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Part Numbering System

uPD72001L
uP

D

72001

L

Typical microdevice part number

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, uPD72001L-11 has an 11-MHz CPU clock

rating.



N E C Single-Chip Microcomputers

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

Device Clock  Supply
(uPD) Features (MHz) Voltage (V) ROM (X8) RAM (X4) 1/0 Package t Pins
7502A LCD controller/driver 0.41 25t06.0 2K 128 23 QFP 64
7503A LCD controller/driver 0.41 25t06.0 4K 224 23 QFP 64
75078 General-purpose 0.5 22t06.0 2K 128 32 SDIP 40
QFP 44
7508B General-purpose 0.5 22t06.0 4K 224 32 SDIP 40
QFP 44
7533 A/D converter 0.51 2.7t06.0 4K 160 30 DIP 42
SDIP 42
QFP 44
75CG33 Piggyback EPROM; A/D 0.51 45t0 55 4K 160 30 Ceramic DIP 42
converter
7554 Serial I/O; external 0.71 25t06.0 1K 64 16 SDIP 20
clock or RC oscillator SOP 20
7554A Serial I/O; external 0.71 2.0t0 6.0 1K 64 16 SDIP 20
clock or RC oscillator SOP 20
75P54 Serial I/O; external 0.71 4.51t06.0 1K OTPROM 64 16 SDIP 20
clock or RC oscillator SOP 20
7564/7564A Serial I/O; ceramic 0.71 2710 6.0 1K 64 15 SDIP 20
oscillator SOP 20
75P64 Serial I/O; ceramic 0.71 4.51t0 6.0 1K OTPROM 64 15 SDIP 20
oscillator SOP 20
7556 Comparator; external 0.71 2.51t06.0 1K 64 20 SDIP 24
clock or RC oscillator SOP 24
7556A Comparator; external 0.71 20t0 6.0 1K 64 20 SDIP 24
clock or RC oscillator SOP 24
75P56 Comparator; external 0.71 4510 6.0 1K OTPROM 64 20 SDIP 24
clock or RC oscillator SOP 24
7566/7566A Comparator; ceramic 0.71 2.7 t0 6.0 1K 64 19 SDIP 24
oscillator SOP 24
75P66 Comparator; ceramic 0.71 4.5t0 6.0 1K OTPROM 64 19 SDIP 24
oscillator SOP 24
1 Plastic unless ceramic (or cerdip) is specified. -
4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series
Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X4) 1/0  Package t Pins
75004 General-purpose 4.19 27t06.0 4K 512 34 SDIP 42
QFpP 44
75006 General-purpose 4.19 2.7 t0 6.0 6K 512 34 SDIP 42
QFP 44
75008 General-purpose 4.19 2.7t0 6.0 8K 512 34 SDIP 42
QFP 44 '
75P008 General-purposg; on- 4,19 451055 8K OTPROM 512 34 SDIP 42
chip OTPROM QFP 44
75028 A/D converter 419 27t06.0 8K 512 48 SDIP 64
QFP 64
75P036 A/D converter; on-chip 4.19 2.7t0 6.0 16K OTPROM 1024 48 SDIP 64
OTPROM QFP 64

50580 1-1




Single-Chip Microcomputers

NEC

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

Clock Supply

Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X4) 1/O  Package t Pins

75048 A/D converter; 1K x 4 419 2.7 t0 6.0 8K 512 48 SDIP 64
EEPROM QFP 64

75P048 * A/D converter; 1K x 4 4.19 271060 8K OTPROM 512 48 SDIP 64
EEPROM; on-chip QFP 64
OTPROM

75104 High-end with 8-bit 4.19 27106.0 4K 320 52 SDIP 64
instruction QFP 64

75104A High-end with 8-bit 419 2710 6.0 4K 320 52 QFP 64
instruction

75106 High-end with 8-bit 4.19 27106.0 6K 320 52 SDIP 64
instruction QFP 64

75108 High-end with 8-bit 4.19 27106.0 8K 512 52 SDIP 64
instruction QFP 64

75108A High-end with 8-bit 4.19 2.7106.0 8K 512 52 QFP 64
instruction

75108F High-end with 8-bit 4.19 27105.0 8K 512 52 QFP 64
instruction; high speed

75P108 High-end with 8-bit 4.19 45t05.5 8K OTPROM 512 52 SDIP 64
instruction; on-chip QFP 64
OTPROM or UIVEPROM 8K UVEPROM 512 52 Shrink cerdip 64

75P108B High-end with 8-bit 4.19 2710 6.0 8K OTPROM 512 52 SDIP 64
instruction; on-chip QFP 64
OTPROM

75112 High-end with 8-bit 419 27106.0 12K 512 52 SDIP 64
instruction QFP 64

75112F High-end with 8-bit 4.19 27105.0 12K 512 52 QFP 64
instruction; high speed .

75116 High-end with 8-bit 4.19 27106.0 16K 512 52 SDIP 64
instruction QFP 64

75116F High-end with 8-bit 4.19 27t05.0 16K 512 52 QFP 64
instruction; high speed

75P116 High-end with 8-bit 4.19 45t05.5 16K OTPROM 512 52 SDIP 64
instruction; on-chip QFP 64
OTPROM

75116H High-end with 8-bit 4.19 1.8t0 5.0 16K 768 52 QFP 64
instruction; high
speed; low voltage

75117H High-end with 8-bit 4.19 1.8 t0 5.0 24K 768 52 QFP 64
instruction; high
speed; low voltage

75P117H* High-end with 8-bit 4.19 1.8t05.0 24K OTPROM 768 52 QFP 64
instruction; high
speed; low voltage; on-
chip OTPROM

75206 FIP controller/driver 4.19 2710 6.0 6K 369 28 SDIP 64

QFP a4
75208 FIP controller/driver 4.19 271t06.0 8K 497 28 SDIP 64
QFP 64

* Under development; consult your NEC Sales Office for availability.
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N E C Single-Chip Microcomputers

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

Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X4) /O  Package t Pins
75212A FIP controller/driver 4.19 2710 6.0 12K 512 28 SDIP 64
QFP 64
75216A FIP controller/driver; 4.19 2710 6.0 16K 512 28 SDIP 64
on-chip OTPROM QFP 64
75P216A FIP controller/driver; 4.19 45t055 16K OTPROM 512 28 SDIP 64
on-chip OTPROM
75217 FIP controller/driver 419 2710 6.0 24K 768 28 SDIP 64
QFP 64
75218 FIP controller/driver 6.0 2710 6.0 32K 1024 28 SDIP 64
QFP 64
75P218 FIP controller/driver; 6.0 2.7t06.0 32K OTPROM 1024 28 SDIP 64
on-chip OTPROM or QFP 64
WEPROM 32K UVEPROM 1024 28 Ceramic LCC 64
75236 FIP controller/driver; 4.19 27t06.0 16K 768 40 QFP 94
A/D converter
75237 FIP controller/driver; 6.0 27106.0 24K 1024 40 QFP 94
A/D converter
75238 FIP controller/driver; 6.0 2.7t0 6.0 32K 1024 40 QFP 94
A/D converter
75P238 FIP controller/driver; 6.0 27t06.0 32K OTPROM 1024 40 QFP 94
A/D converter; on-chip
OTPROM or UVEPROM 32K UVEPROM 1024 40 Ceramic LCC 94
75268 FIP controller/driver 4.19 2.7t06.0 8K 512 28 SDIP 64
QFP 64
75304 LCD controller/driver 4.19 2710 6.0 4K 512 32 QFP 80
75306 LCD controller/driver 4.19 2710 6.0 6K 512 32 QFP 80
75308 LCD controller/driver 4.19 27t06.0 8K 512 32 QFP 80
75308B LCD controller/driver; 4.19 2.0t0 6.0 8K 512 32 QFP 80
low voltage
75P308 LCD controller/driver; 4.19 4.75 to 5.25 8K OTPROM 512 32 QFP 80
-chip OTPR
oo oM or 8K UVEPROM 512 3%  Ceramic LCC 80
75312 LCD controller/driver 4.19 2710 6.0 12K 512 32 QFP 80
75316 LCD controller/driver 4.19 27t06.0 16K 512 32 QFP 80
75P316 LCD controller/driver; 419 4.75 t0 5.25 16K OTPROM 512 32 QFP 80
on-chip OTPROM
75P316A LCD controller/driver; 4.19 2.7t06.0 16K OTPROM 512 32 QFP 80
-chip OTPR
OVEPROM OM or 16K UVEPROM 512 32  Ceramic LCC 80
75328 LCD controlier/driver; 419 2.7t06.0 8K 512 36 QFP 80
A/D converter
75P328 LCD controller/driver; 419 45t055 8K OTPROM 512 36 QFP 80
A/D converter; on-chip
OTPROM
75336 LLCD controller/driver; 4.19 2.7 t0 6.0 16K 768 36 QFP 80

A/D converter; high-end




Single-Chip Microcomputers

NEC

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

Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X4) 1/O  Package 1 Pins
75P336 LCD controller/driver; 4.19 2.7t0 6.0 16K OTPROM 768 36 QFP 80
A/D converter; high-
end; on-chip OTPROM
75348 LCD controller/driver; 4,19 20t0 6.0 8K 1024 32 QFP 100
DTMF, high-end )
75352 LCD controller/driver; 419 2.0t0 6.0 12K 1024 32 QFP 100
DTMF, high-end
75402A Low-end 419 27t0 6.0 2K 64 22 DiP 28
SDIP 28
QFP 44
75P402 Low-end; on-chip 4.19 45t05.5 2K OTPROM 64 22 DIP 28
OTPROM SDIP 28
QFP 44
75512 High-end; A/D 4.19 27t06.0 12K 512 64 QFP 80
converter
75516 High-end; A/D 4.19 271t06.0 16K 512 64 QFP 80
converter
75P516 High-end; A/D 4.19 4751055 16K OTPROM 512 64 QFP 80
converter; on-chip : N
OTPROM or UVEPROM 16K UVEPROM 512 64 Ceramic LCC 80
75517 High-end; A/D 6.0 271t06.0 24K 1024 64 QFP 80
converter; high-speed
75518 High-end; A/D 6.0 2710 6.0 32K 1024 64 QFP 80
converter; high-speed
75P518 High-end; A/D 6.0 2710 6.0 32K OTPROM 1024 64 QFP 80
converter; high-speed;
on-chip OTPROM and 32K UVEPROM 1024 64  Ceramic LCC 80
UVEPROM
75616 LCD controller/driver; 6.0 20t0 6.0 16K 1536 32 QFP 100
DTMF, high-end; A/D
converter
75617 LCD controller/driver; 6.0 2.0t0 6.0 24K ' 1536 32 QFP 100
DTMF, high-end; A/D
converter
75P618 LCD controller/driver; 6.0 20t06.0 32K OTPROM 2048 32 QFP 100
DTMF, high-end; A/D
converter; on-chip
OTPROM
1 Plastic unless ceramic (or cerdip) is specified.
8-Bit, Single-Chip CMOS Microcomputers; 78xx Series
Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X8) 1/0  Package t Pins
78C10A CMOS; A/D converter 15 451055 External 256 32 QUIP 64
SDIP 64
QFP 64
PLCC 68
78C11A CMOS; A/D converter 15 451055 4K 256 40 QulP 64
' SDIP 64
QFP 64
PLCC 68
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N E C Single-Chip Microcomputers |

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

. Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X8) 1/0  Package t Pins
78C12A CMOS; A/D converter 15 45t055 8K 256 40 QuIP 64
SDIP 64
QFP 64
PLCC 68
78C14/8C14A CMOS; A/D converter 15 451055 16K 256 40 QuiP 64
sDiP 64
QFP 64
PLCC 68
78CP14 CMOS; A/D converter; 15 4.75 to 5.25 16K OTPROM 256 40 QuIP 64
on-chip OTPROM or SDIP 64
UVEPROM QFP 64
PLCC 68
16K UVEPROM 256 40 Ceramic QUIP 64
Shrink cerdip 64
78C17 CMOS; A/D converter 15 45t05.5 External 1024 40 QuIP 64
sbIP 64
QFP 64
78C18 CMOS; A/D converter 15 45t055 32K 1024 40 QuIP 64
sDIP 64
QFP 64
78CP18 CMOS; A/D converter; 15 4.75 to 5.25 32K OTPROM 1024 40 QuIP 64
on-chip OTPROM or SDIP 64
UVEPROM QFP 64
32K UVEPROM 1024 40 Ceramic LCC 64
T Plastic unless ceramic (or cerdip) is specified.
8-Bit, Single-Chip CMOS Microcomputers; 782xx (K2) Series
Clock Supply
Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X8) 1/0  Package t Pins
78212 CMOS; A/D converter; 12 451055 8K 384 54 SDIP 64
advanced peripherals QuIP 64
QFP 64
QFP 74
PLCC 68 ,
78213 CMOS; A/D converter; 12 45t055 External 512 36 sDIP 64
advanced peripherals QUIP 64
QFP 64 ‘
QFP 74 i
PLCC 68 |
78214 CMOS; A/D converter; 12 451055 16K 512 54 SDIP 64 ‘
advanced peripherals QUIP 64
QFP 64
QFP 74
PLCC 68
78P214 CMOS; A/D converter; 12 45t055 16K OTPROM 512 54 sDIP 64
advanced peripherals; QUIP 64
on-chip OTPROM or QFP 64
UVEPROM QFP 74
PLCC 68
16K UVEPROM 512 54 Shrink cerdip 64 |
78217A CMOS; A/D converter; 12 45t055 External 1024 36 sDIP 64 :
advanced peripherals QFP 64




Single-Chip Microcomputers _

NEC

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

Clock Supply

Device (uPD)  Features (MHz) Voltage (V) ROM (X8) RAM (X8) 1/0  Package t Pins
78218A CMOS; A/D converter; 12 451055 32K 1024 54 SDIP 64
advanced peripherals QFP 64
78P218A CMOS; A/D converter; 12 451055 32K OTPROM 1024 54 SDIP 64
advanced peripherals; QFP 64
on-chip OTPROM or
UVEPROM 32K UVEPROM 1024 54 Shrink cerdip 64
78220 CMOS; analog 12 45t05.5 External 640 53 PLCC 84
comparator; large I/O QFP 94
78224 CMOS; analog 12 451055 16K 640 7 PLCC 84
comparator; large 1/O QFP 94
78P224 CMOS; analog 12 4.5t05.5 16K OTPROM 640 iy PLCC 84
comparator; large /O; QFP 94
on-chip OTPROM
78233 CMOS; real-time 12 45105.5 External 640 46 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
78234 CMOS; real-time 12 45t05.5 16K 640 64 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
78237 CMOQOS; real-time 12 45t055 External 1024 64 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
78238 CMOS; real-time 12 45t055 32K 1024 64 QFP 80
outputs; A/D and D/A QFP 94
converters PLCC 84
78P238 CMOS; real-time 12 45t055 32K OTPROM 1024 64 QFP 80
outputs; A/D and D/A QFP 94
converters; on-chip PLCC 84
OTPROM or UVEPROM 32K UVEPROM 1024 64  Ceramic LCC 94
78243 CMOS; A/D converter; 12 451t05.5 External 512 36 SDIP 64
EEPROM 512 QFP 64
EEPROM
78244 CMOQOS; A/D converter; 12 45t05.5 16K 512 54 SDIP 64
EEPROM 512 QFP 64
EEPROM
1 Plastic unless ceramic (or cerdip) is specified.
8/16-Bit, Single-Chip CMOS Microcomputers; 783xx (K3) Series
Device Clock  Supply
(uPD) Features (MHz) Voltage (V) ROM (X8) RAM (X8) 110 Package 1 Pins
78310A Real-time motor control 12 45t05.5 External 256 48 SDIP 64
QuIP 64
QFP 64
PLCC 68
78312A Real-time motor control 12 4.5t05.5 8K 256 48 SDIP 64
QuIP 64
QFP 64
PLCC 68

16



N E C Single-Chip Microcomputers

8/16-Bit, Single-Chip CMOS Microcomputers; 783xx (K3) Series

Device Clock Supply |
(«PD) Features (MHz) Voltage (V) ROM (X8) RAM (X8) 1/0 Package t Pins
78P312A Real-time motor 12 451055 8K UVEPROM 256 48 Shrink cerdip 64
control; on-chip Ceramic QUIP 64
OTPROM or UIVEPROM 8K OTPROM 256 4 sDP 64
QUIP 64
QFP 64
PLCC 68
78320 Real-time control; A/D 16 45t055 External 640 37 QFP 74
converter PLCC 68
78322 Real-time control; A/D 16 451055 16K 640 55 QFP 74
converter PLCC 68
78P322 Real-time control; A/D 16 45t055 16K OTPROM 640 55 QFP 74
converter; on-chip PLCC 68
OTPROM or LVEPROM 16K UVEPROM 640 55  Ceramic LCC 68
Ceramic LCC 74
78323 Real-time control; A/D 16 45t055 External 1024 37 QFP 74
converter PLCC 68
78324 Real-time control; A/D 16 451055 32K 1024 55 QFP 74
converter PLCC 68
78P324 Real-time control; A/D 16 45t055 32K OTPROM 1024 55 QFP 74
converter PLCC 68
32K UVEPROM 1024 55 Ceramic LCC 68 !
Ceramic LCC 74 ;
78327 Real-time control; A/D 16 451055 External 512 34 SDIP 64 '
converter; enhanced QFP 64
real-time output
78328 Real-time control; A/D 16 45t05.5 16K 512 52 SDIP 64
converter; enhanced QFP 64
real-time output
78P328 Real-time control; A/D 16 45t055 16K OTPROM 512 52 SDIP 64 :
converter; enhanced QFP 64 ‘
real-time output; on- o
chip OTPROM or 16K UVEPROM 512 52 Ceramic SDIP 64
UVEPROM
78330 Real-time control; A/D 16 45t05.5 External 1024 52 QFP 94
converter, enhanced PLCC 84
real-time pulse unit
78334 Real-time control; A/D 16 45t055 32K 1024 70 QFP 94 i
converter, enhanced PLCC 84 i
real-time pulse unit |
78P334 Real-time control; A/D 16 451055 32K OTPROM 1024 70 QFP 94 !
converter, enhanced PLCC 84
reaktime pulse unit; I
on-chip OTPROM or 32K UVEPROM 1024 70 Ceramic LCC 94 |
UVEPROM Ceramic LCC 84 |
|
78350 High speed; multiply 25 451055 External 640 30 QFP 64 :
and accumulate
instruction
78P352 High speed; multiply 25 451055 32K OTPROM 640 50 QFP 64

and accumluate
instruction; on-chip
OTPROM
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V-Series and RISC Microprocessors and Peripherals

NEC

V-Series CMOS Microprocessors

Device,

nPD Features Data Bits Clock (MHz) Package t Pins

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

g Ceramic DIP 40
QFP 52
PLCC 44

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

enhanced microprocessor QFP 52

PLCC 44

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

QFP 52

PLCC 44

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

enhanced microprocessor QFP 52

PLCC 44

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

QFP 80

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

plus peripherals PLCC 68

QFP 80

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

QFP 80

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

plus peripherals PLCC 68

QFP 80

70136 (V33) Hardwired, enhanced V30 8 and 16 12 or 16 PGA 68
dynamic PLCC 68

70236 (V53) V33 core-based; high-integration; DMA, serial 8 and 16 10, 12, 16 Ceramic PGA 132
1/O, interrupt controller, etc. dynamic QFP 120

