00011 Program status word 1 PSW1 00011 Program status word 1
SVR 00100 SVR (shift value register) SVR 00100 SVR (shift value register)
SR 00101 Status register SR 00101 Status register

LC 00110 Loop counter LC 00110 Loop counter

S§TK 00111 Stack STK 00111 Stack

M 01000 M register LKRO 01000 L register (RAM 0 to K register)
ML 01001 Low 24 bits of M register KLR1 01001 K register (RAM 1 to L register)
ROM 01010 Data ROM TR o1on Temporary register

TR 01011 Temporary register AR 01100 Address register

AR 01100 ‘Address register SO 01101 Serial output register

sl 01101 Serial input register DR 01110 Data register

DR 01110 Data register DRS 01111 Data register for slave
DRS o111 Data register for slave WR0 10000 Working register 0

WR0O 10000 Working register 0 WR1 10001 Working register 1

WR1 10001 Working register 1 WR2 10010 Working register 2

WR2 10010 Working register 2 WR3 10011 Working register 3

WR3 10011 Working register 3 WR4 10100 Working register 4

WR4 10100 Working register 4 WR5 10101 Working resister 5

WR5 10101 Working resister 5 WRé 10110 Working register 6

WR6 10110 Working register 6 WR7 10111 Working register 7

WR?7 10111 Working register 7 RAMO 11000 RAM 0

RAMO 11000 RAM 0 RAM1 11001 RAM 1

RAM1 11001 RAM 1 BPO 11010 Base pointer 0

BPO 11010 Base pointer 0 BP1 11011 Base pointer 1

BP1 11011 Base pointer 1 IX0 11100 Index register 0

X0 11100 Index register 0 X1 11101 Index register 1

X1 11101 Index register 1 K 11110 K register

K 11110 K register L 11111 L register

L 11111 L register

DST (Destination) Field. The DST field (bits 4-0) is 5
bits long and specifies the destination register for a
transfer instruction. Table 10 lists the 31 destinations
that may be specified in the DST field.
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Branch Instructions

Branch instructions specify a conditional jump, an un-
conditional jump, subroutine call, or return. The format of
the branch instruction, consisting of five fields, is shown
in figure 7.

Note that the SRC and DST fields may be included as
part of the branch instruction. This data transfer will take
place regardless of any condition upon which a jump
may be dependent.
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Figure 6. CNT Field Bit Configuration QField. The 3-bit Q field (bits 12-10) specifies the source
of input to the Q register, which is the second of two ALU
31 27 15 12 9 4 0 input registers.
oP CNT P| Q| SRC DST One of the working registers, WR0 to WR7, must be
” - specified in the Q field. The result of the operation is
T T placed in the working register specified in the Q field.
: BabER Table 8 provides the Q field specifications.
26 |25 |24 | 28] 22|21 |20 10 )18 |17 ] 15 P P
oo Mo M1 DPO DP1 Table 8. Q Field Specifications
oj1)0]o0 EA DPo DP1 Mnemonic Bit 12 Bit 11 Bit 10 Register
of1]0 |1 RP Mo DPO FC WRO' ] ] 0 Working register 0
oj1)1]0 RP M1 DP1 FC WR1 0 0 1 . Working register 1
ot 1] RP Mo Mi I L |Fe WR2 0 1 0 Working register 2
tjojlojojo BASE 0 BASE 1 FC WR3 0 1 1 Working register 3
1]0 0|01 RPC [ L |FC WR4 1 0 0 Working register 4
1lolol1]olers]r EMI BM | L |FC s ; 0 7 Working register 5
1fofo] 111 RW L|FC WR6 1 1 0 Working register 6
1101 )0]o0 Wr L |Fo WR7 1 1 1 Working register 7
1 ]of1fol1 - wi L|FC
L e IR L FIs L SRC (Source) Field. The 5-bit SRC field (bits 9-5) holds
1o SHV the source register for a transfer instruction. Table 9 lists
11110 RPS the 32 types of registers that may be specified in this
1 1 1 NAL field.
B83ML-5983A

P Field. The 2-bit P field (bits 14, 13) specifies the source
of input to the register, which is used as an input to the
ALU for operations requiring two operands. The internal
data bus, MPY output, RAMO, or RAM1 can be specmed
Table 7 shows the field specifications.

Table 7. P Field Specifications
Mnemonic Bit 14 Bit 13 Input of P Register

1B 0 0 PU bus

M4 0 1 Multiplier output register (MPY output)
RAMO 1 0 RAM block 0

RAM1 1 1 RAM block 1
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Table 9.  SRC Field Specifications Table 10. DST Field Specifications
Mnemonic SRC Field (9-5) Selected Source Reglster Mnemonic  DST Field (4-0)  Selected Destination Register
NON 00000 Non-selection NON 00000 Non-selection

RP 00001 ROM pointer RP 00001 ROM pointer

PSWO 00010 Program status word 0 PSWO 00010 Program status word 0
PSW1 00011 Program status word 1 PSW1 00011 Program status word 1
SVR 00100 SVR (shift value register) SVR 00100 SVR (shift value register)
SR 00101 Status register SR ~ 00101 Status register

LC 00110 Loop counter LC 00110 Loop counter

STK 00111 Stack 8TK 00111 Stack

M 01000 M register LKRO 01000 L register (RAM 0 to K register)
ML 01001 Low 24 bits of M register KLR1 01001 K register (RAM 1 to L register)
ROM 01010 Data ROM TR 01011 Temporary register

TR 01011 Temporary register AR 01100 Address register

AR 01100 Address register SO 01101 Serial output register

Sl 01101 Serlal input register DR 01110 Data register

DR 01110 Data register DRS 01111 Data register for slave
DRS 01111 Data register for slave WRO 10000 Working register 0

WRO 10000 Working register 0 WR1 10001 Working register 1

WR1 10001 Working register 1 WR2 10010 Working register 2

WR2 10010 Working register 2 WR3 10011 Working register 3

WR3 10011 Working register 3 WR4 10100 Working register 4

WR4 10100 Working register 4 WR5 10101 Working resister 5

WR5 10101 Working resister 5 WR6 10110 Working register 6

WR6 10110 Working register 6 WR7 10111 Working register 7

WR7 10111 Working register 7 RAMO 11000 RAM 0

RAMO 11000 RAM 0 RAM1 11001 RAM 1

RAM1 11001 RAM 1 BPO 11010 Base pointer 0

BPO 11010 Base pointer 0 BP1 11011 Base pointer 1

BP1 11011 Base pointer 1 X0 11100 Index register 0

1X0 11100 Index register 0 X1 11101 Index register 1

IX1 11101 Index register 1 K 11110 K register

K 11110 K register L 11111 L register

L 1111 L register

DST (Destination) Field. The DST field (bits 4-0) is 5
bits long and specifies the destination register for a
transfer instruction. Table 10 lists the 31 destinations
that may be specified in the DST field.
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Branch Instructions

Branch instructions specify a conditional jump, an un-
conditional jump, subroutine call, or return. The format of
the branch instruction, consisting of five fields, is shown
in figure 7.

Note that the SRC and DST fields may be included as
part of the branch instruction. This data transfer will take
place regardless of any condition upon which a jump
may be dependent.
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Figure 7. Branch Instruction Format

Table 11. Branch Condition Summary
Mnemonic  C Field (14-10) Jump with Condition

31 0
JMP 00000 Jump with no condition
B NA c S
RC DST CALL 00001 Subroutine call
samLsesan| RET 00010 Return
B Field. This field (bits 31-28) indicates a branch instruc- ~ SN2ar___ 000n Jump if ROM pointer s not zero
tion. The value of this field is always 1101. JZ0 00100 Jump if zero flag 0 is set
C Field. This 5-bit field (bits 14-10) indicates the nature of -2 ootot Jump fzeto flag 0 is reset
the branch instruction. Table 11 summaries the branch 21 ootio Jump if zero flag 1 Is set
conditions that can be specified. JNZ1 00111 Jump if zero flag 1 is reset
NA Field. The destination address of the branch is  JC0 01000 Jump if carry flag O is set
contained inthe 13-bit NA field (bits 27-15). Notethatthe =~ JNCo 01001 Jump if carry flag O is reset
most significant bit of the NA field is used to determine ¢ 01010 Jump If carry flag 1 is set
whether the destination address is in internal or external NGt oton ; foarry fiag 11 :
instruction memory. ump i carry flag 11s rese
. . . o JSo 01100 Jump if sign flag 0 is set
SRC Field. The SRC field (bits 9-5) specifies a type of o oT101 oo wion Tlag 18 reset
source register for a transfer instruction. There are 32 prslgnfagner
possible types. JS1 01110 Jump if sign flag 1 is set
DST Field. The DST field (bits 4-0) indicates the type of N> o1t Jump Hfsign fag 1 Is reset
destination register to be used for a transfer instruction. V0 10000 Jump if overflow flag 0 is set
There are 31 possible types. JNVO 10001 Jump if overflow flag 0 is reset
- Jvi 10010 Jump if overflow flag 1 is set
Load Instructions P 91
JNV1 10011 Jump if overflow flag 1 is reset
'I:he load inlst.ruction gonsists of thl:ee fields as §hoym in  JnFsi 10110 Jurnp it S register is not full
figure 8. This instruction loads 24-bit data specified inthe INESO prov a1 SO registor 1s not emmt
IM field into the register specified in the DST field. The - i el i
data is input to each register through the main bus. JIPO 11000 Jump if input port 0 Is on
The value of the LDI field is always 111. JIP1 oot Jump if input port 1 is on
JNZIX0 11010 Jump if index register 0 is nonzero
Figure 8. Load Instruction Format JINZIX1 11011 Jump if index register 1 is nonzero
a1 0 JNZBPO 11100 Jump if base pointer 0 is nonzero
JNZBP1 11101 Jump if base pointer 1 is nonzero
LDI ™M DST
JRDY 11110 Jump if ready is on
samLssesa| JROM® 1111 Jump if request for master is on

* Valid for slave mode only.
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NEC Electronics Inc.

uPD77230/77P230
32-Bit, Floating-Point
Advanced Signal Processor

Description

The uPD77230 Advanced Signal Processor (ASP) is
the high-end member of a new third-generation family
of 32-bit digital signal processors. This CMOS chip
implements 32-bit full floating-point arithmetic, and is
intended for digital signal processing and other appli-
cations requiring high speed and high precision.

The yPD77230 has on-chip instruction and data ROM.
These ROM areas can be mask ROM (uPD77230AR) or
EPROM (#PD77P230R). The mask ROM is also available
as a standard part with a standard, general-purpose
DSP library (uPD77230AR-003).

All instructions execute in one instruction cycle. The
uPD77230 executes a 32-bit by 32-bit floating point
multiply with 55-bit product, sum of products, data
move, and multiple data pointer manipulations—all in
one 150-ns instruction cycle.

Features

[ Fast instruction cycle: 150 ns using 13.3-MHz clock
O All instructions execute in one cycle
[J 32- x 32-bit floating point arithmetic
J Large on-chip memory (32-bit words)
— 1K data RAM (two 512-word blocks)
— 1K data coefficient ROM
— 2K instruction ROM
O 8K-x 32-bit external memory; 4K may be instruction
memory
O 1.5-um CMOS technology
O 32-bit internal bus
O 55-bit ALU bus
[ Dedicated internal buses for RAM, multiplier, and
ALU
O Eight accumulators/working registers (55 bits)
O 47-bit bidirectional barrel shifter
O Two independent data RAM pointers
O Modulo 2n incrementing for circular RAM buffers
O Base and index addressing of internal RAM
[J Data ROM capable of 2n incrementing
O Loop counter for repetitive processing
0O Eight-level stack accessible to internal bus
O Two interrupts: maskable and nonmaskabie (NMI)
O Serial 1/0 (4 MHz)
O Master/slave mode operation
O Three-stage instruction pipeline
O Single +5-volt power supply
O Approximately 1.2 watts

NECEL-000608

Ordering Information

Part Number ROM Package Type
uPD77230AR Mask ROM 68-pin ceramic PGA
uPD77230AR-003 Mask ROM

(Standard library)
#PD77P230R EPROM
Applications

O General-purpose digital filtering (FIR, IIR, FFT)
[0 High-speed data modems

O Adaptive equalization (CCITT)
[0 Echo cancelling

[0 High-speed controls

O Image processing

O Graphic transformations

O Instrumentation electronics

O Numerical processing

[0 Speech processing

[0 Sonar/radar signal processing
O Waveform generation

Floating-Point Performance Benchmarks

Second-order digital filter (biquad) 0.9 48
32-tap finite impulse response filter 525 us
Fast Fourier transform (FFT)
32-point complex (radix 2) 0.15ms
512-point complex FFT 4.7 ms
1024-point complex FFT 11.78 ms
4096-point complex FFT 69.51 ms
Square root 6.0 us

Pin Configuration

68-Pin Ceramic PGA

LKJHGTFEDTCSBA
© 0000O0O0OO n
o@o 00000 0@® of1w
oo o o9
oo o ols
o o o ol7
o o Bottom View o 0o}s
oo o ols
oo o o4
oo o ols
0@ oc o000 o000@©o]2
© 0000000 o3
49-001663A
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Pin ldentification

Pin Function Summary

No. Master *Slave No. Master *Slave Symbol  1/0 Function

A2 A7 F10 Doz 11045 Ag-Aqq 0 Address bus to external memory

A3 Ag : F11 NC (No connection) Ax 0 Highest bit of memory address

A4 Aq ) G1 Dy CLKOUT 0 Internal system clock

A5 Ay G2 Dg [ | _ Chip select

A6 Dg 1109 G0 Dy HRD Do-D7 1/0*  Data bus for access to external memory in slave
A Dy 1102 G Dy HWR __ Mmode.

Mo o M D s ucton nmastor e e
A9 Dy 1704 H2 D4 _ GND Ground (Connect ground to all GND pins.)
A0 Dgs 1107 HI0  Dog e D | Host CPU read

B1 As Hit Dy RaM HWR | Host CPU write

B2 A 1Dy 1/0g4/045 1/0*  Port to host CPU data bus

B3 Ag 2 D2 INT | Maskable interrupt

B4 GND JI0 Do P NMI | Nonmaskable interrupt

B5 Aqq J11 D2g P1 m/S | Operation mode select

86 VoD K1 o1 PO, P1 | General-purpose input port

B7 Dg 1704 k2 SORQ P2, P3 0 General-purpose output port

B8 GND K3 Sick RD 0 Controls data read from external memory
B9 D13 105 ka E_ ‘ RESET | System reset

B10 Dy 170g Ks SOEN RAM 0 Data read/write request

Bit Dy 1/0g K6 GND sl | Serial input data

¢ Ag K7 WR SICK 1/0 Clock for serial input data

c2 A3 K8 Voo SIEN | Serial input data enable

C0 Dy 1709 k9 X2 S0 o* Serial output data

cn Dg 171049 K10 D3 P2 SOCK 110 Clock for serial output data

ol A2 Kit Dy P SOEN | Serial output data enable

D2 A L2 D SoRQ 0 Serial output request

010 Dy /011 L3 SOck Vop +5-volt power (Connect +5 V to all Vpp pins.)
D11 Dy 1101 L4 so WR 0 Controls data write to external memory
B A LS X1,X2 1 External clock (X1) or crystal (X1, X2)

B2 ws L6 EEN_ *These pins have a high-impedance inactive state.

EI0 Dy 11043 L7 RESET

Et1 Dap 17044 L8 RD

Fi1 INT L9 CLKOUT

F2 NMI L10 X1

*If slave-mode pin identification is not specified, it is the same as
master-mode.
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Pin Functions

Paragraphs below supplement the brief descriptionsin
the preceding table. Pin symbols are in alphabetical
order within several master and slave mode categories.

Master and Slave Modes

CLKOUT [System Clock]. Outputs internal system
clock. Output signal frequency is half the oscillation
frequency of crystal connected across X1 and X2 pins.

INT [Maskable Interrupt]. Inputs maskable interrupt
signal, which is active-low and must be at least three
system clock pulses wide. Interrupt signal is detected
at falling edge. Interrupt address is 100H.

M/S [Mode Select]. Selects operation mode. Operation
mode must not be switched during operation, however.
Master = 0; slave = 1.

NMI [Nonmaskable Interrupt]. Inputs nonmaskable
interruptsignal, which is active-low and must be at least
three system clock pulses wide. Interrupt signal is
detected at falling edge. Interrupt address is 10H.

RESET [System Reset]. Inputs internal system reset
signal, which is active-low and must be at least three
system clock pulses wide.

Sl [Serial Input Data]. Inputs serial data synchronized
with falling edge of SICK.

SICK [Serial Input Clock]. Inputs or outputs clock for
serial input data. Serial data is internally latched at the
falling edge of the clock that is input to or output from
this pin. Whether the clock is to be input from an
external source or the internal clock is to be output is
determined by the status register setting.

SIEN [Serial Input Enable]. Enables Si pin to input
serial data. This pin is active-fow.

SO [Serial Output Data]. Outputs serial data synch-
ronized with rising edge of SOCK pin. When inactive,
this pin becomes high impedance.

SOCK [Serial Output Clock]. Inputs or outputs clock
for serial output data. The serial output data is synch-
ronized with the clock that is input to or output from
this pin. Whether the clock is to be input from an
external source or the internal clock is to be output is
determined by the status register setting.

SOEN-' [Serial Output Enable]. Enables SO pin to
output serial data. This pin is active-low.

SORAQ [Serial Output Request]. Outputs serial output
request signal, which is active-high. When data is ready
in the serial output register, this signal becomes 1. It
will become 0 after data has been output.

X1, X2 [External Clock]. Connection to external oscil-
lator crystal (X1, X2) or external clock (X1).

Master Mode, External Memory Interface

Ag-A411 [Address Bus]. Address bus for access to
external memory. When accessing external instruction
memory, the lower 12 bits of the program counter are
output to these pins. When accessing external data
memory, the lower 12 bits of the external address
register are output to these pins.

Ax [Highest Address Bit]. Outputs the highest bit of
the memory address. When accessing external in-
struction memory, the highest bit of the program
counter (PCy»o) is output to this pin. When accessing
external data memory, the highest bit of the external
address register is output to this pin. High-speed
memory area = 0; low-speed memory area = 1.

Dg-D3q1 [ Data Bus]. These pins form a 32-bit, three-state
data bus for external memory (data or instruction).

RD [Data Read]. Controls data read from external
memory. This signal becomes 0 after the output address
is valid, and data is input at the rising edge to the data
port formed by pins Dg to D3;.

WR [Data Write]. Controls data write to external
memory. This signal becomes 0 after the output address
is valid and data is output to the data port formed by
pins Dg to Dg;s. ‘

Slave Mode, External Memory Interface

Ag-Aq1 [Address Bus]. Address bus for accessing
external memory. When accessing external data mem-
ory, the lower 12 bits of the external address register
are output to these pins.

Ay [Highest Address Bit]. When accessing external
data memory, the highest bit of the external address
register is output to this pin. High-speed memory area
= 0; low-speed memory area =1.

Do-D7 [DataBus]. These pins form an 8-bit, three-state
data bus for external data memory access. Data may be
transferred in one of four formats (1-, 2-, 3-, or 4-byte
words), depending on the status register setting.

RD [Data Read]. Controls data read from external
memory. This signal becomes 0 after the output address
is valid, and data is input at the rising edge to the data
port formed by pins Dg to D7.

WR [Data Write]. Controls data write to external
memory. This signal becomes 0 after the output address
is valid and data is output to the data port formed by
pins Dg to D5.
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Slave Mode, Host CPU Interface

'CS [Chip Select]. Active-low chip select input signal.
When this pin becomes 0, the host CPU may perform
read/write operations on the 16-bit port formed by pins
1/0q through 1/01s.

HRD [Host CPU Read]. Active-low host read input
signal. In conjunction with CS, this signal allows the
host CPU to read data from the DRS register via the
16-bit port formed by pins 1/Og to 1/O1s.

HWR [Host CPU Write]. Active-low host write input
signal. In conjunction with CS, this signal allows the
host CPU to write data into the DRS register via the
16-bit port formed by pins 1/Og to 1/01s.

1/0¢-1/045 [Data Port]. These pins form an 1/0 port to
the host CPU bidirectional data bus. It is used forinput
to or output from the DRS register under control of
host CPU signals CS, HWR, and HRD. Data transfer
format can be specified in the status register as either a
16-bit or a 32-bit transfer. '

RQM [Read/Write Request]. Requests host CPU to
read or write data via the host CPU data bus.

Slave Mode, I/O Port

PO, P1 [Input Port]. These pins form a general-purpose
input port. Status of either of these pins may be tested
by a conditional branch instruction.

P2, P3 [Output Port]. These pins form a general-
purpose output port. Data output by these pins can be
set directly by an instruction and will be retained until
explicitly changed.

Functional Description

Figure 1 is the functional block diagram of the
pPD77230 in its master mode configuration. The main
internal bus (32 bits) ties together all the functional
blocks of the uPD77230, including the ALU area. The
55-bit processing unit (PU) bus links the ALU input
to the 55-bit multiplier output register and the eight
55-bit working registers. Thus, the full 55 bits of
precision can be maintained during extensive cal-
culations.

In addition to the main bus and the PU bus, there is a
sub-bus linking each of the two RAM areas to both the
ALU input and the multiplier input registers. This
allows simultaneous loading of the multiplier input
registers in parallel with ALU operations and in parallel
with data transfer operations, which make use of the
main bus. There is a sub-bus connecting the ALU input
to the 55-bit multiplier output and another sub-bus that
can route the working registers’ contents back to the
ALU input.

2-84

Architecture

The pPD77230 has a Harvard-type architecture, with
structions are executed in a single cycle, even if the
instruction is stored in the external instruction memory
expansion area.

Instruction Memory

The uPD77230 has an internal instruction ROM that
holds 2K 32-bit instruction words. An additional 4K
word external memory expansion is also available. A
13-bit program counter (PC) contains the current
instruction address; the most significant bit of the PC
determines whether on-chip or external instructions
are to be fetched. An eight-level stack holds subroutine
and interrupt return addresses, and it is accessible
to/from the main internal bus.

Data Memory

The data ROM area on the uPD77230 holds 1K 32-bit
words. The ROM pointer (RP) contains the current
ROM address, which can also be specified within an
instruction field. The ROM pointer has auto-increment
and auto-decrement features and an add 2n to the RP
option. '

There are two separate and independently addressable
data RAM areas, each 512 words by 32 bits. Each RAM
area can be addressed by a base register, an index
register, or the sum of the two. The base register and/or
the index register may be incremented, decremented,
or cleared. In addition, the base pointer can operate in
a modulo count mode, and the index register contents
may be replaced by the sum of the index and base
registers.

Data memory may be expanded by the addition of 8K
words of external memory. External data memory is
divided into a high-speed half, which is accessed in
two instruction cycles, and a low-speed haif, which is
accessed in four instruction cycles. Both high-speed
and low-speed memory accesses occur in parallel with
normal program execution.

Multiplier and ALU

The floating point multiplier has two 32-bit input
registers, called the K and L registers, which are
accessible both to and from the main bus. The multiplier
produces the 55-bit product of the K and L register
contents automatically in a single instruction cycle
(there is no multiply instruction). The 55-bit result is
stored in the M register in 8-bit exponent, 47-bit
mantissa format. The contents of the M register can be
transferred to the main bus (32 bits) or to the ALU via
the processing unit bus (55 bits). The multiplier con-
sists of a 24- by 24-bit fixed-point multiplier and an
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exponent adder, so that it can also be used for fixed-
point multiplications.

The 55-bit floating-point ALU is capable of a full set of
arithmetic and logical operations (see Instruction Set
section). There is a 47-bit bidirectional barrel shifter,
which can perform general-purpose shifting in addition
to the mantissa alignments required for floating-point
arithmetic. A separate exponent ALU (EALU) deter-
mines shift values in floating-point work. The ALU
status is reflected in one of two identical processor
status words (PSW) that contain carry, zero, sign, and
overflow flags. The results of the ALU operation are
stored in one of eight 55-bit accumulators or “working
registers.”

There are two 55-bit input registers to the ALU called
the P register and the Q register. The Q registerinputis
selected from one of the eight working registers, while
the P register input is selected from among the 32-bit
main bus, data RAM 0, data RAM 1, and the 55-bit M
register.

A loop counter is included in the design of the
uPD77230. This loop counter is a 10-bit register,
attached to the main bus, which can be decremented
by a control bit built into an ordinary ALU instruction.
When the loop counter is decremented to zero, the
instruction following the one that decremented it will
be skipped.

System Control

The master system clock may be provided to the
uPD77230 via either an external crystal or an already
available clock signal. The internal clock of the
uPD77230 contains two phases, and is obtained by
dividing the master clock frequency by 2. If desired, the
serial input and output clocks can be derived from the
master clock by dividing it by 8.

Both a maskable and nonmaskable interrupt are avail-
able in the uPD77230. The maskable interrupt can be
“memorized,” so thatif an interrupt occurs whileitisin
the interrupt disabled condition, then it may be acted
upon (or disregarded) at a later time. The status of the
interrupts and other aspects of the uPD77230 are
determined by or reflected in the 20-bit status register.

Serial 1/0

The serial input and output circuitry in the uPD77230 is
designed for easy interfacing to codecs and other
pPD77230s. The input and output circuits are independ-
ently clocked by either an internal clock or an external
clock up to 4 MHz. The length of the serial input and
output data words can be independently programmed
to be 8, 16, 24, or 32 bits.

The parallel 1/0 capabilities in the uPD77230 can be
used for external instruction and data memory ex-
pansion and for interaction with a host processor. The
difference between master mode and slave mode
operation must be defined to further discuss the nature
of the parallel interface in the uPD77230.

Master/Slave Modes

The master mode parallel interface is shown in figure 1.
In this mode, the uPD77230 is intended to act as a
standalone processor with the parallel interface allow-
ing access to external memory, memory-mapped 1/0O
devices, and/or a system-level bus. Master mode
operation allows for external instruction memory ex-
pansion and external data memory expansion. There is
an 8K external memory space. The lower 4K can be
shared between instructions and data, while the upper
4K can be used for data only.

The slave mode parallel interface is shown in figure 2.
In this mode, the uPD77230 is a “peripheral” to a host
processor. The full 8K external memory space is
available for data memory expansion, but instruction
memory expansion is not allowed in slave mode. The
8-bit external data busis used to assemble words in the
data register (DR), which can be 8, 16, 24 or 32 bits
wide. Communication with the host occurs across the
16-bit host data bus. Word lengths of 16 or 32 bits can
be transferred between the uPD77230 and the host.
Four pins can be used in slave mode as general-
purpose I/0 ports: two input pins and two output pins.

Figure 3 shows the functional pin groups in master
mode and slave mode.
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Figure 1. Master Mode Block Diagram
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Figure 2. Slave Mode Block Diagram
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Figure 3. Functional Pin Groups
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Figure 4.

Instruction Type Formats

Instruction Set

All uPD77230 instructions consist of a single 32-bit
word. Figure 4 shows the bit format for the three basic
types of instructions.

OP Type Instruction

Thisis an ALU operation instruction where 26 different
operations may be specified in the upper five bits
(figure 4). Pointer modifications may be specified in
the CNT field. Transfers may also be specified within an
OP instruction by use of the SRC and DST fields. When
all fields are specified in an OP instruction, several
different tasks are performed at once. The high five bits
make up the OP field, summarized in table 1.

Table 2 summarizes the effect on bits in the PSW
resulting from ALU operations.

Control Field [CNT]

This 12-bit field contains specifications for control
modes and pointer modifications. Figure 5 summarizes
the bit field format, table 3 summarizes the function of
CNT field groups, and table 4 summarizes the function
of each mnemonic within the 23 groups. Table 5 shows
the possible combinations of control field instructions.

P Field

The two-bit P field specifies the source of input to the P
register, which is used as an input to the ALU for
operations requiring two operands. See table 6.

A. OP Type Instruction

131 27|26 15[14 13|12 10[9 5[4 0|
OP (5] CNT [12) I P[2) I Q 13141 SRC [5) ] DST (5]
B. Branch Type Instruction
31 28|27 15]14 10]9 5]4 _0f
B (4] r NA [13] cis J SRC [5] DST [5) l
C. Load Type Instruction
131 29)28 5|4 0]
r LDI (3} ! M [24] DST [5]

83-0037728
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Table 1. OP Field Specifications ALU Contents of PSW
Mnemonic OP Field (31-27)  Operation Operation OVFE c b4 S OVFM
NOP 00000 No operation SHRAM * 0 $ $ 0
INC 00001 Increment CLR 0 0 1 0 0
DEC 00010 Decrement NORM (NORM.) $ 0 $ $ 0
ABS 00011 Absolute value (ROUNDING) $ $ $ $ $
NOT 00100 Not-one’s complement (FLT-FIX) * 0 $ $ $
NEG 00101 Negate-two’s complement (FIX M.A.) * 0 $ $ $
SHLC 00110 Shift left with carry ovT X 0 $ $ 0
SHRC 00111 Shift right with carry ADD * $ $ $ $
ROL 01000 Rotate left SUB * $ $ $ $
ROR 01001 Rotate right ADDC * $ $ $ $
SHLM 01010 Shift left multiple SUBC * $ $ $ $
SHRM 01011 Shift right multiple cMp $ $ $ $ $
SHRAM 01100 Shift right arithmetic multiple AND * 0 $ $ 0
CLR 01101 Clear OR * 0 $ $ 0
NORM 01110 Normalize XOR * 0 $ $ 0
CvT 0111 Convert floating point format ADDF $ $ $ $ $
ADD 10000 Fixed-point add ' SUBF $ $ $ $ $
SuB 10001 Fﬁxed-pOfnt subtra'ct $ Flag will be affected by result of operation.
ADDC 10010 foed-pOfnt add with c%lrry 0 Flag will be reset o 0.
SUBC 10011 Fixed-point subtract with borrow 1 Flag will be reset to 1.
CMP 10100 Compare (floating point) *  Previous condition of flag will be preserved.
AND 10101 Logical AND + If the original data in the mantissa was 80---OH, OVFM = 1 after
OR 10110 Logical OR operation.
XOR 10111 Logical exclusive OR .
0 ogical exclusi Figure 5. Control Field Bit Format
ADDF 11000 Floating-point add
SUBF 11001 Floating-point subtract 3 27|26 15]14 [
D S CNT [12] S Ej
Table 2. Effects of ALU Operations on PSW Flags rd N
Contents of PSW - - \\\
ALU e N
Operation OVFE C z S OVFM L~ ~
NOP * * * * * 2 | 25 | 24 | 23 | 22 | 21 |20 |19 | 18 [ 17 | 16 ] 15
ry L] 0 Mo M . DPO DP1
INC $ $ $ $ o 1 ) ° EA DPO pP1
DEC * $ $ $ $ o [ 1 [ o |1 RP Mo DPO FC
0 1 1 0 RP M1 DP1 FC
ABS * $ $ 0 $+ HENERE RP Mo m_ [ L |Fc
NOT * 0 $ $ 0 1 IENERE BASO BAS1 FC
* INEREEENE RPC L | Fc
NEG $ $ $ $+ 1 [0 o1 [ o |ra[r[Em BM L | Fc
SHLC * $ $ $ 0 t oo [ 1] AW [ L | FC
SHRC * $ $ $ 0 1 ] 1 1] 0 WT L FC
ry Y 1 o 1 [} 1 NF wi L FC
ROL 0 $ 0 10 ] 1] 1] o IS FD L
ROR * 0 * $ 0 KN ENENE SHY
* 1 1 L] RPS
SHLM 0 $ $ 0 P ] 1 NAL
SHRM * 0 $ $ 0 83-003773A
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Table 3. Control Field Function Summary Table 4. Control Field Mnemonic Summary
Group Field Function Effective - Operation Mnemonic Code
Interrupt EM, BM  Enable and disable maskable - EM, BM Field (19-17)
|mntee;rr]r0ur{i)2t,ataigﬂ'control interrupt Maskable interrupt EM BM
PSW FIS PSW control (select and clear) * No operation (NOP) (NOP) 000
FC Select other PSW * Clear booking flag (NOP) CLRBM 001
Data ROM RP Controls ROM pointer operation - Set booking flag (NoP) SETBM 010
pointer RPC Specifies n value for special - Interrupt disabled Dl (Nop) — OM
manipulation of ROM pointer Interrupt enabled El (NOPy 100
RPS Fs‘gﬁiﬁ:csl 9 lower bits of data - Interrupt enabled and clear booking flag El CLRM 101
address Interrupt enabled and set booking flag  El SETBM 110
Data RAMO MO Specifies RAMO addressing mode - —
and RAM1 M1 Specifies RAM1 addressing mode - Lo prohibited - — m
pointers p 9 * Default: interrupt disabled and clear booking flag.
DPO Controls modification of base - * . . ) .
pointer 0 and index register 0 er!lng (NOP) {s n(?t necessary', just useful for remembering the
5 p ailable combinations and their effects.
P1 Controls modification of base g -
pointer 1 and index register 1 FIS Field (21-19)
BASE0  Specifies counter length of - Flag initialize and select
mor?g;g? gount operation of base No operation (NOP) 000
pointer Specity PSW 0 for operation (defaul) _SPCPSWO 00t
BASE1  Specifies counter length of ind - -
modulo count operation of base Specify PSW 1 for operation SPCPSW1 010
pointer 1 ‘ Clear PSW 0 CLRPSWO 100
Data format  FD Controls conversion mode for * Clear PSW 1 CLRPSW1 101
conversion floating point CVT.
Clear PSW 0 and PSW 1 CLRPSW 110
Wi Controls transfer format when i
_working register is specified in FC Bit (15)
DST field. Flag change operation
WT Controls transfer format when - :
working register is specified in No operation (NOP) 0
SRC field. Exchange PSW for operation XCHPSW 1
Normalization NF Specifies normalization, * RP Field (22, 21)
specification normalization with rounding, - —
floating-point to fixed-point ROM pointer modification
conversion, or digit alignment. No operation (NOP) 00
Shift'f_ . SHV E;rmols arpount of shift for * Increment ROM pointer INCRP 01
;p :°' teation —— ',f_ma" IS:7 - . Decrement ROM pointer DECRP 0
bt operation for external memory. Increment specified bit of ROM pointer INCBRP 1
< (that is, add 2V)
EA Increments or decrements -
external address register RPC Field (21-18)
General- P2 Controls state of P2 pin — Specify N for adding 2N to ROM pointer BITRP imm (imm)B
purpose : = *imm (= n) is 0 through 9
output port P3 Controls state of P3 pin ( : )is 0 g
Loop counter L Decrements loop counter nd RP. S Ffe'd (23'15) - -
Jump NAL Specifies unconditional local * fpem'fy immediate ROM address SPCRA imm (imm)B
jump address 0<imm<51

* Effective starting with current instruction.
— Effective starting with next instruction.
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Table 4. Control Field Mnemonic Summary (cont)

Operation Mnemonic Code Operation Mnemonic Code

MO Field BASEQ Field (21-19)

Specify RAM pointer Specify mpdulo count number (2N) for MCNBPO imm  (imm)B
No change in specification (NON) 00 Tcrementlrfg base pointer 0 o )
Base pointer 0 SPCBPO o imm (=n) is 1 through 7; 0 specifies ordinary count
Index register 0 SPCIX0 10 BASET Field (18-16) :
Base pointer 0 + index register 0 SPCBIO 1 Specify mpdulo count.number (2N) for MCNBP1 imm  (imm)B
(default) Lrtcremennn'g base pointer 1 - .

M1 Field imm (=n) is 1 through 7; 0 specifies ordinary count

Specify RAM pointer FD Fleld
No change in specification (NON) M Data conversion format specification
Base pointer 1 SPCBP1 0 No change of specification (NON) 00
Index register 1 SPCIXT 0 fo"r';;':{s(f,‘;'}a";,gsp format to EEE SPIE o
Base pointer 1+ index register 1 SPCBI1 i Conversion of IEEE format to ASP IESP 10
(default) format

DPo Field Use prohibited 1

Pointer modification operation WI Field (18, 17)
No operation (NoP) 000 Specification of transfer format when data
Increment base pointer 0 INCBPO 001 is moved from IB to WR
Decrement base pointer 0 DECBPO 010 No change of specification (NON) 00
Clear base pointer 0 CLRBPO 01t Transfer low 24 bits of mantissa to high BWRL24 o1
Store base + index to index register 0  STIX0 100 24 bits
Increment index register 0 INCIX0 101 Ordinary transfer (default) BWRORD 10
Decrement index register 0 DECIX0 110 Use prohibited n
Clear index register 0 CLRIX0 1M WT Field (21-19)

DP1 Field issp[(;(gcgstflfgl n?f\l\};%a?os:gr format when data

Pointer modification operation No change of specification (NON) 000
No operation (NOP) 000 Ordinary transfer (default) WRBORD 001
Increment base pointer f INCBP1 00t Low 24 bits of mantissa to high 24 WRBL24 010
Decrement base pointer 1 DECBP1 010 Low 23 bits (bit 23=0) to high 24 WRBL23 o1t
Clear base pointer 1 CLRBP1 ot Exponent part to mantissa low 8 bits _ WRBELS 100
Store base + index to index register 1 STIX1 100 Mantissa low 8 bits to exponent part  WRBLSE 101
Increment index register 1 INCIXT Ll Exchange high 8 bits of mantissa with WRBXCH 0
Decrement index register 1 DECIX1 110 low 8 bits of mantissa
Clear index register 1 CLRIX1 111 Bit reverse entire mantissa WRBBRV 111
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Table 4. Control Field Mnemonic Summary (cont)

Operation Mnemonic Code Operation Mnemenic Code
NF Field (21-19) P2 Bit (20)
Normalization format specification P2 pin control (slave mode only)

No change of specification (NON) 000 Clear output port pin 2 CLRP2 0

Truncating normalization (default) TRNORM 010 Set output port pin 2 SETP2 1

Rounding normalization RDNORM 100 P3 Bit (21)

Convert floating to fixed point FLTFIX 110 P3 pin control (slave mode only)

Fixed point multiple alignment FIXMA M Clear output port pin 3 CLRP3 0

(multl.ple value is in SVR) Set output port pin 3 SETP3 1
SHV Field (21-15) L Bit (16)
Set shift value to SVR -

Loop counter operation

imm bits left shift (defauit) SETSVLimm 0 (imm)B -

- —— - - - No operation (NOP) 0
_ lm.m bits right shift SETSVRimm 1 (imm)B Decrement loop counter DECLC ]

0<imm=46 -
RW Field (21, 20) NAL Bit (23-15)
Local branch; jump to imm address in JBLK imm (imm)B

Operation for external data memory local block

No operation (NOP) 00 *0<imm<51

Read RD 01

Write WR 10

Use prohibited 1
EA Field (22, 21)
Operation for external address register

No operation (NOP) 00

Increment external address register INCAR 01

Decrement external address register ~ DECAR 10

Use prohibited 11
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Table 5. Control Field Instruction Combinations
Case 1 SPCBPO SPCBP1 INCBPO INCBP1
SPCIX0 SPCIX1 DECBPO DECBP1
SPCBIO SPCBIH CLRBPO CLRBP1
STIX0 STIX1
INCIX0 INCIX1
DECIX0 DECIX1
CLRIX0 CLRIX1
Case 2 INCAR INCBPO INCBP1
DECAR DECBPO DECBP1
CLRBPO CLRBP1
STIX0 STIX1
INCIX0 INGIX1
DECIX0 DECIX1
CLRIX0 CLRIX1
Case 3 INCRP SPCBPO INCBPO XCHPSW
DECRP SPCIX0 DECBPO
INCBRP SPCBID CLRBPO
STIX0
INCIX0
DECIX0
CLRIX0
Case 4 INCRP SPCBP1 INCBP1 XCHPSW
DECRP SPCIX1 DECBP1
INCBRP SPCBI1 CLRBP1
STIX1
INCIX1
DECIX1
CLRIX1
Case 5 INCRP SPCBPO SPCBP1 DECLC XCHPSW
DECRP SPCIX0 SPCIX1
INCBRP SPCBIO SPCBI1
Case 6 MCNBPQ imm MCNBP1 imm XCHPSW
Case 7 BITRP imm DECLC XCHPSW
Case 8 CLRP2 CLRP3 El CLRBM DECLC XCHPSW
SETP2 SETP3 DI SETBM
Case 9 RD DECLC XCHPSW
SR
Case 10 WRBORD DECLC XCHPSW
WRBL24
WRBL23
WRBELS
WRBLSE
WRBXCH
WRBBRV
Case 11 TRNORM BWRL24 DECLC XCHPSW
RDNORM BWRORD
FLTFIX
FIXMA
Case 12 SPCPSWO SPIE DECLC
SPCPSW1 |ESP
CLRPSWO
CLRPSW1
CLRPSW
Case 13 SETSVL imm
SETSVR imm
Case 14 SPCRA imm
Case 16 JBLK imm
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Table 6. P Field Specifications

Mnemonic P Field (14, 13)  Input of P Register

1B 00 Internal bus

M 01 Multiplier output register
RAMO 10 RAM block 0

RAM1 1 RAM block 1

Q Field

The three-bit Q field specifies the source of input to the
Q register, which is the other of two ALU input
registers. See table 7.

Table 7. Q Field Specifications

Mnemonic  ( Field {12-10)  Register

WR0 000 Working register 0
WR1 001 Working register 1
WR2 010 Working register 2
WR3 011 Working register 3
WR4 100 Working register 4
WR5 101 Working register 5
WR6 110 Working register 6
WR7 11 Working register 7

Source Field

Table 8 lists 32 source registers that may be specified
in the source field.

Destination Field

Table 9 lists 32 destinations that may be specified in the
DST field. Note that the LKRO and KLR1 specifications
will simultaneously load, as destinations, both the K
and L registers.

Branch Instruction

The branch instruction type is used for a jump, condi-
tional jump, call, or return. The format of the branch
instruction is shown in figure 4. The destination address
of the branch is contained in the 13-bit NA field. Note
that the most significant bit of the NA field is used to
determine whether the destination addressisin internal
or external instruction memory. The five-bit C field
summarized in table 10 determines the nature of the
branch.

Note also thatan SRC and DST may be included as part
of the branch instruction. This data transfer will take
place regardless of any condition upon which a jump
may be dependent.
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LDI Instruction

Figure 4 shows the format of the LDI instruction type.
The 24-bit IM (immediate) field contains the data that
will be loaded into the register specified by the DST
field. It is also possible to load a 32-bit floating-point
number using this instruction in conjunction with the
TRE destination field specification.

Table 8. SRC Field Specifications

Mnemonic  SRC Field (9-5)  Selected Source Register
NON 00000 No source selected

RP 00001 ROM pointer

PSWO 00010 Program status word 0
PSWA1 00011 Program status word 1
SVR 00100 SVR (shift value register)
SR 00101 Status register

LC 00110 Loop counter

STK 00111 Top of stack

M 01000 M register (multiplier output)
ML 01001 Low 24 bits of M register
ROM 01010 Data ROM output

TR 01011 Temporary register

AR 01100 External address register
SI 01101 Serial input register

DR 01110 Data register

DRS 01111 Data register for slave
WRO 10000 Working register 0

WR1 10001 Working register 1

WR2 10010 Working register 2

WR3 10011 Working register 3

WR4 10100 Working register 4

WR5 10101 Working register 5

WR6 10110 Working register 6

WR7 10111 Working register 7
RAMO 11000 RAM block 0

RAM1 11001 RAM block 1

BPO 11010 Base pointer 0

BP1 11011 Base pointer 1

1X0 11100 Index register 0

IX1 1101 Index register 1

K 11110 K register

L 1111 L register
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Table 9. DST Field Specifications Table 10. Branch Condition Summary (C Field)
Mnemonic  DST Field (4-0)  Selected Destination Register Mnemonic  C Field (14-10) Jump with Condition

NON 00000 No destination selected JMP 00000 Jump unconditionally

RP 00001 ROM pointer CALL 00001 Subroutine call

PSWO0 00010 Program status word 0 RET 00010 Return from interrupt or subroutine
PSW1 00011 Program status word 1 JNZRP 00011 Jump if ROM pointer not zero

SVR 00100 SVR (shift value register) JZ0 00100 Jump if zero flag 0 is set

SR 00101 Status register JNZ0 00101 Jump if zero flag 0 is reset

LC 00110 Loop counter Jz1 00110 Jump if zero flag 1 is set

STK 00111 Top of stack JNZ1 00111 Jump if zero flag 1 is reset

LKRO 01000 L register (RAM 0 to K register) JCO 01000 Jump if carry flag 0 is set

KLR1 01001 K register (RAM 1 to L register) JNCO 01001 Jump if carry flag 0 is reset

TRE 01010 Exponent part of temporary register JC1 01010 Jump if carry flag 1 is set

TR 01011 Temporary register JNC1 01011 Jump if carry flag 1 is reset

AR 01100 External address register JS0 01100 Jump if sign flag 0 is set

SO 01101 Serial output register JNSO 01101 Jump if sign flag 0 is reset

DR 01110 Data register Js1 01110 Jump if sign flag 1 is set

DRS 01111 Data register for slave JNS1 01111 Jump if sign flag 1 is reset

WR0 10000 Working register 0 JVO 10000 Jump if overflow flag 0 is set

WR1 10001 Working register 1 JNVO 10001 Jump if overflow flag 0 is reset
WR2 10010 Working register 2 | 10010 Jump if overflow flag 1is set

WR3 10011 Working register 3 JNVI 10011 Jump if overflow flag 1is reset
WR4 10100 ) Working register 4 JEVO 10100 Jump if exponent overflow flag 0 is set
WR5 10101 Working register 5 JEV1 10101 Jump if exponent overflow flag 1 is set
WR6 10110 Working register 6 JNFSI 10110 Jump if Sl register is not full

WR7 10111 Working register 7 JNESO 10111 Jump if SO register is not empty
RAMO 11000 RAM biock 0 JIPO 11000 Jump if input port 0 is on

RAM1 11001 RAM block 1 JiP1 11001 Jump if input port 1 is on

BPO 11010 Base pointer 0 JNZIX0O 11010 Jump if index register 0 nonzero
BP1 11011 Base pointer 1 JNZIX1 1011 Jump if index register 1 nonzero
1X0 11100 Index register 0 JNZBPO 11100 Jump if base pointer 0 nonzero

1X1 11101 Index register 1 JNZBPT 11101 Jump if base pointer 1 nonzero

K 11110 K register JRDY 11110 Jump if ready is on

L 111 L register JROM 111 Jump if request for master is on
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System Configurations

The uPD77230 may be configured in a variety of ways,
from simple systems to complex. Figure 6 is the
simplest example showing the uPD77230 as a stand-
alone processor performing a preset filtering function.
The only other devices needed are A/D and D/A
converters, which can be a single-chip combo device
asshown in the figure plus necessary clock and timing
circuitry. Figure 7 shows the same stand-alone opera-
tion with external memory and memory-mapped I/0O to
implement various control functions along with pro-
cessing the signal itself.

Figure 6. Stand-Alone uPD77230 with Codec

uPD77230 [}

Clock

and
st so Timing
Control
Dx Or
Codec/ |
A’,‘::,"ug. — Filter N
Combo ————— Analog Output
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Figure 7. Stand-Alone uPD77230 with Codec,
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Figure 8 shows a uPD77230 in a slave mode as a per-
ipheral to a host processor. Note that in slave mode, the
uPD77230 can still be the “master” of its local bus with
the four general-purpose I/O pins available for use.

Figure 9 shows how to cascade multiple uPD77230s to
increase system throughput. The cascading is done by
using only the serial ports so that the uPD77230s
themselves can be.in any mode of operation desired.
For example, they may all be in master mode, they may
all be slaves to the same host processor, they may all be
slaves to different hosts, or one may be the master with
the others as slaves to it.

Figure 8. Slave uPD77230 as Peripheral to Host
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Figure 9. uPD77230s Cascaded Through Serial I/0
Ports
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Figure 10. Large System with Many Options
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Figure 10 shows an arbitrarily large system with cas- Support Tools

cading master mode and slave mode uPD77230s. In
this example, the master uPD77230 might do little
actual signal processing. Instead, it will be an overall
system controller gathering information from inputsin
the 1/0 block, from the slave uPD77230 I/O ports, and
from its own processing of the signal. it will then
control the other uPD77230s and the system outputs of
the 170 block.

The uPD77230 has a wide variety of development and
software support tools. Both absolute and relocatable
assemblers, with powerful pre-assembler options are
available. In addition, a software simulator and in-
circuit emulator will aid the designer in performance
evaluation and hardware integration. The software
tools options are as follows:

® Assembler: MS-DOS, CP/M-86, VAXVMS, VAX UNIX
® Simulator: VAX VMS, VAX UNIX
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Absolute Maximum Ratings
Ta=25°C

Capacitance
Ta=25°C;Vpp=0V

Supply voltage, Vpp -05t0+65V Limits
Voltage on any input pin, V| -05toVpp+0.5V Parameter Symbol Min Typ Max  Unil Test Conditions
Voltage on any output pin, Vg —05to Vpp+05V Input capacitance  Cyy 10 pF fc=1MHz
Storage temperature, Tgyg —65to +150°C Output capacitance Cqyt 20 pF
Note: Voltages are with respect to ground.
Clock Timing
Recommended Operating Conditions Internal Clock
Limits Ta=—1010 +70°C; Vpp =5V £5%
Parameter Symbol Min  Typ Max Unit Limits
Supply voltage Vop 475 5.0 525 v Parameter Symbol.  Min  Typ  Max Unit Test Conditions
Low-level input ViL -0.3 0.8 v Input clock fovx 1 13.3333 13513 MHz See diagram
voltage frequency below
High-level input Vi 22 Vpp+03 v C1,C2 15 pF
voltage capacitance
Low-level X1 ViLx -0.3 0.5 v
input voltage _l_ ? X1
High-level X1 ViHx 39 Vpp+0.3 v c1 _‘_
input voltage e
Operating free-air  Topr —10 2% 70 °C c2 T T
temperature ‘ X2
DC Characteristics
Ta=—10to +70°C; Vpp =5 V 5% External Clock
Limits Ta=—10to +70°C; Vpp = 5 V 5%
Parameter Symbol Min Typ Max  Unit Test Conditions Limits
Low-level Vor 045 V g =20mA Parameter Symbol Min Typ Max  Unit Test Conditions
output voltage X1 cycle time toyx 74 75 1000 ns Seediagram
High-level Vo 0.7Vpp Vo loy=—4004A  Xihighpulse tog - 27 ns  Delow; meas-
output voltage widthg P XK ured at 1.0V
and3.0V
Low-level A —400 wA Vjy=0V; RESET, X1 low pulse tyxL 27 ns
input current SICK, SOCK width
High-level liH 400 wA Viy=Vpp;M/S X1 rise time tyr 0 ns
'L"p”tlcur:em o oy Xifalltime iy 0 s
ow-level input 1) - u N =0V, except y
leak current RESET, SICK, SICK, SOCK  1toys 242 244 ns
o SO0CK cycle time
High-level input Iy 0 WA Vin=Vpp, SICK SOCK high ts 101 ns
leak current except M/S pulse width
SICK, SOCK low  tgg. 101 ns

Low-level out- I g =10 A Voyr=0V :
put leak current pulse width
High-level out- _ILon 10 A Vour=Voo SIOK.SOCK - tsn U
put leak current
X1 inputcurrent ljxq 400  pA External clock S|CK3 SOCK tsF 2 ns

h fall time

input
Supply current  Ipp 200 300 mA foyx =13.3333 Ext CIk |

MHz D—x

NC — X2
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Clock Timing (cont)
Switching
Ta = =10 10 +70°C; Vpp =5 V £5%; C__ = 100 pF

Limits
Parameter Symbol Min Max Unit
X1t - CLKOUT tpxe 50 ns
delay time
X11— CLKOUT thxe 0 ns
hold time
SCK cycle time toys 8toyx ns
SCK high pulse tssH 4tgyy - 65 ns
width
SCK low pulse tssL Atcyx - 65 ns
width
SCK rise time tsR 20 ns
SCK fall time tsF 20 ns
S1—SCK t delay toxs 10 120 ns

time

External Memory Access Timing

Setup and Hold
Ta=—1010 +70°C; Vpp =5V 5%

uPD77230/77P230
Switching
Ta =—101t0 +70°C; Vpp =5 V £5%; C| =100 pF
Limits
Parameter Symbol Min Max  Unit Test Conditions
X1t—RD tDXRD 70 ns
delay time
X1t—WR tpxwR 70 ns
delay time
Address setup  tgaR teyx - 60 ns
time for RD
Address hold  typa 5 ns
time for RD
RD pulse width  tyg, toyx - 30 ns Instruction read
twrt  3toyx-30 ns High-speed
twre  Ttoyx-30 ns Low-speed
Address setup  tgaw toyx - 55 ns
time for WR
Address hold  tywa 5 ns
time for WR
WRpulse width twwy  3tcyx-50 ns High-speed
tww2  7tcyx-50 ns Low-speed
Data setup time tgpwq  3tgyx - 100 ns High-speed
for WR tspw2  7tcyx - 100 ns Low-speed
WR! — Data towp 0 ns
deiay time
WRt—Data tpyp 10 5 ns
float time
RD, WR tRy toyx - 35 ns

recovery time

Host Interface Timing, Slave Mode

Setup and Hold
Ta=—10to +70°C; Vpp =5 V 5%

Limits
Parameter Symbol Min Max Unit Test Conditions
Data setup time  tgap 2tcyx-95  ns Instruction read
for address
Data setup time  tgppy 2tcyx-35 ns
for RD
Data hold time  typp 0 ns
for RD
Data setup time  tgapy 4tcyx-135  ns High-speed
for Address tsaD2 8tcyx-135 ns Low-speed
Data setup time  tgppy 3tcyx-75  ns High-speed
for RD tsrp2 8tcyx-75 ns Low-speed
Data hold time  typp 0 ns

for RD

Limits
Parameter Symboi Min Max Unit
TS setup time for HRD tscR 0 ns
CS hold time for HRD tHRC 0 ns
HRD pulse width twHRD 150 ns
CS setup time for HWR tscw 0 ns
CS hold time for HWR tHwe 0 ns
'HWR pulse width tWHWR 150 ns
Data setup time for HWR tSiHw 100 ns
Data hold time for HWR tHHWI 0 ns
HRD, HWR recovery time tHRY 100 ns
HRD, HWR hold time for ROM  t4gH toyx ns
PO, P1 setup time for X1 tspx toyx ns
PO, P1 hold time for X1 tHxp toyx ns

2
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Host Interface Timing, Slave Mode (cont)

Switching
Ta =—10 to +70°C; Vpp =5 V-+5%; C_ = 100 pF

Limits
Parameter * Symbol Min Max Unit
HRD | — Data delay time toHRI 100 ns
HRD t — Data float time tFHRI 10 65 ns
X1t —ROM 1 delay time DXRH 100 ns
X1t —RQM | delay time tDXRL 100 ns
HRD, HWR t — ROM | pHR 2tcyx +100 ns
delay time

X11— P2, P3 delay time fpxp 100 ‘ns

Interrupt Reset Timing
Ta=—10t0o +70°C; Vpp =5V 5%

Timing Measurement Points

2.4v 2.2V 2.2V
0.8V 0.8V
0.4v

Output

2.2v 2.2v
0.8V 0.8V

Clock Timing Waveforms
Master Clock

49-001649A

tXXH IXXL
txr txr

49-001646A

Clock Output
X1 \__/
’-— tpxc |-—lnxc

tHxe thxe

N\

CLKOUT

49-001647A

Limits
Parameter Symbol Min Max Unit
NMI, INT pulse width tiNT Btoyx ns
NMI, INT hold time tHRNI 6Btoyx ns
for RESET t
'NMI, INT recovery time tRINT “Btoyx ns
'RESET pulse width tRST 6toyy ns
Serial Interface Timing
Setup and Hold
Ta =—10t0 +70°C; Vpp =5 V £5%

Limits
Parameter Symboi Min Max Unit
SIEN, S! setup time for SCK | tsg)g 55 ns
SIEN, Sl hold time for SCK 4 tyss) 30 ns
'SOEN setup time for SCKt  tgses 50 ns
'SOEN hold time for SCK tHssE 30 ns
SIEN, SOEN recovery time  tgpy toys ns
Switching
Ta =—10t0 +70°C; Vpp =5 V +5%; C_ = 100 pF

Limits
Parameter Symbol Min Max Unit
SCK | —SORQ delay time ~ tpgsq 30 150 ns
'SOEN 4 — SO delay time tpSESO 60 ns
'SOEN t — SO float time tFSESO 10 100 ns
SCK t — SO delay time tpsLso 60 ns
SCK t — SO hold time tHSHSO 0 ns
SCK t — S0 delay time tpSHSO 60 ns
SCK 1 — SO float trsso 10 100 ns
time (SORQ 1) . )
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Clock Timing Waveforms (cont)

Switching
X1
*—toxs
teys |
SCK[1] ¢
SICK, SOCK [2}] ]
t - t
>SN SN

le—tsr tsF

Notes: [1] SCK is an output
[2] SICK and SOCK are inputs [asynchronous with X1]
49-0016488

External Memory Access Timing Waveforms
Instruction Read (Master)

toyx—|
x1

CLKOUT \_/_—

toxrD—>| e ->I t+—tDXRD

S XX

tetSAR+> tHRA—|

ﬁ\_/_—\:ﬂ]

tsrD1 —4 tHRDI

[*+—tsADI—=|

O
i —

le—tRV

49-0016528
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External Memory Access Timing Waveforms (cont)

Data Read

tDXRD—>{ [e—

tanD—J r—

4
A11-Ag, AX x
K

t
vSAR

" /] L

tHRA—

|e———twR1, twR2

.

tsrp1; tSRD2 - tHRD

tsap1: tsap2

D31-Do[1]
D7-Do (2]

Notes: [1] Master mode
[2] Slave mode

8

49-0016518

2-102



NEC

uPD77230/77P230

External Memory Access Timing Waveforms (cont)

Data Write

X1

toyx—»

toxwR—{ |e—

AVAVAVAVAVAVAN

toXWR—] jo—

Y

A11-Ag, AX

N

Notes: [1] Master mode
{2] Slave mode

[e——tww1, tww2

AL

tHwa—s]

tpwp

D31-Do[1] 4
D7-Do[2]

l—l

tspw1; tspw2: trwD

49-0016508

Read — Write

tRv
WR
49-0016568
Write — Read
WR \
tRY—
)

49-0016578
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Host Interface Timing Waveforms, Slave Mode

RQM Port
« [\ S\ S
CLKOUT \ /——\_ /___\____ / \
tDXRH tpXRL
RQM ______/ \‘___
[—tHRH—* tDHR—*]
HRD, HWR g )f
tspx—*1+tHxp
D &
f—tpxp
P2,P3 ;
490016608
Host Read Host Write

1045~10¢

49-001658A
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re——tWHRD

tHwe— [

hinnvq

tHHWI

1015-10¢

e
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Interrupt Reset Timing Waveform

Reset

RESET

tRST

tHRNI

tINT

tRINT

49-0016618

Serial Interface Timing Waveforms
Serial In

SIEN

tcys—
SCK ‘—/‘
[SICK]

tssis

tHssi

thssi

a—

jﬂ:x:x

49-001662A

Serial Out, Case 1 (SOEN interrupt control)

K_/—\

OEN

tpssa j
SORQ
‘DSESO—>
Valid

le——rtcys

/]

-+ |+—tsSES

tSSES—|

/

WAV

A

t
(SRV

—>

tpssa

!osuso

tHsHso

tESESO—*|

X
Valid X Valid
v

X

49-0016538

2-105




uPD77230/77P230 N E C

Serial Interface Timing Waveforms (cont)
Serial Out, Case 2 (SOEN control: SOEN low at SCK low)

[e——tcys )
sex _/—\\__j {_\ x_/—\__
—-ﬂ le—tsses tHSSE
SOEN \
K —
tpssa yc——l tpssq—|
SORQ tpsHso

]
tpSESO ] ~—»{[+—tHsHSO tFrsso
A —\
s0 Valid Valid Valid Valid

Serial Out, Case 3 (SOEN control: SOEN Ilow at SCK high)

49-001654B

t\r'ﬁ
tHSSE tHsSE
SOEN
tpssQ— tpssq—|
SORQ
tpsLso
1)
49-0016558
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NEC Electronics Inc.

pPD77810
Modem Digital
Signal Processor

Description

The uPD77810 is a CMOS 16-bit signal processor de-
signed for modem applications. It provides a compact
digital signal processing system for modulation and
demodulation and features low power consumption and
high reliability at low cost. The uPD77810 consists of a
dual processor and a modem function block. The dual
processor comprises a uPD77C25 digital signal proces-
sor (DSP) and uCOM78K/l general purpose processor
(GPP). :

The uPD77810 is software compatible with both the
uPD77C25 and uCOM78K/I families.