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

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

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

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

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

Software Guard) integration; software protection QFP 94

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

Software Guard) integration; software protection QFP 94

T Plastic unless ceramic (or cerdip) is specified.
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N E C V-Series and RISC Microprocessors and Peripherals

V-Series CMOS System Support Products |

Device,
nPD Features Data Bits Clock (MHz) Package t Pins
71011 Clock Pulse Generator/Driver — 20 DIP 18
SOP 20
71037 Programmable DMA Controller 8 10 DIP 40 !
QFP 40
PLCC 44
71051 Serial Control Unit 8 8/10 DIP 28
QFP 44
) PLCC 28
71054 Programmable Timer/Controller 8 8/10 DIP 24
QFP 44
pLCC 28
71055 Parallel Interface Unit 8 8/10 DIP 40
QFP 44
PLCC 44
71059 Interrupt Control Unit 8 8/10 DIP 28
QFP 44
PLCC 28
71071 DMA Controller 8/16 8/10 DiP 48
Ceramic DIP 48
QFP 52
PLCC 52
71082 Transparent Latch 8 8 DIP 20
SOP 20
71083 Transparent Latch 8 8 DIP 20
SOP 20
71084 Clock Pulse Generator/Driver — 25 DIP 18
SOP 20
71086 Bus Buffer/Driver 8 8 DIP 18
SOP 20
71087 Bus Buffer/Driver 8 8 DIP 20
SOP 20
71088 System Bus Controller — 8/10 DIP 20
SOP 20
71101 Complex Peripheral Unit; serial, parallel, timer, 8 10 QFP 120
interrupt
71641 Cache Memory Controller 8/16/32 25 PGA 132
72291 Floating Point Coprocessor for V33/V53 16 16 PGA 68
9335 Numeric Interface Adapter for V40/V50 « i8087 — 8 DIP 20

1 Plastic unless ceramic (or cerdip) is specified.



V-Series and RISC Microprocessors and Peripherals

NEC

RISC Microprocessors and Peripherals

Device Name Clock Package Pins
HPD30310 (VR3000A) RISC Microprocessor 25 MHz PQFP 160
25, 33 MHz PPGA or CPGA 175
40 MHz CPGA 175
HPD30311 (VR3010A) Floating-Point Processor 25 MHz PQFP 160
25, 33 MHz PPGA or CPGA 84
40 MHz CPGA 84
pPD30361 (VR3600) RISC Microprocessor 25, 33 MHz PPGA 175
40 MHz CPGA 175
pPD30362 (VR3600) RISC Microprocessor 25, 33 MHz PPGA 175
40 MHz CPGA 175
HPD31311 Bus Interface Unit 25, 33 MHz PPGA 208
uPD46710 16K x 10-Bit x 2 SRAM Access time: 12, 15 20 ns PLCC 52
uPD46741 8K x 20-Bit x 2 SRAM Access time: 12, 15, 20 ns PLCC 68
HPD30400 (VR4000PC) RISC Microprocessor 50, 66, 75 MHz CPGA 179
uPD30401 (VR4000SC) RISC Microprocessor 50, 66, 75 MHz CPGA or LGA 447
uPD30402 (VR4000MC) RISC Microprocessor 80, 66, 75 MHz CPGA or LGA 447




N E C Intelligent Peripheral Devices (IPD)

Communications Controllers

Device, Maximum i
wPD Name Description Data Rate Package t Pins
72001 CMOS, Advanced Functional superset of 8530; 8086/V30 2.5 Mb/s DIP 40 ;
Multiprotocol Serial interface; two full-duplex serial channels; two QFP 52
Communications DPLLs; two baud-rate generators per channel; PLCC 52
Controller loopback test mode; short frame and mark idle
detection
72002 CMOS, Advanced Low-cost, single-channel version of 72001; 2.5 Mb/s DIP 40
Multiprotocol Serial software compatible; direct interface to 71071/ QFP 44
Communications 8237 DMA controllers PLCC 44
Controller
72103 CMOS, HDLC Controller  Single full-duplex serial channel; on-chip DMA 4 Mb/s SDIP 64
controller PLCC 68
QFP 80
Graphics Controllers
Device, Maximum
rPD Name Description Drawing Rate Package t Pins
7220A High-Performance General-purpose, high-integration controller; 500 ns/dot Ceramic DIP 40
Graphics Display hardwired support for lines, arc/circles,
Controller rectangles, and graphics characters; 1024x1024
pixel display with four planes
72020 Graphics Display CMOS 7220A with 2M video memory; dual-port 500 ns/dot DIP 40
Controller RAM control; write-masking on any bit; QFP 52
enhanced external sync
72120 Advanced Graphics High-speed graphics operations including paint, 500 ns/dot PLCC 84
Display Controller area fill, slant, arbitrary angle rotate, up to 16x QFP 94
enlargement and reduction; dual-port RAM
control; CMOS
72123 Advanced Graphics Enhanced 72120; expanded command set; 400 ns/dot PLCC 84
Display Controller Il improved painting performance; laser printer QFP 94
interface controls; CMOS
Advanced Compression/Expansion Engine
Device,
uPD Name Description Package t Pins
72185 Advanced Compression/  High-speed CCITT Group 3/4 bit-map image compression/expansion  SDIP 64
Expansion Engine (A4 test chart, 400 PPl x 400 LPI in under 1 second); 32K-pixel line PLCC 68
(ACEE) length; 32-megabyte image memory; on-chip DMA and refresh timing QFP 80
generator; CMOS
72186 High-Speed Advanced High-speed upgrade of 72185 (A4 test chart, 400 PPl x 400 LPI in 0.5 QFP 100
Compression/Expansion  second average); software compatible with 72185; separate image
Engine address and data buses

1 Plastic unless ceramic (or cerdip) is specified.



Intelligent Peripheral Devices (IPD)

NEC

Floppy-Disk Controllers

Maximum
Device, Transfer
wPD Name Description Rate Package t Pins
765A/B Floppy-Disk Controller Industry-standard controller supporting IBM 500 kb/s DIP 40
3740 and IBM System 34 double-density
format; enhanced 765B supports multitasking
applications
72064 Floppy-Disk Controller CMOS; all features of 72068 with complete AT 500 kb/s PLCC 44
register set and 48-mA drivers. Pin compatible QFP 52
with WD 37C65/A/B but with higher
performance DPLL and reliable multitasking
operation
72065/65B CMOS Floppy-Disk Controller 100% 765A/B microcode compatible; 500 kb/s DIP 40
compatible with 808x microprocessor families PLCC 44
QFpP 52
72070 High-Capacity Universal Single-chip FDC solution for high-capacity 24 MHz QFP 64
Floppy-Disk Controller (UFDC) FDDs of various types, conventional FDDs;
DPLL; 1.25 Mb/s data rate; perpendicular
recording format
SCSI Controllers
Maximum
Device, Read/Write
nPD Name Description Clock Package t Pins
72111 Small Computer System  Selectable 8/16-bit data bus width; 16 high-level 16 MHz SDIP 64
Interface (SCSI) commands for reduced CPU load; single- PLCC 68
Controller command automatic execution; 4-Mb sync/ QFP 74
async; CMOS
72611 Small Computer System  8/16/32-bit host data bus; supports fast SCSI, 20 MHz QFP 100

Interface-2 (SCSI-2)
Controller

command queuing, single and automatic
execution

T Plastic unless ceramic (or cerdip) is specified.



NEC

DSP and Speech Products

Digital Signal Processors

Device, Instruction Instruction Data ROM Data RAM
pPD Description Cycle (ns) ROM (Bits)  (Bits) (Bits) Package 1 Pins
7720A 16-bit fixed point DSP; NMOS 240 512x 23 510x 13 128 x 16 DIP 28
77C20A 16-bit fixed-point DSP; CMOS 244 512 x 23 510x 13 128 x 16 DIP 28
PLCC 28
SOP 32
PLCC 44
77P20 16-bit fixed-point DSP; NMOS 244 512 x 23 510x 13 128 x 16 Cerdip 28
UVEPROM UVEPROM
77C25 16-bit fixed-point DSP; CMOS 122/100 2048 x 24 1024 x 16 256 x 16 DIP 28
SOP 32
PLCC 44
77P25 16-bit fixed-point DSP; CMOS 122/100 2048 x 24 1024 x 16 256 x 16 DIP 28
OTPROM OTPROM SoP 32
PLCC 44
2048 x 24 1024 x 16 256 x 16 Cerdip 28
UVEPROM UVEPROM
77220 24-bit fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68
PLCC 68
77P220L 24-bit fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 PLCC 68
OTPROM OTPROM
77P220R 24-bit fixed-point DSP; CMOS 122/100 2048 x 32 1024 x 24 512 x 24 Ceramic PGA 68
UVEPROM UVEPROM
77230AR 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 n/a n/a n/a Ceramic PGA 68
standard library software
77P230R 32-bit floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
UVEPROM UVEPROM
77240 32-bit floating-point DSP; CMOS 90 64K x 32 n/a 16M x 32 Ceramic PGA 132
external external
77810 16-bit fixed-point modem DSP; 181 2048 x 24 1024 x 16 256 x 16 Ceramic PGA 68
CMOs PLCC 68
7281 Image pipelined processor; NMOS 5-MHz clock n/a n/a 512x 18 Ceramic DIP 40
9305 Support device for uPD7281 10-MHz clock  n/a n/a n/a Ceramic PGA 132

processors; CMOS

1 Plastic unless ceramic (or cerdip) is specified.




DSP and Speech Products N E C

Speech Processors

Device, Name Technology Bit Rate Data ROM Package t Pins
wPD (kb/s) (Bits)
77C30 ADPCM Speech Encoder/Decoder . NMOS 32, 24 — DIP 28
PLCC 44
7755 ADPCM Speech Processor CMOSs 10-32 96K DIP 18
SOP 24
7756 ADPCM Speech Processor CMOs 10-32 256K DIP 18
SOP 24
77P56 ADPCM Speech Processor CMOS 10-32 256K DIP 20
OTPROM SOP 24
7757 ADPCM Speech Processor CMOs 10-32 512K DIP 18
SOP 24
7758 ADPCM Speech Processor CMOs 10-32 M DIP 18
SOP 24
7759 ADPCM Speech Processor CMOs 10-32 1024K DIP 40
External RAM QFP 52
77501 ADPCM Record and Playback Speech Processor CMOSs 12,18, 24 16M DRAM QFP 80
1M SRAM
External RAM
77522 ADPCM Codec CMOSs 32 — el 28

T Plastic unless ceramic (or cerdip) is specified.



NEC

Development Tools for Micro Products

V-Series Microprocessors

Full Relocatable
Device Full Emulator Mini-IE Mini-IE Evaluation EPROM Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 11) (Note 12)
uPD70136GJ-12  |E-70136- EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 — RA70136 CC70136
AO16 (Note 2) (Note 2)
uPD70136GJ-16  IE-70136- EP-70136L-A  IE-70136-PC ~ EP-70136L-PC DDK-70136 — RA70136 CC70136
A016 (Note 2) (Note 2)
uPD70136L-16 IE-70136- EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 —_ RA70136 CC70136
A016
uPD70136L-12 IE-70136- EP-70136L-A . IE-70136-PC~ EP-70136L-PC DDK-70136 — RA70136 CC70136
A016
uPD70136R-12 IE-70136- EP-70136L-A  IE-70136-PC~ EP-70136L-PC DDK-70136 — RA70136 CC70136
AO16 (Note 3) (Note 3)
MPD70136R-16 IE-70136- EP-70136L-A  |E-70136-PC ~ EP-70136L-PC DDK-70136 — RA70136 CC70136
A016 (Note 3) (Note 3)
uPD70208GF-8 IE-70208- — EB-V4OMINI- —_ EB-70208 — RA70116 CC70116
AO10 IE
uPD70208GF-10  |E-70208- — EB-V40MINI- — EB-70208 — RA70116 CC70116
A010 IE
uPD70208L-8 |E-70208- |IE-70000- EB-V4OMINI-  ADAPT68PGA EB-70208 — RA70116 CC70116
A010 2958 IE 68PLCC
(Note 4)
uPD70208L-10 IE-70208- IE-70000- EB-V4OMINI-  ADAPT68PGA EB-70208 — RA70116 CC70116
A010 2958 IE 68PLCC
(Note 4)
uPD70208R-8 IE-70208- |IE-70000- EB-V4OMINI-  (Note 4) EB-70208 — RA70116 CC70116
AO10 2959 IE
1PD70208R-10 |IE-70208- IE-70000- EB-V4OMINI-  (Note 4) EB-70208 — RA70116 CC70116
A010 2059 IE
uPD70216GF-8 IE-70216- EP-70320J EB-VEOMINI- — EB70216 - RA70116 CC70116
A010 IE
uPD70216GF-10  |E-70216- EP-70320J EB-V50MINI- — EB70216 — RA70116 CC70116
A010 IE
uPD70216L-8 IE-70216- |IE-70000- EB-VSOMINI-  ADAPT68PGA EB70216 — RA70116 CC70116
A010 2958 IE 68PLCC
(Note 4)
uPD70216L-10 IE-70216- |E-70000- EB-V5OMINI-  ADAPT68PGA EB70216 — RA70116 CC70116
A010 2958 IE 68PLCC
(Note 4)
uPD70216R-8 |IE-70216- |IE-70000- EB-V50OMINI-  (Note 4) EB70216 — RA70116 CC70116
A010 2959 IE
uPD70216R-10 IE-70216- IE-70000- EB-V50MINI-  (Note 4) EB70216 —_ RA70116 CC70116
AO10 2959 IE
uPD70236GD-10  |E-70236-BX EV-9500GD- — — DDK-70236 — RA70136 CC70136
120
(Note 16)
pPD70236GD-12  |E-70236-BX EV-9500GD- — — DDK-70236 —_ RA70136 CC70136
120
(Note 16)
uPD70236GD-16  |E-70236-BX  EV-9500GD- — — DDK-70236 — RA70136 CC70136
120
(Note 16)




Development Tools for Micro Products

NEC

V-Series Microprocessors (cont)

Full Relocatable
Device Full Emulator Mini-IE Mini-IE Evaluation EPROM Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 11) (Note 12)
uPD70236R-10 |E-70236-BX (Note 15) — — DDK-70236 — RA70136 CC70136
HPD70236R-12 |E-70236-BX {Note 15) —_ — DDK-70236 —_ RA70136 CC70136
uPD70236R-16 |IE-70236-BX (Note 15) —_ — DDK-70236 —_ RA70136 CC70136
uPD70320GJ |IE-70320- EP-70320GJ  EB-V25MINI-  EP-70320GJ DDK-70320 —_— RA70320 CC70116
A008 (Note 5) |E-P (Note 6)
uPD70320GJ-8 |IE-70320- EP-70320GJ  EB-V25MINI-  EP-70320GJ DDK-70320 —_ RA70320 CC70116
A008 (Note 5) IE-P (Note 6)
uPD70320L |IE-70320- EP-70320L EB-V25MINI-  (Note 7) DDK-70320 — RA70320 CC70116
A008 IE-P
uPD70320L-8 |E-70320- EP-70320L EB-V25MINI-  (Note 7) DDK-70320 — RA70320 CC70116
A008 IE-P
uPD70322GJ |IE-70320- EV-9500GJ- EB-V25MINI-  EP-70320GJ DDK-70320 —_ RA70320 CC70116
A008 94 |IE-P (Note 6)
(Note 14)
uPD70322GJ-8 |E-70320- EP-70320GJ  EB-V25MINI-  EP-70320GJ DDK-70320 _ RA70320 CC70116
A008 IE-P
uPD70322L |E-70320- (Note 13) EB-V25MINI-  (Note 7) DDK-70320  70P322K RA70320 CC70116
AC08 IE-P (Note 10)
uPD70322L-8 |IE-70320- (Note 13) EB-V25MINI-  (Note 7) DDK-70320 70P322K RA70320 CC70116
A008 IE-P (Note 10)
UPD70325GJ-8 |E-70325-BX EV-9500GJ- EB-V25MINI-  EP-70320GJ DDK-70325 — RA70320 CC70116
94 IE-P (Note 6)
(Note 14)
uPD70325GJ-10  |E-70325-BX EV-9500GJ- EBV25MINI-  EP-70320GJ DDK-70325 —_ RA70320 CC70116
(Note 8) 94 IE-P (Note 6)
(Note 14) N
uPD70325L-8 IE-70325-BX (Note 13) EB-V25M I\Nl; EP-70320GJ DDK-70325 —_ RA70320 CC70116
IE-P © (Note 6)
uPD70325L-10 |IE-70325-BX (Note 13) EB-V25MINI- EI5-70320GJ DDK-70325 —_ RA70320 CC70116
(Note 8) IE-P (Note 6)
uPD70327GJ-8 |IE-70320- EP-70320GJ  EB-V25MINI-  EP-70320GJ —_ — RA70320 CC70116
(Note 9) A008 (Note 5) IE-P (Note 6)
uPD70327L-8 |IE-70230- EP-70320L EB-V25MINI-  (Note 7) — _— RA70320 CC70116
(Note 9) A008 IE-P
HPD70330GJ-8 |IE-70330- EP-70320GJ  EB-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
A008 (Note 5) IE-P (Note 6)
uPD70330L-8 |E-70330- EP-70320L EB-V35MINI-  (Note 7) DDK-70330 —_ RA70320 CC70116
AQ08 IE-P
HPD70332GJ-8 IE-70330- EP-70320GJ  EB-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
A008 (Note 5) IE-P (Note 6)
uPD70332L-8 |IE-70330- EP-70320L EB-V35MINI-  (Note 7) DDK-70330 70P322K RA70320 CC70116
A008 IE-P (Note 10)
HPD70335GJ-8 IE-70335-BX EV-9500GJ- EB-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
94 IE-P (Note 6)
(Note 14)




NEC

Development Tools for Micro Products

V-Series Microprocessors (cont)

Full Relocatable
Device Full Emulator Mini-lIE Mini-IE Evaluation EPROM Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 11) (Note 12)
pPD70335GJ-10  |E-70335-BX EV-9500GJ- EP-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
(Note 8)EV- 94 IE-P (Note 6)
9500G.J-94 (Note 14)
(Note 14)
H1PD70335L-8 |E-70335-BX (Note 13) EB-V35MINI-  EP-70320GJ DDK-70330 — RA70320 CC70116
IE-P (Note 6)
uPD70335L-10 |E-70335-BX (Note 13) EB-V35MINI-  EP-70320GJ DDK-70330 —_ RA70320 CC70116
(Note 8) IE-P (Note 6)
uPD70337GJ-8 |IE-70330- EP-70320GJ EB-V35MINI-  EP-70320GJ — — RA70320 CC70116
(Note 9) A008 (Note 5) IE-P (Note 6)
pPD70337L-8 |E-70330- EP-70320L EB-V35MINI-  (Note 7) —_ —_ RA70320 CC70116
(Note 9) A008 IE-P
Notes:
(1) Packages: (11) The following relocatable assemblers are available:
GF 80-pin plastic QFP RA70116-D52 For V20®/V30®/ (MS-DOS®)
GJ 74-pin or 94-pin plastic QFP RA70116-VVT1  V40™/VE80™ (VAX®/VMS®)
K 84-pin ceramic LCC with window RA70116-VXT1 (VAX/UNIX® 4.2 BSD or
L 68-pin or 84-pin plastic LCC Ultrix™)
R 68-pin PGA RA70136-D52 For v33™/V&3™ (MS-DOS)
(2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pin 22;3: gga’(g (Vx/ l‘j,"\ﬂi) 42 BSD
PLCC probe and an adapter which converts the 68-pin PLCC - &trb/() ' or
bes to a 74-pin QFP footprint.
probes to a 74-pin QFP footprin RA70320-D52  ForV25™/V35™  (MS-DOS)
(3) 68-pin PGA parts are supported by using the EP-70136L-A RA70320-VVT1 (VAX/VMS)
PLCC probe or EP-70136L-PC PLCC probe, plus a PLCC socket RA70320-VXT1 (VAX/UNIX 4.2 BSD or
with a PGA-pinout. A PLCC socket of this type is supplied with Ultrix)
the EP-70136L-A. (12) The following C compilers are available:
(4) The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA packages CC70116-D52  For V208/V308/ (MS-DOS)
directly; the ADAPT68PGAB8PLCC adapter converts the PGA- CC70116-VWT1 V40™/V50™ (VAX/VMS)
pinout on the MINIE to a PLCC footprint. This adapter is CC70116-VXT1 (VAX/UNIX 4.2 BSD or
supplied with the MINI-IE. Ultrix)
(5) The EP-70320GJ is an adapter to the EP-70320L, which converts CC70186-D52  For V33™/V53™ (MS-DOS)
84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts, both CC70136-VVT1 (VAX/VMS)
the PLCC probe and the adapter are needed. CC70136-VXT1 &AX/ UNIX 4.2 BSD or
trix
(6) The EP-70320GJ adapter can be used to convert the supplied ) . . )
84-pin PLCC cable of the EB-V25 MINHE-P or EB-V35 MINMIE-P  (13) 84-pin PLCC probe shipped with IE-70325-BX and IE-70335-BX.
to a 94-pin QFP. (14) The EV-9500GJ-94 is an adapter that converts the 84-pin PLCC
(7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an probe to a 94-pin QFP. Target sockets must also be purchased to
84-pin PLCC cable. mate to this adapter. Target sockets are sold in packs of five as
) ber EV-92006-94x5.
(8) Contactyour local NEC Sales Office for the latest information on part number x
10-MHz emulation. (15) The IE-70236-BX is shipped with the 132-pin PGA probe.
(9) Development for the uPD70327 or uPD70337 can be done using  (16) The EV-9500GD-120 is an adapter that converts the 132-pin PGA

(10)

the appropriate uPD70320 or uPD70330 tools; however, debug-
ging the programs in the Software Guard mode is not supported
at this time.