Features

O Dual Processor
— DSP (uPD77C25)
Minimum instruction execution time
(181 ns with 5.5296 MHz clock)
Dedicated built-in 16-bit multiplier (31 bits)
Instruction ROM (2048 words x 24 bits)
Data ROM (1024 words x 16 bits)
Data RAM (256 words x 16 bits)
— GPP (uCOMT78K/l)
Minimum instruction execution time
(362 ns with 5.5296 MHz clock)
Memory mapped built-in peripheral hardware
(special function register)
Powerful interrupt functions
Non-maskable interrupt (1 type)
Maskable interrupt (9 types)
Internal ROM (16,384 words x 8 bits)
Internal RAM (192 words x 8 bits)
Control RAM (16 words x 8 bits)

50122

0 Modem Function Block
— Built-in scrambler and descrambler
CCITT V Series Recommendations
Built-in hardware for the V.22, V.22bis, V.26,
V.27, V.27bis, V.27ter, V.29 and V.32
— Built-in transmit and receive PLLs
(TxPLL and RxPLL)
— Built-in synchronous/asynchronous serial
communication interfaces (ASC, SAC, and UART)
— Built-in A/D and D/A converter serial interfaces
(8 or 16 bits)
o Software Compatibility
— DSP (uPD77C25)
Compatible at assembler source program level
Upward compatible with the uPD7720 at
assembler source program level
— GPP (uCOM78K/l)
Compatible at assembler source program level
Built-in clock generator (11.0592 MHz)
CMOS
Single +5V power supply
68-pin PLCC
68-pin PGA

ooooao

Ordering Information
Part Number

uPD77810L

#PD77810R

Package Type
68-pin PLCC
68-pin PGA
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Pin Configurations

68-Pin PLCC
S z [¢] X = k= olX
SeEedxx88B82dkess
OOonnonnnNoonnnnnD
motezllcum%%&'&%%%%Sgﬁsgﬁtg‘é’ﬁ%jp‘z
PD7 M 62 42 1 so2sT
PDg ] 63 41 1 so2
PDg ] 64 40 1 so1ra
PD4 ] 65 39 [0 sO1EN
PD3 ] 66 a8 [1 so1
PDo ] 67 37 [ S1CK
PD1 ] 68 36 [1 SHEN
Voo i1 O 35 [0 VoD
o2 34 [1 sn
PCgMWR [] 3 a3 |1 RBAUD
PCs/RD [ 4 32 [ RT
pcy/cs O s 31 [J RO
PCa/Aa [ 6 30 [J SBAUD
PCo/An [ 7 29 [ STINT
PCi/A1 O 8 28 {1 STEXT
oo ®eraormersogangar g ™
D000 ooog
N O LW T ON~-OQ O T ON- O
ol ol -l
Notes:
[1] Innormat operation connect the Pull Up (PU) pin to the V pp pin through a pull up resistor.
[2] In normal operation the Internal Connection (IC) pin must be open.
. B83ML-5819B
68-Pin PGA
[ Pin A1 Locator Key Pin Symbol | Pin_ Symbol | Pin  Symbol Pin_ Symbol
/ v A2 | PE B9 | SBAUD [F10 |PA7 K4 | PD3
1 <G O00000000O0 A3 | soz2 B10 | STEXT |F11 | GND K5 | PD4
2l OO O0OO0OOCOOO0O0O0O0O A4 | SOTEN [B11 | PAo G1 | Xt k6 | PDo
s o0 o Xe A5 | §iCK c1 p_Fi G2 (X2 K7 | PCs/RD
A8 | Vvpp c2 | DACK G10 [ PBo K8 | PC3/A3
4 OO0 (ON@) A7 | RBAUD [cCi0 | PAq G11{PB1 Ko | PC1/A4
5 OO OO A8 | RxD CHl | PA2 H1 | CLKO Ki0| PBe
6 00 Bottom View OO0 A9 | sTNnT  |D1 | pAD H2 | INT K11{ PB7
A10 | TXD D2 | paoT H10 | PB2 L2 | IC[Note2]
7 OO0 O O BY | PF4 D10 | PA3 Hi1 | PB3 L3 | PDg
8 O O OO0 B2 | Pr2 D11 | PA4 Ji | RST L4 | PD4
B3 | s02sT |E1 | ADST J2 [PUNote?] [ L5 | PDa
s OR®) o0 B4 | solRQ |E2 | ADCK | J10 | PB4 16 | vpp
I NONORONONONONORORONORO] B5 | SO1 E10 | PAS J1 | PBs 7 | PCeMR
1 ocNoNoRoNoNoRoNONe) Be | SHEN |EM1 | PAs K1 |ICiNote2) | L8 | PC4/CS
B7 | sn F1 | ADIN K2 |PD7 L9 | PCa/A2
A B CDETFGHJ KL B8 | RT F2 | GND K3 | PDs L10| PCo/Ag
Notes:
[1] In normal operation connect the Pull Up (PU) pin to the Vpp Pin through a pull up resistor.
[2] !nnormai operation the Internai Connection (IC) pin must be open.
B3ML-59048
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pPD77810

Pin Identification

Symbol  [/O  Function Symbol 1/0  Function

General-Purpose Parallel Port General-Purpose Serial Port (cont)

Ag-Ag/ In Address AQ to A3: Address input, Used to specify ~ SOTEN  In Serial Output 1 Enable: Enable pin for SO1 serial

PCo-PC3 the C-RAM address. input. When this pin is 0, SO1 serial output is

TSPC, In Chip Select: Chip Select Input. enabled.

Dg-Dy/ /O  Data Bus Dy-D7: Data Bus. When specified as a SO1RQ  Out f:rr;:ll ;)::tp L;t _:hiF;eq;e§St: sgte?:is:rvﬁ:n f:rsgr?gl

PDo-PD7 bus by the PCMR register, Dy-D7 ate used as a oneut motriction o 801 Is excoutod. When
tri-state data bus. In this cass, port C is used as invs rted. SOTRQ can be input to SOTEN N.
an address bus or control bus, or inputs a Chip ! pu :
Select signal. s02 Out  Serial Qutput 2: DSP serial output pin (16 bits).

- : This pin outputs serial data with an instruction in

PAg-PAz  I/O  Port A: 8-bit general-purpose I/O port. 1/O is X N AGCK
selectable on a four-bit basis. It can be specified syr}c:lromiaﬂ%n wglz)the_rf?lllng edge of the ADCK
by the PTMR register. serial clock when SO2ST is 1.

PBgPB; O  Port B: 8.bit generakpurpose /O port. 1O Is S02ST  Out  Serial Out;_:utZ.St.robe: Request pin for§02 serial
selectable on a two-bit basis. It can be specified putput, Th's pin 1s §et to 1 when a serial output
by the PTMR register. instruction to SO2 is executed.

PCyPCg /O  Port C: 7-bit general-purpose /O port /O is  A/D and D/A Serial Interface
selectable as a general-purpose /O portona bit  AHCK  Out  A/D Serial Clock: A/D conversion serial clock.
basis. Port C inputs an address or a read/fwrite Data is input to the ADIN pin in synchronization
signal from the host computer when port D is with the falling edge of the ADCK.
used as the bus. I/O can be specified by the - -

PCMR register. ADIN In A/D Data Input: input pin for A/D conversion data.
- Data input to this ADIN pin is input from MSB in

PDo-PD7 /O Port D: 8-bit general-purpose I/O port. /O is synchronization with the rising edge of the ADCK
seleptable as a gener_a!-purpose 1/0 porton a bit serial clock when ADST is 1.
basis. It can be specified by the PDMR register. The ADIN pin is serial input of the DSP portion.
Port D has a data bus function, transferring data
toand from an external unitin the 16-byte CRAM ~ ADST  Out  A/D Start Strobe: Output pin for AD conversion
space. The bus/port can be specified by the start strobe, This ADST pin is enable signal for
PCMR register. the ADIN serial input. It can combine receive PLL

PE I " Port E: 1-b | t with ADCK

n : 1-bit general-purpose input port. -
9 puTP pute DACK Out  D/A Serial Clock: D/A conversion serial clock.

PFo-PFa  Out  Port F: 3-bit general-purpose input port. Data is output from the DAOT pin in

RD/PCs In  Read Strobe: Used to input Read Strobe from the synchronization with the falling edge of DACK,
host computer DALD  Out D/A Data Load Strobe: Qutput pin for D/A

WR/PCg In  Wiite Strobe: Used to input Write Strobe from the conversion load strobe. This pin can combine

Ce host computer P transmit PLL together with DACK.
al-P) DAOT Out  D/A Data Output: Output pin for D/A conversion

Genera pose Serial Port data. The pin outputs D/A conversion data from

St In Serial Input 1: General-purpose serial input pin (16 MSB in synchronization with the falling edge of
bits). the DACK serial clock when DALD pin outputis 1.
The pin reads data input to S in synchronization N
with the rising edge of the STCKserial clockwhen  Serial Control
the STEN pin is 0. RBAUD /O  RX Baud Rate Clock: Received data baud rate

SACRK  In  Serial Clock for §I1 and SO1: Input pinforSi1and  (PGo) clock output. This pin|s also used as an Input port
SO1 serial clock. The I/O serial data is in (PGo) depending on the PLLMR1 mode setting.
synchronization with STCK, RT Out  RX Clock: Received data bit rate clock output.

1E in Serial Input 1 Enable: SI1 serial input enable pin.  gxD Out  Received Data: Received data serial output or
When this pin is 0, SI1 serial input is enabled. output port, The received data is output from LSB
SO1 Out  Serial Output 1; General-purpose serial output using the bit string synchronous to the RT

pin (16 bits).

The pin outputs data in synchronization with the
talling edge of the S1CK serial clock when the
SOTEN pinis 0.

received clock as a start-stop signal.
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pPD77810
Pin Identification (cont) Capacitance
Symbol 1O  Function Ta = 25°CiVop = OV
Parameter Symbol Min Max Unit Conditions
Serial Control (cont) L
X1, SCK Co 20 pF fc = 1MHz All pins
SBAUD /O  TX Baud Rate Clock: Transmitted data baud rate capacitance are grounded except
(PGy) clock output. This pinis also used as an input port measuring pins.
(PG4) depending on the PLLMR1 mode setting. I p” -
nput
STEXT In TX Clock External: Transmitted data bit rate clock cappaciiance G P
input.
- Output Co 20 pF
STINT Out  TX Clock Internal: Transmitted data bit rate clock capacitance
output.
<D In Transmitted Data: Transmitted data serial input or DC Characteristics
input port. The transmitted data is input from LSB To = -10to +70°C; Vpp = +5V £10%; fogc = 11.0592 MHz
using the start-stop signal input to the TxD pin as
a transmit clock or in synchronization with STINT ~ Parameter Symbol Min Typ Max Unit Conditions
or STEXT, Input voltage, Vi -03 08 V
Circuit Control low
CLKO  Out Clock Out: CLKO Is a 3.6864 MHz (50% duty) ~ [Putvoltage, Vin 22 Voo vV
output pin, one third of a system clock igh +038
(11,0592 MHz2). X1 input voltage V¢ -03 08 Vv
INT In Interrupt: Maskable interrupt input. The interrupt low _
address is 14H. X1 input voltage Viuc 22 Voo \'
RST In Reset: Low-level active system reset input, RST high +03
takes priority over any other operations. After Output voltage Vo 045 V oL =20mA
reset, the GPP and DSP start programs from low
address 0. Output voltage, Vou 07 V oy = —400 pA
X1 In Crystal oscillator (11.05892MHz = 100 ppm) high Voo
—_____ Connector Input leak ° L -0 A V=0V
X2 Cut current, low
Vbp Power Supply: +5V +10%, Input leak LK 10 pA Vy=Vpp
GND Ground: GND (common). current, high
Output leak ILoL -10 pA Vo =047V
Absolute Maximum Ratings current low :
Ta=25°C Output leak lLoH 10 #A Vo = Vpp
Supply voltage, Vpp —05t0 +7.0v  Surrent high
Supply current  Ipp 80 mA

Input voltage, V| -05toVpp +05V
-0.5t0 Vpp +05V
-10to +70°C

-65t0 +150°C

Output voltage, Vo

Operating temperature, Topt
Storage temperature, Tstg

Exposure to Absolute Maximum Ratings for extended periods may
affectdevice reliability; exceeding the ratings could cause permanent
damage. .
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AC Characteristics
To =-10to +70°C; Vpp = +5V =10%

Parameter Symbol Min Typ Max Unit Conditions
X1 cycle time toyc 90 ns 11.0592 MHz %= 100 ppm
X1 pulse width, high tccH 35 ns

X1 pulse width, low tcoL 35 ns

X1 rise time tcr 10 ns (Note 4)

X1 fall time tor 10 ns

CLKO cycle time tcocy 27 ns

CLKO width, high tcocH 115 ns

CLKO width, low tcocL 1156 ns

Address set time for RD tar 0 ns

Address hold time for RD tha 0 ns

RD width thR 170 ns

Data access time RD tap 110 ns Cp = 100 pF
Data float time for RD tpe 0 50 ns C_ = 20pF, R = 2k
Access set time for WR taw 0 ns '
Address hold time for WR twa 0 ns

WR pulse width tww 150 ns

Data set time WR tow 100 ns

Data hold time WR twp 0 . ns

RD and WR recovery time tay 180 ns

ADCK cycle time tADcY 1065 ns

ADCK pulse width, high tADCH 532 ns

ADCK pulse width, low tADCL 532 ns

DACK cycle time tpacy 1085 ns

DACK pulse width, high tpACH 532 ns

DACK pulse width, low tpacL 532 ns

Serial I/O request delay time tbra 50 150 ns

Serial input set time for SCK tpc 50 ns

Serial input hold time for SCK tcp 30 ns

SO1EN set time for SCK tsoc 50 ns

SO1EN hold time for SCK tcso 30 ns

Serial output delay time for SCK tpck 60 ns

Serial output hold time for SCK thek 0 ns

Serial output float time for SCK thzek 60 ns

Reset pulse width trsT 10 us

INT pulse width tiNT 8 teyc

Notes:

(1) SCK includes §1_C—K, A—DER, and DACK.

(2) Serial input includes ADIN and Sii1.

(3) Serial output includes DAQT, SO1, and SO2.

(4) Voltage at timing measuring point: 1.0V and 3.0'V.
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Timing Waveforms

Clock Reset
teye |e—— TRST ——»|
X4 RST \ /
N 7
B3IML-6041A
tceH tee
le—tcocy

CLKO _/ /_\__
cocH |4 tcocul

[ tADCY
ADCK _/ v
tADCH tADCL
letDACY
=
'DACH IDACL

83ML-5837A

Interrupt

INT ]

\

e

B3ML-6042A

Read Operation
Ap-A3 ‘K
cs
TAR tRA——»|
AD 'RR
X
- tRD tDF
PDg-PD -g'
oPD7 ———— e ————————y —_———————
N
83ML-5838B
Write Operation
X
cs
tAw '4—'WA—>!
J— | 1
WR ww
7
tpw—» two-—l
PDg - PD7 R;Z;Z;Z;;;;;;/

83ML-58398

2-112




N E C pPD77810

Timing Waveforms (cont)
Read/Write Cycle Timing

=\ / \

tRv

83ML-5574B

A/D Serial Input

ADST

'DRQ

ADCK

tcp

S/

D/A Serial Output

DALD
tDRQ . tDRQ

DACK

83ML-5830B

tHzCK

>< LsSB -

83ML-5831B
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Timing Waveforms (cont)
Serial Input SI1

. /

SHEN
{DC——»

T\

tcp

T

tcp

= XU

83ML-58438

Serial Output SO1

SO1RQ

SO1EN

\

A

LC
tcso —»
—

J; tHzek

SOl = === ===~ MSB )C LsB
B83ML-58448
Serial Output SO2
S02sT i ) t
'DRQ tbrRQ
ADCK

83ML-6040B
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Block Diagram

CLKO X1 X2
o T A% COMPBKA
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Figure 1 shows an overview of the uPD77810. Figure 2
shows the functional pin groups of the uPD77810.

pPD77810

pPD77810 Functional Units

The pPD77810 contains the following functional units:

DSP FUNCTIONAL DESCRIPTION

® DSP (uPD77C25) . . .
Figure 3 is the block diagram of the DSP. The DSP
® GPP (nCOMT78K/) consists of the following:
® Modem Function Block o Multiplier
— Timers: WDTMR and TMR .
.
— Control RAM ALU Peripheral
— Scrambler and Descrambler e Data Memory with Data ROM and RAM
— UART, SAC, and ASC & Instruction ROM
— Phase-Locked Loops: TxPLL and RxPLL Parallel Interf
— Interface to A/D and D/A ¢ Parallel Interface
— Serial /O o Serial Interface
— Parallel /O o G-bus Interface
Figure 1. Overview of the uPD77810
XD w TMRA — CLKO
Clock
R;‘: SAC. ASC <:> VJI%F:J?R Gen:fator :: ;?
RBAUD “ GPP INT
ADST ~—" 35 L) {HAL_Forh KD Pho-ay
g ] e
— ()| PortB PBg-PB
Sok ~— Ak 75 [ PoiB K peore;
G-BUS
sg:g; .~ K= PCo-PCalAg-Ag
STINT ™R K = B :: 52; :: :?:_2))
STEXT —» c>l Scrambler—| I DescramblerK:> s PCg <— (WR)
sh
. 801
S1CKk —>] I?e.;u C:> PDo-PD7/Do-D7
SHEN —{ Interface
e o
SOtRQ = DSP - PFo-PD2
—» RST
—= Vpp [-» sozsT
—» GND ADIN —»} > so2
83ML-59758

2-116




NEC

#PD77810

Figure 2. Functional Pin Groups of the uPD77810
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Differences Between the uPD77810 and uPD7720
and uPD77C25 Families.

The DSP was designed on the basis of the uPD7720 and
uPD77C25 16-bit signal processor families, allowing the
wPD77810 to be compatible with these families at the
assembler source program level. Table 1 lists the differ-
ences between the uPD77810 and the uPD7720 and
uPD77C 25 families.

DSP Internal Functions

Instruction ROM. The instruction ROM is a 2048 word x
24 bit mask programmable ROM that stores programs.
Its addressing is generated by the Program Counter
(PC).

Program Counter [PC]. The program counter is an
11-bit binary counter that addresses the instruction
ROM. The PC is incremented during every instruction
fetch cycle and instructions are read from the ROM
sequentially. When a jump or subroutine call instruction
is executed, the contents of the address field (NA field)
of the instruction are transferred to the PC. When a
return instruction is executed, the contents of the stack
register are transferred to the PCand when a interrupt is
issued, the fixed address 100H is transferred.During a
reset, the PC is set to the start address 000H.

Stack. The 4 x 11 bit stack memory stores the return
address when a subroutine call instruction is executed
or an interrupt is issued. It has a four-level last-in first-out
(LIFO) memory. When a return instruction is executed,
the return address is read from the stack memory to the
PC.

RAM. The 256 word x 16 bit RAM stores data. Its address
is set by the data pointer (DP). Data is transferred
between the RAM and internal data bus and also to the
ALU P input. Data at the RAM address specified as DPg
=1 can be directly output to the K register.

Data Pointer [DP]. The 8-bit data pointer specifies the
RAM address. The DP is connected to the low-order
eight bits of the internal data bus and is transferred to
and from other registers via the bus.
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Figure 3. DSP Block Diagram
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Table 1. Differences Between the uPD77810 and the xPD7720 and ,aPDﬂcx Families

Member . »PD7720 pPD77C25 pPD77810 DSP
Memory Instruction ROM 512 x 23 bits 2048 x 24 bits 2048 x 24 bits
Data ROM 510 x 13 bits 1024 x 16 bits - 1024 x 16 bits
RAM 128 x 16 bits 256 x 16 bits 256 x 16 bits
Registers PC 9 bits 11 bits 11 bits
STACK 9 bits x 4 levels 11 bits x 4 levels 11 bits x 4 levels
RP 9 bits 10 bits 10 bits
RO 13 bits 16 bits 16 bits
DP 7 bits 8 bits 8 bits
Additional register TRB TRB
Instruction length 23 bits 24 bits 24 bits
(DPy/M field, 3 bits) (DP/M field, 4 bits) (DP/M field, 4 bits)
Additional instruction JOPLNO JDPLNO
JOPLNF JDPLNF
M8-MF M8-MF
(DP modified) (DP modified)
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Table 1. Differences Between the uPD77810 and the uPD7720 and usPD77C25 Families (cont)
Member uwPD7720 uPD77C25 uPD77810 DSP
DMA mode Available Available Unavailable
Operation clock 8.192 MHz 8.192 MHz 5.5296 MHz
(instruction cycle) (244 ns) (122 ns) (181 ns)

Other

® SR (status register) bits 0
and 1 have been changed to
RxPLL decremental data
setting port output.

® SR (status register) bit 11 has
been changed to USFO.

The high-order four bits (DPy) of DP can be modified by
exclusive OR of four bits of the DPy/M field in an
instruction. '

The low-order four bits (DP() of DP are assigned to an
increment/decrement counter. The DP increments, dec-
rements, or clears DP_field of an instruction.

Data ROM. The 1024 word x 16 bits mask ROM stores
fixed data; for example, digital filter coefficients and
data used to decode p-law or A-daw compressed non-
linear data. The data ROM address is set by the RP
register. ROM data is output to the internal data bus via
the RO register.

Addresses 0 and 1 that were not accessible to the
wPD7720 family user are available for the uPD77810.

ROM Pointer [RP]. The ROM pointer specifies the data
ROM address. RP consists of a 10-bit decrement counter.
It can transfer data to and from the low-order ten bits of
the internal data. The RP register can be decremented by
the RPDCR bit of an instruction.

ROM Output Buffer [RO]. The ROM output buffer (RO)
is a 16-bit register that stores the ROM output data. RO
data is output to the internal data bus or directly output
to the L register.

Multiplier. The parallel multiplier using the Second Or-
der Booth algorithms multiplies 16-bit data of two'’s
compliments notation. The result is a sign bit plus 30 bits
of data. The sign bit plus the low-order 15 bits are output
to the M register and the lower-order 15 bits without the
sign bit are output to the high-order of the N register. Bit
0 of the N register is set to 0. The multiplier inputs data
from the K and L registers.

K and L Registers. The K and L registers are 16-bit
registers that store the multiplier and multiplicand that
are to be input to the multiplier. The K register also inputs
RAM output data and the L register inputs data ROM
output data. Immediately after input data is set in the K
and L registers, it is input to the multiplier for processing.

M and N Registers. The M and N registers are multiplier
output registers. Of the multiplier result , the signed bit
and the high-order 15 bits are output to the M register
and the low-order 15 bits are output to the high-order of
the N register. Bit 0 of the N register is setto 0. The M and
N register output is connected to the ALU P input.

ALU, AccA and Acc B. The ALU is a 16-bit arithmetic
and logical unit, which performs the following opera-
tions for its P and Q data inputs:

—OR

— AND

— XOR (Exclusive OR)

—8UB

— ADD

— Shift [AccA, AccB only]

— 1's complement [Acca, AccB only]

P input: RAM, internal data bus, M register, N register,
shift register, 0000H
Q input: AgcA, AccB

AccA and AgcB are 16-bit registers that store the result
of the ALU operation. It can also input data from the
internal data bus. The ASL bit of an instruction specifies
whether the ALU output is input to AgcA or AgcB.
Register data can be output to the internal data bus orto
the shift register together with the ALU Q input.
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Shift. The shift register shifts 16-bits of data that is input
from AgcA and AgcB. One-bit right shifting, left shifting
on one-, two, and four bit basis, and 8-bit replacement
are available.

Flag A and Flag B Registers. Flag A is a register used to
store flags generated when AccA is selected. Similarly,
flag B is the register which stores flags when AgcB is
selected. Table 2 shows the flags changed by the results
of ALU operations. The flag A and flag B register contain
flag bits as shown below.

FLAG A |sm | SAD | CA | |OVA1 | OVAO|

FLAGB |SB1 | sBo | cB | zB [ over | oveo|

CA and CB [Carry]: CA and CB are flags that store the
carries that occur from the results of an operation. The
operations are SUB, ADD, SBB, ADC, DEC, and INC.

ZA and ZB [Zero]: When data to be stored in the Agg is
0 after an operation, excluding NOP, a 1 is set in the ZA
or ZB flag.

SA0 and SBO [Sign 0}: SA0 and SBO store the MSB of the
data to be stored in Agc, when an operation excluding
NOP is executed.

OVAQ and OVBO [Overflow 0]: OVAO and OVBO store the
exclusive ORed results of carries that occur in ALU bits
15 and 14 when SUB, ADD, $BB, ADC, DEC, or INC is
executed.

OVA1 and OVB1 [Overflow 1]: OVA1 and OVB1 flags are
designed for effective overflow processing from the
results of up to three operations. The operations are
SUB, ADD, SBB, ADC, DEC, and INC.

SA1 and SB1 [Signt]: SA1 and SB1 are used in conjunc-
tion with OVA1 and OVB1 flags. The flags are designed
for effective overflow processing and indicate the direc-
tion in which the overflow occurred.
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Table2. Flags Changed by Results of ALU

Operations
SA1/ SA0/ CA/ ZA  OVAl/  OVAO/

Mnemonic SB1 SBo CB ZB ovB1 ovBo
NOP . o . . . .
OR X $ 0 $ 0 0
AND X $ 0 $ 0 0
XOR X $ 0 $ 0 0
suB $ $ $ $ $ $
ADD $ $ $ $ $ $
SBB $ $ $ $ $ $
ADC - $ $ $ $ $ $
DEC $ $ $ $ $ $
INC $ $ $ $ $ $
CMP X $ 0 $ 0 0
SHR1 X $ $ $ 0 0
SHLA1 X $ $ $ 0 0
SHL2 X $ 0 $ 0 0
SHL4 X $ 0 $ 0 0
XCHG X $ 0 $ 0 0
Symbols:

$ = The flag is changed by the result of operation.
e = The flag remains unchanged

0 = Flag is reset.

X = Undefined

Temporary Register [TR and TRB].TR and TRB are
16-bit general-purpose registers that can be used to
latch data temporarily.

Sign Register [SGN].The SGN register stores 8000H
when the SA1 flag is 0 and 7FFFH when it is 1. if an
overflow occurs, overflow correction can be performed
with only ohe instruction.

Status Register [SR].The SR register stores interface
information for the GPP. Internally, it is handled as a
16-bit register. Of the 16 bits of data, eight bits can be
read by the GPP by specifying the SFR address FF62H
or FF6H. ‘
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The SR register consists of 16-bits as shown below.
MSB LSB
[Ram | usF2 [ usF1 [ prs [ usFo | brc | soc | sic]

MSB LSB
|E||o|o|o|o|o|RF1[RFo|

RFO0 and RF1: RF0 and RF 1 correspond to output ports
RFO and RF1. The values set in the bits are output
directly to the ports.

Bits RF0 and RF1 specify the value to be set in the
decrementer in RxPLL of the modem function block.

El [Enable Interrupt]: The El bit specifies whether an
interrupt request input to the INT pin is enabled.

0 = Disabled

1 = Enabled

SIC [S! Control]: The SIC hit specifies the length of serial
data to be input to the ADIN A/D conversion input pin.
0 = Serial input data is 16 bits

1 = Serial input data is 8 bits

SOC [SO Control}: The SOC bit specifies the length of
serial data to be output to the SO serial output pin.

0 = Serial output data is 16 bits

1 = Serial output data is 8 bits

DRC [DR Control]: The DRC bit sets the DR register
configuration for GPP as eight or 16 bits.

0 = The DR register is treated as a 16-bit register

1 = The DR register is treated as a 8-bit register.

DRS [DR Status]: The DRS bit indicates the DR register
transfer status.

0 = End of data transfer

1 = Data is being transferred

When DRC = 1, the DRS bit is always set to 0.

USF0, USF 1, and USF2 [User's Flag]: USF0, USF1, and
USF2 are flag bits which can be used freely. They are
used as a status bit in an interface with an external unit.

Request for Master [RQM]: RQM is a flag bit used to
transfer data between the DR register and GPP.

Data Register [DR]. DR is a 16-bit register used to
transfer data to and from the GPP. One of its sides is
connected to the 8-bit bus and reads or writes data from
an external unit in two operations. Internally, it transfers
data in one operation (16 bits). When the DR register is
defined as an 8-bit register by the DRC bit, only the
low-order eight bits of DR can be transferred.

Serial Input Register [SI]. The S| register inputs serial
data from an external unit. Serial data is input to DSP
ADSI from the ADIN pin at the rising edge of the ADCK
serial clock, converted to parallel data by S, and output

to the internal data bus with an instruction. Serial data
can be handled from either the LSB or MSB.

Serial Output Register [SO]. The SO register loads
parallel data to be output from the internal data bus,
converts to serial data, and outputs to an external unit.
Serial data can be handled from the either the LSB or
MSB. It is output at the rising edge of the ADCK serial
clock.

Interrupt. An interrupt is accepted with an instruction
from the GPP, when interrupt is enabled (El bit of SR
register = 1). Program control jumps to the interrupt
address 100H and executes an interrupt process.

Reset [RST]. RST initializes the following by SFR
INTDSPO (0) of the GPP:

e PC

e FlagsAand B

® SR register

® ADSI ASK flag and SO ACK flag

DSP Instructions

All DSP instructions consist of a single 24-bit word. Four
types of instructions are available and are distinguished
by the OP code which are the highest two bits of an
instruction.

e OP instruction:  Normal operations and transfer

e RT instruction:  Return instruction

e JPinstruction:  Jump instructions including
unconditional jump, conditional
jump, and subroutine call

® LD instruction: Immediate data load instruction

See tabie 3 for DSP instruction codes.

OP Instruction. The OP instruction has the following
functions:

e Performs operations specified by six fields and two
bits.

e Increments the current address set in the program
counter by one.

23 2 21 20 19 16
lo [ o | pPselect | ALU

B 14 13 12 9 8
ASL DP, DPM OoR
7 43 0
B SRC | DST ]
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P-SELECT Field: The P-SELECT field selects ALU P
input. See table 4 for P-SELECT field specifications.

ALU Field: The ALU field specifies an ALU operation. See
table 5 for ALU field specifications.

ASL [Agc Selection] Bit: The ASL bit specifies whether
AccA or AccB is selected to the ALU input/output. See
table 6 for ASL bit specifications.

DP, Field: The DP,_ field specifies the operation of the low-
order four bits of the data pointer. The changed DP, is valid
from the next instruction. See table 7 for DP, field specifi-
cations. )

DPy/MP [DP,, Modify] Field: The DP,,/M field modifies the
high-order four bits of the data pointer. The OP instruction
performs exclusive OR of DPy four bits with the value in the
field for each bit. The modified DPy value is valid from the
next instruction. See table 8 for DPy/M field specifications.

RPDCR [RP Decrement] Bit: The RPDCR bit specifies
whether RP data is decremented or not decremented. The
decremented value is valid from the next instruction. See
table 9 for RPDCR bit specifications.

SRC [Source] Field: The SCR field specifies the register
that outputs data to the internal data bus. See table 10 for
SCR field specifications.

DST [Destination] Field: The DST field specifies the reg-
ister that inputs data from the internal data bus. This is
source data from the register specified in the SRC field.
See table 11 for DST field specifications.

JP Instruction. The JP instruction includes three func-
tions, such as unconditional jump, conditional jump, and
subroutine call.

12 11 21 0
BRCH NA ‘ |

23 22 21

Lo |

BRCH (Branch) Field: The BRCH field selects the instruc-
tion to be executed from unconditional jump, conditional
jump, and subroutine call. See table 12 for BRCH field
specifications.

NA (Next Address) Field: The NA field specifies the ad-
dress of the jump destination. See table 13 for NA field
specifications.

LD Instruction. The LD instruction transfers imediate data
to the specified register.

23 22 21 6 5 43 0

] 1 | D | [ DST

ID (Immediate Data) Field: The 16-bit ID field sets im-
mediate data. Inmediate data is transferred to the register
specified in the DST field. See table 14 for ID field specifi-
cations.

DST (Destination) Field: The DST field specifies the regis-
ter where data in the ID field is transferred. The DST field is
the same as that of the OP instruction. See table 11 for DST
field specifications. :

Table 3. DSP Instruction Codes

RT Instruction. The RT instruction has the following OP Field
functlohs: . Instruction 23 22 Meaning
o Performs operations specified by six fields and two bits,  op 0 0 Operation and transfer
similar to the OP instruction. Therefore, RT has the AT 0 1 Return
same function as that of the OP instruction.
JP 1 0 Jump
e Sets the program counter as the stacked return ad- D 1 P Immediate dataloading
dress. See table 4 through table 11 for RT instruction
_ specifications. , pi g
Table 4. P-Select Field Specifications
23 22 21 20 19 16 P-Seloct Field
- i
r ot | P-Select ] ALY J Mnemonic 21 20 ALU-P Input*
15 14 13 12 9 8 RAM 0 0 RAM
[ast [ op ] DPy/M [RPDCR|  1DB 0 1 Interrial data bus
7 43 o M ' 1 0 Mregister
] SCR l DST ] N 1 1 Nregister
Note:
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Table 5. ALU Field Specifications
Mnemonic 19 18 17 16 Operation
NOP 0 0 0 0 No operation
OR 0 0 0 1 OR (Acc)=={(Acc) V(P)
AND 0 0 1 0 AND (Acc)*=(Acc) v (P)
XOR 0 0 1 1 Exclusive OR (Acc)*(Acc) V(P)
SuB 0 1 0 0 Subtract (Acc)*+(Acc) — (P)
ADD 0 1 0 1 Add (Accl=—(Aco) + (P)
SBB 0 1 1 0 Subtract with borrow (Acc)*(Acc) = (P) - (C)
ADC 0 1 1 1 Add with carry (Acc)+=(Acc) + (P) + (C)
DEC 1 0 [} 0 Decrement Acc (Acc)=(Acc) — 1
INC 1 0 0 1 Increment Agg (Acc)e—(Agc) + 1
CMP 1 0 1 0 Complement A (1°s complement) (Acc)=(Acc)
SHR1 1 0 1 1 1-bit R-shift
SHL1 1 1 0 0 1-bit L-shift
SHL2 1 1 0 1 2-bit L-shift
SHL4 1 1 1 0 4-bit L-shift
XCHG 1 1 1 1 8-bitexchange
Symbols:

P = Iinput selected in the P-Select field; C = Carry flag not selected by the ASL bit.

Table 6. ASL Bit Specifications

Table 8. DPy/M Field Specifications

Mnemonic ASLBIt15 Agc Selection DPy/M Field
ACCA AccA Mnemonic 12 11 10 9  Exclusive OR
ACCB AccB Mo 0 0 O 0 (DP;DPsDPsDP)(0000)
M1 0 0 0 1 (DP,DPsDPsDP,)¥ (000 1)
Table7. DP, Field Specifications M2 o o0 1 0  (DP,DPyDPsDP,)¥-(0 0 1 0)
DP, Field M3 0 0 1 1 (DP,DPgDPsDP)¥ (001 1)
Mnemonic 14 13 Operation M4 0 1 0 0  (DP,DPsDPzDP,)(0 1 0 0)
DPNOP 0 0 No operation M5 0 1 0 1 (DP,DP3DP5DP,)(0 1 0 1)
DPINC 0 1 Increment DP_ M6 0o 1 1 0 (DP,DPgDPsDP,)¥-(0 1 1 0)
DPDEC 1 0 DecrementDP. 7 0 1 1 1 (DP,DPgDPsDPy)¥-(0 11 1)
DPCLR 1 1 Clear DP,_ M8 1 0 0 0 (DP,DPsDP;DP,)"V-(10 0 0)
Mg 1 0 0 1 (DP,DPgDPsDP,) ¥ (100 1)
MA 1 0 1 0 (DP,DPgDPsDP,) ¥ (101 0)
MB 1 0 1 1 (DP,DPzDPsDP,) ¥ (101 1)
MC 1 1 0 0 (DP,DPsDP5DP,)~¥~(1 10 0)
MD 1 1 0 1 (DP,DPgDPsDP)% (110 1)
ME 1 1 1 0 (DP;DPsDPsDP)¥(1110)
MF 1 1 1 1 (DP,DPgDPsDP)¥ (111 1)
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Table 9. RPDCR Bit Specifications Table 11.  DST Field Specifications
Mnemonic RPDCRBIt8 Operation DST Field
RPNOP 0 No operation Mnemonic 3 2 1 0  Destination Register
RPDEC 1 Decrement RP @ NON 0 0 0 0 Noregister

. @ A 0o 0 0 1 Acc A (accumulator A)
Table 10. SCR Field Specifications @ B 0 0 1 0 AgB(accumulatorB)

SRC Field @ TR 0 0 1 1 TR(temporaryregister)
Mnemonic 7 6 5 4 Source Register @ DP 0 1 0 0 DP(datapointer)
NON, TRB (Note 1) 1] 0 0 0 TRB @ RP 0 1 0 1 RP register
A o o0 0 1 AccA @ DR 0 1 1 0 DRregister
B 0 0 1 0  AccB @ SR 0 1 1 1 SRregister
TR o 0o 1 1_TR @ SOL 1 0 0 0 SOregisterserialoutLSB(Note 1)
bpP o 1 0o o ©DP @ SOM 1 0 0 1 SOregisterserial out MSB (Note 2)
RP 0 1 0 1 RP register @ K 1 0 1 0  Kregister
RO 0 1 1 0 ROregister @ KLR 1 0 1 1 KLR(Note3)
SGN 0 1 1 1 SGN register @ KM 1 1 0 0 KLM(Noted)
DR 1 0 0 0 DR register @ L 1 1 0 1 Lregister
DRNF 1 0 0 1 DRregister (Note 2) @ TRB 1 1 1 0 TRBregister
SR 1 0 1 0 SRregister @ MEM 1 1 1 1 RAM
SIM 1 0 1 1 ADSl register (Note 3) Notes:
SIL 1 1 0 0 ADS| register (Note 4) (1) For 16-bit serial data, serial data is output from the LSB of the inter-
- nal data bus sequentially.
K 1 1 0 1 Kregister (2) For 16-bit data, serial data is output from the MSB of the internal data
L 1 1 1 0  Lregister bus sequentially.
(3). The K register stores data on the internal data bus and the L register
MEM 1 1 1 1 RAM stores the RO register (ROM) output.
Notes: (4) The L register stores data on the internal data bus and the K register
(1) TRB register data is output to the internal data bus even when NON stores RAM data specified by DPg = 1 (DPy, 1, DP;, DP,, DP;, DP,,
is specified. DP;, and DPy).
(2) DR register data is output to the internal data bus but the ROM flag
is notset.

(3) For 16-bit data, the first serial input data is output to the highest bit

(MSB) and the last is output to the lowest bit (LSB).
(4) For 16-bit data, the first serial input data is output to the LSB of the
internal data bus and the last is output to the MSB.
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Table 12. BRCH Field Specifications
BRCH Field*

Mnemonic 21 20 19 18 17 16 15 14 13 Conditions
JMP 1 [¢] 0 0 0 0 0 0 Unconditional
CALL 1 0 1 0 0 0 0 0 0 Unconditional
JNCA 0 1 0 0 0 0 0 0 0 CA=0
JCA 0 1 0 0 0 0 0 1 0 CA=1
JNCB 0 1 0 0 0 0 1 0 0 cB=0
JCB 0 1 0 0 0 0 1 1 0 CB=1
JNZA 0 1 0 0 0 1 0 0 0 ZA=0
JZA 0 1 0 0 0 1 0 1 0 ZA=1
JNZB 0 1 0 0 0 1 1 0 0 ZB=0
JZB 0 1 0 0 0 1 1 1 0 ZB=1
JNOVAO 0 1 0 0 1 0 0 0 0 OVA0O=0
JOVAO o 1 0 0 1 0 ¢ 1 0 OVAQ =1
JNOVBO 0 1 0 0 1 0 1 0 0 OovB0=0
JOVBO 0 1 0 0 1 0 1 1 0 OVBO =1
JNOVA1 0 1 0 0 1 1 0 0 0 OVA1=0
JOVAT 0 1 0 0 1 1 0 1 0 OVA1 =1
JNOVB1 o 1 0 0 1 1 1 0 0 OVB1=0
JovB1 0 1 0 0 1 1 1 1 0 OVB1=1
JNSAO 0 1 0 1 0 0 0 0 0 SA0=0
JSAO 0 1 0 1 0 0 0 1 0 SAO0 =1
JNSBO 0 1 0 1 0 0 1 0 0 SBO=0
JSBO 0 1 0 1 0 0 1 1 0 SBO =1
JNSA1 0 1 0 1 0 1 0 0 [ SA1=0
JSA1 0 1 0 1 0 1 0 1 0 SA1=1
JNSB1 0 1 0 1 0 1 1 0 0 SB1=0
JSB1 0 1 0 1 0 1 1 1 0 SB1=1
JDPLO [¢] 1 0 1 1 0 0 0 0 DP. =0
JDPLNO 0 1 0 1 1 0 0 0 1 DP_#0
JDPLF 0 1 0 1 1 0 0 1 0 DP_=F (HEX)
JDPLNF 0 1 0 1 1 0 0 1 1 DP_# F (HEX)
JNSIAK 0 1 0 1 1 0 1 0 0 SIACK=0
JSIAK 0 1 0 1 1 0 1 1 0 SIACK =1
JNSOAK 0 1 0 1 1 1 0 0 0 SOACK=0
JSOAK 0 1 0 1 1 1 0 1 0 SOACK =1
JNRQM 0 1 0 1 1 1 1 0 0 RQM =0
JRQM 0 1 0 1 1 1 1 1 0 RQM =1
Note:

*  The BRCH field values not listed in this table are prohibited.
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Table 13. NA Field Specifications

NA Field
12 11 10 9 8 7 6 5 4 3 2 JumpAddress
0 o0 0 0 0 0 0 0 O O Addess0
0o o0 0 0 0 0 0.0 0 1 Addresst
0o 0 0 0 0 0 O O 1 0 Address2
l l
1 1 1 1 1 1 1 1 1 1 1 Address2047
Table 14. ID Field Specifications
ID Field
21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 HEX
0 0 000 OO O OO OOOOOGOO0000
0 00 00 00O OO OO 0001000t
0 0 000 O0O0OU OGO 00100002
l l
11111 1 1 1 111 11+111FFFF
GPP FUNCTIONAL DESCRIPTION
Figure 4 is the block diagram of the GPP.
Figure 4. GPP Block Diagram
GPP
(LCOM78K/I)
INT-ROM C-RAM
16K x 8 16 x8
]
Qm INT-RAM L
Zla| | 192xs
o
¢ 8
/
7
G-BUS ‘i
/ssML-S&M
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Memory Map

The general purpose processor (GPP) has a 64 K byte
address space (16-bit address). Figure 5 shows memory
mapping of the GPP.

The GPP address space consists of the following:

e 16,384 byte internal program memory (INT-ROM) space.
o 192 byte internal data memory (INT-RAM) space.

e 256 byte special function register (SFR) space.

Internal Program Memory Space [INT-ROM]. A 16,384
word X 8-bit mask programmable ROM occupies an area
of addresses from 0000H to 3FFFH. The ROM can be used
for storing programs and data. The internal program mem-
ory space is allocated as follows:

Vector Table Area: The 22 bytes from 0000H to 0015H
holds vectors for reset and interrupts. The low-order eight
bits of a 14-bit address are stored in an even-numbered
address and the high order six bits are stored in an odd-
numbered address. See table 15 for the interrupt-vector
address.
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Figure 5. GPP Memory Mapping
Address
0000H N
\\
A e
0000H RESET
0002H NMIWD
0004H Interrupt Vector
INT-ROM 0015H | Address Table Area
{Program
1 Memory 5 0040H | CALLT Instruction
T Space) T Table Area
64 X 8 Bits
16384 x 8 Bits
007FH
0080H
¥ ProgramArea R
07FFH
0800H
J. CALLFInstruction J
T Entry Area T
OFFFH
3FFFH 1000H
4000H No Built-In :‘ :F Program Area v
)
1 '\ge?g;y y N, 3FFFH
FESFH ! P g
FE40H
‘\
INT-RAM 1
(Data Memory Space) SRR,
192 x 8 Bits
FE4OH | Data Memory Area
FEFFH 160 x 8 Bits
FFOOH
SFR FEOFH General -Purpose
8 . FEEOH Register Group
e s . FEFFH | (4 Banks) 32 x8 Bits
256 x 8 Bits el
\
\
FFFFH Semmmm——
FF90H C-RAM Area
v, FFoFH 16 x 8 Bits
‘\
-
83ML-5822B
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Table 15. Interrupt Vector Address

Interrupt Source
Interrupt Vector Address Flag Name Condition
0000H Reset (R—Esﬁ) input
0002H NMIWD Watch dogtimer
0004H . IST STINT rising edge
0006H IRT RTrising edge
0008H LIV} Data was inputto URTI, or a break signal was detected.
000AH [o]V] Datawas inputto URTO
000CH IFIFO Data was read from FIFO, or four levels of FIFO data were output.
O0OEH IAT TMRAIisQ
0010H IBT TMRBis0O
0012H 1S1 Dataisinputto Si1
0014H INT Interrupt (INT) input

CALLT Instruction Table Area: A 64-byte area from 0040H
to 007FH stores a one-byte call instruction (CALLT) sub-
routine entry address.

CALLF Instruction Entry Area: An area from 0800H to
OFFFH stores a two-byte call instruction (CALLF) which
calls a subroutine directly.

Internal Data Memory Space (INT-RAM). A memory
area from FE40H to FEFFH is allocated to a 192-byte RAM.

In the RAM’s 32-byte area from FEEOH to FEFFH a four-
bank general-purpose register group is mapped. Data
memory is also used as stack memory.

Special Function Register (SFR) Space. A 61-byte area
within a 256-byte area from FFOOH to FFFFH stores a spe-
cial function register (SFR) of on-chip peripheral hardware.
The addresses not mapped with SFR are not accessible.
C-RAM is also mapped within the SFR space. Note that it
is possible for C-RAM to be externally accessible. See 1/0
port and C-RAM.

C-RAM which is able to write externally inthe slave mode,
is also allocated in the SFR space.

Registers

Program Counter [PC]. The program counter is a 14-bit
binary counter containing address information of the next
program to be executed. It is incremented automatically
depending on the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate
data or the contents of a register is set in the counter.

2-128

When the RESET signal is input, the PC is initialized with
the data at addresses 0000H and 0001H in INT-ROM; the
data at address O000H are placed in the low-order eight
bits of the PC, and the low-order six bits of the data at
0001H are placed in the high-order six bits of the PC. See
Figure 6.

_Figure 6. Program Counter Configuration

pc|pc 13lpc 12lpc 11lpc 10| Po o | e 8 |
=

pc|pc7|pce|pcs|pcal poa{pea|poi|Pool
PC_

Program Status Word [PSW]. The program status word is
an 8-bit register consisting of flags. See Figure 7. It can be
read or written on an eight-bit basis. The flags area is
operated by bit operation instructions. The PSW data is
saved into a stack area when an interrupt request is issued
or a PUSH instruction is executed and is restored with a
RETI or POP instruction.

When RESET isinput, all flags are cleared and PSW is set
to 02H.
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Figure 7. Program Status Word Configuration

7 6 5 4 3 2 1 0
psw| iE | z |mesi| ac [mBso| o | 1 | cv ]

Note: Bit 2 and Bit 1 must be set as follows:
Bit2=0
Bit1=1

Carry Flag [CY]: The carry flag (CY) stores overfiow or
underflow when arithmetic instructions are executed. The
flag stores the value shifted out when a shift rotate instruc-
tion is executed and performs as a bit accumulator when a
bit operation instruction is executed.

Register Bank Select Flags [RBSy and RBS4]: RBSy and
RBS; are used to select one of the four register banks. See
table 16.

Table 16. Register Bank Selection

RBS; RBS, Register Bank
0 0 Register bank 0
0 1 Registerbank 1
1 0 Register bank 2
1 1 Register bank 3

Figure 8. Stack Pointer Configuration

7 6 5 4 3 2 1 ]
sp|sp7|spe|sps|spa|spalspa|spi]spol

Figure 9. Data Saved to the Stack Memory

Auxiliary Carry Flag [AC]: The auxiliary carry flag is setto 1
when abit 3 carry occurs at the end of an operation or when
a bit 3 borrow occurs. Otherwise itis reset to 0. The AC flag
is used when a BCD correct instruction is executed.

Zero Flag [Z]: The zero flag is set to 1 when the result of an
operation is 0. If the result of an operation isnot 0, the Z flag
is reset to 0. The Z flag can be tested with a conditional
branch instruction.

Interrupt Request Enable Flag [IE]: The interrupt request
enable flag controls whether a CPU interrupt request
(maskable vector interrupt) is accepted. When the flag is
set to 0, the processor is set to the DI state and all inter-
rupts except a non-maskable interrupt (watch dog timer
interrupt) are disabled. When the flag is set to 1, the pro-
cessor is set to the El state and interrupt requests are con-
trolled by the interrupt mask flag for each interrupt request.
The El flag is set to 1 when an El instruction is executed
and reset to 0 when a Dl instructionis executed or an inter-
rupt is accepted.

Stack Pointer [SP]. The stack pointer is an 8-bit register
used to retain the low-order eight bits of the return address
in a stack area (LIFO form). The high-order eight bits of an
address in this area are always FEH. The stack memory is
allocated to any area in data memory (FE40H to FEFFH).
When the SP value is set SP data is not stored from O0H to
3FH. SP data is decremented when a write (save) opera-
tion is performed to stack memory and incremented when
data is read (restored) from stack memory. SP is accessi-
ble with a dedicated instruction. SP data is not acted upon
when RESET is input. RESET mustinitialize the SP before
a subroutine call. See Figures 8, 9, and 10.

PUSH Instruction CALL, CALLF, and Interrupt
CALLT Instructions
Stack Memory Stack Memory Stack Memory
Low order of
SP 2 SP 2 . SP 3 .
register pair PC7-PCO 4 PC7-PCO
SP 1 High order of sP1 | oo |Pci3-PC8 sP2 | o0 lPc13-PCB
register pair 4
SP —p SP Sx 1 PSW
SP—
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Figure 10. Data Restored From the Stack Memory

POP Instruction

RET [nstruction

RET! Instruction

Stack Memory Stack Memory Stack Memory
SP —p» Low order of SP —p . SP —p .
register pair PC7-PCoO PC7-PCoO
sp4+1 | Highorderof sP+1 | 00 |PC13-PC8 sP+1 | 00 |PC13-PC8
register pair
SP+2 ' SP+2 SP+2 PSW
SP+3

General-Purpose Registers. General-purpose registers
are mapped to special addresses in the INT-RAM (FEEOH
to FEFFH). The registers consist of four bank registers;
each having eight 8-bit registers (X, A, C, B, E, D, L, and
H). The actual register bank in operation is determined by
RBSO0 and RBS1 of PSW.

Normally, general-purpose registers are operated on an
eight-bit basis. These can also be operated on a 16-bit
basis as a pair of 8-bit registers (AX, BC, DE, and HL).See
Figure 11.

Registers have functional names (X, A,C, B, E, D, L, H, AX,
BC, DE, and HL) as well as absoiute names (R0 to R7 and
RPO to RP3). See table 17 for the relationship between
functional names and absolute names.

The general-purpose register area is accessible by
specifying a normal data memory address. It does not
have to be used as a register area.

The. GPP has four register banks and the user can use
different register banks for efficient programming of normal
and interrupt operations.
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Table 17. Relationship Between Functional Names
and Absolute Names

Functional Name Absolute Name

RO

Rt

R2

R3

R4

R5

R6

R7

RPO

RP1

oo I|rjomimojo|>»|X
R|8|%

RP2

X
=

RP3
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Figure 11. General-Purpose Register Configuration

FEEOH

FEFFH

8-bit Register

Processing

A EH X EoH
B E3n C Eon
D Es E Ean
H E7n L EeH
A EoH X EgH
B B C EaH
D Epy E ecH
H Enr L EEH
A F1H X FoH
B Fay C Fon
D Fsy E Fan
H F7m L Fen
A FoH X FgH
B FeH C FaH
D o E rcn
H e L FEH

Register Bank 3
(RBS 1,0=11)

Register Bank 2
(RBS 1,0=10)

Register Bank 1
(RBS 1,0 =01)

Register Bank 0
(RBS 1, 0 = 00)

16-bit Register
Pair Processing

A EOH
BC E2H
DE E4H
HL E6H
A EsH
BC EAH
DE ECH
HL EEH
AX FOH
BC F2H
DE F4H
HL F6H
AX F8H
BC FAH
DE FCH
HL FEH

Special Function Register [SFR]

The special function registers are assigned to special func-
tions like the built-in peripheral hardware mode register
and control registers. They are mapped to 61 bytes in the

256-byte area from FFOOH to FFFFH.

SFRs are instruction operands which can be used for
transfer instructions, bit operation instructions, and arith-

metic instructions.

Table 18 lists the SFRs.

Note that only addresses assigned for the SFR are access-
ible. If an address not assigned for the SFR is accessed,
the processor may maifunction.

2-131



pPD77810

NEC

Table 18. Special Function Register (SFR) List

Status
Functional Area SFR Name Mnemonic R/W  atReset Address
Port Port mode register (PTMR) PTMR R/W 3FH FF28H (8-bits)
Port C mode register (PCMR) PCMR 7FH FF29H (8-bits)
Port D mode register (PFDMR) PDMR FFH FF2AH (8-bits)
PortA (PORTA) (Note 1) PA 00H FF2CH (8-bits)
Port B (PORTB) (Note 1) PB 00H FF2DH (8-bits)
PortC (PORTC) (Note 1) PC 00H FF2EH (low-order 7-bits)
PortD (PORTD) (Note 1) PD . 00H FF2FH (8-bits)
PortE (PORTE) PE R OH FF57H (low-order 1-bit)
PortF (PORTF) PF R/W OH FFSCH (low-order 3-bits)
Interrupt Interrupt request flag register (IF0) IFO R/W 00H FFEOH (16-bits)
00H FFE1H
Interrupt mask register (MKO) MKO FFH FFEA4H (16-bits)
FFH FFESH
DSP interruptregister (INTDSP) (Note 8) INTDSP OH FF64H (low-order 2-bits)
Scrambler/descrambler Mode register (SCRMR) SCRMR R/W 00H FF40H (8-bits)
Scrambler port (SCR) (Note 3) SCR Undefined  FF41H (low-order 1-bit}
Desérambler port (DSC) (Note 3) DsSC FF42H (low-order 1-bit)
Scrambler control register (SCRM) SCRM OH FF65H (low-order 4-bits)
. . Descrambler control register (DSCM) DSCM -OH FF66H (low-order 3-bits)
Transmit PLL/receive PLL ' PPL mode register 1 (PLLMR1) PLLMR1 R/W 00H FF44H (8-bits)
PPL mode register 2 (PLLMR2) PLLMR2 " 33H FF7EH (8-bits)
SBAUD, RBAUD status register (BAUDSR) BAUDSR R OH FF45H (low-order 2-bits)
Serial communication Synchronous/asynchronous mode register (ASMR) ASMR R/W 00H FF49H (8-bits)
interface ASC, SAC, UART ™, s o7 mode register (URTMR) URTMR 00H  FF4AH (low-order 7-bits)
UART status register (URTSR) (Note 4) URTSR R oH FF4BH (low-order 4-bits)
ASC register (ASCR) ASCR Undefined  FF4CH (8-bits)
SAC register (SACR) SACR R/W. FF4DH (8-bits)
UROrregister (URO) URO FF3EH (8-bits)
URI register (URI) URI R FF3FH (8-bits)
A/D, D/Ainterface D/A mode register (DAMR) DAMR R/W 00H FF4EH (low-order 6-bits)
FIFOread address (FFRA) FFRW OH FF4FH (high-order 3-bits)
FIFO write address (FFWA) FFRW OH FF4FH (low-order 3-bits)
FIFO (FIFO) (Note 5) FIFO Undefined  FF54H (16-bits)
FF55H
Serial /0 Status register (S1SR) S1SR R OH FF56H (2-bits)
Serialinputport 1 (SI1) S R/W 0000H FF58H (16-bits)
FF59H
Serial output port 1 (SO1) SO1 0000H FF5AH (16-bits)
FF5BH
Timer Timer mode register (TMMR) (Note 6) TMMR R/W 00H FF5DH (8-bits)
Timer A (TMRA) TMRA FFH FF5EH (8-bits)
Watch dog timer control register (WDMSR) (Note 7) WDMSR 00H FF6DH (8-bits)
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Table 18. Special Function Register (SFR) List (cont)
Status
Functional Area SFR Name Mnemonic  R/W atReset Address
DSPinterface Dataregister (DR) (Note 2) DR R/W  Undefined FF60H (16-bits)
FF61H
Status register (SR) SR R 00H FF62H (8-bits)
. FF63H
C-RAM Control RAM (C-RAM) R/W  Undefined  FF90H (8-bits)
FFOFH (8-bits)
Notes:

(1) Write operation is invalid when the register is used as an input port.

(2) The DSP status (RQM flag) is changed by a Read/Write signal.

(3) The shift register of the scrambler/descrambler is shifted one bit by a
Write signal to the SCR and DSC. '

(4) URTSRis reset after it is read.

(56) The FFWA write address is incremented by a Write signal to the FIFO.

(6) This register is reset to 0 by TMRA.

(7) The write operation is performed with special instructions (MOV
WDMSR, #byte).

(8) INTDSP is reset six clocks afteritis setto 1.

(9) The 16-bit SFR registers must be accessed one byte at a time. For
high byte access the symbol H is appended to the SFR mnemonic
and for the low byte access the symbol L is used.

Interrupt Functions

The GPP has one non-maskable interrupt and nine mask-
able vector interrupts.

The vector interrupt saves status information (PC and
PSW information) of the program being executed. The
status information is stored in memory specified by the
stack pointer when an interrupt request is accepted. Then
data is stored at the address of the interrupt request (vector
table address) in the PC as vector address information and
starts the interrupt service program. Control is returned
from the interrupt service program by transferring the pro-
gram counter value and status information from stack
memory to the PC and PSW with the RET] instruction.

Maskable Vector Interrupt. Maskable vector interrupt
processing indicates when an interrupt is enabled by the

Table 19. Maskable Interrupt Request Sources

interrupt mask register [MKO]. The interrupt source state
can be checked by the interrupt request flag register [IFO].
Maskable vector interrupt operations are explained below.
The interrupt enable state indicates that the IE bit of PSWis
1 and the corresponding bit of the interrupt mask register
MKO is 0.

o When an interrupt source is detected, the correspond-
ing bit of IFO is set.

o When interrupt processing starts, the corresponding bit
of IFQ is reset.

e When an interrupt source is detected while interrupt is
enabled, interrupt processing starts.

e [f two or more interrupt sources are detected, priority is
given to the lowest interrupt vector address.

e If an interrupt request is detected during interrupt pro-
cessing, it is nested when interrupt is enabled.

The GPP has a total of ten interrupt request sources; nine
maskable interrupts and one non-maskable interrupt. Of
the ten sources the maskable interrupt request sources are
listed in table 19.

Table 20 lists the interrupt vector table addresses. Table 21
lists the IFO and MKO SFR addresses.

Interrupt Source Interrupt Signal Condition
TxPLL IST STINT rising edge
PyPLL IRT RTrising edge
TIMRA IAT Timer TMRAis setto 0
TIMRB IBT Timer TMRBis setto O
FIFO IFIFO Data was read from FIFO. Or, four levels of FIFO data were output from FIFO.
SH 1S1 Datawas inputto SI1
UART . 1V} Data was inputto URTI. Or, a break signal was detected.
IoU URTO data was output
External INT Externalinterrupt
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Table 20. Interrupt Vector Table Address

Interrupt Vector Defauit IFO MKO

Request Type Table Address Priorities Interrupt Request Signal Corresponding Bit Corresponding Bit

Maskable 0004H 1 IST 1] 0
0006H 2 IRT 1 1
0008H 3 {1{V] 2 2
000AH 4 [e]V} 3 3
000CH 5 IFIFO 4 4
000EH 6 AT 5 5
0010H 7 IBT 6 6
0012H 8 181 7 7
0014H 9 INT 8 8

Non-maskable 0002H 0 Watch dog timer interrupt - -

Table 21.  IF0 and MKO, SFR Addresses

Mnemonic SFR Address Function
IFO FFEO, FFE1H Interrupt request flag register (16-bits)
MKO FFE4, FFESH Interrupt mask register (16-bits)

Interrupt Request Flag Register [FO]: The interrupt request
flag register is a 16-bit register. it consists of the interrupt
source flags listed in table 20. The flags in the interrupt
request flag register are set when a corresponding inter-
rupt source is detected and reset when it is processed.
Flags are reset to 0 when RST is input. The low-order
seven bits are always 0.

Figure 12. Vector Interrupt Operation

Interrupt Mask Register [MKO]: The interrupt mask register
is a 16-bit register. It sets even if interrupt is enabled when
an interrupt source flag is set. See table 20 for interrupt
source flags. The flags of the MKO are set to 0 to enable
interrupt and set to 1 to disable interrupt.

The low-order seven bits are always 1. Flags are initialized
to 1 when RST is input.

Vector Interrupt Processing: The vector interrupt process-
ing sequence is shown in Figure 12. It is automatically
executed internally. The latency in the interrupt process
routine gaining control is 18 clocks (approximately 3.3 p.s).

;—— interrupt source is detected.

Execution of instruction when an

<<

RETI Program

Interrupt Process Routine Execution Execution

£

Program Execution ////// ///
Automatic
Saving
lﬂ— 18 Clocks——bi
Set Reset
interrupt
Request
Flag
(IFQ) |
Interrupt Request Detected

83ML-5823B
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Non-Maskable Interrupt. The processor has a watch dog
timer interrupt function as a non-maskable interrupt. This
interrupt is executed immediately when a source is detected.
Interrupt execution does not affect the |IE flag of PSW.

Interrupt to the DSP. The GPP has reset and interrupt
functions to the DSP. These functions are specified by the
2-bit INTDSP register. INTDSP is initialized to O when
Reset is input. See table 22 and table 23.