The uPD70P322K EPROM device can be used for both uPD70322
and yPD70332 emulation. The uPD70P322K EPROM device can
be programmed by using the PA-70P322L Programming Adapter
and the PG-1500 EPROM Programmer.

probe to a 120-pin QFP. Target sockets must also be purchased
to mate to this adapter. Target sockets are sold in packs of five as
part number EV-9200GD-120.




Development Tools for Micro Products N E C

75xx Series Single-Chip Microcomputers

System PG-1500 Absolute
Evaluation EPROM/OTP Adapter Assembler
Device (Note 1) Emulator* Add-on Board* Board Device (Note 2) (Note 3)
UPD7502AGF-3B8 EVAKIT-75008 EV-7514 SE-7514-A — — ASM75
uPD7503AGF-3B8 EVAKIT-7500B EV-7514 SE-7514-A —_ —_ ASM75
uPD7507BCU EVAKIT-75008 — — — —_ ASM75
uPD7507BGB-3B4 EVAKIT-7500B —_ — — — ASM75
uPD7508BCU EVAKIT-7500B — — — — ASM75
uPD7508BGB-3B4 EVAKIT-7500B — — — — ASM75
uPD7533C EVAKIT-75008 EV-7533 — uPD75CG33E —_ ASM75
uPD7533CU EVAKIT-7600B EV-7533 —_ — —_— ASM75
HPD7533G-22 EVAKIT-7500B EV-7533 —_ —_ —_ ASM75
uPD75CG33E EVAKIT-7500B EV-7533 —_ —_ —_ ASM75
uPD7554CS EVAKIT-7500B EV-7554A SE-7554-A uPD75P54CS PA-75P54CS ASM75
uPD7554G EVAKIT-7500B EV-7554A SE-7554-A MPD75P54G PA-75P54CS ASM75
nPD7554ACS EVAKIT-7500B EV-7554A SE-7554-A MPD75P54CS PA-75P54CS ASM75
HPD7554AG EVAKIT-75008 EV-7554A SE-7554-A uPD75P54G PA-75P54CS ASM75
uPD75P54CS EVAKIT-7500B EV-7554A — —_ —_ ASM75
uPD75P54G EVAKIT-75008 EV-7554A — — — ASM75
uPD7556CS EVAKIT-75008 EV-7554A SE-7554-A uPD75P56CS PA-75P56CS ASM75
HPD7556G EVAKIT-7500B EV-7554A SE-7554-A HUPD75P56G PA-75P56CS ASM75
UPD7556ACS EVAKIT-7500B EV-7554A SE-7554-A uPD75P56CS PA-75P56CS ASM75
UPD7556AG EVAKIT-7500B EV-7554A SE-7554-A pPD75P56G PA-75P56CS ASM75
uPD75P56CS EVAKIT-7500B EV-7554A — — —_— ASM75
uPD75P56G EVAKIT-7500B EV-7554A —_— - — ASM75
uPD7564CS EVAKIT-75008 EV-7554A SE-7554-A uPD75P64CS PA-75P54CS ASM75
UPD7564G EVAKIT-7500B EV-7554A SE-7554-A uPD75P64G PA-75P54CS ASM75
uPD7564ACS EVAKIT-7500B EV-7554A SE-7554-A pPD75P64CS PA-75P54CS ASM75
UPD7564AG EVAKIT-7500B EV-7554A SE-7554-A uPD75P64G PA-75P54CS ASM75
uPD75P64CS EVAKIT-75008 EV-7554A —_ — — ASM75
uPD75P64G EVAKIT-7500B EV-7554A — — — ASM75
uPD7566CS EVAKIT-75008 EV-7554A SE-7554-A uPD75P66CS PA-75P56CS ASM75
uPD7566G EVAKIT-75008 EV-7554A SE-7554-A HPD75P66G PA-75P56CS ASM75
uPD7566ACS EVAKIT-7500B EV-7554A SE-7554-A uPD75P66CS PA-75P56CS ASM75
uPD7566AG EVAKIT-75008 EV-7554A SE-7554-A uPD75P66G PA-75P56CS ASM75

1-18



N E C Development Tools for Micro Products

75xx Series Single-Chip Microcomputers (cont)

System PG-1500 Absolute
Evaluation EPROM/OTP Adapter Assembler
Device (Note 1) Emulator* Add-on Board* Board Device (Note 2) (Note 3)
uPD75P66CS EVAKIT-7500B EV-7554A — — — ASM75
uPD75P66G EVAKIT-7500B EV-7554A — — — ASM75
Notes:
(1) Packages: (@ By using the specified adapter, the PG-1500 EPROM programmer
(¢} 42-pin plastic DIP (uPD7533) can be used to program the OTP device.
cs 20-pin plastic shrink DIP (3) The ASM75 Absolute Assembler is provi
provided to run under the
(uPD7554/54A/P54/6 4/64A/P64) ® . '
24-pin plastic shrink DIP MS-DOS® operating system. (ASM75-D52).
(uPD7556/56A/P56/66/66A/P66)
Ccu 40-pin plastic shrink DIP (uPD7507B/08B)
42-pin plastic shrink DIP (uPD7533)
E 42-pin ceramic piggy-back DIP (uPD7533)
G 20-pin plastic SO (uPD7554/54A/P54/64/64A/P64)
24-pin plastic SO (uPD7556/56A/P56/66/66A/P66)
G-22 44-pin plastic QFP (1.45 mm thick)

GB-3B4  44-pin plastic QFP (2.7 mm thick)
GF-3B8 64-pin plastic QFP (2.7 mm thick)



Development Tools for Micro Products

NEC

75xxx Series Single-Chip Microcomputers

Relocatable Structured
Optional Socket EPROM/OTP A bl A bl
Device (Note 5) Emulator* Emulation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
uPD75004CU IE-75000-R EP-75008CU-R — uPD75P008CU RA75X ST75X
uPD75004GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X
uPD75006CU |E-75000-R EP-75008CU-R — uPD75P008CU RA75X ST75X
uPD75006GB-3B4 |E-75000-R EP-75008GB-R EV-9200G-44 uPD75P008GB RA75X ST75X
pPD75008CU IE-75000-R EP-75008CU-R e uPD75P008CU RA75X ST75X
uPD75008GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 uPD75P008GB RA75X ST75X
uPD75P008CU IE-75000-R EP-75008CU-R — — RA75X ST75X
uPD75P008GB |E-75000-R EP-75008GB-R EV-9200G-44 — RA75X ST75X
uPD75028CW IE-75000-R EP-75028CW-R — uPD75P036CW RA75X ST75X
uPD75028GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 uPD75P036GC RA75X ST75X
uPD75P036CW IE-75000-R EP-75028CW-R — — RA75X ST75X
pPD75P036GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 — RA75X ST75X
uPD75048CW IE-75000-R EP-75028CW-R — uPD75P048CW RA75X ST75X
uPD75048GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 uPD75P048GC RA75X ST75X
pPD75P048CW IE-75000-R EP-75028CW-R — — RA75X ST75X
uPD75P048GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 — RA75X ST75X
uPD75104CW IE-75000-R EP-75108CW-R -_ uPD75P108CW/ RA75X ST75X
DW/BCW
uPD75P116CW
uPD75104G-1B IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G RA75X ST75X
uPD75P116GF
uPD75104GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/BGF RA75X ST75X
pPD75P116GF
1PD75104AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
pPD75106CW IE-75000-R EP-75108CW-R — uPD75P108CW/ RA75X ST75X
DW/BCW
pPD75P116CW
uPD75106G-1B IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G RA75X ST75X
uPD75P116GF
uPD75106GF-3BE E-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/BGF RA75X ST75X
pPD75P116GF
uPD75108CW IE-75000-R EP-75108CW-R — uPD75P108CW/ RA75X ST75X
DW/BCW
pPD75P116CW
uPD75108G-1B IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G RA75X ST75X
uPD75P116GF
uPD75108GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/BGF RA75X ST75X
pPD75P116GF
uPD75108AG-22 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
uPD75108AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
uPD75108FGF-3BE IE-7500-R EP-75108GF-R EV-9200G-64 uPD75P108BGF RA75X ST75X
pPD75P116GF
uPD75P108BCW IE-75000-R EP-75108CW-R — — RA75X ST75X
uPD75P108BGF |IE-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
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NEC

Development Tools for Micro Products

75xxx Series Single-Chip Microcomputers (cont)

Relocatable Structured
Optional Socket EPROM/OTP A bl A bl
Device (Note 5) Emulator* Emuilation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
uPD75P108CW |IE-75000-R EP-75108CW-R — — RA75X ST75X
uPD75P108DW IE-75000-R EP-75108CW-R — —_ RA75X ST75X
uPD75P108G-1B IE-75000-R EP-75108GF-R EV-9200G-64 —_ RA75X ST75X
uPD75112CW IE-75000-R EP-75108CW-R — MUPD75P116CW RA75X ST75X
©PD75112GF-3BE |IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P116GF RA75X ST75X
uPD75112FGF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 MPD75P116GF RA75X ST75X
pPD75116CW |IE-75000-R EP-75108CW-R —_ uPD75P116CW RA75X ST75X
HPD75116GF-3BE |IE-75000-R EP-75108GF-R EV-9200G-64 MUPD75P116GF RA75X ST75X
UPD75116FGF-3BE |IE-75000-R EP-75108GF-R EV-9200G-64 MUPD75P116GF RA75X ST75X
uPD75P116CW IE-75000-R EP-75108CW-R — - RA75X ST75X
uPD75P116GF IE-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
HPD75116HGC-AB8 |IE-75000-R EP-75108AGC-R EV-9200GC-64 MUPD75P117HGC RA75X ST75X
HPD75117HGC-AB8 |IE-75000-R EP-75108AGC-R EV-9200GC-64 HPD75P117HGC RA75X ST75X
uPD75P117HGC-AB8 |IE-75000-R EP-75108AGC-R EV-9200GC-64 -— RA75X ST75X
uPD75206CW |IE-75000-R EP-75216ACW-R — UPD75P216ACW RA75X ST75X
uPD75206G-1B |IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75206GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75208CW |IE-75000-R EP-75216ACW-R —_— uPD75P216ACW RA75X ST75X
pPD75208G-1B |IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75208GF-3BE |IE-75000-R EP-75216AGF-R EV-9200G-64 _— RA75X ST75X
HPD75212ACW |IE-75000-R EP-75216ACW-R — HPD75P216ACW RA75X ST75X
UPD75212AGF-3BE |IE-75000-R EP-75216AGF-R EV-9200G-64 —_— RA75X ST75X
pPD75216ACW |IE-75000-R EP-75216ACW-R — HPD75P216ACW RA75X ST78X
UPD75216AGF |IE-75000-R EP-75216AGF-R EV-9200G-64 —_— RA75X ST75X
uPD75P216ACW IE-75000-R EP-75216ACW-R - UPD75P216ACW RA75X ST75X
HPD75217CW IE-75000-R EP-75216ACW-R —_ MPD75P218CW RA75X ST75X
uPD75217GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 MPD75P218GF/KB RA75X ST75X
uPD75218CW |E-75000-R EP-75216ACW-R —_ uPD75P218CW RA75X ST75X
pPD75218GF-3BE |IE-75000-R EP-75216AGF-R EV-9200G-64 HPD75P218GF/KB RA75X ST75X
uPD75P218CW |IE-75000-R EP-75216ACW-R — — RA75X ST75X
uPD75P218GF-3BE |IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75P218KB IE-75000-R EP-75216AGF-R EV-9200G-64 _ — RA75X ST75X
uPD75236GJ-5BG |IE-75000-R EP-75238GJ-R EV-9200G-94 HPD75P238GJ/KF RA75X ST75X
uPD75237GJ-5BG IE-75000-R EP-75238GJ-R EV-9200G-94 pPD75P238GJ/KF RA75X ST75X
uPD75238GJ-5BG |IE-75000-R EP-75238GJ-R EV-9200G-94 HPD75P238GJ/KF RA75X ST75X
uPD75P238GJ-5BG |IE-75000-R EP-75238GJ-R EV-9200G-94 — RA75X ST75X
HPD75P238KF |E-75000-R EP-75238GJ-R EV-9200G-94 — RA75X ST75X
HPD75268CW IE-75000-R EP-75216ACW-R . UPD75P216ACW RA75X ST75X
HPD75268GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
HPD75304GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P308GF/K RA75X ST75X
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Development Tools for Micro Products

NEC

75xxx Series Single-Chip Microcomputers (cont)

Relocatable Structured
Optional Socket EPROM/OTP Assembler Assembler
Device (Note 5) Emulator* Emulation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
HPD75306GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 UPD75P308GF/K RA75X ST75X
uPD75308GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 UPD75P308GF/K RA75X ST75X
uPD75308BGF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 UPDP316AGF/AK RA75X ST75X
HUPD75P308GF |IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X - 8T75X
HPD75P308K |IE-75000-R EP-75308GF-R EV-9200G-80 —_ RA75X ST75X
pPD75312GF-3B9 |IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P316GF/ RA75X ST75X
AGF/AK
uPD75316GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P316GF/ RA75X ST76X
AGF/AK

UPD75P316GF IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
uPD75P316AGF IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
uPD75P316AK IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
uPD75328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 pPD75P328GC RA75X ST75X
uPD75P328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 - RA75X ST75X
uPD75336GC-389 IE-75000-R EP-75336GC-R EV-9200GC-80 uPD75P336GC RA75X ST75X
pPD75P336GC-3B9 |IE-75000-R EP-75336GC-R EV-9200GC-80 — RA75X ST75X
uPD75348GF-3BA |IE-75001-R EP-75617GF-R EV-9200G-100 uPD75P618GF RA75X ST76X
HPD75352GF-3BA |E-75001-R EP-75617GF-R EV-9200G-100 UPD75P618GF RA75X ST75X
uPD75402AC |IE-75000-R EP-75402C-R — HPD75P402C RA75X 8T75X
uPD75402ACT IE-75000-R EP-75402C-R — uPD75P402CT RA75X ST75X
uPD75402AGB-3B4 IE-75000-R EP-75402GB-R EV-9200G-44 uPD75P402GB RA75X ST75X
uPD75P402C |IE-75000-R EP-75402C-R — — RA75X ST75X
uPD75P402CT |IE-75000-R EP-75402C-R — — RA75X ST75X
HPD75P402GB-3B4 |E-75000-R EP-75402GB-R EV-9200G-44 — RA75X ST75X
uPD75512GF-3B9 |IE-75000-R EP-75516GF-R EV-9200G-80 UPD75P516GF/K RA75X ST75X
uPD75516GF-3B9 |IE-75000-R EP-75516GF-R EV-9200G-80 pPD75P516GF/K RA75X ST75X
HPD75P516GF |E-75000-R EP-75516GF-R EV-9200G-80 — RA75X ST75X
uPD75P516K IE-75000-R EP-75516GF-R EV-9200G-80 — — —
HPD75517GF-3B9 |IE-75000-R EP-75516GF-R EV-9200G-80 uPD75P518GF/K RA75X ST75X
uPD75518GF-3B9 IE-75000-R EP-75516GF-R EV-9200G-80 uPD75P518GF/K RA75X ST75X
HPD75P518GF-3B9 |IE-75000-R EP-75516GF-R EV-9200G-80 — RA75X ST75X
uPD75P518K |IE-75000-R EP-75516GF-R EV-9200G-80 — RA75X ST75X




NEC

Development Tools for Micro Products

75xxx Series Single-Chip Microcomputers (cont)

Relocatable Structured
Optional Socket EPROM/OTP Assembler Assembler
Device (Note 5) Emulator* Emulation Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
HPD75616GF-3BA |E-75001-R EP-75617GF-R EV-9200G-100 uPD75P618GF RA75X ST75X
uPD75617GF-3BA IE-75001-R EP-75617GF-R EV-9200G-100 uPD75P618GF RA75X ST75X
UPD75P618GF-3BA |IE-75001-R EP-75617GF-R EV-9200G-100 - RA75X ST75X
Notes:

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

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

@

@

The RA75X relocatable assembler package is provided for the
following operating system:
RA75X-D52 (MS-DOS®)

(4) The ST75X structured assembler preprocessor is provided with
RA75X.

(5) Packages:
(o] 28-pin plastic DIP
CT 28-pin plastic shrink DIP
cu 42-pin plastic shrink DIP
cw 64-pin plastic shrink DIP
Dw 64-pin ceramic shrink DIP with window
G-1B 64-pin plastic QFP (2.05 mm thick)
G-22 64-pin plastic QFP (1.55 mm thick)

GB-3B4  44-pin plastic QFP

GC-AB8  64-pin plastic QFP (2.55 mm thick)
GC-3B9  80-pin plastic QFP

GF-3BA 100-pin plastic QFP

GF-3BE 64-pin plastic QFP (2.77 mm thick)
GF-3B9 80-pin plastic QFP

GJ-5BGK  94-pin plastic QFP

KB 64-pin ceramic LCC

KF 94-pin ceramic LCC

* Required tools.
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Development Tools for Micro Products

NEC

78xx Series Single-Chip Microcomputers

Relocatable
PG-1500 Assembler C Compiler
Device (Note 1) 1 Emulator* Emulation Probe* EPROM/OTP Device Adapter (Note 2) (Note 8) (Note 8)
uPD78C10ACW IE-78C11-M EV-9001-64 — — RA87 cce7
(Note 3)
uPD78C10AGQ36 IE-78C11-M (Note 4) — — RA87 ccs7
uPD78C10AGF IE-78C11-M (Note 5) — —_ RA87 ccs7
uPD78C10AL IE-78C11-M (Note 7) — — RA87 ccse7
uPD78C11ACW |IE-78C11-M EV-9001-64 uPD78CP14CW/DW PA-78CP14CW RA87 ccser
(Note 3) (Note 6)
uPD78C11AGQ-36 IE-78C11-M (Note 4) uPD78CP14G36/R PA-78CP14GQ RA87 cce7
(Note 6)
uPD78C11AGF-3BE IE-78C11-M {(Note 5) UPD78CP14GF PA-78CP14GF RA87 cce7
(Note 6)
uPD78C11AL IE-78C11-M (Note 7) uPD78CP14L PA-78CP14L RA87 ccs7
(Note 6)
uPD78C12ACW IE-78C11-M EV-9001-64 HPD78CP14CW/DW PA-78CP14CW RA87 cce7
(Note 3) (Note 6)
uPD78C12AGQ IE-78C11-M (Note 4) uPD78CP14G36/R PA-78CP14GQ RA87 ccer
(Note 6)
uPD78C12AGF IE-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccer
(Note 6)
uPD78C12AL IE-78C11-M (Note 7) uPD78CP14L PA-78CP14L RA87 cce7
(Note 6)
uPD78C14CW |IE-78C11-M EV-9001-64 uPD78CP14CW/DW PA-78CP14CW RA87 ccse7
(Note 3)
pPD78C14G-36 IE-78C11-M (Note 4) uPD78CP14G36/R PA-78CP14GQ RA87 ccse7
uPD78CG14E —
uPD78C14G-1B IE-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccs7
uPD78C14GF IE-78C11-M (Note 5) uPD78CP14GF PA-78CP14GF RA87 ccsr
uPD78C14L IE-78C11-M (Note 7) uPD78CP14L PA-78CP14L RA87 cce7
uPD78C14AG-AB8 IE-78C11-M (Note 5) - —_ RA87 ccez
uPD78CP14CW IE-78C11-M EV-9001-64 e PA-78CP14CW RA87 cce7
(Note 3)
uPD78CP14DW IE-78C11-M EV-9001-64 — PA-78CP14CW RA87 ccs7
(Note 3)
uPD78CP14G36 IE-78C11-M (Note 4) — PA-78CP14GQ RA87 ccse7
uPD78CP14GF IE-78C11-M (Note 5) o PA-78CP14GF RA87 cce7
uPD78CP14L IE-78C11-M (Note 7) — PA-78CP14L RA87 cce7
uPD78CP14R IE-78C11-M (Note 4) — PA-78CP14GQ RA87 ccsr
uPD78C17CW |IE-78C11-M EV-9001-64 —_ — RA87 ccs7
(Note 3)
uPD78C17GQ36 IE-78C11-M (Note 4) —_ — RA87 ccs7
uPD78C17GF IE-78C11-M  (Note 5) — — RA87 ccsr
uPD78C18CW IE-78C11-M EV-9001-64 uPD78CP18CW PA-78CP14CW RA87 ccer
(Note 3) (Note 6)
pPD78C18GQ IE-78C11-M (Note 4) pPD78CP18GQ PA-78CP14GQ RA87 ccser
(Note 6)
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NEC

Development Tools for Micro Products

78xx Series Single-Chip Microcomputers (cont)

Relocatable
PG-1500 Assembler C Compiler

Device (Note 1) t Emulator* Emulation Probe* EPROM/OTP Device Adapter (Note 2) (Note 8) (Note 8)
HPD78C18GF IE-78C11-M (Note 5) pPD78CP18GF PA-78CP14GF RA87 cce7

(Note 6)

pPD78CP18KB PA-78CP14KB

(Note 6)
pnPD78CP18CW IE-78C11-M EV-9001-64 — PA-78CP14CW RA87 ccs7

(Note 3) I

HPD78CP18GQ IE-78C11-M (Note 4) - PA-78CP14GQ RA87 [olef:74
uPD78CP18GF IE-78C11-M  (Note 5) — PA-78CP14GF RA87 [ele}:74
HPD78CP18KB IE-78C11-M  (Note 5) - PA-78CP14KB RA87 cce7

* Required tools

1 For all uPD78C1x devices, you may use the DDK-78C10 for

evaluation purposes
Notes:

(1) Packages:

CW 64-pin plastic shrink DIP

DW 64-pin ceramic shrink DIP with window

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

G-AB8 64-pin plastic QFP (interpin pitch 0.8 mm)

GF-3BE 64-pin plastic QFP (resin thickness 2.7 mm)
GQ-36 64-pin plastic QUIP
KB 64-pin ceramic LCC with window
L 68-pin PLCC
R 64-pin ceramic QUIP with window

@

By using the specified adapter, the PG-1500 EPROM programmer

can be used to program the EPROM/OTP device.

@

emulation probe supplied with each IE.

4

is supplied with the IE.

15
®

No emulation probe available.
The uPD78CP14/CP18 EPROM/OTP devices do not have pull-up

resistors on ports A, B, and C.

(7) The optional AS-QIP-PCC-D781X QUIP-to-PLCC adapter can be
used with the EP-7811HGQ emulation probe supplied with each

IE.

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

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

(8) The following relocatable assemblers and C compilers are avail-

able:
RA87-D52
RA87-VVT1

CCMSD-I5DD-87
CCMSD-I5DD-87-16

CCVMS-0T16-87
CCUNX-0T16-87

(Ms-DOS®)
(VAX®/VMS®)

(MS-DOS)
(MS-DOS;
extended memory)
(VAX/VMS)
(VAX/UNIX®;

4.2 BSD or Ultrix™)

Relocatable assem-
blers for 78xx
series

C Compilers for
78xx Series
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Development Tools for Micro Products

NEC

K2 (uPD782xx) Series Single-Chip Microcomputers

Emulation Optional EPROM/OTP
Device Evaluation Board Low-End Emulation Probe Socket Adapter Device
(Notes 1, 2) (Note 3) Emulator System (Note 4) (Note 5) (Note 6)
uPD78212CW DDB-78K2-21X EB-78210-PC |IE-78240-R EP-78240CW-R —_ HPD78P214CW/DW
uPD78212GC DDB-78K2-21X EB-78210-PC |IE-78240-R EP-78240GC-R EV-9200GC-64 uPD78P214GC
uPD78212GJ DDB-78K2-21X EB-78210-PC |IE-78240-R EP-78240GJ-R EV-9200G-74 uPD78P214GJ
uPD78212GQ DDB-78K2-21X EB-78210-PC |IE-78240-R EP-78240GQ-R — uPD78P214GQ
uPD78212L DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240LP-R — uPD78P214L
uPD78213CW DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240CW-R — —
uPD78213GC DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GC-R EV-9200GC-64 —_
uPD78213GJ DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GJ-R EV-9200G-74 —
UPD78213G36 DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GQ-R — —
uPD78213L DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240LP-R -_ —
uPD78214CW DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240CW-R —_ HPD78P214CW/DW
HPD78214GC DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GC-R EV-9200GC-64 uPD78P214GC
uPD78214GJ DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GJ-R EV-9200G-74 uPD78P214GJ
uPD78214G36 DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GQ-R — uPD78P214GQ
uPD78214L DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240LP-R - uPD78P214L
uPD78P214CW  DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240CW-R — —
uPD78P214DW  DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240CW-R — —
uPD78P214GC DDB-78K2-21X EB-78210-PC |IE-78240-R EP-78240GC-R EV-9200GC-64 —
uPD78P214GJ DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GJ-R EV-9200G-74 —
puPD78P214GQ  DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240GQ-R — —
uPD78P214L DDB-78K2-21X EB-78210-PC IE-78240-R EP-78240LP-R - —
uPD78217ACW — EB-78240-PC |IE-78240-R EP-78240CW-R — uPD78P218ACW/DW
HPD78217AGC — EB-78240-PC |IE-78240-R EP-78240GC-R EV-9200GC-64 uPD78P218AGC
uUPD78218ACW — EB-78240-PC |IE-78240-R EP-78240CW-R — HPD78P218ACW/DW
uPD78218AGC —_ EB-78240-PC IE-78240-R EP-78240GC-R EV-9200GC-64 uPD78P218AGC
uPD78P218ACW — EB-78240-PC |IE-78240-R EP-78240CW-R — —
uPD78P218ADW — EB-78240-PC |IE-78240-R EP-78240CW-R - —
uPD78P218AGC — EP-78240-PC |IE-78240-R EP-78240GC-R EV-9200GC-64 —
uPD78220GJ DDB-78K2-22X EB-78220-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 —
uPD78220L DDB-78K2-22X EB-78220-PC |IE-78230-R EP-78230LQ-R — —
uPD78224GJ DDB-78K2-22X EB-78220-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 uPD78P224GJ
uPD78224L DDB-78K2-22X EB-78220-PC IE-78230-R EP-78230LQ-R — uPD78P224L
UPD78P224GJ DDB-78K2-22X EB-78220-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 —
uPD78P224L DDB-78K2-22X EB-78220-PC |IE-78230-R EP-78230LQ-R — —
uPD78233GC DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230GC-R EV-9200GC-80 —_
uPD78233GJ DDB-78K2-23X EB-78230-PC IE-78230-R EP-78230GJ-R EV-9200G-94 —_
uPD78233LQ DDB-78K2-23X EB-78230-PC IE-78230-R EP-78230LQ-R — —
uPD78234GC DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230GC-R EV-9200GC-80 uPD78P238GC
uPD78234GJ DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 HPD78P238GJ/KF
uPD78234LQ DDB-78K2-23X EB-78230-PC |E-78230-R EP-78230LQ-R —_ uPD78P238LQ
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K2 (uPD782xx) Series Single-Chip Microcomputers (cont)

Emulation Optional EPROM/OTP ‘
Device Evaluation Board Low-End Emulation Probe Socket Adapter Device
(Notes 1, 2) (Note 3) Emulator System (Note 4) (Note 5) (Note 6)
uPD78237GC DDB-78K2-23X EB-78230-PC IE-78230-R EP-78230GC-R EV-9200GC-80 —
pPD78237GJ DDB-78K2-23X EB-78230-PC IE-78230-R EP-78230GJ-R EV-9200G-94 — ‘
uPD78237LQ DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230LQ-R — — !
uPD78238GC DDB-78K2-23X EB-78230-PC |E-78230-R EP-78230GC-R EV-9200GC-80 pPD78P238GC
©PD78238GJ DDB-78K2-23X EB-78230-PC |E-78230-R EP-78230GJ-R EV-9200G-94 uPD78P238GJ/KF
uPD78238LQ DDB-78K2-23X EB-78230-PC IE-78230-R EP-78230LQ-R — HPD78P238LQ
uPD78P238GC  DDB-78K2-23X EB-78230-PC |E-78230-R EP-78230GC-R EV-9200GC-80 — 3
uPD78P238GJ DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 —
uPD78P238KF DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230GJ-R EV-9200G-94 —
uPD78P238LQ DDB-78K2-23X EB-78230-PC |IE-78230-R EP-78230LQ-R — —
uPD78243CW — EB-78240-PC |E-78240-R EP-78240CW-R — —
uPD78243GC- — EB-78240-PC IE-78240-R EP-78240GC-R EV-9200GC-64 —
AB8
uPD78244CW — EB-78240-PC IE-78240-R EP-78240CW-R —
pPD78244GC — EB-78240-PC IE-78240-R EP-78240GC-R EV-9200GC-64 — i
Notes:
(1) The following software packages are available for the K2 Series. (3) The DDB-78K2-2xx Evaluation Board is shipped with the RA78K2
RA78K2 Relocatable Assembler Package: RA78K2-D52 Relocatable Assembler Package and the ST78K2 Structured
(MS-DOS®) Assembler Preprocessor.
S;'Zt;};izsnuctured Assembler Preprocessor: provided with (4) This emulation probe can be used with both the EB-782xx-PC
-end lat d the |IE-782xx-R lati tem. |
CC78K2 C-Compiler package: CC78K2-D52 (MS-DOS) low-end emulator and the [E-782xx-R emulation system ‘
5) Pack . (5) The EV-9200Gx-YY is an LCC socket with the footprint of the flat
(@) Packages: . . . package. One unit is supplied with the probe. Additional units
cw 64-pin plastic shrink DIP are available as replacement parts in sets of five.
bW 64-pin ceramic shrink DIP with window
G36 64-pin plastic QUIP (uPD78213/214) 6) All EPROM/OTP devices can be programmed using the NEC
GC 64-pin plastic QFP PG-1500. Refer to the PG-1500 Programming Socket Adapter
(UPD78212/213/214/P214/217A/218A/P218A/244) Selection Guide for the appropriate programming adapter.
GC 80-pin plastic QFP (uPD78233/234/237/238/P238)
GC-AB8  64-pin plastic QFP
GJ 94-pin plastic QFP (uPD78220/224/P224/233/234/ MS-DOS is a registered trademark of Microsoft Corporation.
237/238/P238)
GJ 74-pin plastic QFP (uPD78212/213/214/P214)
GQ 64-pin plastic QUIP (uPD78212/P214)
KF 94-pin ceramic LCC with window
L 68-pin PLCC (uPD78213/214/P214L) :
84-pin PLCC (uPD78220/224/P224L) |
LQ 84-pin PLCC '
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K3 (nPD783xx) Series Single-Chip Microcomputers

Evaluation Emulation Optional Socket EPROM/OTP
Device (Notes 1, 2) Board (Note 3) System Emulation Probe Adapter (Note 4) Device (Note 5)
HUPD78310ACW DDK-78310A |IE-78310A-R EP-78310CW (Note 6) — —
pPD78310AGF 3BE DDK-78310A |IE-78310A-R EP-78310GF EV-9200G-64 —
HPD78310AGQ-36 DDK-78310A |IE-78310A-R 'EP-78310GQ (Note 7) —_ —_
uPD78310AL DDK-78310A |IE-78310A-R EP-78310L — —
HPD78312ACW DDK-78310A IE-78310A-R EP-78310CW (Note 6) — uPD78P312ACW/DW
uPD78312AGF DDK-78310A " IE-78310A-R EP-78310GF EV-9200G-64 UPD78P312AGF
uPD78312AGQ DDK-78310A IE-78310A-R EP-78310GQ (Note 7) — uPD78P312AGQ/RQ
uPD78312AL DDK-78310A |IE-78310A-R EP-78310L — puPD78P312AL
HPD78P312ACW DDK-78310A |IE-78310A-R EP-78310CW (Note 6) —_ —
UPD78P312ADW DDK-78310A IE-78310A-R EP-78310CW (Note 6) — —
uPD78P312AGF DDK-78310A IE-78310A-R EP-78310GF EV-9200G-64 —
pPD78P312AGQ-36 DDK-78310A |IE-78310A-R EP-78310GQ (Note 7) —_ —
pPD78P312AL DDK-78310A |E-78310A-R EP-78310L — —
uPD78P312ARQ DDK-78310A IE-78310A-R EP-78310GQ (Note 7) —_ —
pPD78320GJ EB-78320-PC IE-78327-R EP-78320GJ-R EV-9200G-74 -
HPD78320L EB-78320-PC |IE-78327-R EP-78320L-R - —
pPD78322GJ EB-78320-PC |IE-78327-R EP-78320GJ-R EV-9200G-74 uPD78P322GJ/KD
HPD78322L EB-78320-PC |E-78327-R EP-78320L-R — uPD78P322L/KC
HPD78P322GJ EB-78320-PC |IE-78327-R EP-78320GJ-R EV-9200G-74 —
uPD78P322KC EB-78320-PC |E-78327-R EP-78320L-R _ —_
HPD78P322KD EB-78320-PC |IE-78327-R EP-78320GJ-R EV-9200G-74 —
pPD78P322L EB-78320-PC |IE-78327-R EP-78320L-R - —_
pPD78323GJ EB-78320-PC IE-78327-R EP-78320GJ-R EV-9200G-74 —
pPD78323LP EB-78320'PC |IE-78327-R EP-78320L-R — -
uPD78324GJ EB-78320-PC |E-78327-R EP-78320GJ-R EV-9200G-74 UPD78P324GJ/KD
uPD78324LP EB-78320-PC |E-78327-R EP-78320L-R — uPD78P324LP/KC
HPD78P324GJ EB-78320-PC IE-78327-R EP-78320GJ-R EV-9200G-74 —
uPD78P324KC EB-78320-PC |IE-70327-R EP-78320L-R —_ —
uPD78P324KD EB-78320-PC |E-78327-R EP-78320GJ-R EV-9200G-74 -
HPD78P324LP EB-78320-PC |IE-78327-R EP-78320L-R — —
uPD78327CW EB-78327-PC |IE-78327-R EP-78327CW-R — —
uPD78327GF EB-78327-PC IE-78327-R EP-78327GF-R EV-9200G-64 —
uPD78328CW EB-78327-PC |IE-78327-R EP-78327CW-R — uPD78P328CW/DW
uPD78328GF EB-78327-PC |IE-78327-R EP-78327GF-R EV-9200G-64 UPD78P328GF
uPD78P328CW EB-78327-PC |E-78327-R EP-78327CW-R — —
uPD78P328DW EB-78327-PC |E-78327-R EP-78327CW-R —_ —_
nPD78P328GF EB-78327-PC |IE-78327-R EP-78327GF-R EV-9200G-64 —_
HPD78330Gd EB-78330-PC |IE-78330-R EP-78330GJ-R EV-9200G-94 —
uPD78330LQ EB-78330-PC |E-78330-R EP-78330LQ-R — —
uPD78334GJ EB-78330-PC |IE-78330-R EP-78330GJ-R EV-9200G-94 uPD78P334GJ
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K3 (uPD783xx) Series Single-Chip Microcomputers (cont)