Table 22. INTDSP Function

INTDSP Function

INTDSP WhenINTDSP s setto 1 aninterrupt requestis issued to
(bit1) the DSP. After being issued INTDSP resets automatically.
INTDSO WhenINTDSOis a1, DSPis reset

(bit0)

Table 23. INTDSP SFR Address

Mnemonic SFR Address Function

INTDSP FF64H DSP reset/interrupt request register
Addressing

GPP addressing includes the following:
e Data memory addressing

Register Addressing: Addresses a general-purpose regis-
ter mapped at a specific address in data memory. The
general-purpose register in the register bank specified by
RBSO0 and RBS1 flags in the PSW is registered.

Coding example foliows:
XCH Ar

To specify the C register as r, code as follows:
XCH A,C

Short and Direct Addressing: Addresses an area from
FE40H to FEFFH in the internal data memory and an area
from FFOOH to FF1FH in the SFR. To access 16-bit data,
2-byte data specified by continuous even-numbered and
odd-numbered addresses is specified.

Coding example follows:
ADDC saddr, A

To specify address FE50H as saddr, code as follows:
ADDC OFES0H, A

SFR Addressing: Addresses a special function register
(SFR) mapped to the SFR area (FFOOH to FFFH).

Coding example follows:

. . MOV A, sfr
e Instruction addressing ’
. . To specify the PTMR register as sfr, code as follows:
Data Memory Addressing. Figure 13 shows the data mem- pecity 9 ’
ory map, SFR memory map, and applicable addressing. MOV A PTMR
Figure 13. Data Memory Map and Addressing
Y
FE40H
Register
Internal RAM Indirect
S?gn and Addressing
Addr (D, (€], [E+]),
ressing Stack
Addressing
——————————— Register
FEEOH General Purpose Register Indirect
EEFEH Register Group Addressing Addressing
(HL),
FFOOH * Indexed
FFAPHyY Y Addressing
Fr2oH [~
SFR Addressing
SFR Area
FFFFH ,
Note: .
Register indirect addressing (HL) and indexed addressing, addresses the built-in ROM. These are applicable to the read table data. )
83ML-5824B
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Register Indirect Addressing: Addresses data memory
indirectly by the contents of the register stored in the
operand. The register in the register bank specified by the
RBSO0 and RBSH1 flags in the PSW is specified. Only when
the E register is specified with the MOV instruction are the
contents of the register automatically incremented by one
after the instruction is executed. In this case, the operand is
coded as [E+]. Register indirect addressing using the HL
register pair can address the overall space including the
internal ROM.

Coding example follows:
SUB A [r4]

To specify the E register a r4, code as follows:
SUB A, [E] '

Indexed Addressing: Addresses data as the result of an
addition of 16-bit immediate data and 8-bit register data.
The 8-bit register is in the register bank specified by the
RBSO0 and RBSH1 flags of the PSW. This technique can
address the overall space including the internal ROM.

Coding example follows:
MOV A, word [r1]

To specify FEAOH as word and the B register as r1, code
as follows:

MOV A, OFEACH[B]

Stack Indirect Addressing: Addresses internal memory
data (FE40H to FEFFH) indirectly by the contents of the
stack pointer (SP).

This technique is applicable when executing PUSH and
POP instructions, save or restore operations by interrupt
processing, and subroutine call and return.

Coding example follows:
PUSH rp .

To specify the DE register pair as rp, code as follows:
PUSH DE

Instruction Addressing. The instruction address is deter-
mined by the program counter (PC) value. Normally, the
PC is automatically incremented by one (for one byte)
depending on the number of bytes to be fetched every time
an instruction is executed. If a branch instruction is exe-
cuted, branch destination information is set in the PC by
distinct addressing, as shown below:

Relative Addressing: The first address of a subsequent
instruction is added by 8-bitimmediate data (displacement
value: jdisp) of an instruction code and transferred to the
PC. Then program control branches to the address set in
the PC. The displacement value is handled as signed two’s
complements (—128 to +128) and bit 7 is used as a sign bit.
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Relative addressing is applicable for the BR S addr 14
instruction and a branch instruction.

Immediate Addressing: Immediate data in an instruction
word is transferred to the PC and program control branches
to the address set in the PC.

Immediate addressing is applicable for the CALL laddr14,
BR laddr14, and CALLF laddri1 instructions. For the
CALLF laddri11 instruction, program control branches to
the fixed area of the low-order 2-bit address.

Table Indirect Addressing: The contents of a specific loca-
tion table (branch destination address) addressed by
immediate data of the low-order five bits of an instruction
code are transferred to the PC and program control
branches to the address set in PC.

Table indirect addressing is applicable for the CALLT
[addr5] instruction.

Register Addressing: The contents of a register pair (RP3
to RPO) specified by an instruction word is transferred to
the PC and program control branches to the address set
in PC. Register addressing is applicable for the BR rp
instruction.

INSTRUCTION SET

Tables 24 through 27 and figure 14 define the operands,
symbols, and codes that appear in table 28. Table 28
lists the instruction encodings and shows all the legiti-
mate combinations of operands. The instruction set
terminology is as follows:

Operands and Coding Requirements: In the operand field
of an instruction, operands are accepted according to their
value. An operand having two or more values can have
only one selected. Uppercase letters and symbols like +,
#,1,8,/,and[ ]are keywords and must be written as they
are presented. The symbols have the following meanings:

+ = Automatic increment
# = Immediate data

! - = Absolute address
$ = Relative address

/| = Bitreverse

(]

For immediate data, write an appropriate numeric value or
label. When a label is used, it must be defined elsewhere.

Indirect addressing

The clock column symbols are as follows:

o ninthe clock column of a shift rotate instruction indicates
the number of bits to be shifted.

e The value enclosed in ( ) in the clock column of a con-
ditional branch instruction indicates the number of
clocks when program control does not branch.
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e When accessing SFR by register indirect addressing  Table 25. Abbreviations (cont)

([HL]) and indexed addressing (word [r1]), the number |4 vfier Description
of clocks is set to the one shown after a slash (/) in the - - - -
RPOto RP3 Register pair 0 to register pair 3 (absolute names)
column.
. PC Program counter
e |[f the result of word +r1 overflows in indexed address- = Stack pointer
ing, the number of clocks is increased to the value ack painte
enclosed in ( ). PSW Program status word
cYy Carryflag
Table 24. Operand Values AC Auxiliary carry flag
Operand Value 7 Zeroflag
r X(R0), A(R1),C(R2),B(R3),E(R4),D(RS).L(RE).H(R7)  RpsotoRBS1  Register bankselectflag
1 AB
r2 B,C IE Interrupt request enable flag
3 g’ E’ E+ WDMSR Watch dog timer control register
53] AX (RP0), BC (RP1), DE (RP2), HL (RP3) () Memory data indicated by the addressin ( ) or register
data
sfr Special function register abbreviation (see table 16)
sfrp Special function register abbreviation (16-bit operable xxH Hexadecimal number
register, see table 16) Xe X¢ High-order and low-order 8-bits of 16-bit register pair
saddr FE40H to FE1FH immediate data or label
saddrp FE40H to FE1FH immediate data (bit 0 = 0) or fabel! (for
16-bit data) Table 26.  Flag Symbols
laddr14 0000H to 3FFFH immediate data or iabel:immediate Symbol Description
addressing (Blank) Flag not affected
$addr13 0000H to 1FFFH immediate data or label: relative
addressing 0 Datawas clearedto 0
addr11 800H to FFFH immediate data or label 1 Datawas setto 1
addrs 40H to 7EH immediate data (bit 0 = 0) or label N N
X Data was set or cleared according to the result of operation
word 16-bitimmediate data or label -
byte 8-bitimmediate data or label R The previous saved value wasrestored
bit 3-bitimmediate data orlabel
o 8-bitimmediate data (0to7) Table 27. Instruction Code Field Identifiers
RBn RBOtoRB3 Identifier Description
Note: ) N .
r and rp can be coded with a functional name (X, A, C, B, E, D, L, H, AX, Bn Immediate data corresponding tobits
BC, DE, and HL) as well as an absolute name (R0 to R7 and RP0 to RP3). Nn Immediate data corresponding ton
Tabl A L Data 8-bitimmediate data corresponding to bytes
able 25. bbreviations Low/high/byte 16-bitimmediate data corresponding to words
Identifier Description Saddr-offset Low-order 8-bit offset data of 16-bit address cor-
A Aregister (8-bit accumulator) responding to saddr
X Xregister Sfr-offset Low-order 8-bit offset data of 16-bit address of
B Bregister special function register (sfr)
c Cregister Low/high offset 16-bit offset data corresponding to words in
indexed addressing
D Dregist
register Low/high addr 16-bitimmediate data corresponding to addr 14
E Eregist
register jdisp Signed two’s complements of the difference be-
H “ Hregister tween thefirst address of the following instruction
L Lregister and the branch destination address (8-bits)
ROtoR7 Register 0 1o register 7 (absolute names) fa _Low-order 11-bits ofimmediate data correspond-
ingtoaddr 11
AX Regist ir AX (16-bit lat
egister pair AX (16-bit accumulator) .t Low-order 5-bits of immediate data corresponding
BC Register pair BC to (addr5 x 1/2)
DE Register pair DE
HL Register pair HL.
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Figure 14. Operand Register Selection Codes

r r1
Ro Ry Ry Register Rg | Register
Rg Rg Ry 0 A
0 0 0 RO X 1 B
0 0 1 Ri A
o - 1 0 R2 c r3
0 1 1 R3 B R1 Ro | Register
1 0 0 R4 E 0 0 E
1 0 1 R5 D 0 1 E+
1 1 0 R6 L 1 0 D
1 1 1 R7 H
rp
P1  Po
P> Py | Register-Pair
P Ps
0 0 RPO AX
0 1 RP1 BC
1 0 RP2 DE
1 1 RP3 HL

r2
Ro | Register
0 C
1 B
r4
Ry
Rs | Register
R4
0 E
1 D

Example of Machine Code and Operands: When both the
first and second operands are arranged as registers or
register pairs in the operand field, the instruction code is
structured as follows:

Of a register byte, the high-order ,fbur bits are used to
specify the second operand and the low-order four bits are
used to specify the first operand. '

MOV r,r

Instruction
Code
MsB

ofol oo i]o]o]

LSB

B3ML-6142A
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To specify the first operand as A register and the second

operand as L register, code as follows:

MOV AL

In this case, the instruction code is set as shown below.

Instruction

Code
MSB
(1] 0 1 0 1 0 0
LsB
4} l 1 | 1 0 1] 0 1

| Code Specifies

A Register

Code Specifies

L Register
B3ML-B141A
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Table 28. Instruction Encodings
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY

8-Bit Data Transfer Instructions

MOV r, #byte 1011 1R;R;R, Data 2 2 r « byte
saddr, #byte 0011 1010 Saddr-offset 3 3 (saddr) « byte
Data
sfr, #byte (Note 1) 0010 1011 Sfr-offset 3 5 sfr « byte
Data
rr 0010 0100 ORgRsR, OR,RRy 2 2 rer
Ar 1101 OR,R,R, 1 2 Aer
A, saddr 0010 0000 Saddr-offset 2 2 A « (saddr)
saddr, A 0010 0010 Saddr-offset 2 3 (saddr) « A
A, sfr 0001 0000 Sfr-offset 2 4 A « sfr
sfr, A 0001 0010 Sfr-offset 2 5 sfre« A
A, [r3](Note 2) 0111 11R,R, 1 5/6 A« (FEOOH +r3) r3=40H-FFH
[r3], A (Note 2) 0111 10R;R, 1 5/6  (FEOOH +r3) « A r3=40H-FFH
A, [HL] 0101 1101 1 5/7 A « (HL)
[HLL A 0101 0101 1 5/7 (HL) «A
A, word [r1] 0000 1010 00Rg1 0000 4 7(8)/ A<« (word+r1)
Low offset High offset 9(10)
word[r1], A 0000 1010 10Rs1 0000 4 7(8)  (word+r1) « A
Low offset High offset 9(10)
PSW, #byte 0010 1011 1111 1110 3 5 PSW « byte X X
Data
PSW, A 0001 0010 1111 1110 2 5 PSW « A X X
A,PSW 0001 0000 1111 1110 2 4 A « PSW
XCH Ar 1101 1R,R4R, 1 4 At
A, saddr 0010 0001 Saddr-offset 2 4 A «— (saddr)
A, sfr 0000 0001 0010 0001 3 10 A > sfr
Sfr-offset
A, [r4] 0111 1R,11 1 8 A « (FEOOH + r4) r4 = 40H-FFH

Notes:

(1) When sfr is coded as WDMSR, MOV is used as another dedicated
instruction. In this case, the numbers of bytes and clocks are different

from MOV (see CPU control instruction).

(2) Whenr3is coded as E+, the E register is automatically incremented
by one after the instruction is executed and the number of clocks is

setto 6.
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Table 28. Instruction Encodings (cont)
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
16-Bit Data Transfer Instructions
MOVW rp, #word 0110 OP,P,0 Low byte 3 3 rp « word
High byte
saddrp, #word 0000 1100 Saddr-offset 4 4 (saddrp + 1) (saddrp) + word
Low byte High byte
sfrp, #word 0000 1011 Sfr-offset 4 8 sfrp « word
Low byte High byte
p, 1p 0010 0100 0PgPs0 1P,P,0 2 4 P+ 1p
AX, saddrp 0001 1100 Saddr-offset 2 6 AX « (saddrp + 1) (saddrp)
saddrp, AX 0001 1010 Saddr-offset 2 5 (saddrp + 1) (saddrp) « AX
AX, sfrp 0001 0001 Sfr-offset 2 10 AX « sfrp
sfrp, AX 0001 0011 Sfr-offset 2 9 sfrp « AX
8-Bit Operation Instructions
ADD A, #byte 1010 1000 Data 2 2 A,CY « A+ byte X
saddr, #byte 0110 1000 Saddr-offset 3 3 (saddr), CY « (saddr) + byte X X X
Data
sfr, #byte 0000 0001 0110 1000 4 9 sfr,CY « sfr + byte X X X
Sfr-offset Data
nr 1000 1000 ORgRsR,; OR.R;Ry 2 LCY «r+r X X X
A, saddr 1001 1000 Saddr-offset 2 A, CY « A+ (saddr) X X X
A, sfr 0000 0001 1001 1000 3 A,CY « A+sfr X X X
Sfr-offset
A [r4] 0001 0110 011R, 1000 2 7 A,CY « A+ (FEOOH + r4) X X X
r4 = 40H-FFH
A, [HL] 0001 0110 0101 1000 2 8/10 ACY « A+ (HL) X X X
ADDC A, #byte 1010 1001 Data 2 2 A,CY « A+byte + CY X X X
saddr, #byte 0110 1001 Saddr-offset 3 3 {saddr), CY « (saddr) + byte + CY X X X
Data
sfr, #byte 0000 0001 0110 1001 4 9 sfr, CY « sfr + byte + CY X X X
Str-offset Data
nr 1000 1001 ORgRsR, OR,R{Ry 2 3 LCY «r+r+CY X X X
A, saddr 1001 1001 Saddr-offset 2 3 A,CY « A+ (saddr) + CY X X X
A, sfr 0000 0001 1001 1001 3 7 A,CY « A+sfr+CY X X X
Sfr-offset '
A, [r4] 0001 0110 011R, 1001 2 7 A,CY « A+ (FEOOH +r4) + CY X X X
14 = 40H-FFH
A,[HL] 0001 0110 0101 1001 2 8/10  A,CY « A+ (HL) +CY X X X
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Table 28. Instruction Encodings (cont)
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
8-Bit Operation Instructions (cont)
suB A, #byte 1010 1010 Data A,CY « A-byte X X X
saddr, #byte 0110 1010 Saddr-offset (saddr), CY « (saddr) - byte X X X
Data
sfr, #byte 0000 0001 0110 1010 4 9 sfr, CY « sfr—byte X X X
Sfr-offset Data
rr 1000 1010 ORgRsR4 OR2R1Rg 3 rLCY «r-r X X
A, saddr 1001 1010 Saddr-offset 3 A, CY « A—(saddr) X
A, sfr 0000 0001 1001 1010 7 A,CY « A-sfr X X X
Sfr-offset
A, [r4] 0001 0110 011R4 1010 2 7 A,CY « A—(FEOOH + r4) X X X
r4 = 40H-FFH
A, [HL] 000t 0110 0101 1010 2 8/10 A CY « A—(HL) X X X
SUBC A, #byte 1010 1011 Data 2 A,CY « A-byte-CY X X X
saddr, #byte 0110 1011 Saddr-offset 3 (saddr), CY « (saddr)—byte-CY X X X
Data
sfr, #byte 0000 0001 0110 1011 4 9 sfr, CY « sfr—byte—CY X X X
Str-offset Data
rr 1000 1011 ORgR5R4 OR2R1Rg 2 3 r,CY «r—r-CY X X
A, saddr 1001 1011 Saddr-offset 2 A,CY « A—(saddr)-CY X X X
A, sfr 0000 000t 1001 1011 3 A,CY « A-sfr-CY X X X
Sfr-offset
A, [r4] 0001 0110 011R4 1011 2 7 A,CY « A—(FEOOH + r4)-CY X X X
4 = 40H-FFH
A,[HL] 0001 0110 0101 1011 2 8/10  A,CY « A—(HL)-CY X X X
AND A, #byte 1010 1100 Data 2 2 A « AAbyte
saddr, #byte 0110 1100 Saddr-offset 3 3 (saddr) « (saddr) Abyte X
Data
sfr, #byte 0000 0001 0110 1110 4 9 sfr « sfr Abyte X
Sfr-offset Data
rr 1000 1100 ORgRsR4 ORoR{Rg 2 rerAr X
A,saddr 1001 1100 Saddr-offset 2 A « AA(saddr) X
A, sfr 0000 0001 1001 1100 3 7 A « AAsfr X
Sfr-offset
A,[r4] 0001 0110 011R4 1100 2 7 A <« AA(FEOOH +r4) r4=40H-FFH X
A, [HL] 0001 0110 0101 1100 2 8/10 A« AA(HL)
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Table 28. Instruction Encodings (cont)

Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
8-Bit Operation Instructions (cont)
OR A, #byte 1010 1110 Data 2 2 A « AVbyte X
saddr, #byte 0110 1110 Saddr-offset 3 3 (saddr) « (saddr) Vbyte X
Data
sfr, #byte 0000 0001 0110 1110 4 9 sfr « sfrVbyte X
Sfr-offset Data
nr 1000 1110 ORgRs5R4 ORoR4Ry 2 rervr X
A, saddr 1001 1110 Saddr-offset 2 3 A + AV (saddr) X
A, sfr 0000 0001 1001 1110 3 A+ AVsfr X
Sfr-offset
A, [r4] 0001 0110 011R,; 1110 2 7 A« AV (FEOOH +rd) r4= 40H-FFH X
A [HL] 0001 0110 0101 1110 2 8/10 A« AV(HL) X
XOR A, #byte 1010 1101 Data 2 2 A « AM-byte X
saddr, #byte 0110 1101 Saddr-offset 3 3 (saddr) « (saddr)¥-byte X
Data
sfr, #byte 0000 0001 0110 1101 4 9 sfr « sfri*byte \
Sfr-offset Data
nr 1000 1101 O0RgRsR4 ORoR{Rg 2 3 r e ¥ X
A, saddr 1001 1101 Saddr-offset 3 A « A¥-(saddr) X
A, sfr 0000 0001 1001 1101 3 7 A « AVsfr X
Sfr-offset
A, [rd] 0001 0110 011R4 1101 2 7 A « AV(FEOOH + r4) r4=40H-FFH X
A, [HL} 0001 0110 0101 1101 2 8/10 A« A¥(HL) X
CMP A, #byte 1010 1111 Data 2 2 A-—byte X X
saddr, #byte 0110 1111 Saddr-offset 3 3 (saddr)—byte X X
Data
sfr, #byte 0000 0001 0110 1111 4 7 sfr—byte X X
Sfr-offset Data
nr 1000 1111 ORgRsR4 OR2R{Ry r—r X X X
A, saddr 1001 1111 Saddr-offset 3 A—(saddr) X X
A, sfr 0000 0001 1001 1111 A—sfr X X
Sfr-offset )
A, [r4] 0001 0110 011R4 1111 2 7 A—(FEOOH +r4) r4=40H-FFH X X
A, [HL] 0001 0110 0101 1111 2 8/10  A=(HL) X X X
16-Bit Operation Instructions
ADDW AX, #word 0010 1101 Low byte 3 4 AX;CY « AX + word X X
High byte
AX, rp 1000 1000 0000 1P,P10 6 AX,CY « AX +1p X X
AX, saddrp 0001 1101 Saddr-offset 7 AX,CY « AX + (saddrp + 1) (saddrp) X X
AX, sfrp 0000 0001 0001 1101 13 AX, CY « AX + sfrp X X
Sfr-offset
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Table 28. Instruction Encodings (cont)

Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
16-Bit Operation Instructions (cont)
SuUBwW AX, #word 0010 1110 Low byte 3 4 AX,CY « AX-word X X X
High byte
AX, rp 1000 1010 0000 1P,P10 2 6 AX,CY « AX-rp X X X
AX, saddrp 0001 1110 Saddr-offset 2 7 AX, CY « AX—(saddrp + 1) (saddrp) X X X
AX, sfrp 0000 0001 0001 1110 3 13 AX, CY « AX-sfrp X X X
Sfr-offset
CMPW AX, #word 0010 1111 Low byte 3 3 AX-word X X X
High byte
AX, p 1000 1111 0000 1PoP;0 2 5 AX-rp X X X
AX, saddrp 0001 1111 Saddr-offset 2 6 AX—(saddrp + 1) (saddrp) X X X
AX, sfrp 0000 0001 0001 1111 3 12 AX—sfrp X X X
Sfr-offset
Multiplication/Division Instructions
MULUW r 0000 0101 0000 ORoR{Rg 2 43 AX (high-order 16 bits), r
(low-order 8 bits) « AXxr
Divuw r 0000 0101 0001 1RoR¢{Rg 2 7 AX (dividend), r (remainder) « AX +r
Increment and Decrement Instructions
INC r 1100 ORoR4Ry 1 2 rer+1 X X
saddr 0010 0110 Saddr-offset 2 2 (saddr) « (saddr) + 1 X X
DEC r . 1100 1RyR4Ry 1 2 rer-1 X X
saddr 0010 0111 Saddr-offset 2 2 (saddr) + (saddr)-1 X X
INCW P 0100 01P¢Py 1 3 mermp+1
DECW P 0100 11P{Pg 1 3 P« rp—-1
Shift Rotate Instructions
ROR nn 0011 0000 01NoNg NgRoR1Ry 2 3+2n  (CY,r7 « rp, tm.1 « Im)xntimes X
n=0-7
ROL rnn 0011 0001 01N2N4 NgRoR¢Ry 2 3+2n  (CY,rg « 17,41 « fy) Xntimes X
n=0-7
RORC rLn 0011 0000 00N2N4 NoRoR1Rg 2 3+2n  (CY «rg,r7 « CY,rm.q € 1) X
xntimes n=0-7
ROLC rLn 0011 0001 00N2N4 NoR2R1Rg 2 3+2n  (CY «r7,1g « CY,Im41 « tm) X
) xntimes n=0-7
SHR nn 0011 0000 10NoNy NoR2RyRg 2 3+2n  (CY «rg,r7 « 0,1 < rpy) X 0 X
xntimes n=0-7
SHL nLn 0011 0001 10NoN¢ NgRoR1Rg 2 3+2n  (CY « 17,19« 0,41 € Im) X 0 X
xntimes n=0-7
SHRW m,n 0011 0000 11NoNy NoPoP40 2 3+3n  (CY «1pg, P15 « 0,1Pm-1 « Pm) X 0 X
xntimes n=0-7
SHLW p,n 0011 0001 11N2Ny NgPoP40 2 343n  (CY « P45, 1P + 0,1Pm+1 + Pm) X O X
xntimes n=0-7
ROR4 [r4] 0000 0101 1000 10R40 2 22 Agz.g + (FEOO + r4)3.g, (FEOO + rd)7_4 «
Agz.0, (FEOO + rd)3.g « (FEOO + rd)7.4
ROL4 [r4] 0000 0101 1001 10R¢1 2 23 Ag.o « (FEOO + r4)7.4, (FEOO + rd)3.¢ «

Ag.0, (FEQO + r4)7.4 < (FEOO + rd)3.9
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Table 28. Instruction Encodings (cont)

Instruction Code . Flags
Mnemonic Operand B1/B3 B2/Ba Bytes Clocks Operation. ZACCY
BCD Correct Instructions
ADJBA 0000 1110 1 3 Decimal adjust accumulator afteradditon X X X
ADJBS 0000 1111 1 3 Decimal adjust accumulator aftersubtract X X X
Bit Operation Instructions
MOV1 CY, saddr. bit 0000 1000 0000 0BoB¢By 3 5 CY « (saddr. bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0000 1B,B,By 3 7 CY « sfrbit X
Sfr-offset
CY, A. bit 0000 0011 0000 1B,B4Bg 2 5 CY « A.bit X
CY, X. bit 0000 0011 0000 0BoB1Bg 2 5 CY « X.bit
CY, PSW. bit 0000 0010 0000 0B,B¢Bg 2 . 5 CY « PSW.bit
saddr. bit, CY 0000 1000 0001 0B,B;By 3 8 (saddr. bit) « CY
Saddr-offset
sfr. bit, CY 0000 1000 0001 1B,B¢Bg 3 12 sfr.bit « CY
Sfr-offset
A.bit, CY 0000 0011 0001 1BoB4By 2 8 A.bit « CY
X, bit, CY 0000 0011 0001 0B,B4B, 2 8 X.bit « CY
PSW. bit, CY 0000 0010 0001 0BoB4Bg 2 7 PSW.bit « CY X X
AND1 CY, saddr. bit 0000 1000 0010 0BoB1By 3 5 CY « CY A(saddr. bit) X
) Saddr-offset ]
CY, /saddr. bit 0000 1000 0011 0B,B;By 3 5 CY « CY A(saddr. bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0010 1BoB1Bg 3 7 CY « CY Asfr. bit X
Sfroffset
CY, /sfr. bit 0000 1000 0011 1ByB,By 3 7 CY « CYASsHr bit X
Sfr-offset
CY, A.bit 0000 0011 0010 1B,B4By 2 5 CY « CYAA.bit X
CY, /A.bit 0000 0011 0011 1B,B4By 2 5 CY « CYAA bt X
CY, X.bit 0000 0011 0010 0ByB4By 2 5 CY « CYAX.bit X
CY, /X.bit 0000 0011 0011 0B,B¢By 2 5 CY « CYAX. bit X
CY, PSW. bit 0000 0010 0010 0B,B;By 2 5 CY « CY APSW. bit X
CY, /PSW. bit 0000 0010 0011 0B,B;By 2 5 CY « CYAPSW. bit X
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Table 28. Instruction Encodings (cont)
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
Bit Operation Instructions (cont)
OR1 CY, saddr. bit 0000 1000 0100 0ByB1Bg 3 5 CY « CYV (saddr. bit) X
Saddr-offset
CY, /saddr. bit 0000 1000 0101 0BsB1Bgy 3 5 CY « CY V(saddr.bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0100 1ByB1Bg 3 7 CY « CY Vstr. bit X
Sfr-offset
CY, /sfr. bit 0000 1000 0101 1BB1Bg 3 7 CY « CY Vsfr. bit X
Saddr-offset
CY, A.bit 0000 0011 0100 1ByB4Bgy 2 5 CY « CYVA.bit X
CY, /A.bit 0000 0011 0101 1ByB;Bgy 2 5 CY « CYVA bt X
CY, X.bit 0000 0011 0100 0BB1Bgy 2 5 CY « CYVX.bit X
CY, /X. bit 0000 0011 0101 0ByB4Bgy 2 5 CY « CYVX.bit X
CY, PSW. bit 0000 0010 0100 0ByB1By 2 5 CY « CYVPSW.bit X
CY, /PSW. bit 0000 0010 0101 0ByB1Bgy 2 5 CY « CYVPSW.bit X
XOR1 CY, saddr. bit 0000 1000 0110 0ByB1Bg 3 5 CY « CY¥(saddr, bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0110 1ByB1Bg 3 7 CY « CY-¥sfr. bit X
Sir-offset
CY, A.bit 0000 0011 0110 1ByB;Bg 2 5 CY « CY¥A.bit X
CY, X. bit 0000 0011 0110 0ByB;Bgy 2 5 CY « CY¥X.bit X
CY, PSW. bit 0000 0010 0110 0ByB;Bg 2 5 CY « CY¥PSW. bit X
SET1 saddr. bit 1011 0B,B1Bg Saddr-offset 2 3 (saddr. bit) « 1
sfr. bit 0000 1000 1000 1B2B4By 3 10 sfr. bit + 1
Sfr-offset
A.bit 0000 0011 1000 1B,B4Bg 2 6 A.bit « 1
X. bit 0000 0011 1000 0B2B4Bq 2 6 X. bit « 1
PSW. bit 0000 0010 1000 0B2B4Bg 2 5 PSW. bit « 1 X X X
CLR1 saddr. bit 1010 0B,B4Bg Saddr-offset 2 3 (saddr. bit) « 0
sfr. bit 0000 1000 1001 1B,B4By 3 10 sfr. bit « 0
Sfr-offset
A.bit 0000 0011 1001 1B2B4By 2 6 A.bit «0
X. bit 0000 0011 1001 0ByB4Bg 2 6 X.bit « 0
PSW. bit 0000 0010 1001 0B2B4By 2 5 PSW. bit « 0 X X X
NOTH saddr. bit 0000 1000 0111 1B2B{By 3 6 (saddr. bit) « (saddr. bit)
Saddr-offset
sfr. bit 0000 1000 0111 1ByB¢By 3 10 sfr.bit « sfr.bit
Sfr-offset
A.bit 0000 0011 0111 1ByB¢By 6 A.bit « A bit
X.bit 0000 0011 0111 0B,B4By 6 X.bit « X bit
PSW. bit 0000 0010 011t 0B,B1By 5 PSW. bit « PSW. bit X X X
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Table 28. Instruction Encodings (cont)
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes. Clocks Operation ZACCY
Bit Operation Instructions (cont)
SET1 cy 0100 0001 1 2 CY «1 1
CLR1 cY 0100 0000 1 2 CY«0 ]
NOT1 cY 0100 0010 1 2 CY «CY X
Call Return instructions
CALL laddr14 0010 1000 Low addr 3 9 (SP-1)(SP-2) «+ PC + 3,
High addr PC « addri4,SP « SP-2
CALLF laddr11 1001 0« 2 9 (SP—1)(SP—-2) « PC + 2,PCyp_14
« 01,PCyg.¢ « laddr11,SP « SP-2
CALLT [addr5] 111 «ta- 1 12 (SP—1)(SP-2) « PC +1,PCy
(addr5 + 1), PC|_ « (addr5), SP « SP-2
RET 0101 0110 1 8 PCL « (SP),PCH « (SP +1),
SP«SP+2
RETI 0101 0111 1 10 PCy « (SP),PCy « (SP + 1), R RR
PSW « (SP+2),SP « SP +3
Stack Operation Instructions
PUSH P 0011 11P4Py 1 7 (SP—1) « rpy, (SP-2) « 1p|,,
SP «SP-2
PSW 0100 1001 1 3 (SP—1) «~ PSW, SP « SP-1
POP p 0011 01P{Py 1 8 rpL « (SP),1py « (SP+1),SP « SP +2
PSW 0100 1000 1 4 PSW « (SP),SP « SP + 1 R R R
Mov SP. #byte 0010 1011 1111 1100 3 5 SP « byte
Data
SP.A 0001 0010 1111 1100 2 5 SP« A
A.SP 0001 0000 1111 1100 2 4 AesP
Unconditional Branch Instructions
BR laddr14 0010 1100 Low addr 3 5 PC « laddri4
High addr
P 0000 0101 0100 1PP;0 2 5 PCh « rpy, PCL « rpL
$addr14 0001 0100 jdisp 2 4 PC « $addr14
Conditional Branch Instructions
z(: $addr14 1000 0011 jdisp 2 4(2)  PC « $addr14ifCY =1
BNC
N $addri4 1000 0010 jdisp 2 4(2)  PC « $addr14ifCY =0
BZ
BE $addr14 1000 0001 jdisp 2 4(2)  PC « $addri4ifZ=1
BNZ
e $addr14 1000 0000 jdisp 2 42)  PC « $addri4ifZ=0
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Table 28. Instruction Encodings (cont)
Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
Conditional Branch Instructions (cont)
BT saddr. bit, $addr14 0111 0B2B4Bg Saddr-offset 3 6(4) PC « $addr 14 if (saddr. bit) = 1
jdisp
sfr. bit, $addr14 0000 1000 1011 1B,B4By 4 9(7) PC « $addri4 ifsfr. bit=1
Sfr-offset jdisp
A.bit, $addr14 0000 0011 1011 1B,B¢Bgy 3 7(5) PC « $addri4if A. bit = 1
jdisp
X. bit, $addr14 0000 0011 1011 0B,B¢By 3 7(5) PC « $addri4if X. bit = 1
jdisp
PSW, bit, $addr14 0000 0010 1011 0B,B1By 3 7(5) PC « $addr14if PSW.bit =1
jdisp
BF saddr. bit, $addr1i4 0000 1000 1010 0B,B1Bg 4 7(5) PC « $addri4 if (saddr. bit) = 0
Saddr-offset jdisp
sfr. bit, $addr14 0000 1000 1010 1ByB¢By 4 9(7) PC « $addri4itsfr. bit=0
Sfr-offset jdisp
A.bit, $addr14 0000 0011 1010 1B,B4Bg 3 7(5) PC « $addri4ifA.bit=0
jdisp
X. bit, addr14 0000 0011 1010 0B,B1Bg 3 7(5) PC « $addr14if X. bit=0
jdisp
PSW. bit, $addr14 0000 0010 1010 0B,B1Bg 3 7(5) PC « $addr14if PSW.bit=0
jdisp
BTCLR saddr. bit, $addr14 0000 0011 1101 0B,B4By 4 9(5) PC « $addrit4if (saddr. bit) = 1
Saddr-offset idisp then reset (saddr. bit)
sfr. bit, $addr14 0000 1000 1101 1BoB¢By 4 13(7)  PC « $addri4ifsfr. bit=1
Str-offset idisp then reset sfr. bit
A.bit, $addr14 0000 0011 1101 1B,B1Bg 3 9(5) PC « $addri4if A. bit =1
idisp thenreset A. bit
X.bit, $addr14 0000 0011 1101 0B,B4By 3 9(5)  PC « $addri14if X. bit =1
idisp thenreset X. bit
PSW. bit, $addr14 0000 0010 1101 0ByB1Bg 3 8(5) PC « $addr14if PSW.bit = 1 X X
idisp then reset PSW. bit
DBNZ r2, $addr14 0011 001Rg jdisp 2 5(3) 12 « r2—1,then PC + addr14ifr2=0
saddr, $addr14 0011 1011 Saddr-offset 3 6(4) saddr « saddr—1 ,’then PC « $addri4
idisp if saddr = 0
CPU Control Instructions
MOV WDMSR, #byte 0000 1001 0110 1101 4 12 WDMSR « byte
' Data Data
SEL RBn 0000 0101 1010 10N{Ng 2 2 RBS1-0«n n=0-3
NOP 0000 0000 1 2 No operation
El 0100 1011 1 2 IE « 1 (enable interrupt)
DI 0100 1010 1 2 |E « 0 (disable interrupt)
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MODEM FUNCTION BLOCK FUNCTIONAL
DESCRIPTION