Evaluation Emulation Optional Socket EPROM/OTP }
Device (Notes 1, 2) Board (Note 3) System Emulation Probe Adapter (Note 4) Device (Note 5) !
pPD78334LQ EB-78330-PC |E-78330-R EP-78330LQ-R — HPD78P334LQ/KE ;
HPD78P334GJ EB-78330-PC |E-78330-R EP-78330GJ-R EV-9200G-94 —
uPD78P334KE EB-78330-PC |IE-78330-R EP-78330LQ-R — —_
HPD78P334LQ EB-78330-PC |E-78330-R EP-78330LQ-R — —
uPD78350GC EB-78350-PC |E-78350-R EP-78240GC-R EV-9200GC-64 uPD78P352GC
pPD78P352GC EB-78350-PC |E-78350-R EP-78240GC-R EV-9200GC-64 — i
Notes: !
(1) The following software packages are available for the K3 series: (3) Evaluation boards are shipped with the RA78K3 Relocatable !
RA78K3 Relocatable Assembler Package: RA78K3-D52 Assembler Package and the ST78K3 Structured Assembler Pre-
(MS-DOS®) processor.
S;ggl;isstructured Assembler Preprocessor: provided with (4) The EV-9200G-xx is an LCC socket with the footprint of the flat
. . package. One unit is supplied with the probe. Additional units
CC78K3 C-Compiler Package: CC78K3-D52 (MS-DOS) are available as replacement parts in sets of five.
(2 Packages: . .
W 64-pin plastic shrink DIP (5) All EPROM/OTP devices can be programrr.\ed using the NEC
DW 64-pin ceramic shrink DIP with window PG-1500. Refer to the PG-1500 Programming Socket Adapter
. X . at f '
GC-3BE  64-pin plastic QFP (14 x 14 mm) Selection Guide for the appropriate programming adapter.
GF-3BE 64-pin plastic QFP (14 x 20 mm) (6) The emulation probe for the 64-pin shrink DIP package (EP-
GJ-5BG 94-pin plastic QFP 78310CW) is supplied with the IE.
GJ-5BJ  74-pin plastic QFP (20 mm x 20 mm) (7) The emulation probe for the 64-pin QUIP package (EP-78310GQ) *
GQ-36 64-pin plastic QUIP is supplied with the IE.
KC 68-pin ceramic LCC with window
KD 74-pin ceramic LCC with window
KE 84-pin ceramic LCC with window
L 44-pin PLCC (uPD71P301L) . . . X
68-pin PLCC MS-DOS is a registered trademark of Microsoft Corporation.
(uPD78310A/312A/P312AL, uPD78320/322L)
LP 68-pin PLCC
LQ 84-pin PLCC i
RQ 64-pin ceramic QUIP with window , !

|
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Development Tools for Micro Products

NEC

DSP and Speech Products

Device Evaluation Assembler Simulator EPROM/OTP PG-1500 Adapter
(Note 6) Emulator Board (Note 1) (Note 2) Device (Note 3)
uPD77P20D EVAKIT-7720B — ASM77 SM77C25 — —
HPD77C20AC EVAKIT-77C25 — ASM77 SM77C25 uPD77P20D (Note 5)
HPD77C20AGW EVAKIT-77C25 — ASM77 SM77C25 uPD77P20D —
uPD77C20AL EVAKIT-77C25 — ASM77 SM77C25 — —
uPD77C20ALK EVAKIT-77C25 — ASM77 SM77C25 — —
uPD77220L EVAKIT-77230 —_ RA77230 SM77230, — —
) SIM77230
uPD77220R EVAKIT-77230 DDK-77220 RA77230 SM77230, pPD77P220R (EPROM) PA-77P230R
(Note 7) SIM77230 pPD77P220L (OTP)
uPD77P220L EVAKIT-77230 _ RA77230 SM77230 —_ PA-77P220L
SIM77230
uPD77P220R EVAKIT-77230 DDK-77220 RA77230 SM77230, — PA-77P230R
(Note 7) SIM77230
uPD77230AR EVAKIT-77230 — RA77230 SM77230, uPD77P230R PA-77P230R
SIM77230
HPD77230AR-003 EVAKIT-77230 — RA77230 SM77230, uPD77P230R PA-77P230R
SIM77230
uPD77P230AR EVAKIT-77230 — RA77230 SM77230, uPD77P230R PA-77P230R
SIM77230
HPD77240R IE-77240 |IE-77240 RA77240 SIM77240 — —
uPD77C25C EVAKIT-77C25 — RA77C25 SM77C25 uPD77P25C/D PA-77P25C
uPD77C25GW EVAKIT-77C25 — RA77C25 SM77C25 HPD77P25GW —
uPD77C25L EVAKIT-77C25 — RA77C25 SM77C25 uPD77P25L PA-77P25L
uPD77P25C EVAKIT-77C25 — RA77C25 SM77C25 — PA-77P25C
uPD77P25D EVAKIT-77C25 — RA77C25 SM77C25 — PA-77P25C
UPD77P25GW EVAKIT-77C25 — RA77C25 SM77C25 — PA-77P25GW
uPD77P25L EVAKIT-77C25 — RA77C25 SM77C25 — PA-77P25L
MPD7755C NV-300 System EB-775x — — uPD77P56CR PA-77P56C
(Note 8)
HPD7755G NV-300 System EB-775x/NV-310 — — uPD77P56G PA-77P56C
(Note 8) (Note 9)
UPD7756C NV-300 System EB-775x/NV-310 — — uPD77P56CR PA-77P56C
(Note 8) (Note 9)
uPD7756G NV-300 System EB-775x/NV-310 — — uPD77P56G PA-77P56C
(Note 8) (Note 9)
uPD77PS6CR NV-300 System EB-775x/NV-310 — — — PA-77P56C
(Note 8)
HPD77P56G NV-300 System EB-775x/NV-310 — — — PA-77P56C
(Note 8)
uPD7757C NV-300 System EB-775x/NV-310 —_ —_ —_— —
(Note 8)
pPD7757G NV-300 System EB-775x/NV-310 — —_ — —
(Note 8)
uPD7759C NV-300 System EB-775x/NV-310 — — — —

(Note 8)
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Development Tools for Micro Products

DSP and Speech Products (cont)

Device Evaluation Assembler Simulator EPROM/OTP PG-1500 Adapter
(Note 6) Emulator Board (Note 1) (Note 2) Device (Note 3)
uPD7759GC NV-300 System EB-775x/NV-310 — — — —

(Note 8)
uPD77501GC NV-300 System — - — — —

(Note 8)
uPD77810L IE-77810 — RA77810 — — —
uPD77810R |IE-77810° — RA77810 — — —
Notes:

(1) The following assemblers are available:
ASM77-D52 Assembler for 7720 (MS-DOS®
RA77C25-D52  Assembler for 77C25 (MS-DOS)
RA77C25-VVT1 Assembler for 77C25 (VAX®/VMSE)
RA77230-D52  Assembler for 77230 (MS-DOS)
RA77230-VVT1  Assembler for 77230 (VAX/VMS)
RA77230-VXT1 Assembler for 77230 (VAX/UNIX® 4.2 BSD or
Ultrix™)

(2) The following simulators are available:
SIM77230-VVT1 Simulator for 77230 (VAX/UNIX)
SIM77230-VXT1 Simulator for 77230 (VAX/UNIX 4.2 BSD or

Ultrix)
SM77C25 Simulator for 77C25 (IBM-PC)
SM77230 Simulator for 77220, 77230 (IBM-PC)
SIM77240 Simulator for 77240 (IBM-PC)
(3) By using the specified adapter, the NEC PG-1500 EPROM
programmer can be used to program the EPROM/OTP device.
(4) Please check with your NEC Sales Representative on the avail-

ability of a PLCC emulation probe.

)

©®

@®

©

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

Packages:

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

G 24-pin plastic SOP

GC 52-pin plastic QFP

L 44-or 68-pin PLCC

LK 28-pin PLCC

R 68-pin ceramic PGA

GwW 32-pin SOP

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

The NV-300 current version is Version 3.0. An upgrade from
previous versions (hardware and software) is available under the
designation NV-301.

The NV-310 emulation board includes a simple 77P56 program-
mer module.
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PG-1500 Programming Adapters

Socket Adapter Adapter Module Socket Adapt Adapter Modul

Target Chip (Note 1) (Note 2) Target Chip (Note 1) (Note 2)
Standard 27xxx EPROM Devices HPD75P316AK PA-75P308K 04A Board

UPD75P328GC PA-75P328GC 04A Board
HPD27256 (21 V) - 027A Board uPD75P336GC PA-75P328GC 04A Board
UPD27256A (12,5 V) — 027A Board
uPD27C256 (21 V) — 027A Board uPD75P402C (Note 3) 027A Board

UPD75P402CT PA-75P402CT 027A Board
uPD27C256A (12.5 V) - 027A Board UPD75P402GB PA-75P402GB 027A Board
uPD27C512 — 027A Board
uPD27C1000 — 027A Board UPD75P516GF PA-75P516GF 04A Board

UPD75P516K PA-75P516K 04A Board
HPD27C1000A - 027A Board UPD75P518GF PA-75P516GF 04A Board
uPD27C1001 — 027A Board
uPD27C1001A — 027A Board UPD75P518K PA-75P516K 04A Board

UPD75P618GF PA-75P516GF 04A Board
uPD27C1024 — 027A Board
pPD27C1024A — 027A Board 78xx Series Devices
V-Series Devices uPD78CP14CW PA-78CP14CW 027A Board

UPD78CP14DW PA-78CP14CW 027A Board
HPD70P322K PA-70P322L 027A Board LPD78CP14G36 PA-78CP14GQ 027A Board
75xx Series Devices uPD78CP14GF PA-78CP14GF 027A Board
HPD75P54CS PA-75P54CS 04A Board HPDTaCE m;ggg: féo 82;2 g°ﬂf:
UPD75P54G PA-75P54CS 04A Board H i oar
HPD75P56CS PA-75P56CS 04A Board uPD78CP18CW PA-78CP14CW 027A Board
UPD75P56G PA-75P56CS 04A Board et a2 027k Boara
UPD75P64CS PA-75P54CS 04A Board HPD7 i oar
UPD75P64G PA-75P54CS 04A Board uPD78CP18KB PA-78CP14KB 027A Board
uPD75P66CS PA-75P56CS 04A Board K2 (782xx) Series Devices
uPD75P66G PA-75P56CS 04A Board

- UPD78P214CW PA-78P214CW 027A Board

75xxx Series Devices HPD78P214DW PA-78P214CW 027A Board
LiPD75P00BCU PA7SPUCBOU 0ah Board UPD78P214GC PA-78P214GC 027A Board
HPD75P008GB PA-75P008CU 04A Board uPD78P214GJ PA-78P214GJ 027A Board
UPD75P036CW PA-75P036CW 04A Board uPD78P214GQ PA-78P214GQ 027A Board
L/PD75P036GC PA75P036GC 04A Board uPD78P214L PA-78P214L 027A Board
UPD75P048CW PA-75P036CW 04A Board UPD78P218ACW PA-78P214CW 027A Board
uPD75P048GC PA-75P036GC 04A Board UPD78P218ADW PA-78P214CW 027A Board
L /PD75P108BCW PATSP106CW 04A Board UPD78P218AGC PA-78P214GC 027A Board
uUPD75P108CW PA-75P108CW 04A Board UPD78P224GJ PA-78P224GJ 027A Board
uPD75P108DW PA-75P108CW 04A Board UPD78P224L PA-78P224L 027A Board
pPD75P108BGF PA-75P116GF 04A Board HPD78P238GC PA-78P238GC 027A Board
HPD75P108G PA-75P108G 04A Board uPD78P238GJ PA-78P238GJ 027A Board
UPD75P116CW PA-75P108CW 04A Board uPD78P238KF PA-78P238KF 027A Board
PD75P116GF PA-75P116GF 04A Board HPD78P238LQ PA-78P238LQ 027A Board
uPD75P117HGC PA-75P117HGC 04A Board K3 (783xx) Series Devices
UPD75P216ACW PA-75P216ACW 04A Board

UPD78P312ACW PA-78P312CW 027A Board
HPD75P218CW PA-75P216ACW 04A Board LUPD78P312ADW PA-78P312CW 027A Board
HPD75P218GF PA-75P218GF 04A Board uPD78P312AGF PA-78P312GF 027A Board
UPD75P218KB PA-75P218KB 04A Board

UPD78P312AGQ PA-78P312GQ 027A Board
uPD75P238GJ PA-75P238GJ 04A Board uPD78P312AL PA-78P312L 027A Board
HPD75P238KF PA-75P238KF 04A Board UPD78P312ARQ PA-78P312GQ 027A Board
LPD75P308GF PA-75P308GF 04A Board

UPD78P322GJ PA-78P322GJ 027A Board
HPD75P308K PA-75P308K 04A Board UPD78P322KC PA-78P322KC 027A Board
HPD75P316GF PA-75P308GF 04A Board UPD78P322KD PA-78P322KD 027A Board
UPD75P316AGF PA-75P308GF 04A Board
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PG-1500 Programming Adapters (cont)
Socket Adapter Adapter Module

Target Chip (Note 1) (Note 2)
K3 (783xx) Series Devices (cont)

uPD78P322L PA-78P322L 027A Board
nPD78P324GJ PA-78P324GJ 027A Board
uPD78P324KC PA-78P324KC 027A Board
uPD78P324KD PA-78P324KD 027A Board
uPD78P324LP PA-78P324LP 027A Board
uPD78P328CW PA-78P328CW 027A Board
uPD78P328DW PA-78P328CW 027A Board
uPD78P328GF PA-78P328GF 027A Board
uPD78P334GJ PA-78P334GJ 027A Board
uPD78P334KE PA-78P334KE 027A Board
pPD78P334LQ PA-78P334LQ 027A Board
uPD78P352GC PA-78P352GC 027A Board
DSP and Speech Products

uPD77P25C PA-77P25C 027A Board
uPD77P25D PA-77P25C 027A Board
UPD77P25GW PA-77P25GW 027A Board
uPD77P25L PA-77P25L 027A Board
uPD77P220L PA-77P220L 027A Board
uPD77P220R PA-77P230R 027A Board
HPD77P230R PA-77P230R 04A Board
uPD77P56CR PA-77P56C 04A Board
HUPD77P56G PA-77P56C 027A Board
Notes:

(1) Adapters must be purchased separately.
(@) 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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As large-scale integration (LSI) reaches a higher level
of density, the reliability of individual devices imposes a
more profound impact on system reliability. As a result,
great emphasis has been placed on assuring device
reliability.

Conventionally, performing reliability tests and using
feedback from the field have been the only methods of
monitoring and measuring reliability. As LS| density
increases, however, it has become more difficult to
activate internal circuit elements in a device from
external terminals and to detect their degradation.
Testing and feedback alone cannot provide enough
information to ensure today’s demanding reliability
requirements.

To guarantee and improve high levels of reliability for
large-scale integrated circuits, a new philosophy and
methodology are needed for reliability assurance.
Quality and reliability must not only be monitored and
measured but, most importantly, must be built into the
product.

BUILT-IN TQC

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line to
implement this philosophy. Rather than performing
only a few simple quality inspections, quality control
has become an integral part of each process step
involving production, engineering, quality control
staffs, and all management personnel. Figure 1 is a
flowchart that shows how these activities form a com-
prehensive quality control system at NEC.

In addition to TQC, NEC has introduced a pre-
screening method into the production line that elimi-
nates potentially defective units. This combination of
building in quality and screening out projected early
failures has resulted in superior quality and reliability.

Most large-scale integrated circuits use high-density
MOS technology with state-of-the-art high perfor-
mance due to improved fine-line generation tech-
niques. When physical parameters are reduced, circuit-
density and performance increase while active circuit
power dissipation decreases. The information pre-
sented here will show that this advanced technology
combined with the practice of TQC yields products as
reliable as those from previous technologies.

10002-2

APPROACHES TO TQC

TQC activities are geared toward total customer satis-
faction. The success of these activities depends on
management’s commitment to enhancing employee
development, maintaining a customer-first attitude,
and fulfilling community responsibilities.

TQC is implemented in the following steps. First, qual-
ity control is embedded into each process, allowing
early detection of possible failure mechanisms and
immediate feedback. Second, the reliability and quality
assurance policy is upheld through company-wide
quality control activities. Third, emphasis is placed on
research and development efforts to achieve even
higher standards of device quality and reliability.
Fourth, extensive failure analysis is performed period-
ically, and appropriate corrective actions are taken as
preventative measures.

Process control limits are based on statistical data
gathered from this analysis and used to determine the
effectiveness of the in-process quality control steps.

New standards are continuously upgraded, and the
iterative process continues. The goal is to maintain the
superior product quality and reliability that has be-
come synonymous with the NEC name.

Zero Defects Program

One of the quality control activities that involves every
staff level is the Zero Defects (ZD) Program. The pur-
pose of the ZD Program is to minimize, if not prevent,
defects due to controllable causes. These activities are
organized by groups of workers around these four
premises.

e A group must have a target or purpose to pursue.

e Several groups can be organized to pursue a
common target.

e Each group must have a responsible leader.
e Each group is well supported by management.

2-1
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Figure 1. NEC’s Quality Control System
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The group's target is selected from items relating to
specifications, inspections, operation standards, etc.
When past data is available, a Pareto diagram is cre-
ated and reviewed to select an item most in need of
quality improvement. Target defects related to this item
are clearly defined. Records are analyzed to compute
numerical equivalents of the defects. Then, action is
taken to control these defects.

Statistical Approach

Another approach to quality control is statistical anal-
ysis. NEC uses statistical analysis at each stage of LS|
product development, trial runs, and mass production.
Some implementations of this statistical approach are:

® Process comparisons
e Control charts
e Data analysis
— Correlation, regression, multivariance, etc.
e Cp/Cpk studies
— Variables and attributes data (performed
monthly)

Process control sheets and other QC tools are used to
monitor important parameters such as Cp, Cpk, X, X-R,
electrical parameters, pattern dimensions, bond
strength, test percentage defects, etc. The results of
these studies are monitored by the production staff,
QC engineers, and other associated engineers. If any
out-of-control or out-of-specification limit is observed,
corrective procedures are quickly taken.

IMPLEMENTATION OF QUALITY CONTROL

Building quality into a product requires early detection
of possible failure mechanisms and immediate feed-
back to remove such problems. A fixed quality inspec-
tion station often cannot provide prompt and accurate
feedback about the process steps prior to the inspec-
tion. Quality control functions have therefore been
distributed into each process step including the con-
ceptual stage. The most significant areas where quality
control has been placed include:

Product development

Incoming material inspection

Wafer processing

Chip mounting and packaging

Electrical testing and infant mortality screening
Outgoing material inspection

Reliability assurance tests

Process/product changes

Figure 2. New Product Development
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Product Development

New product development includes the product con-
cept, device proposal review, physical element design
and organization, engineering evaluation, and, finally,
product transfer to manufacturing. Quality and reliabil-
ity are considered at every step. The new product
development flow at NEC is shown in figure 2.

Design is the first and most important step in new
product development. NEC believes that the founda-
tion of device quality is determined at the design stage.
The four steps involved are circuit design, mask pattern
layout, package design, and the setting of process and
product manufacturing conditions. Design standards
have been established at NEC to maximize quality and
reliability.

After completion of the design, a design review is
performed to check for conformity to design standards
and to consider other factors influencing reliability and
quality. At this stage, modification or re-design may be
necessary. NEC believes that design reviews are essen-
tial for product modifications as well as newly de-
signed products.

Once a design successfully passes its review, atrial run
takes place in which the products electrical and me-
chanical characteristics, quality, and reliability are
evaluated.