For a general overview of the modem function block units,
see Figure 1. )

Parallel I/O Port and C-RAM

General. The modem function block, ports A, B, and D are
8-bit general-purpose 1/0 ports. Port C is a 7-bit general-
purpose 1/O port. These ports are selectively set to be
used as an input or output port by the internal program
using three mode registers PTMR, PCMR, and PDMR.

Port D has a data bus function for transferring data to and
from an external unit. The processor has an internal
C-RAM used as a 16-byte buffer to transfer data to and
from an external unit.

Port E is a one-bit input port and port F is a 3-bit output
port. See table 29.

Table 29. Parallel 1/0 Ports and C-RAM SFR
Addresses and Descriptions

Unit SFRAddress Description

PTMR FF28H Ports A, B, TxD, and Rxd mode registers

PCMR FF29H Port C mode register

PDMR FF2AH Port D mode register

PortA FF2CH 8-bitgeneral-purpose 1/0 port

PortB FF2DH 8-bitgeneral-purpose I/0 port

PortC FF2EH 7-bitgeneral-purpose I/0 port

PortD FF2FH 8-bitgeneral-purpose I/0 port

PortE FF57H 1-bit general-purpose input port

PortF FF5CH 3-bit general-purpose output port

C-RAM FF90H Memory used to transfer data to and from an
toFFOFH external unit

Functions. Port A (PAg to PA7): Port A is a general-
purpose |/O port consisting of an 8-bit register. lts SFR
address is FF2CH. It is used as an input port when the
processor is reset and 00H is the initial value of the internal
buffer. Bits 4 and 5 of the PTMR (PTMR,4 and PTMRs)
determines whether each of two 4-bit groups are input or
output.

Port B (PBg to PB7): Port B is a general-purpose /0O port
consisting of an 8-bit register. lts SFR address is FF2DH. it
is used as an input port when the processor is reset and
OOH is the initial value of the internal buffer. Bits 0 through
3 of the PTMR (PTMRg through PTMR3) determines
whether each of three 2-bit groups are input or output.
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Port C (PCq to PCg): Port C is a general-purpose 1/0 port
when PCMR bit 7 = 0 and consists of a 7-bit register. Its
SFR address is FF2EH. It is used as an input port when the
processor is reset and 00H is the initial value of the internal

~ buffer. I/Ois selectable on a bitbasis as a general-purpose

1/0 pont. It is determined by the seven bits in the PCMR re-
gister (bits O through 6).

Port C functions as bus control when PCMR bit 7 = 1. In
this mode, the port inputs C-RAM addresses and Read/
Write signals from the host computer. See table 30.

Table 30. Port C Functions

Pin Symbol Pin Symbol

asaPort asaBus FunctionasaBus

PCy-PCy Ag—Ag C-RAM address input

PC, cs Chip selectinput

PCs RD Read strobe input from host computer
PCq WR Write strobe input from host computer

Port D (PDg to PD7): Port Dis a general-purpose I/O when
PCMR bit 7 = 0 and consists of an 8-bit register. lts SFR
address is FF2FH. Itis used as an input port when the pro-
cessor is reset and O0H is the initial value of the internal
buffer. 1/0 is selectable on a bit basis as a general-purpose
1/0 port. It is determined by eight bits (PDMR bit 0 through
PDMR bit 7) in the PDMR register. See table 33.

Port D functions as a data bus when PCMRbit 7 = 1. Inthis
mode, port C is used as an address and control bus for an
16-byte data bus of C-RAM and its address is specified by
Ag through A3 of port C.

Ports A through D are all selected as input ports when the
processor is initialized or reset. The ports when selected as
input or output ports, can be either written or read. When
used as an output port, the following applies:

o Write — GPP data will be written to the external port.

o Read — the most recent data written to the port from the
GPP will be read back to the GPP.

When used as an input port, the following applies:
o Write — GPP data will be written to the external port.

e Read —the external data that is input to the port is read
into the GPP.

Port E (PE): Port E is a general-purpose input port consist-
ing of a 1-bit register. Its SFR address is FF57H. The input
value can be read from bit O of the G-bus. The remaining
bits 1 through 7, contain 0’s. No data can be written to
portE.
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Port F (PFq to PF2): PortF is a general-purpose output port
consisting of a 3-bit register. Its SFR address is FF5CH.
The internal register is set as OH when the processor is
reset.

Bits 0 through 2 of the G-bus are output bits. The port can
also be read. Bits 3 through 7 contain 0’s.

Port Mode Register (PTMR): The PTMR consists of an
8-bit register. It selects the mode of ports A and B and the
RxD and TxD pins. Its address is FF28H and is 3FH when
the processor is initialized and reset. See table 31.

Table 31. PTMR Functions
PTMR Value Function
Bit7 0 RxD is an output portand TxD is an input port
1 RxD and TxD are notused as a port
Bit6 Not used
Bit5 0 PA, to PA; (high-order four bits) are output ports
1 PA, to PA; (high-order four bits) are input ports
Bit4 0 PA to PA3 (low-order four bits) are output ports
1 PA to PA; (low-order four bits) are input ports
Bit3 0 PB; and PBg are output ports
1 PB;and PBg are input ports
Bit2 0 PBgand PB4 are output ports
1 PBs and PB, are input ports
Bit1 0 PBj and PB, are output ports
1 PBj and PB, are input ports
Bit0 0 PB, and PBg are output ports
1 PB, and PBy are input ports

Port C Mode Register (PCMR): The PCMR consists of an
8-bit register. Its address is F29H and is 7FH when the pro-
cessor is reset. See table 32.

Table 32. PCMR Functions

PCMR Value Function
Bit7 0 Ports C and D are setas aport
1 Ports Cand D are setas abus
Bitn 0 PCnis anoutput port (valid when PCMR
n=0-6 bit7 = 0)
1 PCnis aninputport (valid when PCMR
bit7 = 0)

Port D Mode Register (PDMR): The PDMR consists of an
8-bit register. It selects port D in the input or output mode.
Its SFR address is FF29H and is FFH when the processor
is reset. See table 33.

Table 33. PDMR Functions

PDMR Value Function
Bitn 0 PDnis an output port (valid when PCMR
n=0-7 bit7 = 0)
1 PDnis aninput port (valid when PCMR
bit7 = 0)

Control RAM (C-RAM): C-RAM is a 16-byte by 8-bit mem-
ory. It is mapped as SFR addresses FF90H through
FF9FH. Table 34 shows the relationship between C-RAM
and SFR addresses, when PCq to PCj3 of port C are used
as an address bus.

- Table 34. C-RAM SFR Address Mapping

External Address (PC;—PC)

A3 A2 A1 A0 (HEX) SFR Address
0 0 (OH) FF90H

0 0 1 (1H) FFO1H
b4 ¢

1 1 1 0 (EH) FF9EH

1 1 1 1 (FH) FFOFH

Addresses 7H and FH (C-RAM memory external ad-
dresses) store information indicating the C-RAM status.
7H indicates the status of OH to 6H and FH indicates the
status of 8H to EH. See table 35.

Table 35. C-RAM Status Functions

7HMemory Bit Function FH Memory Bit Function

Bit0 OH memory status Bit0 8H memory status

Bit 1 1H memory status Bit1 9H memory status
4 [4 4 2

Bit6 6H memory status Bit6 EH memory status

Bit7 0 Bit7 0

The state of a memory status bit, indicates the following:

0 = No write or read request is issued by the
wPD77810.
1 = A write or read request is issued by the uPD77810.

Each status bit is set to 1 by a GPP transfer instruction, but
cannot be set to 0 by a GPP transfer instruction. When an
external host computer accesses OH to 6H and 8H to EH,
the corresponding status bit is set to 0. All bits are set to 0
when the processor is reset.

A read access to the C-RAM can be performed by the GPP
and an external host computer simultaneously, but simul-
taneous write access is denied.
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Scrambler (SCR) and Descrambler (DSC)

Both the scrambler (SCR) and descrambler (DSC) consist
of a polynomial counter, a protection circuit, and an
SCRMR used to set the mode. Registers SCR and DSC

Control Registers (SCRM and DSCM). Table 38 shows
the functions of the 4-bit SCRM and the 3-bit DSCM.

Table 38. SCRM and DSCM Functions

are one-bit registers corresponding to the LSB of the data ~ Blt Name _ Function
bus. They also have a 4-bit SCRM register and 3-bit  4-Bit SCRM Functions
DSCM register as a control register. See table 36. 3 SCRM.INT * Initial data loading (when the bitchanges from
Otot)
Table 36. Sc(r’a’snbler. a?d Descrambler SFR Addesses 2 SCRM.CLR  Scrambler clear (when the bitis 1)
an escrip’lons 1 SCRM.STT ' Scrambler protection circuit start (when the bit
Unit SFR Address Description changes from0to 1)
SCRMR FF40H Mode register 0 SCRM.RST  Scrambier protectioncircuitreset (when the
SCR FF41H Scrambler port bitis 1)
DSC FF42H Descrambler port 3-Bit DSCM Functions
SCRM FF65H Scrambler control register 2 DSCM.CLR  Descrambler clear (when the bitis 1)
DSCM FF66H Descrambler contro! register 1 DSCM.STT  Descrambler protection circuit start (when the bit
changes fromQto 1)
. . . . 0 DSCM.RST Descrambler protection circuit reset (when the
Mode Register (SCRMR). The SCRMR is an 8-bit regis- whvisitian (
ter. Each bit (bit 7 = MSB and bit 0 = LSB) specifies the
multiplexer mode as shown in Figures 15 and 16. Bits 7
through 2 are shared by the SCR and DSC. Bit 1 is used  1xPLLand RxPLL

only by DSC and bit 0 is used only by the SCR. Table 37
shows the relationship between the SCRMR bit patterns
and CCITT V series recommendations.

Table 37. SCRMR Functions

CCITT Bits Generating
Recommendation 76 4 3210 Function
V.22, V.22bis 000000 -~ 1+XM+X-17(Notel)
V.27 111010-- 1+X€+X7(Note2)
V.27bis, V.27ter 111110-- 1+X6+X7(Note3)
V.29 1-—=1100 1+X1B84+X2
V.26/V.32call 1 -—==-1110 -1+X18B+X-28:8CR
1+X-5+X-2 : DSC
V.26/V.32 answer 1-=--1101 1+X5+X2 :8CR
1+ X-18+X-23 : DSC
Notes:

(1) The processor has a protection circuit (conforming to Recommenda-
tion V.22) that reverses the next scrambler input, when 1 is output
continuously to the scrambler 64 times.

(2) The processor has a protection circuit (conforming to Recommenda-
tion V.27) that protects repeated patterns of 1, 2, 3, 4, 6, 9, and 12in
bits-2 through 6. Example of 45 bits of transmitted bit strings follows:

32
PX=2a()x
(i=0)

Where, a (i) =0or1

a(iy=a(+9)orafi+12)

Bit data is inverted before transmission.

The processor has a protection circuit (conforming to V.27bis and
V.27ter Recommendations) that protects repeat patterns of 1, 2; 3, 4,
6, 8,9, and 12 in bits 2 through 6.

()
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The transmitting phase-locked loop (TxPLL) and the re-
ceiving phase-locked loop (RxPLL) consist of a group of
counters, including some that are only partially resettable,
a preset controller, and a PLL mode register (PLLMR) to
set the mode. See Figure 17. The TxPLL adjusts the phase
to the external bit rate clock. RxPLL adjusts it to the phase
detected internally. The A/D and D/A precisions (bit length)
are set by the SR register (see DSP internal functions) and
DAMR register (see A/D and D/A interface) in DSP.

Table 39 lists the clocks used by TxPLL and RxPLL.

Table 39. TxPLL and RxPLL Clocks

Pin Symbol Clock Function

ADST A/D sampling clock

ADCK A/D data serial clock

RT Received data bit rate clock (1 in asynchronous mode)
RBAUD Received data baud rate clock

DALD D/A data load strobe clock

DACK D/A data serial clock

STINT Transmited data bit rate clock (1 in asynchronous mode)
SBAUD Transmitted data baud rate clock

ST16 16-time clock of transmitted bit rate used in ASC block
RT16 - 16-time clock of received bit rate used in SAC block
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Figure 15. SCR Block Diagram
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TxPLL. TxPLL is a PLL whose theory of operation is based
on a frequency divider with an adjustable ratio. The incre-
menter (INCR) shown in Figure 18 isincremented by one at
an input clock rate of 5.5296 MHz. When INCR reaches the
number 6 it inputs either 0, 1, or 2 as determined by the
2-bit FLIP/FLOP (TFO and TF1). Table 40 shows the TFO
and TF1 values.

Table 40. TFO/RFO0 and TF1/RF1 Values

TFO/RFO TF1/RF1 Data to be Loaded in INCR
0 0 1(1/6)

1 0 2(1/5)

0 1 0(1/7)

1 1 Inhibited

In Figure 18, CMP is a phase comparator that outputs the
phase of STEXT or RT at the rising edge of SBAUD. CNT
is an incremental/decremental counter. It is incremented
or decremented by one according to the CMP output.
When CMP reaches +3 or more, itissues a TFO set signal;
when-3orless, itissues a TF1 setsignal. TFOand TF1 are
updated every time an SBAUD is generated. TFO and TF1
select the multiplexer output and change the timing for the
INCR division ratio to 2400 Hz/9600 Hz, selectable by
PLLMR.

At the rising edge of STINT, an interrupt signal IST is
output.

RxPLL. RxPLL is a PLL whose theory of operation is
based on a frequency divider with an adjustable ratio.

2-151



pPD77810

NEC

Figure 16. DSC Block Diagram
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In Figure 19, INCR is anincrementer that is incremented by
an inputclock rate of 5.5296 MHz. When INCR reaches the
number 6, it inputs 0, 1, or 2 at the next increment. Data to
be loaded is determined by the 2-bit FLIP/FLOP (RF0 and
RF1). Table 40 shows the RFO and RF1 values.

RFO0 and RF1 are set or reset with a DSP instruction (write
instruction to the SR register). These bits select the multi-
plexer output and change the timing for the INCR division
ratio to 2400 Hz/9600 Hz, selectable by PLLMR. At the
rising edge of RTINT, an interrupt signal IRT is output.

Mode Registers. Table 41 shows the PLLMR1, PLLMR2,
and BAUDSR register SFR addresses.

Table 41. PLLMR1, PLLMR2, and BAUDSR Register
SFR Addresses

Unit SFRAddress Description

PLLMR1 FF44H PLL mode register 1 (8 bits)

PLLMR2 FF7EH PLL mode register 2 (8 bits)

BAUDSR FF45H SBAUD and RBAUD status register (2 bits)

(low-order 2 bits)
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Mode Register PLLMR1: The PLLMR1 mode register is an
8-bit register. Each bit (bit 0 = LSB) specifies the muilti-
plexer mode. PLLMR1 specifies whether the SBAUD and
RBAUD pins are used as a baud rate clock output pin or
input port (PGg and PG4). PLLMR1 also performs as an
input register when the pins are used as input ports.

Bit 7 (MSB) of the PLLMR1 controls TFO and TF1 of TxPLL
and bit 6 controls RFO and RF1 of RxPLL. Bits 5 and 4
specify the clock source of the transmitting PLL and bit 3
specifies the mode of the SBAUD and RBAUD pins. Bits 1
and 0 enables the SBAUD and RBAUD pins, when the pins
are used as input ports. Figure 17 shows the PLLMR1
functions.

The PLLMR1 register uses the SFR address of FF44H.
PLLMR1 bits 2 through 7 are set to 0, and bits 0 and 1 are
set to an undefined value when the processor is reset.

When PLLMR1 is read immediately after it is written an
incorrect value may occur in bits 6 and 7.
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Figure 17. PLLMR1 Functions
PLLMR1 PLLMR1
Bit 7 TFO and TF1 Update Cycle Bit
5 2400 T s . Transmitter Clock
1 9600 Hz (4] 0 Internal Clock (STINT) (Self Run)
0 1 External Clock (STEXT)
PLLMR! 1 0 Slave Clock (RT)
Bit 6 RF0 and RF1 Update Cycle 1 1 Inhibited
0 2400 Hz
1 9600 Hz
PLLMR1
Bit3 SBAUD and RBAUD Pin Mode
0 Input Port
1 Baud Rate Clock Output
PLLMR1
Bit Function
1 SBAUD Pin Input Bit
0 RBAUD Pin Input Bit
Note:
(1) A Frequency Rate of 2400 Hz cannot be used for the update cycle clock in phase control
of the Tx PLL.

Mode Register PLLMR2: The PLLMR2 mode register is an
8-bit register. Each bit selects a multiplexer mode. The
high-order four bits of PLLMR2 select the transmit (TxPLL)
clock rate and the low-order four bits select the receive
(RxPLL) clock rate.

Table 42 lists the PLLMR2 functions. The PLLMR2 register
has an SFR address of FF7EH. The SFR address is 33H
when the processor is reset.

SBAUD and RBAUD Status Register BAUDSR: The
BAUDSR is a 2-bit read-only register that indicates the
SBAUD and RBAUD status. Bit 1 indicates the SBAUD
status and bit 0 indicates the RBAUD status 1 or 0.

The BAUDSR register has an SFR address of FF45H. The
SFR address is set as OH when the processor is reset. In
read mode, bits 2 through 7 output Os.
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Table 42. PLLMR2 Functions

Bits Bits

7654 SBAUD (Hz) STINT (H2) ST16(H2) 3210 RBAUD (Hz) RT (H2) RT 16 (H2)
0000 300 300 4800 00 0O 300 300 4800
0100 600 600 9600 0100 600 600 9600
0001 600 1200 19200 0001 600 1200 19200
0011 600 2400 38400 00 11 600 2400 38400
0010 1200 1200 19200 0010 1200 1200 19200
0110 1200 2400 38400 0110 1200 2400 38400
01 11 1600 4800 76800 o1 11 1600 4800 76800
1000 2400 2400 38400 1t 000 2400 2400 38400
1001 2400 4800 76800 t 001 2400 4800 76800
1011 2400 9600 153600 101 1 2400 9600 153600
1010 2400 7200 115200 1010 2400 7200 115200
1110 2400 14400 230400 1110 2400 14400 230400
11 11 2400 19200 307200 11 11 2400 19200 307200
Note:

(1) There is a possibility that erroneous data could occur if the GPP is allowed to write and read data to the PLLMR2 simultaneously.

ASC, SAC, and UART

This circuit provides a serial interface asynchronously
with the DTE. The circuit consists of an asynchronous-to-
synchronous converter (ASC), and synchronous-to-
asynchronous converter (SAC), and a universal asyn-
chronous receiver transmitter (UART) (URTI for input and
URTO for output).

The mode of the ASC and SAC is selected by the ASMR
mode register. In synchronous mode, the serial clock is RT
and ST. The mode and control of UART is selected by the
URTMR mode register and its status is retained in the
URTSR register.

This circuit is invalid when PTMR bit 7 = 0. The RxD pinis
used a an output port and the TyD pin is used a an input
port. The LSB of SACR is input to RxD and TxD outputs
data to the MSB of ASCR.

Table 43 lists the SFR addresses of the ASC, SAC, and
UART register. Figure 20 shows the block diagram of the
ASC, SAC, and UART. :
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Table 43. ASC, SAC, UART Register SFR Addresses
Unit SFR Address

Description

ASMR FF49H Asynchronous/synchronous mode register
URTMR FF4AH UART mode register
(low-order 7 bits)
URTSR FFaBH UART status register
(low-order 4 bits)
ASCR FF4CH ASC register
SACR FF4DH SAC register
URO FF3EH UROrregister
URI FF3FH URI register

The asynchronous/synchronous mode register (ASMR) is
an 8-bit register. It inputs ASC serial data and URTI serial
data, selects the RxD pin output signal, selects the charac-
ter length and signaling rate range, sets a loop from RxD to
TxD, and selects aynchronous or synchronous mode. The
register contains 00H when the processor is reset. Figure 21
lists the ASMR functions.
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Figure 18. TxPLL Block Diagram
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Figure 19. RxPLL Block Diagram
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Figure 20. ASC, SAC, UART Block Diagram
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ASC. The asynchronous-to-synchronous converter (ASC)
converts a start-stop signal that is being input to the TxD
pin to a bit string, which is synchronous to the transmit
clock ST of the modem. If the rate of the input signal is high
(1% or 2.3%), it deletes the stop bit. ASC also has a break
character detection function. When a break character is

detected, it generates break signals for 2M + 3 bits (M indi-
cates the character length including the start and stop bits).
ASC has an 8-bit ASCR output register that can output
data to the G-bus. ASCR inputs data converted from asyn-
chronous to synchronous from the MSB. When data is pro-
cessed bit by bit, the ASCR MSB has valid data. Figure 22
provides a diagram of the ASC break signal.
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Figure 21. ASMR Functions

ASMR ASMR
Bit 7 ASC Serial Input | Bit6 ASC Control
0 TxD pin 0 Input disable
1 URTO output 1 Input enable
ASMR
Bits RxD Pin Output
0 SAC output
1 URTO output
ASMR
Bit4 Bit3 Character Length M (1)
0 0 8 ASMR
0 1 9 v Bit 1 Loop to RyD to Ty D
! 0 10 0 No loop
1 1 1 1 Loop @)
ASMR ASMR
Bit2 Signaling Rate Range Bit 0 Asynchronous/Synchronous
0 Basic 0 Asynchronous (2)
1 Expanded 1 Synchronous (2)
Notes:
(1)  Includes Start and Stop Bits
(@ RTand STINT Pins = 1
(3) RxP Outputs all 1s
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Figure 22. ASC Break Signal Diagram

Break Signal from TxD = 2M + 3 or Less

st sP Mgxg2M+3 v2oM ST sP
TxD Input Break Signal
ST sP 2M + 3 Bits ST SP
ASC Cutput Break Signal I—

Break Signal from TxD = 2M + 3 or More

ST SP Xz 2M+3 ST SP
TxD Input Break Signal
sT sP x22M+3 ST SP
ASC Output |
Break Signal

83ML-5976B

SAC. The synchronous-to-asynchronous converter (SAC)
inserts a stop bit if it is deleted in a circuit that outputs a bit
string, which is synchronous to the RT receive clock from
the RxD pin as a start-stop signal. The width of the stop bit
to be inserted is shorter than the original stop bitby 1/8 (1/4
in extension mode) and is retained until conversion ends.

Figure 23. SAC Stop Bit Insertion

If two null codes with a deleted stop bit are continuous
(start bit length = 2M — 2 bits), they must be distinguished
from a break signal (start bit length = 2M + 3 bits or more).
SAC has an 8-bitinput register than can input data from the
G-bus. SAC converts data from the LSB of SACR. Fig-
ure 23 shows a diagram of the SAC stop bit insertion.

SAC Input —|

RxD Output —|

Note:

ST SPST ST SPST SPSPST spP
ST ST ST ST ST
L
8/8SP 7/8SP 7/8SP 10/8SP 8/8SP
(Conversion End) [1]
[1]  The stop bit is never a 7/8 bit after conversion ends.
83ML-5977B
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UART. The universal asynchronous receiver transmitter
(UART) consists of a URTI serial input and URTO output.
URTI extracts a character from the start-stop data, deletes
the start, stop, and parity bits, and inputs only data to the
8-bit URI register. URTI also performs parity checking if
specified. URTO adds the start, stop, and parity bits to
URO data and outputs it serially.

Figure 24. URTMR Functions

The UART mode register (URTMR) is an 8-bit register.
The UART functions are shown in Figure 24. ASC and SAC
are independent of the UART.

The UART status register (URTSR) is a 4-bit register. All
the UART bits are cleared when its status is output to the
G-bus. The URTSR functions are shown in Figure 25.

URTMR
Bit7 URTI Serial Input
0 TxD pin
1 SAC output
URTMR
Bit6 Break Signal
0 Not sent
1 Sent (continuously)
URTMR
Bit4 URT!I Control
0 Serial input disable
1 Serial input enable
URTMR
Bit1 Data Length (1)
0 7
i 8
Note:

(1)  The data length does not include the start, stop, and parity bits.

URTMR
Bit5 URTO Control
0 Serial output disable
1 Serial output enable
URTMR
Bit3 Bit2 Parity
0 - No check/generate
1 0 Odd
1 1 Even
URTMR
Bit0 Stop Bit Length
0 1
1 2
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Figure 25. URTSR Functions

URTSR
Bit3 Parity Error
0 No parity error
1 Parity error
URTSR
Bit 1 Overrun Error
0 No overrun error
1 Overrun error
Notes:

stop, and parity bits) are 0.

(1)  If datais input to the URTI serially or a break signal is detected, an interrupt request (llU) is issued. URTSR data
must be checked every time an IlU is issued. If data is output to the URTO serially, an interrupt signal IOU is issued.

(&) The URTSR determines that a break signal is issued when two or more continous characters (excluding the start,

URTSR
Bit 2 Framing Error
0 No framing error
1 Framing error
URTSR
Bito Break Signal
0 No break signal
1 Break signal (2)

A/D and D/A Interface

This circuit interfaces the A/D and D/A converters. It con-
sists of a variable-length serial I/O and FIFO, a mode re-
gister used to reset the mode, and a DAMR. The A/D serial
input signal ADIN inputs DSP ADSI.

The circuit uses the ADST pin to output the A/D conversion
start strobe and uses the ADIN pin to input A/D data
serially. The circuit also uses the ADCK pin for the A/D
conversion serial clock. The circuit inputs data from the
ADIN pin in synchronization with the rising edge of ADCK.
The DALD pinis used to output a D/A conversion load strobe
signal. The circuit outputs data from the DAOT pin in syn-
chronization with the DACK D/A conversion serial clock.

Serial data is input or output from the MSB. The data length
is selectable between 8 or 16 bits. Table 44 lists the A/D
and D/A SFR addresses

Table 44. A/D and D/A SFR Addresses

Unit SFR Address Description

DAMR FF4EH (low-order 6 bits) A/D and D/A mode register
FFRA FF4FH (high-order 3 bits) FIFO read address

FFWA FF4FH (low-order 3 bits) FIFO write address

FIFO FF54, FF55H FIFO

D/A Mode Register (DAMR). The DAMR is a 6-bit regis-
ter. It controls the FIFO read address and selects the A/D
and D/A previous bit length and sampling cycle. lts SFR ad-
dress is FF4EH which corresponds to the low-order six bits
of the G-bus. DAMR changes the width of the serial enable
signal ADST or DALD, depending on the A/D bit length and
the duty of the ADST signal. However, the data width for
actual processing is selected by the SR register (SIC bit) of
the DSP. DAMR bit 4 and SIC bits must be identical. Fig-
ure 26 shows the DAMR functions.
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Figure 26. DAMR Functions

DAMR Bit 5 FFRA Control
0 Data is not output from FIFO
1 FFRA changes depending on FIFO read
DAMR Bit 4 A/D Precision DAMR Bit 3 A/D Precision
0 16 0 16
1 8 1 8
DAMA Bit A/D, D/A Sampling Frequency
2 1 0
0 0 0 9.6 kHz
0 0 1 19.2 kHz
0 1 0 38.4kHz
0 1 1 Inhibited
1 0 0 14.4kHz
1 0 1 28.8 kHz
1 1 0 7.2kHz
1 1 1 Inhibited
Notes:
(1) There is a possibility that erroneous data couldbereadin  (2) The DAOT pin outputs on F when DAMRDbit 5 is 0.
:l]i: \?\;rilt'eir.‘d 2if the GPP reads DMAR immediately after (3) Writes to the FFRA are inhibited when DAMR bit 5 is 1.

FIFO. FIFO is an eight-level stack memory. When data is
read from the FIFO and output to an external unit by the
DASO, the next data is read. If data is read from the level 4
of the FIFO or all the data is read from the FIFO (write
address = read address), an interrupt request from the
FIFO isissued. The write address is selected by FFWA and
the read address by FFRA. Both FFWA and FFRA are
three-bit registers.
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The FIFO SFR address is FF54H (low-order eight bits) and
FF55H (high-order eight bits). FFRA and FFWA have
the same address of FFAFH. FFRA corresponds to bits 6,
5, and 4 of the G-bus and FFWA corresponds to bits 2,
1,and 0.
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When the D/A precision is eight bits, data is written into the
FIFO by an instruction to write in the low-order eight bits
(MOV FIFO, xx). When it is 16 bits, data is written into the
FIFO by an instruction to write in the high-order 8 bits
(MOV FIFO + 1, xx). When a 16-bit transfer instruction
(MOVW FIFO, xx) is executed, data is written in the low-
order eight bits and then in the high-order eight bits. When
FIFO data (FF54H, FF55H) is read to the G-bus, the data is
also immediately read from the G-bus. The operation does
not affect FFWA and FFRA. Note that data is stored in a
buffer before it is written into FIFO and data in the buffer is
read when the G-bus is read. Also, at FIFO levels 2 and 3
immediately after DAMR bit 5 is changed from0to 1,a1is
read from the FIFO.

Refer to timing waveforms for the A/D serial input and D/A
serial output timing.
Serial Interface [SI1, SO1, S1SR]

General. The serial input port 1 (SI1) and serial output
port 1 (SO1) are 16-bit serial I/0 interfaces. The serial in-
terface has an internal status register (S1SR) used to indi-
cate the status of the SI1 and SO1 interfaces.

Both the SI1 and SO1 consist of a four-bit counter, a
16-bit shift register, and a 16-bit register buffer. The S1SR
consists of a two-bit register.

Table 45 lists the serial interface SFR addresses.

Table 45. Serial Interface SFR Addresses

Unit SFR Address Description
S1SR FF56H, (2 bits) Status register
SH FF58, FF59H Serial inputport 1
SO1 FF5A, FF5BH Serial output port 1

Interface Functions. The S1SR indicates the SI1 and SO
serial interface status. It consists of two bits, and is set to
OH when the processor is reset.

Table 46 lists the S1SR functions. The SFR address is
FF56H.

Table 46. S1SR
S1SR

BitO 1
Bit1 1

Value Functions

Datawasinputto SI1
SO1 bufferis full

Sl1: SH1 is a 16-bit serial input interface. It is comprised of
a 16-bit shift register, an SI1 register (buffer), and a 4-bit
counter. The SFR address of the Si1 register is FF58H
(low-order eight bits) and FF59H (high-order eight bits).
The SFR address is undefined when the processor is
reset. SI1 counts 16 bits of serial input data at the rising
edge of S1CK and inputs them to the shift register when the
SHEN pin goes active. After the 16 bits of serial data are
input, the register resets the counter with a carry and trans-
fers the contents of the shift register to the Sl1 register.

This sets S1SR bit 0to 1 andissues an St interrupt. Aread
signal then allows the contents of the SI1 register to be out-
put to the G-bus. At this instant of time, data at FF59H
(high-order eight bits) is read and S1SR bit 0 goes to 0.
This completes the execution of the serial input.

To read SI1 data, the SFR address FF58H (low-order eight
bits) must be read first and then SFR address FF59H
(high-order eight bits). When S1SR0 s 0, serial input s dis-
abled, so the same data will be read repeatedly from SI1.

SO1:SO1 is a 16-bit serial outputinterface. It consists of a
16-bit shift register, an SO1 register (buffer), and a 4-bit
counter. The SFR address of the SO1 register is FF5AH
(low-order eight bits) and FF5BH (high-order eight bits).
The SFR address is undefined when the processor is
reset. SO1 writes serial output data from the G-bus (SO1
register) by a Write signal generated from the G-bus inter-
face. When data is written in the high-order eight bits
(FF5BH), S1SR bit 1 (SO1 buffer full) is setto 1. SO1 regis-
ter data is transferred to the shift register when it is not in
the output mode and S1SR bit 1 (SO1 buffer full) is setto 0.
When data is input to the shift register, SO1 automatically
outputs serial output request signal SO1RQ from the
SO1RQ pin, using STCK as a serial clock. When the
SO1EN pin goes active, SO1 outputs 16 bits of serial data
from the SO1 pin at the falling edge of the S1CK serial
clock. SO1 stores output data in the buffer before transfer-
ring itto the shift register. It stores the next data in the buffer
when the buffer becomes free. The buffer status is checked
by the S1SR register and SO1 can output bytes of serial
data continuously.
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To write serial output data to the SO1 register, the = When S1SR bit 1 is a 1, the write operation is disabled.
low-order eight bits must be written first and then the = Consequently, in this type of occurrence, the address is
high-order eight bits. Data is then transferred to the  rewritten. Figure 27 shows the Sl1 timing diagram and Fig-
shift register. ure 28 shows the SO1 timing diagram.

Figure 27. SI1 Timing Diagram
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Figure 28. SO1 Timing Diagram
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General-Purpose Timer and Watch Dog Timer
[TMMR, TMRA, TMRB, WDMSR, WDTMR]

General. TMRA is a general-purpose timer consisting of
an 8-bit decrement counter. TMRB is an interval timer con-
sisting of an 8-bit decrement counter. TMMR is a control
register for TMRA and TMRB.

WDTMR is an 8-bit watch dog timer that monitors software
hangup. If the specified time is expired, it issues a non-
maskable interrupt (MNIWD) to GPP. WDMSR is a register
used to specify the mode of WDTMR. Table 47 lists the
timer SFR addresses.

Table 47. Timer SFR Addresses

Unit SFR Address Description
TMMR FF5DH General-purpose timer control register
TMRA FFSEH 8-bit general-purpose timer

Functions. General-Purpose Timer Control Register
(TMMR): TMMR is a 5-bit register used to control the
TMRA general-purpose timer and the TMRB interval timer.
TMMR bit 0 specifies the TMRA operation; bits 4 through 6
specify the TMRB interval clock; and bit 7 specifies the
TMRB initialization.

When TMMR bit 0 is changed from 0 to 1, TMMR loads the
data stored in the buffer into TMRA and decrements it at
the rising edge of the timer clock (230.4 kHz). When the
counter value reaches 0, TMMR sets bit 0 to 0 and issues
an interrupt signal to stop the counter.

When bit 7 is changed from 0 to 1, TMMR clears TMRB and
increments the counter at the rising edge of the timer clock
(921.6 kHz, 460.8 kHz, 230.4 kHz, or 115.2 kHz). If the
counter overflows, TMMR issues an interrupt signal. Bit 7
is cleared to 0 at the same time the timer starts operation.
The TMMR initial value and reset value is O0H.

The TMMR SFR address is FFSDH. In TMMR read mode,
a 0 is output to G-bus unassigned bits 3 through 7.
Table 48 shows the TMMR functions.

pPD77810
Table 48. TMMR Functions
TMMR Name Contents Initial Value
Bit7 TBI  Whenbit7is 1, TMRB sinitialized 0
Bits 6-4 TBS  TMRBinterval timer clock selection 000
Bits

6 5 4 ClockFrequency

0 0 0 921.6kHz

0 1 1 460.8kHz

1 0 1 2304kHz

1 1 1 1152kHz
Bits 3-1 — Not used (0 is outputif read) —
Bit0 TAE  WhenbitOis 1, TMRA is enabled 0

General-Purpose Timer (TMRA): TMRA consists of a buf-
fer register and a counter. The TMRA SFR address is
FF5EH. Buffer register TMRA is set to FFH when reset,
however other values can be written to the buffer. A value
of 0 may cause the TMRA to malfunction.

When TMRA is enabled by the TAE = 1, data from the buf-
fer register is loaded to the counter, which decrements ata
230.4 kHz (4.34 ps) frequency rate generated by TxPLL.
When the counter is decremented to 0, TMRA issues a
timer interrupt signal IAT, sets the TAE bit to 0, and stops
the counter. When TMRA is read by the GPP, the counter
value is output if the counter is in the operation mode. If the
counter is not in the operation mode, the buffer register
value is output.

Interval Timer (TMRB): TMRB consists of an interval timer
clock selector and a counter. The counter is reset to 00H.
When TMMR bit 7 (initialization signal TBI) is 1, TMRB
clears the counter and decrements it at the frequency
selected by the TBS (interval timer clock selection bit)
of TMMR bits 6 through 4. Four interval times are available:
0.28 ms, 0.55ms, 1.1 ms, and 2.2 ms.

If the counter overflows, TMRB issues a timer interrupt
signal IBT. The TMRB counter value cannot be read by
the GPP.

Watch Dog Timer Control Register (WDMSR): The
WDMSR is an 8-bit register used to control the watch dog
timer (WDTMR). Its SFR address is FF6DH. Itis setto 00H
when reset and the watch dog timer stops. WDMSR bit 0
and WDMSR bit 1 specify the WDTMR interval time (ITVO
and ITV1). WDMSR bit 7 enables the WDTMR and
WDMSR bit 2 through WDMSR bit 6 (five bits) are not de-
fined, but when read 0 is output to the G-bus.
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Table 49 shows the WDMSR SFR address. Figure 29
shows the WDMSR functions.

Table 49. WDMSR SFR Address
Unit SFR Address Description
WDMSR FF6DH Watch dog timer control register

Watch Dog Timer Counter Register (WDTMR): The
WDTMR monitors software hangup. If the time, specified by
WDMSR expires, WDTMR issues a non-maskable inter-
rupt signal (MNIWD). WDTMR consists of an 8-bit incre-
ment counter and a decoder. WDTMR is set to 00H when

Figure 29. WDMSR Functions

initialized or reset. WDTMR is enabled by WDR = 1 (oper-
ation enable signal) of WDMSR, and starts incrementing at
the clock rate of 75 Hz. The decoder decodes a carry from
bits 6 through 8 of the counter. The internal signal ITV bit 0/
ITV bit 1 which is output from WDMSR, selects the interval
time, and issues a non-maskable signal (NMIWD). Next,
the increment counter is reset by NMIWD and starts
incrementing again at 75 Hz. The watch dog timer has no
address and cannot be read and written.

WDTMR is reset and starts counting every time data is
written into the WDMSR. Figure 30 shows the 8-bit incre-
ment counter and decoder.

7 6 5 4 3 2 1 0
WDMSR WDR mv1 ITVO
™1 ITvVo (Interval)
0 1 64/75 s
Read = 0 Ouput 1 0 128/75 s
Others 256/75 s
WDR Timer Control
0 Timer stop.
WDMSR is cleared with an instruction to write 0 (either 1 to 0 or 0 to 0) and stops the counter.
1 WDMSR is cleared with an instruction to write 1 (either 0 to 1 or 1 to 1) and starts the counter.

83ML-59788

Figure 30. WDTMR 8-Bit Increment Counter and Decoder

An interrupt is issued when each carry is selected by ITV1/0

3
- 12 i 172 i 12

je—— 75 Hz

172 1—‘ 12

Carry

83ML-59798
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DSP Interface Table 52. SR Register SFR Address
General. The DSP interface consists of an INTDSP regis- ~ Unit SFRAddress Description
ter that issues an interrupt and reset to the DSP, a data SR FF62H or FF63H DSP SR register

register (DR) that inputs and outputs data to and from the
DSP, and a status register (SR). The INTDSP register, DR,
and SR are all mapped in memory as SFR of the GPP.

DSP Functions

DSP Reset and Interrupt: The INTDSP register issues
reset and interrupt requests to the DSP. The INTDSP
register is a 2-bit register, which is set to 00H when
initialized or reset. Its address is SFR FF64H, which cor-
responds to the low-order 2 bits of the G-bus. 0 is output
from the G-bus bits 2 through 7 when the interface is read.

Table 50 shows the INTDSP SFR address and table 51

shows the INTDSP functions.

Table 50. INTDSP SFR Address

Unit SFR Address Description

INTDSP FF64H DSP resetand interrupt request register
Table 51. INTDSP Functions

INTDSP  Function

Bit0 When this bit = 1, INTDSP resets DSP

Bit 1 When this bitis changed from 0 to 1, INTDSP issues an inter-

rupt request to DSP. After the interrupt request is issued, the
bitis automatically reset.

Data Input/Output Between the GPP and DSP: The SR
register stores the DSP status. The SR register consists of
an 11-bit status register. Internally, it is handied as a 16-bit
register. The high-order eight bits can be read by the GPP
by specifying the SFR address FF62H or FF63H.

The SR register is set to 00H when the processor is reset.
Table 52 shows the SR register SFR address and Fig-
ure 31 shows the status register configuration. See DSP
Status Register (SR) for functional details.

Figure 31. Status Register Configuration

15 8
[ Ram| usr2|usF1] prs |usFo| bR | soc] sic |

7 0
el o] o] o] oo |rr]rr]

The DR register is a 16-bit register. It can be used as adata
transfer register to and from the DSP. Since the GPP is
eight bits, DR transfers 16-bit data in two operations. Inter-
nally, 16-bit data is transferred in one operation. For 16-bit
transfer, DR first transfers the low-order eight bits then the
high-order eight bits. When the DR register is defined as
an 8-bit register by the DRC bit of the status register (SR),
only the low-order eight bits of DR are transferred. The
high-order eight bits are not defined (or their value is the
one previous to being changed). The DR register can be
read and written by the GPP by specifying the SFR ad-
dress FF60H or FF61H. Table 53 shows the DR register
SFR address. See DSP Data Register (DR) for the func-
tional details.

Table 53. DR Register SFR Address
Unit SFR Address
DR FF60H or FF61H

Description
DSP DRregister
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SYSTEM CONFIGURATION

Figure 32 shows a typical V.22bis system application for

the wPD77810.

Figure 32. V.22bis System Application Example
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A{E“ ' 4PD7281
. IMAGE PIPELINED
NEC Electronics Inc. PROCESSOR
Description Pin Configuration
The NEC uPD7281 Image Pipelined Processor is a
high-speed digital signal processor specifically
designed for digital image processing such as RESET Vee
restoration, enhancement, compression, and pattern :*2(: g%g
recognition. The uPD7281 employs token-based data- 10815 o0DB1s
flow and pipelined architecture to achieve a very high 1DB1s 0DB14
throughput rate. A high-speed on-chip multiplier 1DBy3 0DB1y
speeds calculations. More than one uPD7281 can DBy, 0DB;2
easily be cascaded with a minimum amount of interface 1DB1 ODB11
hardware to increase the throughput rate even further. 'f’;‘” gz:"’
The uPD7281 is designed to be used as a peripheral m: ODB:
processor for minicomputers or microcomputers, DBy oD8,
thereby relieving the host processor from the burden of 1DBg 0DBg
time-intensive computations. The uPD7281 has a very 1DBs 0DB;
powerful instruction set designed specifically for digital 108, 0DB,
image processing algorithms. The Image Pipelined :z:’ 2323
Processor can also be used as either a general purpose maf oDBf
digital signal processor or a numeric processor. 1DBo opsg
Features anp OLK
O Token-based data-flow architecture oo
O Internal pipelined ring architecture
O Powerful instruction set for image processing Performance Benchmarks
O ;gox 17-bit (including sign bits) fast multiplier: Operation 1PD7281 3 PD7281s Note
ns - ——
O High-speed data IO handling Rotatnor't . 15sec  06sec 512x512 b!nary fmage
— Asynchronous two-wire handshaking protocols 1/2Shrinking ~ 80ms ~ 30ms 512 x 512 binary image
— Separate data input and output pins Smoothing 1.1sec  04sec 512 x 512 binary image
0O Easy multiple-processor configuration 3x3 Convolution 3.0sec  1.1sec  512x512 grey scaleimage
O Rewritable program stores 6451200 FIR
[0 On-chip memories: Filter 9 50 us 18us  17-bit fixed point
— Link Table (LT): i
Link Table (LT): 128 x 16 bits c0s(x) 40 ps 15us  33-bit fixed point

— Function Table (FT): 64 x 40 bits
— Data Memory (DM): 512 x 18 bits
— Data Queue (DQ): 32 x 60 bits
— Generator Queue (GQ): 16 x 60 bits
— Output Queue (0Q): 8 x 32 bits

O NMOS technology

O Singte +5 V power supply

O 40-pin DIP

Applications

Digital image restoration
Digital image enhancement
Pattern recognition

Digital image data compression
Radar and sonar processing
Fast Fourier Transforms (FFT)
Digital filtering

Speech processing

Numeric processing

Oonoooooooo

NECEL-000076

Ordering Information
Part Number
uPD7281D

Package Type
40-pin ceramic DIP
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Pin Identification

Description

System Reset: Alow signal on
this pin initializes uPD7281.
During the reset, a4-bit module
number should be placed on
IDB45 - IDB13.

Input Acknowledge: This
acknowledge signal is output
by the uPD7281 to notify the
external data source thata 16-
bit data transfer has been
completed.

Input Request: This input
signal requests a data transfer
from an external device to
uPD7281.

16-bit input data bus: 32-bit
input data tokens are input to
the Input Controller as two 16-
bit words.

Power ground

System clock input (10 MHz:
target spec)

At
No. Signal 1/0  RESET
1 RESET In
2 fACK  Out  High
3 IREQ In
419 IDB45-1DBy In
20 GND
21 CLK In
22-37 ODBy5-0DBy Out  High

16-bit output data bus: 32-bit

Impedance output data tokens are output

by the Output Controller as
two 16-bit words.

High

Output Request: This signal
informs an external device that
a 16-bit data word is ready to
be transferred out of uPD7281.

Output Acknowledge: This
acknowledge signal input by
the external data destination
notifies xPD7281 that a 16-bit
data transfer may occur.

38 OREQ Out
3% OACK In
40 Veo

+5 V power supply
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Architecture

The uPD7281 utilizes a token-based, data-flow
architecture. This novel architecture not only provides
multiprocessing capability without complex external
hardware, but also offers high computational efficiency
within each processor. Taking advantage of the multi-
processing capability of data-flow architecture, almost
any processing speed requirements can be satisfied by
using as many puPD7281s as needed in the system.
Within each uPD7281, the data-flow architecture
provides high computational efficiency through
concurrent operations. For example, while the
Processing Unit (or ALU) spends its time for actual
computations only, the internal memory address
calculations, internal memory read and write
operations and input/output operations are all being
done concurrently. Furthermore, in contrast to
conventional von Neumann processors, a data-flow
processor doesn’t fetch instructions, perform
subroutine stack operations or do data transfers
between registers. Therefore, it does not spend the
time required for these operations.

The uPD7281 also utilizes an internally pipelined
architecture. As shown in the block diagram, a circular
pipeline is formed by five functional blocks: the Link
Table (LT), the Function Table (FT), the Data Memory
(DM), the Queue (Q), and the Processing Unit (PU). A
token entered through the Input Controller (IC) is
passed ontothe Link Table to be processed around the
pipelined ring as many times as needed. When a token
is finished being processed, it is queued into Output
Queue (OQ) and then output via the Output Controller
(0C).
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Block Diagram
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JACK +——————— fe——————— OACK
32
oQ
L 17s PU ﬁ
1 59
T2
80
Q
28
61
RC T AG&FC
37 o circular pipeline
DM
54
FT
1C: Input Controller. Controls input data tokens and determines whether or not an input data
token should be sent lo the circular pipeline for processing.

OC: Qutput Controller. Controls output data tokens.

LT: Link Table {128 words x 16 bits]. Stores instruction parameters.

FT: Function Table (64 words x 40 bits]. Stores instruction parameters.

DM: Data Memory [512 words x 18 bits|. Stores constants or temporary data.

Q: Queue |48 words x 60 bits}. FIFO queue. Data Queue: 32 words x 60 bits.

Generator Queue: 16 words x 60 bits.

PU: Processing Unit. Executes logical, arithmetic and bit operations.

0Q: Output Queue (8 words x 32 bits]. FIFO queue for the output tokens.

AG/FC: Address and Fiow Controlier. for DM and controls the

flow of tokens.
RC: Refresh Controller. Generates refresh tokens for internal DRAMS.
49-0001328B
Absolute Maximum Ratings Capacitance
Ta =+25°C Ta =+25°C
Supply voltage, Vpp —05Vto+7.0V Limits Test
Input voltage, V; —05Vto+7.0V Parameter Symbol Min  Max Unit Conditions
Output voltage, Vo ~05Vto+7.0V CLK capacitance CK 20 pF fc=1MHz
Operating temperature, Topry (2 m/s air flow) 0°C to +70°C Input capacitance C 10  pF (Al other pins
: - " tov,

Operating temperature, Topro (No air flow) 0°C to +45°C Output capacitance Co 20 pF atoy)

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

periods may affect device reliability.
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DC Characteristics
Ta =0°C to +70°C, Vpp =5V £10%

AC Characteristics (cont)
Ta =0°C to +70°C, Vpp =5V £10%

Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input low Viy —05 07 Vv iREQ fall time tior 10 ns
voltage 1 -
] Data set up time tgp 40 ns
(RESET. I0B15-0) (before TREQ up)
Input high Vi 20 Voo +05 V Data hold time typ 0 ns
voltage 1 (after IREQ up)
(RESET, IDB5.0)
OREQ delay time 1 tpogy 15 35 ns
Input low Vi —05 045 vV AR
voltage 2 (from OACK down)
(IREQ, DACK, CLK) OREQ delay time 1 tppqL 15 45 ns
Input high Viz 35 Vpp+105 V (from OACK up) ~
voltage 2 Min time between tpga 15 ns
(IREQ, 0ACK, CLK) transitions on
Output low VoL 045 vV  loL=20mA OREQ and OACK
voltage OACK rise time t0AR 10 ns
Output high Vou 24 V  lgy=—400 A OACK fall time t0AF 10 ns
voltage Data access time  tpop 25 ns
Input leakage I +10 pA OV=Vi=Vpp (after OREQ down)
current Datafloattime  trgp 10 B ns
Output leakage Lo +10 A OV=Vo=Vpp (after OREQ up)
current Pre RESET trvrsT oLk ns
Supply current Ipp 320 500 mA high time
—_—— im
AC Characteristics RESET low time  twps7 6tcLk ns
Ta =0°C to +70°C, Vpp =5V £10% Module number  tpmp o,k NS
- data setup time
Limits Test (after RESET down)
Parameter Symbol Min Typ Max Unit Conditions Module number tHmD 0 ns
CLK cycle time  tgx 100 500 ns Measured at data hoid time
2V (after RESET up)
CLK pulse width  twky 40 ns Reset delay tDRST (V2hgk ns
high from CLK down
CLK pulse width  twxy 40 ns Notes:
low (1) “Down” = on falling edge
CLK rise time tkR 10 ns (2) “Up” = on rising edge
CLK fall time I 10 ns (3) ?OLng’l:t load capacitance: IACK, OREQ = 50 pF; ODB 5.9 =
IACK delay time 1 tpai1 20 50 ns
(from IREQ down)
(Note 1)
IACK delay time 1 tpany 20 55 ns
(from IREQ up)
(Note 2)
IACK delay time 2 tpja2 20 70 ns
(from IREQ down)
IACK delay time 2 ipjan2 20 70 ns
(from IREQ up)
Min time between tyq 15 ns
transitions on
IREQ and JACK
IREQ rise time tior 10 ns
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Timing Waveforms

AC Test Input Voltage

AC Test Output Voltage

- 2.0 i 2.0 — 24 >(2.4
RESET, IDB D.SX > Test Points < XD.B OREQ, IACK, ODB 0.45X:> Test Points <: 045
83-001866A
[ 3.5 35
CLK, IREQ, OACK X == Testpoints <7 X
0.45 0.45 o
Module Number and RESET Timing
83-001865A
RVRST—} tWRST
Clock Timing P _/L_\ 7
teLk tKR— - tKF f«tomD+| tHMD
1DB15-1DB12
CLK
y,
—/ 7 \__+#
[~ twKH -+ tWRST+| innsr—>|
83-001867A
cLK I I I | I |
83-001868A
Input Handshake Timing
tioa tior
IREQ \ / \
e—tHIQ—| <+—tHIQ—» «—1HIQ—>
— E —
iACK / /l
<+ DIAH1I—— +——1tpjaL2—> <«+—1plaH2—
1DB15-1DBg {E( @(
>
(+———lsip———»| le———tg|p———|
— |*—tHID — *—tHID
83-001869A
Output Handshake Timing
*—!poQH——* ~+——tpoqL— [«—tDOQH—* |+—tboaL—|
OREQ \ \ /
|/
+tpOA®| <-tDOA—| - tpoA—| <—tDoA—|
OACK -
OACK 7
X
—+| [«—1toaF —>l +—toaR
r \
ODB15-0DBy = — = — =} B R =-< >— -------------
—>|tbop |+ — —>|tFoDj*— —*|tpop [+ — ——*|trop|[*—
83-0018708
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Functional Description

As shown in the block diagram, the uPD7281 consists
of 10 functional blocks. Before any processing occurs,
the host processor down-loads the object code into
the Link Table and the Function Table of the uPD7281
by using specially formatted input tokens. At this time,
constants may also be sent to the Data Memory to be
stored. The contents of the Link Table and the Function
Table are closely related to a computational graph.
When a computational process is represented
graphically, it usually forms a directed data-flow graph.
In such a graph, the arcs (or edges, links, etc.)
represent the entries in the Link Table and the nodes
represent the entries in the Function Table. An arc
between any two nodes has a data value, called a “token”,
and is identified by a corresponding entry in the Link
Table. A node in the directed data-flow graph signifies
an operation, and the type of operation is logged into
the Function Table along with the identification infor-
mation about the outgoing arc.

A minimal amount of interface hardware is required to
configure uPD7281s in a multiprocessor system. As
many as 14 uPD7281s can be cascaded together, as

shown in figure 1. Each uPD7281 must be assigned a
Module Number (MN) during reset. Figure 2 shows the
timing diagram for assigning the module number.

When any token enters a uPD7281, regardless of the
total number of uPD7281s used in the system, the
Input Controller of that uPD7281 discerns whether or
not the entering token is to be processed by checking
the Module Number (MN) field of the token. If the
Module Number is not the same as the Module Number
assigned during reset, the token is passed to the
Output Controller so that it can be sent out via the
Output Data Bus. However, if the token has the same
Module Number, then the Input Controller strips off
the MN field and sends the remaining part of the token
to the Link Table for processing.

Once a token enters the circular pipeline by accessing
the Link Table, it requires seven pipeline clock cycles
for the token to fully circulate around the ring. One
pipeline clock cycle is needed for the Link Table, the
Function Table, or the Data Memory to process an
incoming token, and two pipeline clock cycles are
needed for the Queue or the Processing Unit to
process a token. The Queue requires one pipeline

Figure 1. Connecting Multiple yPD7281s
Output OACK IACK OACK TACK | Input
Handshake [~ Handshake
Lines OREQ IREQ OREQ iREQ _| Lines
~ -
ODB15 10B1s ODB1s 10815
e o ODB1a 1DB14 ODB1s 1DB14 . o o
Output Data Bus— — Input Data Bus
| opBy IDBg 0DBy DBy _|
Chip #N-1 Chip #N Chip #N+1
490001408
Figure 2. Timing Diagram for Assigning Module

Numbers During RESET

RESET

High mpedance
ODB (16) Don’t Care gh P
A (o urmb
(4) Tiigh Module Number >—
Impedance
MNR(4): iDB,; ~ IDB,,
*From external hardware

49-000065A
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clock cycle to write and one cycle to read. Similarly,
the Processing Unit requires one pipeline clock cycle
to execute and one clock cycle to output the result. In
other words, both the Processing Unit and the Queue
are made of two-stage pipelines. Therefore, when
seven tokens exist simultaneously in the circular
pipeline, the pipeline is full and full parallel processing
is achieved.

When a data token flows through each functional
block in a given uPD7281, the format of the token
changes significantly. The actual transitions of a token
format through different functional blocks are shown

Figure 3. Token Formats and Transitions

in figure 3. A data token flowing within the circular
pipeline must have at least a 7-bit Identifier (ID) field
and an 18-bit data field. The ID field is used as an
address to access the Link Table memory. When a
token accesses the LT memory, the ID field of the
tokenis replaced by a new ID (shown as ID’ in figure 3)
previously stored in the LT memory. As a result, every
time a data token accesses LT memory, its ID field is
renewed. The data field of a token consists of a control
bit, a sign bit and a 16-bit data. A token may have up to
two datafields, as well as other fields (OP code, control,
etc.) if necessary.