Additional runs are performed in which process condi-
tions are varied deliberately, causing characteristic
factors to change in mass production. These samples
are evaluated to determine the best combination of
process conditions. Reliability tests are then con-
ducted to check the new product’s electrical and me-
chanical stress resistance. If no problems are found at
this stage, the product is approved for mass produc-
tion.

Mass production begins after the product design de-
partment prepares a schedule that includes reliability
and quality control steps. The standards for produc-
tion and control steps are continuously re-examined
for possible improvement, even after mass production
has started.

Incoming Material Inspection

NEC has the following programs to control incoming
materials:

e Vendor/material qualification system

e Purchasing specifications for materials
e Incoming materials inspection

® Inspection data feedback

24

e Meetings with vendors concerning quality
o Vendor audits

If any parts or materials are rejected at incoming
inspection, they are returned to the vendor with a
rejection notification form specifying the failure items
and modes. The results of these inspections are used to
rate the vendors for future purchasing.

In-Process Quality Inspection

Typical in-process quality inspections performed at
wafer fabrication, chip mounting and packaging, and
device testing stages are listed in appendix 1A and
appendix 1B.

Electrical Testing and Screening

At the first electrical test, dc parameters are tested
according to electrical specifications on 100% of each
lot. This is a prescreening prior to any infant mortality
test. At the second electrical test, ac functional tests as
well as dc parameter tests are performed on 100% of
each lot. If the percentage of defective units in a lot is
unacceptably high in this test, the lot is subjected to an
infant mortality rescreen. During this time, any defec-
tive units undergo extensive failure analysis. The re-
sults of these analyses are fed back into the process
through corrective actions.

Figure 3 is a flowchart of the typical infant mortality
screening and electrical testing.

Outgoing Inspection

Prior to warehouse storage or shipment, lots are sub-
jected to an outgoing inspection according to the
following sampling plan:

e Electrical
— Dc parameters, lot tolerance parts defective
(LTPD) 3%
— Ac functional LTPD 3%
® Appearance
— Major LTPD 3%
— Minor LTPD 7%
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Figure 3. Electrical Testing and Screening
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Reliability Assurance Tests

Prior to shipment, representative samples from each
process family are taken on a regular basis and sub-
jected to monitoring reliability tests. This testing is
performed to confirm that NEC’s products continually
meet their field reliability targets.

Process/Product Changes

As mentioned previously, a design review occurs for
product changes as well as for new products. Once a
design is approved and processes are altered for max-
imum quality, qualification testing is performed to
check reliability. If the test results are acceptable, the
product is internally qualified for mass production.

The typical reliability qualification tests performed at
NEC are listed in appendix 3.
RELIABILITY THEORY

Reliability is defined as a characteristic of an item
expressed by the probability that it will perform a
required function, under specific conditions, for a cer-

tain period of time. The concept of probability, the
definition of required function, and the knowledge of
how time affects the item of concern are therefore
necessary tools for the study of reliability.

Definition of a required function, by implication, treats
the definition of a failure. Failure of a device is defined
as the termination of a device’s ability to perform its
required function. A device has failed if it is unable to
meet guaranteed values given in its electrical specifi-
cations.

Failures are categorized by the period of time in which
they occur. The critical times used in the discussion of
device reliability and failure are the periods of early,
random, and wearout failures. Probability is used to
quantitatively estimate reliability levels during these
periods as well as overall reliability. The relevant theo-
ries and methods of calculation will be discussed later.

Regarding individual devices, specific failure mecha-
nisms seeninlife tests and in infant mortality screening
tests are the parameters of concern in the determina-
tion of overall device failure rates, thus reliability levels.

Regarding systems, the sum of individual device failure
rates is the expected failure rate of the system hard-
ware.

Life Distribution

The fundamental principles of reliability engineering
predict that the failure rate of a group of devices wili
follow the well-known bathtub curve in figure 4.

Figure 4. Reliability Life (Bathtub) Curve
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The curve is divided into three regions: infant mortality,
random failures, and wearout failures.

The infant mortality section of the curve, where the
failure rate is declining rapidly, represents the early-life
device failures. These failures are usually associated
with one or more manufacturing defects.

After a period of time, the failure rate reaches a low
value. This random failure area of the curve represents
the useful portion of a device’s life. During this random
failure period, a slight decline is observed due to the
depletion of potential random failures from the general
population.

Wearout failures occur at the end of useful device life.
These failures are observed in the rapidly rising failure
rate portion of the curve; devices are wearing out both
physically and electrically.

Therefore, for a device that has a very long life expect-
ancy compared to the system that contains it, the
areas of concern will be the infant mortality and ran-
dom failure portions of the bathtub curve.

Failure Distribution at NEC

To eliminate infant mortality failures, NEC subjects its
products to production burn-in whenever necessary.
This burn-in is performed at an elevated temperature
on 100% of the devices involved and is designed to
remove potentially defective units.

After elimination of early device failures, a system will
be left to the random failures of its components. To
make proper projections of the failure rate of a system
in the operating environment, random failure rates
must be predicted for the system’s components.

To qualitatively study random failures, integrated cir-
cuits returned from the field, as well as in-house life
testing failures, undergo extensive failure analyses at
respective NEC manufacturing divisions. Failure mech-
anisms are identified and resulting data is fed back to
appropriate production and engineering groups. Long-
term failure rates are determined from this data to
quantitatively study this random failure population.

Infant Mortality Failure Screening

Establishing infant mortality screening requires knowl-
edge of likely failure mechanisms and their associated
activation energies.

Typical problems associated with infant mortality fail-
ures are manufacturing defects and process anoma-
lies, which consist of contamination, cracked chips,
wire bond shorts, or bad wire bonds. Since these
problems can result from a number of possible failure
mechanisms, the activation energy for infant mortality
can vary considerably. Correspondingly, the effective-
ness of an infant mortality screening condition (pref-
erably at some stress level to shorten the screening
time) varies greatly with the failure mechanism.

For example, failures due to ionic contamination have
an activation energy of approximately 1.0 eV. There-
fore, a 15-hour stress at 125°C junction temperature
would be the equivalent of approximately 314 days of
operation at a junction temperature of 55°C. On the
other hand, failures due to oxide defects have an
activation energy of approximately 0.3 eV. A 15-hour
stress at 125°C junction temperature in this case would
be the equivalent of approximately 4 days of operation
at 55°C junction temperature. The condition and dura-
tion of infant mortality screening is determined by the
economic factors involved in the screening and by the
allowable rate of component failure. A component
failure causes a system failure.

Empirical data gathered at NEC indicates that any
early failures generally occur after less than 4 hours of
stress at 125°C ambient temperature. This fact is sup-
ported by the bathtub curve created from actual life
test results. The failure rate after 4 hours of such stress
testing shows random distribution as opposed to the
rapidly decreasing failure rate observedin the early life
portion of the curve.

Whenever necessary, NEC has adopted this infant
mortality burn-in at 125°C as a standard production
screening procedure. NEC believes it is imperative that
failure modes associated with such infant mortality
screens be understood and fixed at the manufacturing
level. Failure analysis is performed on all infant mor-
tality failures for this purpose. This in-line data coupled
with data accumulated from the field is used to intro-
duce corrective actions and quality improvement mea-
sures. If the early-life failures of a device can be
minimized or eliminated and countermeasures appro-
priately monitored, then such screens can be elimi:
nated. The result of such practices is that field reliabil-
ity of NEC devices is an order of magnitude higher than
NEC'’s long-term failure rate goals.
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Table 1. Typical Reliability Test Results

Name Type HTB TH PCT TC
Micro NMOS 9/23817 3/13625 0/5034 0/1817
(Note 1) (15 FIT)
CMOS 7/20361 6/15155 8/16727 0/5913
(6.6 FIT)
Memory DRAM (Note 2) 9/13072 2/12796 4/8477 3/3085
(HTOL) (8.2 FIT)
1 Meg DRAM (Note 3) 24/13459 0/5414 0/2920 0/2100
(68 FIT)
4 Meg DRAM (Note 4) 4/2150 0/550 0/550 0/760
(4.2 FIT)
SRAM (Note 5) 0/3966 " 0/275 0/316 0/305
(6.6 FIT)
1 Meg SRAM (Note 5) 0/458 1/3026 0/3838 0/1350
(5.8 FIT)
AsiC CMOSs 7/6146 2/2848 4/9159 6/5738
(Note 6) (43 FIT)
ECL 0/1368 — — 0/246
@8 FIm
BICMOS 3/2801 0/3505 0/4370 0/5555
(29 FIT)

Note:

Information in the table above has been extracted from NEC report
numbers:

(1) IRQ-3Q-22833
(20 TRQ-89-01-0021
(3) TRQ-89-01-0021

@) IRQ-2Q-70117
(5) TRQ-90-11-0085
(6) TRQ-91-02-0093

Accelerated Reliability Testing

NEC performs extensive reliability testing at both pre-
production and post-production levels to ensure that
all products meet NEC's minimum expectations and
those of the field.

Assume an electronic system contains 1000 integrated
circuits and that 1% system failures per month can be
tolerated by this system. The allowable failure rate per
component is then calculated as follows:

1% failures
720 hours x 1000 pieces

% failures
1000 hours

(0.0014)

14 FITs

The rate of 14 FITs corresponds to one failure in 85
devices during an operating test of approximately
10,000 hours. To demonstrate this reliability level in a
reasonable amount of time, a test condition is appar-
ently required to accelerate the time-to-failure in a
predictable and understandable way.

The most common method for decreasing time-to-
failure is the use of high temperature to accelerate
physiochemical reactions that can lead to device fail-

ure. Other stressful environmental conditions are volt-
age, current, humidity, vibration, or some combination
of these. Appendix 2 lists typical accelerated reliability
assurance tests performed at NEC on molded inte-
grated circuits. Table 1 shows the results of some of
these tests for various process types.

Reliability Assurance Tests

NEC’s life tests consist of the high-temperature
operating/bias life (HTOL/HTB), the high-humidity stor-
age life (HHSL), the high-temperature, high-humidity
(T/H = HHSL + bias), and the high-temperature storage
life (HTSL). Additionally, NEC performs various envi-
ronmental and mechanical tests.

HTOL/HTB Test. These tests are used to accelerate
failure mechanisms by operating devices in a dynamic
(operating life) or static (bias) condition at an elevated
temperature of 125°C. The data obtained is translated
to a lower temperature to estimate device life expect-
ancy using the Arrhenius relationship explained later.
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HHSL and T/H Tests. Integrated circuits are extremely
sensitive to the effects of humidity such as electrolytic
corrosion between biased lines. The high-temperature
and high-humidity tests are performed to detect failure
mechanisms accelerated by temperature and humidity,
such as leakage related problems and drifts in device
parameters due to process instability.

HTSL Test. Another common test is the high-
temperature storage life test in which devices are
subjected to elevated temperatures with no applied
bias. This test is used to detect process instability and
stress migration problems.

Environmental Tests. Other environmental tests such
as the pressure cooker test (PCT) or the temperature
cycling test (T/C) detect problems related to the pack-
age and/or interactions between materials as well as
the degradation of environmentally sensitive device
characteristics.

Failure Rate Calculation/Prediction

To predict the device failure rate from accelerated life
test data, the activation energies of the failure mecha-
nisms involved should be considered. In some cases,
an average activation energy is assumed to accom-
plish a quick first-order approximation. NEC assumes
an average activation energy of 0.7 eV for most prod-
ucts (0.3 eV for high-density memory devices). This
average value has been assessed from extensive reli-
ability test results and yields a conservative failure rate.

Since most semiconductor failures are temperature
dependent, the Arrhenius relationship is used to nor-
malize failure rate predictions at a system operation
temperature of 55°C. It assumes that temperature de-
pendence is an exponential function that defines the
probability of failure occurrence, and that degradation
of a performance parameter is linear with time. The
Arrhenius model includes the effects of temperature
and activation energies of the failure mechanisms in
the following Arrhenius equation:

A= exp—EA(TJ1-TJ2)
k(Tu1) (Tu2)

Where:
A(T) = Acceleration factor
Ea = Activation energy
Ty1 = Junction temperature (in K) at Tay = 55°C
Ty2 = Junction temperature (in K) at Taz = 125°C
k = Boltzmann’s constant = 8.62 x 10-5 eV/K

Because the thermal resistance and power dissipation
of a particular device type cannot be ignored, junction
temperatures (Ty¢ and T,y) are used instead of ambient
temperatures (Tas and Tao). We calculate junction tem-

2-8

peratures using the following formula:
Ty = Ta + (thermal resistance)(power diss. at Ta)

With this information, a temperature acceleration fac-
tor can be calculated.

In some cases, the effect of voltage acceleration on
failure rate must also be considered. Voltage acceler-
ation can be characterized by the following equation:

AWV) = exp [-B(Vd - V)]

Where:

Vd = Operating voltage (5.5V)

Vs = Life test stress voltage (7 V)

B = Empirically determined constant (dependent on
electric field constant and oxide thickness)

The constant 8 has been given the value = 1, which is
a conservative figure. Therefore, the overall accelera-
tion factor will be determined as the product:

A(TV) = AT * A(V)

To estimate long-term failure rate, the acceleration
factor must be multiplied by the actual time to deter-
mine the simulated test time. From the high-
temperature operating or bias life test results, failure
rates can then be predicted at a 60% confidence level
using the following equation:

L. 0
2T

Where:

L = Failure rate in %/1000 hours

X2 = The tabular value of chi-squared distribution at a
given confidence level and calculated degrees of
freedom (2f + 2, where f = number of failures)
See note below.

T = # of equivalent device hours = (# of devices) x (#

of test hours) x (acceleration factor)

Note: Since the failures of concern here are the long-term
failures, notthe infant mortality failures (that is, the end
of the downward slope and the middle constant sec-
tion of the bathtub curve in figure 4), X2 is determined
by assuming a one-sided, fixed time test.

Another method of expressing failures is in FITs (fail-
ures in time). One FIT is equal to one failure in 10°
hours. Since L is already expressed as %/1000 hours
(10-5 failure/hr), an easy conversion from %/1000 hours
to FIT would be to multiply the value of L by 104.
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To accurately determine this failure rate, a statistically

large sample size must be accumulated. Depending on

the accuracy needed, the following conditions should
be imposed:

e A minimum of 1.2 million device hours (equal to
sample size multiplied by test period) at 125°C
should be accumulated to accurately predict a fail-
ure rate of 0.02% per 1000 hours at 55°C, with a 60%
confidence level.

e A minimum of 3 million device hours at 125°C should
be accumulated to accurately predict a failure rate
of 0.01% per 1000 hours at 55°C, with a 60% confi-
dence level.

Failure Rate Calculation Example. As an example of
how this failure rate is calculated, assume a sample of
960 pieces was subjected to 1000 hours at 125°C burn-
in. One reject was observed. Given that the accelera-
tion factor was calculated to be 34.6 using the Arrhe-
nius equation, what is the failure rate normalized to
55°C using a confidence level of 60%? Express the
failure rate in FITs.

Solution:
Forn=2f+ 2= 2(1) + 2= 4 X2 = 4,046
2
ThenL = % (%/1000 hours)

- (X2)105 (%/1000 hours)
2(# devices)(# test hours)(accel. factor)

(4.046)105

=—3_"—"— = (0.0061 (%/1000 h
5(960)(1000) (34.6) (%/1000 hours)

Therefore, FIT = (0.0061)(104) = 61

Failure Rate Goals

Reject rates at customer’s incoming inspection, infant
mortality rates, and long-term failure rates are moni-
tored and checked against quality and reliability tar-
gets. Long-term failure rate goals are based on mask
and process designs. NEC'’s quality and reliability tar-
gets are listed in table 2.

Table 2. Quality and Reliability Targets
Memory Micro ASIC
Year ECLRAM MOS BiCMOS ECL CMOS

Reject Rate at Customer’s
Incoming Equipment Inspection (PPM)

1991 30 30 70 300 80 80
1992 30 30 50 200 50 60
Long-Term Reliability (FIT)

1991 30 30 30 300 30 90
1992 30 30 20 300 30 80
Infant Mortality

1991 30 30 40 300 50 270
1992 30 30 30 300 50 240
FAILURE ANALYSIS

At NEC, failure analysis is performed not only on
reliability testing and field failures, but also on prod-
ucts that exhibit defects during production. This data is
closely checked for correlation process quality infor-
mation, inspection results, and reliability test data.
Information derived from these failure analyses is fed
back into the process.

Since many failure mechanisms can be exhibited by
LS| devices, highly advanced analytical tools and
methodologies are required to investigate such LSI
failures in detail. The standard failure analysis flow-
chart relating to the returned products from customers
is shown in appendix 4.

SUMMARY

Building quality and reliability into products by forming
a total quality control system is the most efficient way
to ensure product success.

The combination of building quality into products,
effective prescreening of potential failures, and moni-
toring of reliability through extensive testing has estab-
lished a singularly high standard for NEC's large-scale
integrated circuits, as demonstrated inthe most recent
year’s production.

The company’s quality control program supports con-
tinuous research and development activities, extensive
failure analysis, and process improvements. With this
extensive program, NEC continuously sets and main-
tains higheér standards of quality and reliability.

29
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Appendix 1A. Typical QC Flow for CMOS Fabrication
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Appendix 1B. Typical QC Filow for PLCC Assembly/Test

Inspection of Manufacturing Conditions Inspection of Manufacturing Qualities
Process/Materlals Inspection Inspected |  Inspection Inspected
Item Frequency | Instrument by Ttem Frequency | Instrument by
$ Sorted Wafers |
2 Wafer Visual Wafer Visual 100% Naked Eye | Operator
Table Speed Every Indicators P.C. Sawing Before Microscope | Operator
Dicing DI Water Shift Gauges Dimensions Running With Filter
Blade Helght Eyepiece
Wafer Break Every Indicators P.C. Wafer Visual 100% Naked Eye | Operator
Conditions Shift Gauges
Break and Expand
° P Watfer Expand
Conditions
Die Every Lot Microscope | Operator !
5 Die Visual Inspection Visual Sampling
(Or 100%)
A Lead Frames Die Attached Every Indicators P.C. Die Visual Every Naked Eye | Operator
Conditions Shift Thermocouple, Epoxy Magazine '
Potentiometer Coverage 1
Die Attached Temperature Every Shift | Microscope !
Epoxy Cure Heat Every Indicators P.C. Shear Every Dynamometer | Operator
8 (Not Done for Gold Temperature Shift Gauges Strength Shift
Dle Attached product) N2 Flow )
|
Bonding Every indicators P.C. Visual Every Microscope | Operator |
é Fine Wire Condiions | Shift Magazine 1
GD Wire Bonding Temperature Every | Themocouple| P.C. Wire Pull Every Tenslon | Operator
Week and Test Shift Gauge '
Potentiometer
i
Pre-Seal Visual Die Every Lot | Microscope | Inspector
" Inspecti Visual Sampling
nspection (Or100%) 1
Temperature Every Thermocouple P.C.
Molding Compound of Pellet, Shift
Expiration Date
13 Molding Temperature | Every Shift | Thermocouple,| P.C. Visual 100% Naked Eye | Operator
Profile of Potentiometer :
Die Set |
Preheat
Temperature
Pressure
Cure Time
14 Mold Aging Temperature | Every Shift Indicator P.C.
Deflashing | Every Shift Indicators P.C. Visual Every Lot Naked Eye | Operator
Deflashing Conditions
Concentration | Every Week Titration Tech.
Density Every Week | Denslty Meter [ Tech.
Water Jet Every Day Gauge Tech. |
Pressure
Plating Every Day Indicators P.C.
Plating Conditions
Concentration | Every Week Titration Tech.
83RD-76168
2-11
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Appendix 1B. Typical QC Flow for PLCC Assembly/Test (conft)

Inspection of Manufacturing Conditions Inspection of f Qualities
Process/Materlals Inspection Inspected p - . P
Ttem Frequency | Instrument by Ttem Freq Y by
Visual Evaery Lot Naked Eye | Techniclan |
17 Plating Inspection Plating
Thickness Every Lot X-ray Techniclan
Composition | Every Lot X-ray Techniclan

Solderabllity | Once/Day | Naked Eye |Techniclan

m Marking Ink Marking Every Shift Indicators P.C. Visual Every Lot Naked Eye | Operator
Conditions
° Marking
Temperature Every Thermocouple | P.C. Marking Twice/Shift | Automatic Operator
e Mark Cure Shift Permanency Tester
Dimensions | Every Shift Test Jig. Operator Visual Every Lot Naked Eye | Operator
Lead Forming (Before Caliper
Running)
22 Final Assembly nspection Visual Every Lot Mamhg Operator
I P.M.Check | EveryDay | PM.Jg. | Operator
2 First Electrical Sorting Sample Before Tost | OPORIT | Eoctrical 100% IC Tester | Operator
Check Testing Samples Characteristics
Bumin (When Necessay) | Bumh | Eveny | indetor | PC.
Every Day PM. Jig. Operator
2 First Electrical Sorting Before Test | OPeRT | Eacirical 100% IC Tester | Operator
] Testing Samples Characteristics
2 Reliability Assurance Test rey
Every Day P.M. Jig. Electrical Every Lot IC Tester Inspector
Characteristics
Before Test
27 In-Warehouse Inspection Testing Samples Visual (Major) | Every Lot Nak::dEye Inspector
Microscope
Visual (Minor) | EverylLot | Naked Eye | Inspector
28 Warehousing

<4

83RD-76168
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Reliability and Quality Control

Appendix 2. Typical Reliability Assurance Tests

MIL-STD-883C

Test Symbol Method Test Conditions
High-temperature operating/bias life (Note 1) HTOL/HTB 1005 Ta = 125°C; Vpp specified per device type
High-temperature storage life (Note 1) HTSL 1008 Ta = 150°C (175° or 200°C in some cases)
High-temperature/high-humidity (Note 1) TH Ta = 85°C; RH = 85%; Vpp = 565V
High-humidity storage life (Note 1) HHSL Tpa = 85°C; RH = 85%
Pressure cooker (Note 1) PCT Ta = 125°C; P = 2.3 atm; RH = 100%
Temperature cycling (Note 1) TC 1010 -65°C to +150°C; 1 hout/cycle
Lead fatigue (Note 2) Cc3 2004 90-degree bends; 3 bends without breaking
Solderability (Note 3) C4 2003 230°C; 5 sec; rosin base flux
Soldering heat/temperature cycle/ Cceé 1010 10 sec @ 230°C; rosin base flux
thermal shock (Note 1) 1011 Ten 1-hour cycles @ -65°C to +150°C

(Note 4) Fifteen 10-minute cycles @ 0°C to + 100°C

Notes:

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

(2) Broken lead is considered a reject.

Appendix 3. New Product/Process Change Tests

(3) Less than 95% coverage is considered a reject.
(4) MIL-STD-750A, method 2031.

Newly
Developed Shrink New
Test Sample Size Product Die Package = Wafer  Assembly Test Conditions
High-temperature 20 - 50 pieces; [o] o] 0 0 0 See appendix 2;
operating/bias life 1-lots 1000H
High-temperature 10 - 20 pieces; 0 0 0 0 0 T = 150°C (plastic);
storage life 1-3lots T = 175°C (ceramic);
1000H
High-temperature/ 20 - 50 pieces; 0 0 0 ] 0 See appendix 2;
high-humidity bias life 1-3lots 1000H
(plastic package)
Pressure cooker 10 - 20 pieces; 0 0 0 0 0 See appendix 2; 288H
(plastic package) 1-3lots
Thermal environmental 10 - 20 pieces; 0 X 0 X 0 See appendix 2
1-3lots
Mechanical environmental 10 - 20 pieces; 0 X 0 X 0 20G, 10 - 2000Hz;
(ceramic package) 1-3lots 1500G, 0.5 ms;
20000G, 1 min
Lead fatigue 5 pieces; 1 -3 X - X - X See appendix 2
lots
Solderability 5 pieces; 1 -3 X - X - X See appendix 2
lots
ESD 20 pieces; 1-3 [¢] 0 0 X (1) C=200pF, R=0
lots (@) C = 100 pF,
R= 15k
Long term T/C 10 - 50 pieces; 0 0 0 0 0 See appendix 2;
1-3lots 1000 cy
Notes:
0: Performed. X: Perform if necessary. —: Not performed.

2-13
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Appendix 4. Failure Analysis Flowchart

Failure

Analysis of
Information

External
Inspection

Inf tion requested
« Fallure sltuation:
where, how, when, why

Electrical
Characteristic

Fallure

Yes

Non-Destructive
Analysls

Seml-Destructive
Analysis

Destructive
Analysis

Failure
Report

* Dc/ac function testing
by tester/Curvetracer

Stress
Test

Fallure | *Test correlation
Report may be needed

* Specffic tests: X-ray fluoroscope,
hermetical test, dew-point test,
curvetracer check, etc.

* Decapsulation, Internal visual
check, electrical measurement,
clrcult analysis

» Etching the passlvation, etc.
SEM, XMA, Cross-section, etc.

* Estimation of causes
» Countermeasures
« Corrective Action
83RD-T619A
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Section 3
Digital Signal Processors

uPD77C20A, 7720A, 77P20 3a
Digital Signal Processors

uPD77C25/77P25 3b
Digital Signal Processor

uPD77220, 77P220 3c
24-Bit Fixed-Point Digital Signal Processor
uPD77230A, 77P230 3d
32-Bit Floating-Point Digital Signal Processor

(150 ns cycle time)

uPD77240 3e
32-Bit Floating-Point Digital Signal Processor

(90 ns cycle time)

pPD77810 3f
Modem Digital Signal Processor

uPD7281 3g
Image Pipelined Processor

uPD9305 3h

Memory Access and General Bus Interface for
the uPD7281




NEC

NEC Electronics Inc.

MPD77C20A, 7720A, 77P20
Digital Signal Processors

Description

The uPD77C20A, uPD7720A, and uPD77P20—three sig-
nal processing interface (SPI) chips that are function-
ally the same—are advanced architecture microcom-
puters optimized for signal processing algorithms.
Their speed and flexibility allow these SPIs to effi-
ciently implement signal processing functions in awide
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 is a 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, making the 77C 20A appro-
priate for portable applications and other designs
requiring low power and low heat dissipation.

Minor differences between 7720A and 77C20A are de-
scribed in the Instruction Timing section.

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
submitted, but certain early versions of 77P20 must not
be used for final verification. Refer to the section on
UPD77P20 for details.

Features

m]

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

Fast instruction execution: 240 ns with 8.333-MHz
clock

O 16-bit data word
O Multioperation instructions for fast program

execution: multiply, accumulate, move data, adjust
memory pointers—all in one instruction cycle

Modified Harvard architecture with three separate
memory areas
— Program ROM (512 x 23 bits)

50161-2

o o o o

— Data ROM (510 x 13 bits)
— Data RAM (128 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 (480 ns/bit)
— Parallel: 8- or 16-bit

—DMA

Compatible with most uPs, including:
— uPD8080

— uPD8085

— uPD8086/88

— uPD780 (Z80%)

O Single +5-volt power supply
0 NMOS technology (7720A, 77P20)

m]

Extended temperature range

Applications

O oo oo o

u]

Portable telecommunications equipment
Digital filtering

High-speed data modems

Fast Fourier transforms (FFT)

Speech synthesis and analysis

Dual-tone multifrequency (DTMF) transmitters/
receivers

Equalizers
Adaptive control

o Numerical processing

Performance Benchmarks

o o o

Second-order digital filter (biquad): 2.21 us
Sin/cos of angles: 5.16 us
/A law to linear conversion: 0.49 us

FFT
— 32-point complex: 0 7 ms
— 64-point complex: 1.6 ms

780 is a registered trademark of Zilog Corporation.
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HPD77C20A, 7720A, 77P20

Ordering Information 32-Pin SOP
Max Normal
Frequency Temperature NeC]1 N~ 32(vee
Part Number Package of Operation Range NC[] 2 31 O Vee
uPD77C20AC  28-pin plastic DIP  833MHz  -40to +85°C DACK[] 3 30 O Ag
- DRQ[] 4 20 Cs
ALK  28-pin PLCC Pod s L)
AL 44-pin PLCC P16 27 A WR
AGW  32-pin SOP Do 47 26 [1SORQ
D18 25 [0SO
uPD7720AC 28-pin plastic DIP 8.33 MHz -10to +70°C Do o 24 sl
uPD77P20D 28-pin cerdip 8196 MHz  -10to +70°C D3] 10 23 [ SCEN
D4 O 11 22 [1 SIEN
. . . Ds[] 12 21 [ sCK
Pin Configurations Dg 0 13 20 01 INT
D7 [ 14 19 [ RST
28-Pin DIP, Plastic and Ceramic GND [ 15 18 [1 CLK
GND[] 16 17 ANC
Newppiee (01 " 28R vee BSRD7448A
DACK [] 2 270 Ag
DRQ[]3 26 [1CS "
Po ] 4 oY 44-Pin PLCC
P Os 24 O WR
Do 6 23 [1 SORQ ol§ oo
D1 7 22150 %cf’%|8‘z’>°>°%£’8%
D[]8 21 s aOooQoOooOoonQnnn
Ds o 20 [1 SCEN Jowvon-gegse
D4 10 19 [1 SIEEN Nc O7 O 39 A NC
D5 O 11 18 [J sck P, s 38 [1 RD
Dg [ 12 17 @ INT Do o 370 WR
Dy 13 16 [ RST NC O 10 36 [1 SORQ
GND [] 14 15 A CLK Dy 11 351 SO
D, O 12 34 [ NC
Notes: Dy 13 33[sl
(1) No connection: 77C20A, 7720A D, 14 32 [ NC
Must be connected for EPROM version; consult 77P20 specifications. Nc O 15 31 [7 SOEN
83RD-7364A Ds [ 16 30 [1 SIEN
NC [ 17 l‘,ée'\mzsz:.lNC
. P2RINQIQ N &
o S FI0532p8EF
Q
o > Z 00 % % Z2g3¢g=z 5 2
e I“" g
1215 8 8 558
oonoonn 83RD-73654
QIRJIR?
csrj26 18 [ sck
Ao]27 170 INT
vcc 28 161 RST
net O 151 CLK
DACK[]2 141 GND
DRQC]3 13107
Po}4 12[1De
wo~Nw©wa 2T
| [ 6 N N |
£E8a8888
49NR-494A
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HPD77C20A, 7720A, 77P20

Pin Identification

Symbol Function

Ao Status/data register select input
CLK Single-phase master clock input
cs Chip select input

Do-Dy Three-state |/O 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 I/O clock input

S| Serial data input

SIEN Serial input enable input

SO Three-state serial data output
SOEN Serial output enable input
SORQ Serial data output request

WR Write control signal input

GND Ground

Vee +5V power supply
NC/Vpp/Vcc No connection (77C20A, 7720A)/

programming voltage (77P20)

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 in_put enables data transfer through the data port
with RD or WR.

Do-D7 (Data Bus)

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

DACK (DMA Request Acknowledge)

Thisinput 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 previ-
ously 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
PCto 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.

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 is reset when the entire 8- or 16-bit word
has been transferred.
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WR (Write Control Signal)

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

GND

This is the connection to ground.

Vcc (Power Supply)
This pin is the + 5-volt power supply.

Block Diagram

NC/Vpp/Ncc

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 Vg¢ for proper 77P20
operation. Consult the section on the uPD77P20 for
details.

DACK —> DMA
Interface
DRQ €«——] Logic
I Je— 50BN
T >so—> SoRQ
Instruction 1 Ve
ROM RAM Multiplier Lo
512x23 128 x 16 ‘
! > SO Serial
Low | Hign o
=1
<_J SCK
Ea —r
J<_ SIEN
o L
1 L—Sl
2 Stack
3 Read Write
Control Logic
{\ CJ DR |« <> Dgo-D7
. Parallel
[ e | I
SGN 1 TR 0
(3] ] ; -
WR
cs
s|sj|cjzjojlo Ao
Faga | A A[ALAIY Y |« [—
1]0 Data
.
s[s|clz]o]o 510% 13 \‘" Po
Fagn |B[BIB|BIYIY ACCA Py
1]0 Y ACCB |—— -
CLK—>
RST—>
INT———>|
Vcc—>
GND—> Interrupt

83RD-7366B
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FUNCTIONAL DESCRIPTION

The primary bus (unshaded in the block diagram)
makes a data path between all of the registers (includ-
ingl/O), memory, and the processing sections. This bus
is referred to as the IDB (internal data bus). The multi-
plier input registers K and 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 multioperation
instruction.

The SPI is a complete 16-bit microcomputer on a single
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-parallel
multiplier provide computational power. This combina-
tion allows the implementation of a “sum of products”
operation in a single 240-ns instruction cycle. In addi-
tion, each arithmetic instruction allows a number of
data movement operationsto further increase through-
put.

Two serial 1/0 ports interface to codecs and other
serial-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 standalone 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 dataROM is organized in 510 x 13-bit words that are
addressed through a 9-bit ROM pointer (RP register).
The RP may be modified simultaneously with arith-
metic instructions so that the next value is available 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.

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 incorpo-
rates auxiliary overflow and sign flags (SA1, SB1, OVA1,
OVBH1). 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 SAO CA ZA
Flag B SB1 SBO cB b4:!

OVA1
OovB1

OVAO
OVBO

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,
SBO, 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 bit and 15
higher bits are in M and the 15 lower bits are in N; the
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LSBin N is zero. 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 afour-level program stack for efficient
program usage and interrupt handling.

Interrupt

The SPI supports a single-level interrupt. Upon sensing
a high level onthe INT pin, a subroutine call to location
100H is executed. The El bit of the status register
automatically resets to 0, disabling the interrupt facility
until it is 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 inter-
face capability.

Serial 1/0

The two shift registers (S, SO) are software-
configurable to single- or double-byte transfers. The
shift registers are externally clocked (SCK) to provide a
simple interface between the SPI and serial peripherals
such as A/D and D/A converters, codecs, or other SPIs.
Figure 2 shows serial |/O timing

Figure 1. SPI Communication Ports
SPI
Parallel /O : )07 SO >
arallel
Interface | —>| RD SORQ |——>
IgExlgrnm —>» WR SOEN je—— Serial VO
ata Bus == rial
cs SCK Interface
—>| Ap
S| je——o
DMA —>| DACK SIEN j€——
Interface <«——{ DRQ
Interrupt ——> INT Po ——)}general
Reset ——>| RST P1 —>J Gutput Port
Clock ——>} CLK
83RD-7367A
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Figure 2. Serial I/O Timing

i
SCK [ !

2.

w L PL LT
T L L LT
[ 45 \

24 )
[Note 1] |

" : { v i |
Output Data High 2 0 X 1 X 2 K 130r5 X 14 0r6 X150r7 3 High 2
oo

[Note 3]

SOACK™ | (Next Data Set)

SORQ

SO Load *

[Note 2]

L G (D S D ¢ €20 € 0 G
s\ /

SIACK *

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.

[*] Internal signal
83RD-73688 |

Parallel I/O DMA Mode Option

The 8-bit parallel I/O port may be used for transferring  Parallel data transfers may be controlled (optionally)
data or reading the SPI’s status as shown in table 22 via DMA control lines DRQ and DACK. DMA mode i
Data transfer is handled through a 16-bit data register  allows high-speed transfers and reduced processor |
(DR) that is software-configurable for double- or single-  overhead. When in DMA mode, DACK input resets DRQ
byte data transfers. The port is ideally suited for oper-  output when data transfer is completed. DACK does
ating with 8080, 8085, and 8086 processor buses and  not affect any status register bit or flag bit.
may be used with other processors and computer

systems.
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Table 2. Parallel R/W Operation

Table 3. Status Register Flags (cont)

CS A;, WR RD Operation

Flag Description

1 X X X No effect on internal operation; Dy-D7 are

at high impedance levels.

X 1 1
o] (] 1 Data from Dg-D7 is latched to DR
(Note 1)
0 0 1 0  Contents of DR are output to Dy-D7
(Note 1)

lllegal (SR is read only)
Eight MSBs of SR are output to Dy-D7

lllegal (may not read and write
simultaneously)

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.

Status Register

The status register (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 |/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 automatically reset when an
interrupt is serviced.

Figure 3. Status Register (SR)

15 14 13 12 11 10 9 8
| ram | usF1 | usro | prs | oma | pRc | soc | sic |
MSB

7 6 5 4 3 2 1 0
| &8 | o | | o J o] o [r | ro]
LsB

Table 3. Status Register Flags
Flag Description

RQM (Request A read or write from DR to IDB sets RQM =
for Master) 1.
An external read (write) resets RQM = 0.

USF1 and USFO
(User Flags 1
and 0)

DRS (DR Status)

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

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 = 0 (Non-DMA transfer mode)
DMA = 1 (DMA transfer mode)

DMA (DMA Enable)

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

SOC = 0 (16-bit mode)
SOC = 1 (8-bit mode)

SIC = 0 (16-bit mode)

SIC = 1 (8-bit mode)

SOC (SO Control)

SIC (Sl Control)

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

(Ports 0 and 1) output pins Py and P4

INSTRUCTIONS

The SPI has three types of instructions: Load Immedi-
ate, 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 an NOP as the data move supersedes the
ALV 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, but all
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 de-
scribed 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.
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Minor differences exist between 7720A and 77C20A in
internal instruction execution timing. Using normal
programming instruction statements, the differences
will not appear. However, an instruction such as the
following will yield a difference between NMOS and
CMOS operation.

OP MOV @MEM,B XOR ACCB, RAM

The instruction, which is acceptable using the NEC
assembler (AS77201), has an inherent conflict in that
data is simultaneously being moved into memory and
fetched in one instruction. ALU instructions involving
either ACCA or ACCB should not be used. In summary,
observe the following rules.

(1) DST should not be @MEM when PSEL is RAM.
(2) When SRC is NON, DST must be @NON.

(3) A should not be used as both DST and ASL.
(4) B should not be used as both DST AND ASL.

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

Table 4. ALU Field

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 register to a destination
register. The possible source and destination registers
are listed in tables 6 and 7, respectively.

The difference inthe two instructions of this type is that
RT executes a subroutine or interrupt return at the end
of the instruction cycle, but the OP does not. Tables 8,
9, 10, and 11 show the ASL, DPL, DPH, and RPDCR
fields, respectively.