4 1 7 4 16
1/0 Token [32) l’ MN o D l CTLF ] { DATA —I
LT Colnlenls
1 7 a 16 \_ 6 7 1 21
LT Token [28} [\iL 1D l CTLFJ DATA J 128 x 16I FTA l 0’ J SELI
L I L N
I T FTRC
1 (7 a 2 3 e o
FT Token [37] qu| [} [ CTLF SELl l FTA ! DATA l
FTRC——F FT Contents
r 14 16 10 1
64 x 40[ FTL l FTR [ FTT
. L ]
1 7 2 9 5 l 12 11 16
DM Token [54] lU[ 1D’ or 1D” SELI DM Address PUF l FTL [Lower 12 bits) IC{ SI DATA
DM Cv.;mlen(s
Internal Use { RD, WR, or RE| )] [EIE] 16 1
512x 1BHSJ DATA J
1 7 2 3 12 11 16 11 16
Q Token [61) lUl 1D'orID” ! SELI PUF I FTL [Lower 12 bits] | Tl DATAp DATAp |
T :LSA t—sp
A Lo
1 7 2 2 12 11 16 11 16
PU Token [60] [Ul 1D’ or {iD” ISEL PUFI FTL[Lower 12 bits] | I ] DATAx ‘ I DATAg ]
Lsa fLse
LCA Ce
1 2 1 12 1 16 11 16
0 Q Token [59) ‘li[ 1D’ or 1D ISELI [ FTL [Lower 12 bits} I I ] DATAA I | DATAp ]
L} s, T sg
PUF i te
1/0 Token Input or Output Token SEL SELection field
LT Token A token accessing the Link Table FTRC Function Table Right field Control bit
FT Token A token accessing the Function Table FTL Function Table Left field
DM Token A token accessing the Data Memory FTR Function Table Right field
Q Token A token accessing the Queue FTT Function Tabie Temporary field
PU Token A token accessing the Processing Unit PUF Processing Unit Flags
©0Q Token A token accessing the Output Queue c Control bit for a 16-bit data
Ca Control bit for a 16-bit data from A side
MN Module Number CB Control bit for a 16-bit data from B side
10 identifier for an input or output token s Sign-bit for a 16-bit data
1D Identifier for a token which exits LT for the first time SA Sign-bit for a 16-bit data from A side
1D Identitier for a token which exits LT for the second time S Sign-bit for a 16-bit data from B side
CTLF Control field DATAA  16-bit data from A side
DATA 16-bit data field DATAB  16-bit data from B side
FTA Function Table Address
49-0001338
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Input Controller [IC]

A 32-bit token is entered into a uPD7281 in two 16-bit
halves using a two-signal request/acknowledge hand-
shake method, as shown in figure 4. The input/output
token format is shown in figure 7. After a token is
accepted by the IC, the MN field of the token is
compared to the Module Number of uPD7281 which
was assigned at reset. If the Module Number of the
accepted token is not the same, the IC passes the
tokendirectly to the Output Controller. If the MN field of
the accepted token is the same, then the IC strips off
the Module Number and sends the remaining part of
the token to the Link Table. The IC also monitors the
status of the Processing Unit. If itis busy, the |C delays
accepting another token until it is no longer busy. The
IC also accepts the refresh tokens from the Refresh
Controller (RC) and sends them to the Link Table.

Figure 4. Handshake Timing Waveforms

IREQ

IACK

iDBg - IDBys

OREQ

OACK

ODByp - ODB+s

'|argel spec

Output Token Timing

49-000070A

Output Controller [OC]

The OC outputs 32-bit tokens in two 16-bit halves
using a two-signal request/acknowledge handshake
method, as shown in figure 4. The types of tokens
output by the OC are as follows: output data tokens
from the Output Queue, error status data tokens
generated internally by OC, DUMP tokens, and passing
data tokens from the Input Controller.

Link Table [LT]

The LT is a 128 x 16-bit dynamic RAM. The D field of
an incoming LT token is used to access the LT
memory. The contents of an LT memory location

2-176

consist of a 6-bit Function Table Address (FTA), a 7-bit
ID, a 1-bit Function Table Right Field Control (FTRC),
and a 2-bit Selection (SEL) field. When a token
accesses LT memory, its ID field isreplaced by the new
ID field contained in the memory location being
accessed. Therefore, every time a token accesses LT
memory, it is given a new ID. The FTA field is used to
access FT memory locations. The FTRC bit and the
SEL field are used to specify the type of instruction. By
using specially formatted tokens, the contents of the
LT can either be set during a program download or be
read during a diagnosis.

Function Table [FT]

The FTis a 64 x 40-bit dynamic RAM. As for the case of
the Link Table, the contents can either be set during a
program download or be read during a diagnosis by
using specially formatted tokens.

Each FT memory location consists of a 14-bit Function
Table Left field (FTL), a 16-bit Function Table Right
field (FTR), and a 10-bit Function Table Temporary
field (FTT). These fields contain control information
for different types of instructions.

Address Generator and Flow Controller [AG/FC}

The AG/FC generates the addresses to access the
Data Memory (DM) and controls the writing of data to
and the reading of data from the Data Memory. AG/FC
determines whether the incoming token contains a
one-operand instruction or atwo-operand instruction.
One-operand instruction tokens can be sentdirectly to
the Queue. However, if the token contains a two-
operand instruction, then both operands must be
available before they can be sent to the Queue. For a
two-operand instruction, the token which arrives at the
Data Memory first is temporarily stored until the
second operand token arrives. When the second
operand token exits the Function Table, the AG/FC
generates the Data Memory address which contains
the first operand. Then, the second operand token and
the first operand data read out from the Data Memory
are sent to the Queue together.

Data Memory [DM] .

The DMisa512x 18-bitdynamic RAM whichis used t
queue the first operand for a two-operand instruction
until the second operand arrives. DM can also be used
as a temporary memory or as a buffer memory for 1/0
data.

Queue [Q]

The Qis a FIFO memory configured with a 48 x 60-bit
dynamic RAM. The Q is used to temporarily store the
Processing Unit-bound and the Output Queue-bound
tokens. The Q is further divided into two different FIFO
memories: a 32 x 60-bit Data Queue (DQ) and a 16 x
60-bit Generator Queue (GQ). The DQ is used for the
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PU, OUT and AG/FC instructions. The DQ temporarily
stores the PU and AG/FC tokens before they are sent
to the Processing Unit for processing. The DQ also
temporarily stores the Output Queue tokens before
they are sent to the Output Queue. The GQ is used for
Generate (GE) instructions only. The DQ will not
output tokens to the Output Queue if itis full, and the
DQ or GQ will not output tokens to the Processing Unit
if the Processing Unit is busy.

In order to control the number of tokens in the circular
pipeline to prevent Q overflow, the Q is further restricted
by the following two situation rules: when the DQ has
eight or more tokens stored, the read from the GQ is
inhibited, and when the DQ has fewer than eight tokens
stored, the read from the GQ has a higher priority than
the read from the DQ. Since instructions stored in the
GQ generate tokens, restricting the number of GQ
tokens is important in order to keep the Q from
overflowing. In case the internal processing speed is
slower than the rate of incoming data tokens, the DQ
posseses a potential overflow condition. To prevent
overflow, the processor is putinto restrict/inhibit mode
when the DQ reaches a level greater than 23.

Output Queue [0Q]

The OQis afirst-in first-out (FIFO) memory configured
in an 8 x 32-bit static RAM. The OQ is used to
temporarily store the output data tokens from the Data
Queue so that they can be output by the Output
Controller via the output data bus. When OQ is full, it
sends a signal to the Data Queue to delay accepting
further tokens.

Processing Unit [PU]

The PU executes two types of instructions: PU and GE.
PU instructions include logical, arithmetic (add, subtract
and multiply), barrel-shift, compare, data-exchange,
bit-manipulation, bit-checking, data-conversion, double-
precision adjust, and other operations. The control
information for a PU instruction is contained in the
Function Table Left field of the PU token. The GE
instructions are used to generate a new token, multiple
copies of atoken, or block copies of atoken. They can
also be used to set the Control field (CTLF) of a token
and to generate external memory addresses. If the
current PU operation cannot be completed within a
pipeline clock cycle, the PU sends a signal to the

Queue and the Input Controller to prevent them from
releasing any more tokens.

Refresh Controller [RC]

The RC automatically generates refresh tokens for the
dynamic RAMs used in the circular pipeline, i.e. the LT,
FT, DM, and Q. Each RC token, generated periodically,
is sent to the Input Controller and is propagated
through the LT, FT, DM and Q, in that order. The RC
tokens are deleted after reaching the Q.

Operation Modes

There are three different modes in which the uPD7281
can operate: Normal, Test, and Break (see figure 5).
After an external hardware reset, the uPD7281 is in the
Normal mode of operation. The uPD7281 can enter the
Test mode for program debugging by inputting a
SETBRK token (see figure 6) while the processor is in
the Normal mode. If an overflow occurs in the Data
Queue or the Generator Queue, the processor enters
into the Break mode so that the internal contents of the
processor can be examined; see table 1. Table 2
describes the effects of software and hardware resets.

Table 1. DUMPD Output Token Format

MN Z D CTLF DATA (16-bit field)

0000 0 0000000 0111 xxxxx(5) GQ Size(5 bits) DQ Size(6 bits)
0000 0 0000001 0111 xxxx(4) u(1) 1D(7) CTLF(4)
0000 0 0000010 0111 DATA(16)

0000 0 0000011 0111 xxx (3) u(1) ID(7) (1) Cg, S, Ca. Sa
0000 O 0000100 0111 xx(2) FTL (Lower 12 bits) xx(2)

0000 0 0000101 0111 DATAA(16)

0000 0 0000110 Q111 DATAg(16)

0000 0 0000111 0111 xxxxxxxxx(9) 1D(7)

x: Don't care u: Unused
Table 2. Effects of Reset Operation

Hardware Reset

Software Reset

MN uPD7281 reads in MN ~ No Change
High/Low Word Flip-flop  Reset No Change
Input Inhibit Control Reset (No constraint)  No Change
LT Break State Reset Reset
Internal Operation Stopped Stopped
D@, GQ, and 0Q Pointers ~ Setto 0 Setto 0
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Figure 5. uPD7281 Operation Modes

Normal Mode

Run and PRGM
DOWNLOAD

SETBRK Token

‘CRESET Token

Test Mode

Hardware Reset

Hardware Reset

CBRK Token

Queue Overflow

CRESET Token

Break Mode

Program Debugging Mode
Sets Break Condition

Queue Overflow
CBRK Token
Break Condition

Outputs Error Token

May Use I?UI-AP
to Examine Contents

49-000066A
Figure 6. SETBRK (Set Break Condition) and SETMD (Set Mode) Token Formats
SETBRK Token Format
15 12 11 10 43 0 15
I— MN l 0 l iD 0 1 1 0O}lMm l COUNT
1= Timer Count
0 = Event Count
Event Count: Breaks after the 1D Link Table entry has been accessed a specified number of times.
Timer Count: Breaks after a specified number of internal pipeline clock cycles.
49-000067A
SETMD [Set Mode) Token Format
15 12 11 10 43 0 15 14 13 12 11 43
| MN [ ][] L] 0 1” ofo Refresh Count 1IRSD
' (S I
Input Control
00 = No Input Restriction
0 1 = Input Inhibited
10 = Input Restricted
11 = Not Allowed
Refresh Count -
To generate refresh cycles [2ms min] for LT, FT, DM and Q.
Refresh Counter must be adjusted for different external clock frequencies.
Detault Value = 0AH [for 10MHz external clock]
1IRSD [input Inhibit Register Set Data]
Every nth pipeline clock cycle, the input inhibit is released, were n = [IIRSD] x 8
49-0001348
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Input/Output Tokens Table and the Function Table using SETLT, SETFTR,
‘ SETFTLand SETFTT input tokens. The contents of the
Function Table and the Link Table can also be read
using RDLT, RDFTR, RDFTL and RDFTT tokens. In
order to write or read a value to and from the Data
Memory, a program must be down-loaded and ex-
ecuted. Once object code is down-loaded into the
uPD7281, data tokens are input to the processor,
thereby initiating the processing. For a description of
the input and output tokens, see tables 3 and 4.

The only way any external device can communicate
with the uPD7281 is by using the I/0 tokens (see figure
7). Both the input and the output tokens have the same
format so that a token may flow through a series of
multiple processors without a format change. A 32-bit
1/0 token is divided into upper and lower 16-bit words
and input to or output from the uPD7281 a 16-bit word
at a time. Object code is down-loaded into the Link

Figure 7. Input/Output Token Format

o High Word =|L Low Word 1‘

15 12 1110 43 0

[ MN IZJ 1] CTLF | Data J

MN: Module Number Z: Always Zero
1D: Identifier CTLF: Control Field
49-000068A
Table 3. Input Token Format
Input Token High Word (16) Low Word (16) Remarks
MN (4) m B (7) CTLF (4) DATA (16}
15 12 1 10 4 3 0 15 0

SETLT MN 0 LT address 1100 Data to be set in LT Set LT
SETFTR MN 0 FT address 1101 Data to be setin FTR Set FT Right Field
SETFTL MN 0 FT address 1110 Data to be setin FTL Set FT Left Field
SETFTT MN 0 FT address 1111 Data to be setin FTT Set FT Temporary Field
RDLT MN 0 LT address 1000 Read LT
RDFTR MN 0 FT address 1001 Read FT Right Field
RDFTL MN 0 FT address 1010 Read FT Left Field
RDFTT MN 0 FT address 1011 Read FT Temporary Field
CRESET MN 0 0100 Command Reset
SETMD MN 0 0101 Mode set data Set Operation Mode
SETBRK MN 0 D 0110 M (1)  Count(15) Set Break Condition
bump MN 0 xxxx(4) DUMP (3) 0111 Dump
CBRK 0000 0 0100 Command Break
VAN 1111 0 Vanish Data
PASS MN* 0 Pass Data
EXEC MN 0 D 00CS Data Normal Execution Data
* When MN is not the current module number
x: Don't care
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Table 4. Output Token Format

Output Token Upper-Order Word (16) Lower-Order Word (16) Remarks
MN (4) () 0 (7) CTLF (4) DATA (16)

15 12 1110 4 3 015 g
LTRDD 0000 0 LT address 1000 Data read from LT FT Read Data
FTRRDD 0000 0 FT address 1001 Data read from FTR FT Right Field Read Data
FTLRDD 0000 0  FTaddress 1010 Data read from FTL FT Left Field Read Data
FTTRDD 0000 0 FTaddress 1011 Data read from FTT FT Temporary Field Read Data
PASSD MN 0 D CTLFD Data Pass Data
ERR 0000 0 0000000 0100 MN(4)MODE(4) 0 0 0 STATUS(5) Error Data
DUMPD 0000 0 0000 DUMPQ) 0111 Dump data Dumped Data
0uUTD MN 0 iD 00CS Data Output Data

Instruction Set Summary

Tables 5 through 8 summarize the instruction set.

Table 5. AG/FC Instructions

Table 6. PU Instructions (cont)

Mnemonic Instruction Mnemonic Instruction

QUEUE Queue MUL Multiply

RDCYCS Read cyclic short NOP No operation

RDCYCL Read cyclic long ADDSC Add and shift count

WRCYCS Write cyclic short SUBSC Subtract and shift count

WRCYCL Write cyclic long MULSC Multiply and shift count

RDWR Read/Write Data Memory NOPSC NOP and shift count

RDIDX Read Data Memory with index INC Increment

PICKUP Pickup data stream DEC Decrement

COUNT Count data stream SHR Shift right

CONVO Convolve SHL Shift left

CNTGE Count generation SHRBRV Shift right with bit reverse

DIVCYC Divide cyclic SHLBRV Shift left with bit reverse

DIV Divide CMPNOM Compare and normalize

DIST Distribute cmp Compare

SAVE Save ID CMPXCH Compare and exchange

cut Cut data stream GET1 . Get one bit

Table 6. PU Instructions SET! Set one bit

Mnemonic Instruction OLAT Clear one bit

R Logical OR ANDMSK Mask a word with logical AND

AND Logical AND ORMSK Mask a word with logical OR ‘

XOR Logical EXCLUSIVE-OR CVT2AB Convert 2's complement to sign-magnitude
ANDNOT Logical INVERT an operand then AND: (AeB) OVTAB2 Convert sign-magnitude to 2's complement
NOT invert ADJL Adjust long (for double precision numbers)
ADD Add ACC Accumulate

SUB Subtract COPYC Copy control bit
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Table 7. GE Instructions
Mnemonic Instruction
COPYBK Copy block
COPYM Copy multiple
SETCTL Set control field

Table 8. OUT Instructions

Mnemonic Instruction
ouT1 Output 1 token
ouT2 Output 2 tokens

There are four different types of instructions which can
be specified by the SEL field of an FT token. See table 9.

Table 9. SEL Field of an FT Token

AG/FC Instructions

There are 16 AG/FC instructions (see table 10). They
can be grouped into three types: Address Generator
(AG), Flow Controller (FC), and AG/FC type.

AG type: RDCYCS, RDCYCL, WRCYCS, WRCYCL,
RDWR, RDIDX

FC type: PICKUP, COUNT, CUT, DIVCYC, DIV, DIST,
CONVO, SAVE, CNTGE

AG/FC type: QUEUE

A 4-bit OP code in the Function Table right field
specifies the instruction to be executed.

15 14 13 12 16 ¢ 8 7 6 5 4 3 2 1 0O

FTR
Fiel dL OP code

Varies with instruction

SEL Type Description
49-000071A
11 AG/FC  Executes instructions specified by the Function Table
Right field while monitoring the Function Table
Temporary field. QUEUE
01 PU Performs arithmetic, logical, barrel-shift, bit- For a two-operand instruction, a QUEUE instruction is
manipulation, data-conversion, etc. used to temporarily store the first operand token in the
10 GE Generates a block or multiple new tokens from a token. Data Memory until the second operand token arrives.
Sets the control field of a token. Increments or The maximum Queue size is 16. See figure 8.
decrements the data field of a token.
00 ouT Outputs data tokens from the circular pipeline to the
Output Queue after the tokens are finished being
processed.
Figure 8. QUEUE Instruction
fo— FTR > FTT -
15 12r“ 4’3 0 9| 8 I7 4]3 0
DM Base (x 27) ‘I QUEUE Size FIBiWIR: Read Counter ‘, Write Counter
I i i [

49-000319A

QUEUE

ADD

Note: See Data-tlow Graph Explanation [figure 27] for the explanation of figures.

49-000072A
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RDCYCS [Read Cyclic Short]

RDCYCS reads 18-bit data words from the Data
Memory cyclically (see figure 9). The first data to be
read is specified by the DM Base address. The last data
to be read is specified by the buffer size. The Read
Counter (RC) contains the offset address from Data
Memory Base (DMB) address. It is incremented each
time the Data Memory is accessed. The maximum
buffer size is 16.

Figure 9. RDCYCS Instruction Operation

DM

DM Base |

49-000074A

RDCYCS Instruction Field Format
le FTR

FTT

f
15 1211 a3

|
1
0

09 43

T
N |
0o 0 o0 o } DM BASE [x 21)

I

Buffer Size -

T
: Read Counter
'
s

49-000073A

RDCYCL [Read Cyclic Long]

RDCYCL reads 18-bit data words from the Data Memory
inacyclic mannerlike RDCYCS but has alonger cyclic

range. The first data to be read is specified by the DM
Base address. The last data to be read is specified by
the buffer size. The maximum buffer size is 256.

RDCYCL Instruction Field Format
I FTR

[

15 1211 87
T

T -
1 0 1] 0: DM Base [x 25]

Buffer Size

— ]

T
| .

1 Read Counter
|

i

43-000075A

WRCYCS [Write Cyclic Short]

WRCYCS writes 18-bit data words into the Data
Memory cyclically. The first the Data Memory address

is specified by the DM Base address. The last address
is specified by the buffer size. The maximum buffer
size is 16.

WRCYCS instruction Field Format
| FTR

FTT

43

|
>

|
09 ()]

43

DM Base [x 21]

T
: Buffer Size
1
L

T
i
1 Write Counter
1

49-000076A

'WRCYCL [Write Cyclic Long]

WRCYCL writes 18-bit data words into the data memory
in a cyclic manner similarto WRCYCS but has alonger

2-182
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WRCYCL Instruction Field Format

I FTR

Sle FTT

I
15 1211 87
T

T

1 0 0 1| DMBase(x25 |
| i

] H

Buffer Size

Write Counter

Lo _v

49-000077A

RDWR [Read/Write Data Memory]

RDWR is used to write or read data to and from the
Data Memory. This instruction reads/modifies/writes
the Data Memory with the Address Register as index.

If a token arriving at the instruction has FTRC bit =0,
then the instruction performs a DM read operation. If it
has FTRC bit = 1, then the instruction performs a DM
write operation.

For a token with the FTRC bit = 0, the actual DM
address location to be read is determined by the sum of
the following three values: 8-bit Address Register (AR),

the lower eight bits of the data field of the token, and
the DM Base address. After the read operation, the
lower eight bits of the token’s data field is added to the
value of AR. Additionally, the data field of the token is
replaced by the contents read from the Data Memory
location.

If atoken with FTRC bit =1 is used along with RDWR, a
write operation is performed. The Data Memory address
location is determined by the sum of 8-bit AR and DM
Base address. The 18-bit data from the token is written
into the DM address calculated. After the write
operation, AR is reset to 00H.

FTRC =0 FTRC=1
Before Read Operation Before Write Operation
8 7 0 8 7 0
[ 0 ] AR ] I 0 | AR —l
8 7 0 8 1 [
l o l Lower 8 Bits of Data Field ] +I DM Base Address o |
8 1 0
_H DM Base Address | 0 | 8 °
L DM Address ]
8 0
I DM Address J
After Write Operation
7 0
l 0 0 0 o 0 0 0 0 I
After Read Operation
7 0
l s |
7 . 0
L an ]
_I_l Lower 8 Bits of Data Field |
49-000080A
7 0
l an |

49-000079A

RDWR Instruction Field Format
FTR

15 12 11 43

T

0 1 0 0 DM Base
| [x21)
1

Address Register

49-000078A
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RDIDX [Read Data Memory with Index]

RDIDX is used to read the contents of the Data
Memory. This instruction is most useful when a part of
the Data Memory is used as a look-up table. The
RDIDX instruction performs different operations
depending upon the FTRC bit of the token using the
instruction. If the FTRC bit = 0, then the instruction
reads a Data Memory location. The DM address
location to be read is determined by the sum of the
following three values: the 8-bit AR, the lower eight bits

of the token’s data field, and the DM Base address.
After the read operation, the data field of the token is
replaced by the contents of the Data Memory location
read. The value of AR is reset to zero after the
operation.

If the FTRC bit = 1, no operation is performed on the
Data Memory. However, the token’s AR contents are
replaced by the modulo-256 sum of the lower eight bits
of data field and the current contents of AR.

FTRC =10 FTRC=1
Before Read Operation 7 9
87 0 l AR J
L] L |
7 0
8 7 0 +I Lower 8 Bits of Data Field J
| 0 I Lower 8 Bits of Data Field ]
0
8 0 £
+[ DM Base I 0 ] [ AR J
49-000081A
8 0
l DM Address |
After Read Operation
7 1]
|0 0 o .0 [} 0 0 Ol

, ' \
| o |

90001356

RDIDX tnstruction Field Format

| | F ]
l FTR ‘ FIT |
15 1211 a3 09 87 0
T T T
o 1 0 1 Il DM Base [x 21) } - ll
!
!

Address Register [AR]

49-000082A
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PICKUP [Pickup Data Stream]

This instruction picks up every (n+1)thtoken from astream
ofincoming tokens and increments the (n+1)thtoken’s ID
field by one. The number n is specified by the Count

Size (CS) of the Function Table Right field.
Figure 10illustrates the PICKUP instruction with CS=3.

Note: These figures use the data-flow graph convention. See figure
27, Data-flow Graph Explanation for the explanation of figures.

PICKUP Instruction Field Format

e TR | FTT .
15 1211 87 09 87 0
‘l’ T T
11 0 o - ! Count Size - Counter [C]
1 ! |

439-000085A

Figure 10. Pickup Instruction

3/4 1/4

OuT2
ouT1

49-000083A

49-000084A

COUNT [Count Data Stream]

COUNT copies every (n+1)th token from a stream of
incoming tokens and increments the copied token’s ID

field by one. The number n is specified by CS of the
Function Table Right field. Figure 11 illustrates the
COUNT instruction with CS = 3.

COUNT Instruction Field Format
| FTR

L FTT

o b

-

o

)

-

=
.
I~

Count Size [CS]

Counter [C]

49-0001368
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Figure 11. COUNT Instruction

cs=3

49-000087A

ouT

49-000124A

CONVO [Convolve]

CONVO instruction is used to perform cumulative
operations such as ZA;or I1A;. The CONVO instruction
is best suited for convolving two sequences of the
same length. Figure 12 illustrates the CONVO instruc-
tion by computing

n
SUM = zAi Bi~

i=1

The Ajsequence is input to IN1 while the B; sequence
isinputto IN2. Together they are queued and multiplied
to form the C; sequence. The Cj’s arriving at CONVO
instruction are queued and added together to form the
final answer SUM. The length of the summation, n, is
specified by the CS.

Figure 12. CONVO Instruction

cs=2n—-1
IN1 IN2

A|[ la.

QUEUE

MuL

Ci

CONVO
D ID+2
n
SUM= ¥ A;B;
i=1

iD+1

QUEUE

ADD

L]

49-000083A

CONVO Instruction Field Format

FTT

09

X

87 1. 0

M= Ja §
A
[ S—

Count Size {CS]

-
1

! Counter [C]
A

49-000089A
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CNTGE [Count Generation]

CNTGE is normally used with COPYBK (Copy Block)
to generate more than 16 copies of a single token (see
figure 13). Thisinstruction has both the dead (inactive)
state and the wait (active) state. The instruction starts
in the dead state. The FTRC bit = 0 tokens that arrive
during the dead state of instruction are outputto the ID
+ 2 token stream. It enters the wait state when a token
with FTRC bit = 1 arrives and the token is output to ID
token stream. Once the instruction is in the wait state,
itcounts the number of tokens arriving with FTRC bit=
0, outputting them to the ID token stream, until the
number exceeds the number specified by CS. If Counter
(C) reaches the number specified by Count Size (CS),
the instruction automatically enters the dead state.
Tokens with the FTRC bit=1 arriving at CNTGE while
the instruction is in the wait state are deleted by the
instruction. Once the instruction enters the dead state,
it can be reactivated by the arrival of atoken with FTRC
bit=1.

Figure 13. CNTGE Instruction

cs=2
GS=3

CNTGE

COPYBK

1Q

ID+2

49-000091A

CNTGE Instruction Field Format

FTT

I
0

98

7

.

Count Size [CS]

T
)
W/D1
o
I

T

|
|
|
I

Counter [C]

49-000090A
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DIVCYC [Divide Cyclic]

DIVCYC divides an incoming stream of tokens into two
streams of tokens: an |ID token stream and an ID + 1
token stream. The pattern in which the incoming
tokens are divided is specified by the Divide Size (DS)
and Count Size (CS). The DS specifies cycle size
whereas CS specifies the number of consecutive
tokens to be in the ID stream. The first CS + 1 tokens
are output to the ID token stream. The following
consecutive (DS - CS) tokens are output to the ID + 1
token stream.

Figure 14 illustrates the DIVCYC instruction with
DS =7 and CS = 2. Note that an incoming stream of
tokens is divided into a stream of ID tokens and a
stream of ID + 1 tokens with a cycle of 8 tokens. Since
CS = 2, the number of ID tokens in one cycle is 3, the
number of ID + 1 tokens in a cycle is 5.

Figure 14. DIVCYC Instruction

D D+1
49-000093A

DIVCYC Instruction Field Format
le FTR 1 FTT N
I , T |
15 1211 87 43 09 87 43 0

T T T T T

1 |
1 o 1t 0 i - : Count Size [CS] ! Divide Size [DS) - : Counter [C] i Counter [C]
1 j — 1 1 1

49-000092A
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DIV [Divide]

DIV with CS = n divides an incoming stream of tokens
with FTRC bit=0into two streams of tokens: ID tokens
and ID + 1 tokens. Thefirst (n + 1) incoming tokens with
FTRC bit=0are output as the ID tokens, and the rest of
the incoming tokens with FTRC bit = 0 are output as
ID + 1 tokens. An incoming token with FTRC bit=1is
used to reinitialize the DIV instruction. The stream of
input tokens with FTRC bit = 0 after the reinitialization
isagaindivided intoastream of (n+1) ID tokens followed
by ID + 1 tokens. A token with FTRC bit = 1 which
reinitializes the DIV instruction is deleted from the
output token stream. A DIV instruction with CS =3 is
illustrated in figure 15. The 10th and 16th input tokens
have FTRC bit = 1, so they reinitialize the DIV
instruction.

Figure 15. DIV Instruction

FTRC=0 FTRC=1
IN1 IN2

O

cs=3

CS+1=4+

Ccs+1=4+

1] ID+1

Note: Tokens [10] and [16] are deleted
49-000094A

DIV Instruction Field Format

| FTR

| ETT

o
-
©

~

o _¥Y.

15 1211 87
T

]
o

Count Size [CS]

Counter [C]

49-000098A
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DIST [Distribute]

DIST is used to divide a stream of incoming tokens
with the same ID into more than one stream of tokens
with different IDs (see figure 16). The AID size
determines the maximum number of output token
streams the instruction can have. AID is the value
added to an incoming token’s ID field to form the ID
field of the output token. The AID field isinitially set to
zero, and it is incremented by one after a token with
FTRC bit=1 passes through the instruction. However,
a token with FTRC bit = 0 has no effect on the value of
AlD field. If the value of AID before being incremented
by a token with the FTRC bit = 1 is equal to the
contents of the AID size field, the AID field will be reset
to zero.

Figure 16. DIST Instruction

Initial state:NID = 0
When 01D Size =3

FTRC=0 FTRC=1

=)
©
-
)
'

ID+3
D110 -2 49.000104A
DIST iInstruction Field Format
| FTR | FTT |
I | |
15 12 11 43 09 43 0
FAN |o]

T
1
D size - !
[

49-000103A
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SAVE [Save ID]

SAVE is used to set the value of the ID field of a token.
The instruction performs two different operations
depending on whether the token’s FTRC bitis 1 or 0. If
the token’s FTRC bit=0, the instruction copies the lower
eight bits of the data field into the Identifier Stack
Register (IDSR) field. However, if the token’s FTRC bit
is 1, the instruction replaces the token’s ID field with
the contents of IDSR.

Figure 17 illustrates the use of the SAVE instruction.
Token 1 assigns an ID field value of 10H to tokens 2, 3,
4 and 5, token 6 assigns an ID field value of 20H to
tokens 7 and 8, and token 9 assigns an ID field value of
30H to tokens 10, 11 and 12. In this example, tokens 1,6
and 9 are deleted after SAVE instruction.

Figure 17. SAVE Instruction

s (DDATA  30H
FRTC=1

6 QDATA  20H
FTRC =0

1QDATA  10H

SAVE SAVE

~
~
S
12
1
10

Nwa o

10H 20H 30H
49-000106A

SAVE Instruction Field Format

k FTR

09 87 0

1D Stack Register [IDSR]

49-000105A
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CUT [Cut Data Stream]

CUT is used to delete unnecessary tokens from a
series of incoming tokens. The first n tokens arriving at
the instruction are deleted, where n is the value
contained in the CS field of the instruction. Initially the
S/F bit and the Counter (C) are set to zero. When a
token with its FTRC bit =0 enters the instruction while
S/F bit is zero, the token increments the Counter by
one and the token itself is deleted. As the first (n + 1)

tokens are deleted by the instruction, the Count