Figure 4. OP/RT Instruction Field

22 21 20 19 18 15 14 13 12
| # | Pselet | ALU [ast] oL |
#OP = 00; RT = 01

11 9 8 7 4 3 0
| oenm |+ SRC | DST |
“RPDCR

Mnemonic Dy Dy7 Dy¢ D5 ALU Function SA1,SB1 SA0,SB0O CA,CB ZA,ZB OVA1,0VB1 OVA0, OVBO
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
XOR 0 0 1 1 Exclusive OR X A 0 A 0 ]
suB 0 1 0 0  Subtract A A A A A A
ADD 0 1 [¢] 1 ADD A A A A A A
SBB 0 1 1 0  Subtract with borrow A A A A A A
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 1 Increment ACC A A A A A A
CMP 1 o] 1 0  Complement ACC X A 0 A 0 [
(one's complement)
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 [o] 0
A May be affected, depending on the results. 0 Reset
— Previous status can be held. x Indefinite
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Table 5. P-Select Field Table 7. DST Field (cont)
Mnemonic Dag Dyg ALU Input Mnemonic D3 D, Dy Dy Destination Register
RAM [o} 0 RAM ’ @SOL 1 0 0 (o] SO serial out LSB (Note 1)
IDB 0 1 Internal Data Bus (Note 1) @SOM 1 0 0 1 SO serial out MSB (Note 2)
M 1 0 M Register @K 1 0 1 0 K(Muly
N 1 1 N Register @KLR 1 [o] 1 1 IDB — K, ROM — L (Note 3)
Notes: @KLM 1 1 0 0  HiRAM — K, IDB — L (Note
(1) Any value on the on-chip data bus. Value may be selected from - i
any of the registers listed in table 6 source register selections. @L 1 1 0 1 L (Mult)
@NON 1 1 1 0 No register
Table 6. SRC Field @MEM i1 1 1 PRAM
Mnemonic D; Dg Ds D;  Source Register Notes:
NON 0 0 0 0 No register (1) LSB is first bit out.
A 0 0 0 1 ACCA (Accumulator A) (@ MSB is first bit out.
B 0 0 1 0 ACCB (Accumulator B) (3) Internal data bus to K, and ROM to L register.
TR 0 0 1 1 TR temporary register (4) Contents of RAM address specified by DPg = 1, is placed in K
register, IDB is placed in L (that is, 1, DP5, DP4 DP3-DPg).
DP 0 1 0 0 DP data pointer
RP 0 1 0 1 RP ROM pointer Table 8. ASL Field
RO 0 1 1 0 RO ROM output data Mnemonic Dyq ACC Selection
SGN 0 1 1 1 SGN sign register ACCA [¢] ACCA
DR 1 0 [o] 0 DR data register ACCB 1 ACCB
DRNF 1 0 0 1 DR no flag (Note 1)
SR 1 0 1 0 SR status register Table 9. DPL Field
SiM 1 0 1 1 Sl serial in MSB (Note 2) Mnemonic Dy3 Dia Low DP Modify (DP3-DPg)
SIL 1 1 0 0 Sl serial in LSB (Note 3) DPNOP 0 0 No operation
K 1 1 0 1 K register DPINC 0 1 Increment DPL
L 1 1 1 0 L register DPDEC 1 0 Decrement DPL
MEM 1 1 1 1 RAM DPCLR 1 1 Clear DPL
Notes:
(1) DRto IDB, RGM not set. In DMA, DRQ not set. Table 10. DPH Field
(@) First bit in goes to MSB, last bitto LSB. Mnemonic Dyy Dq9 Dg High DP Modify
(3) First bit goes to LSB, last bit to MSB (bit reversed). Mo 0 0 0  Exclusive OR of DPH (DPg-DPy)
M1 0 0 1 with tht.e mask defined by the
. three bits (D44-Dg) of the DPH
Table 7. DST Field M2 0 1 0 field
Mnemonic D3 D, Dy Dg Destination Register M3 0 1 1
@NON 0 0 [¢] 0 No register M4 1 0 0
@A 0 0 0 1 ACCA (Accumulator A) M5 1 0 1
@B 0 0 1 0 ACCB (Accumulator B) M6 1 1 0
@TR 0 0 1 TR temporary register M7 1 1 1
@DP 0 1 0 0 DP data pointer
@RP 0 1 4] RP ROM pointer
@DR 0 1 1 0 DR data register
@SR 0 1 1 1 SR status register

10
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Table 11. RPDCR Field Table 13. BRCH/CND Fields

Mnemonic Dg RP Operation Mnemonic Dyg Diyg Dig Dy7 Dyg Di5 Dyq Dqy3 Conditions

RPNOP 0 No operation JMP 1 0 0O O O 0 0 0 Nocondition

RPDEC 1 Decrement RP CALL 1 0 1 0 0o o 0 0 No condition
JNCA 0 1 0 0 0O O O O CA=0

Jump/Call/Branch JCA 01 0 0 0 0 0 1 CA=1

Figure 5 shows the JP instruction field specification. ~ JNCB 01 0 0 0 0 1 0 CB=0O

Three types of program counter modifications accom-  JCB 6o 1 0o 0 0 O 1 1 CB=1

modateq by the processor are Iis'ted in tabl§3.12. Al thg JNZA 0o 1 0 0 0 1 0 0 ZA=0

instructions, if unconditional or if the specified condi- o1 0o 0 0 1 0 1 zA=1

tion is true, take their next program execution address

from the next address field (NA); otherwise PC = PC +  JNZB 6 1t 0 0 o0 1 1 0 ZB=0

1. JzB o 1 0o o0 0 1 1 1 ZB=1

For the conditional jump instruction, the conditionfield ~JNoVA0 0 1 0 ©0 1 0 ©0 0 OVAO=0

specifies the jump condition. Table 13 lists all the  JovAo o 1 0 0 1 0 0 1 OVAO=1

instruction mnemonics of _the jump/call/branc.h .codes. JNOVBO o 1 0 0 1 0 1 O OVBO=1

BRCH or CND values not in table 13 are prohibited. JOVBO 6 1 0o 0 1 0 1 1 ovBo=1

Load Data (LDI) JNOVA1 0ot 0 0 1 1 0 0 OVl=0

) . . e JOVA1 61 0 0 1 1 0 1 OVAl=1

Figure 6 shows the LD instruction field specification.

The load data instruction will take the 16-bit value JNOVBt 0 1 0 0 1 1 1 0 OVBI=0

contained in the immediate data field (ID) and placeit  JovBi o 1 0 0 1 1 .1 1 OVBl=1

in the location specified by the destination field (DST)  ynsao O 1 0 1 0 0 0 O SAO=0

See table 7. JSAO 0 1 0 1 0 0 0 1 SAO=1

Figure 5. JP Instruction Fleld JNSBO 0 1.0 1 0 O 1 0 SBO=0

2 20 17 13 12 43 o JsBo 0o 1 0 1 0 0 1 1 SBO=1

11 Io[ BRCH | oND NA | | JNSAL o 1 0 1 0 1 0 0 SAI=0
JSA1 0o 1t 0 1 0 1 0 1 SAI=1
JNSB1 o 1 0 1 0 1 1 0 SBI=0

Figure 6. LD Instruction Fleld JSBt © 1t ot o0 1t 1 1 sB=t
JDPLO o 1t 0 1 1 0 0 O0 DPL=0O

22 20 5 3 0

|1 |1 | D I—] Dot | JDPLF o 1 0 1 1 0 0 1 DPL=FH
JNSIAK 0 1 0 1 1 0 1 0 SIACK=0
JSIAK 0 1 0 1 1 0 1 1 SIACK=1

Table 12. BRCH Field JNSOAK 0 1 0 1 1 1 0 0 SOACK=0

Dao Dig Dig Branch Instruction JSOAK 0 1 o 1 1 1 0 1 SOACK=1

1 0 0 Unconditional jump JNRQM o 1+ 0 1 1 1 1 0 RAM=0

1 0 1 Subroutine call JRQM 0 1 0 1 1 1 1 1 RAM=1

0 1 0 Conditional jump

11
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings Capacitance
Supply voltage, Vg ¢ Parameter Symbol Min Max Unit
77C20A -0.5t0 +7.0V
7720A -051t0 +7.0V S:K'acigr"(ce cp 20 pF
77P20 -0.310 +7.0V i
N Input pin Cin 10 pF
Programming voltage, Vpp (77P20) -0.3to +22V capacitance
Input voltage, V|
77C20A ~05to Vg + 05V OutPutRIn Cour 20 pF
7720A -0510 +7.0V pactien
77P20 ~03to +7.0V
Output voltage, Vo
77C20A ~0.5t0 Vgg + 0.5V
7720A ~05t0 +7.0V
77P20 -0.3to +7.0V
Operating temperature, Topt
77C20A —-40 to +85°C
7720A, 77P20 -10 to +70°C
Storage temperature, TgTg —-65 to +150°C
Exposing the device to stresses above those listed in Absolute
Maximum Ratings could cause permanent damage. The device is not
meant to be operated under conditions outside the limits described
in the operational sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.
DC Characteristics
Ta = ~101t0 +70°C; Ve = +5V £5%
Parameter Symbol Min Typ Max Unit Conditions
Input low voltage ViL
77C20A -0.3 0.8 v
7720A, 77P20 -0.5 0.8 \
Input high voltage ViH
77C20A 22 Vog + 03 \'
7720A, 77P20 2.0 Vge + 0.5 \
CLK low voltage VoL
77C20A -0.3 0.45 '
7720A, 77P20 -0.5 0.45 v
CLK high voltage V¢H
77C20A 3.5 Vee + 03 v
7720A, 77P20 3.5 Vo + 0.5 v
Output low voltage VoL 0.45 \ loL = 20 mA
Output high voltage VoH 24 v loH = —400 uA
Input load current I -10 HA Viy =0V
Input load current ILIH 10 HA ViN = Vee
Output float leakage oL -10 HA Vout = 047V
Output float leakage ILoH 10 HA Vout = Vec

12
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DC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
Power supply current Icc
77C20A 24 40 mA foLk = 8.192 MHz
7720A 120 170 mA
77P20 270 350 mA
Vpp current (77P20 only) lpp — 70 mA Program mode max pulse .
current (Note 1) k
0.5 3.0 mA Program verify, inhibit (Note 2)
Notes:
(1) Vpp=21 £ 05V
(2) For K-level parts: Vpp max = (Vgg - 0.6V) + 0.25V

Vpp min = (Vg —-0.6V) -0.25V
For all other step levels: Vpp max = Vgc + 0.25V
Vpp min = Vgg - 0.85V

AC Characteristics
Ta = -10to +70°C; Voo = +5V +5%

Parameter Symbol Min Typ Max Unit Conditions

CLK cycle time ¢cy j
77C20A, 7720A 120 2000 ns ‘
77P20 122 2000 ns |

CLK pulse width ¢D 60 ns Note 4

CLK rise time PR 10 ns Note 1

CLK fall time OF 10 ns Note 1

Address setup time for RD taR 0 ns

Address hold time for RD tRA 0 ns

RD pulse width tRR 250 ns

Data delay from RD tRD 150 ns CL = 100 pF

Read to data floating tprF 10 100 ns Cp =100 pF '

Address setup time for WR taw o] ns

Address hold time for WR twa 0 ns

WR pulse width tww 250 ns

Data setup time for WR tpw 150 ns

Data hold time for WR twp 0 ns

RD, WR, recovery time tay 250 ns Note 2 i

DRQ delay tam 150 ns CL = 100 pF ;

DACK delay time tpAck 1 $D Note 2 ‘

DACK pulse width top |
77C20A 250 |
7720A 250 2000 ns }
77P20 250 50,000 ns |

SCK cycle time tscy 480 DC ns |

SCK pulse width tsck 230 ns 1

SCK riseffall time trsc/trsc 20 ns J

\

13
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
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 = low tpek 150 ns
SO delay from SCK before tozra 20 300 ns Note 2
1st bit (Note 3)
SO delay from SCK tozsc 20 300 ns Note 2
SO delay for SOEN tpze 20 180 ns Note 2
SOEN to SO floating thze 20 200 ns Note 2
SCK to SO floating with thzsc 20 300 ns Note 2
SORQ high
SO delay from SCK for tHzRa 70 300 ns Note 2
last bit
SIEN, Sl setup time tpc 55 ns Note 2
SIEN, S! hold time tep 30 ns
Po, P1 delay tpp ¢cy ns

+ 150
RST pulse width tRsT pey
INT pulse width tNT ¢cy
Notes:

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

(@) Voltage at ac timing measuring point:

ViL=VoL =08V
ViH = Vo = 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.

14
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Timing Waveforms ‘

Input Waveform of AC Test (except CLK) DMA Operation

s X =N/

| IDACK [tAm

24

0.45

83RD-7369A

Clock DRQ / \ /

83RD-7373A

16-Bit Transfer Mode
tDD:
DACK /
- I(——t C tAl
Read Operation —>‘ DACK M
— DRQ j
Ao.CS, )g‘
o : 83RD-7374A
—>{!AR tRA
<——tRR—> Port Output
RD
X 7
—>{ tRD |e— toF CLK _/_\ ‘—/—'\—
PPoDly ——————— _g - le———tpp
83RD-7371A PO' P1
Write Operation 83RD-7375A

......

Ao, TS, )g‘ Reset ‘
DACK x i

|

AW —>] twa RST 7 |

A

| €«——tRST—>

WR 83RD-7376A

'(—tow—><-two~>| 1
S :

2

83RD-7372A
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Timing Waveforms (cont)

Read/Write Cycle

Cs, DACK —\___/———_\_-

[€&—————1RV:

[ES— 4
RD, WR _—\_/

83RD-7377A
Interrupt

[< tINT |

83RD-7378A

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 SCK is low (SOEN should
be held inactive until the period of tcgg after the falling
edge of SCK), SO will 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 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
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
released at least tgoc before the next falling edge of
SCK.

16

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 tgoc
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 as-
serted 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 tgpoc 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 tprq 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
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 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
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.
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Figure 7. Serial Output Case 1: SOEN Asserted in Response to SORQ When SCK Is Low

[e—————tSCY ————>|
l«—1tsCK
y \ s \
SCK / \ a N / \
N—
IDRQ— [€—tSCK—>] tRSC <—1FSC <!DRQ
rga
7
SORQ
tsoc —<
R A
SOEN \ /
N LL
7
<—> tpeK tpeK >
tcso tDzSC] ” tHZRQ
'4 . '4 n " 7 ' -\
7 Active, First Bit Second to Last Bit
S0 . NotValid Valid IL,astBitVand)g( Valid ]i—'—
27

83RD-73798B

Figure 8. Serial Output Case 2: SOEN Asserted in Response to SORQ When SCK Is High

NS S

l‘—tDRQ tDRQ — &>
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27

SORQ j \
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Figure 9. Serial Output Case 3: SOEN Active Before SORQ Is High
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Serial Output, Case 4A

Avoid releasing SOEN in the middle of atransfer (that is,
before the last bit is shifted out), since this will stop the
output shift operation. When SOEN is again asserted,
the remainder of the transfer will be shifted out before
the next transfer can begin. The next transfer will begin
immediately without any indication of the byte/word
boundary. If SOEN is released while SCK is high (figure
10) at least tgoc before the falling edge of SCK, then SO
will go inactive tyzg after SOEN is released (which may
be before or after the falling edge of SCK).

Serial Output, Case 4B

If SOEN is released while SCK is low (figure 11) at least
tcso after the falling edge of SCK, then the next bit will
be shifted out tpgk after the falling edge of SCK for

useat 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

tsoc before or tgcgo after the falling edge of SCK;
otherwise, the results will be indeterminate.

Serial Input

Serial input timing (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
SI must be stable at least tpc before and t¢p after the
rising edge of SCK; otherwise the results will be inde-
terminate.

Figure 10. Serial Output Case 4A: If SOEN Is Released in the Middle of a Transfer During SCK High

SCK / \

/

[€«———1S0C——>|

SOEN

[ €«——tHZE—>|

SO Valid

High-Z

83RD-7382B
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Figure 11. Serial Output Case 4B: If SOEN Is Released in the Middle of a Transfer During SCK Low

SCK / \ /
N
cso
SOEN
l«——tDCK [€-tHZSC >
\ igh-
so Valid Valid ;L
7
83RD-7383B
Figure 12. Serial Input
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Serial Timing Example

Figure 13 shows serial timing of cascaded SPls with a
common SCK. SO from the first SPI equals S| 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 after arising 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.

tppa (Max) + tpyL + tpe (Min) < tgey (Min)
tpyL (Max) < tgey (Min) — tpe (Min) — tprg (Max)
< 480-55- 150
< 275 ns (readily achieved by 74LS14,
for example)

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

remain stable tgp after the rising edge of SCK.
tpra (Min) + tpLy (Min) = top (Min)
tpLH (Min) = tep (Min) - tprag (MiN)

= 30-30

= 0 (no problem, assuming causality)

Note: This also shows tpy; (min) = 0 for the rising edge of
SORQ.

19
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Figure 13. Serial Timing Example
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(8) SO(1) is valid tpck after a falling edge of SCK;
since it becomes SI(2), it must be valid tpc before
the next rising edge of SCK.
tpck (Max) + tpg (Min) < tgek (Min)

150 + 55 < 230
205 = 230 (this condition is
satisfied)

SO(1) remains valid tyzpq after the last useful
rising edge of SCK; since it becomes SI(2), it must
remain valid tgp after this rising edge of SCK.
thzra (Min) =tcp (Min)

70 = 30 (this condition is satisfied)
Note: Theabove calculations may need to be adjusted for

rise and fall times, since tgcy and tsck are measured for
midpoints of wave slopes.

@
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Function

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

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 elec-
trical and timing specifications presented below. When
the Evakit-7720 is used for programming 77P20, all data
transfers and formatting are handled automatically by
Evakit’s monitor program. Please refer to the Evakit-
7720(B) User’s Manual for programming 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.
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Figure 14. Instruction ROM Format

Figure 17. Transfer of Data ROM Data

MSB
|22 ]2t |20 10| [17]16]15]14]13]12]
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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
port in a bit-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 as shown in figure 17. Bits 0, 1, and 2 of
the low byte should be assigned a value of zero. Data is
presented to the data port in 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.

Data Port 7 6 5 4 3 2 1 0
Higheyte [ 12 [ 1 [0 9o[s[7]6] 5]

[elafef[rJol-[-]"]

* Set to 0 as dummy data.

Low Byte

Operating Modes

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

Table 14. uPD77P20 Operation Mode
DACK Ao sl

0 [o] o] Write mode instruction and data ROM
0 0 1 Read the instruction ROM
0 1 (] 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 signals RD, Ag, SI, and INT as set

Figure 15. Transfer of Instruction ROM Data out in table 15. Before writing the EPROM location, the
bytes should be loaded accordingly.
Data Port 7 6 5 4 3 2 1 0
High Byte ] 15 | 16 | 17 ] 18 r1g ] 20 | 21 | 2 ] Table 15. Write Mode Specification of ROM
Bytes
MiddieByte [ » [ 8 [ o [10 ] 11 [ 1213 ]14] B2__Ao SI INT
1 0 0 1 Write instruction byte, high
Low Byte ] 0 l 1 I 2 I 3 I 4 l 5 | 6 | 7 I 1 0 1 0 Write instruction byte, middle
* Set to 0 as dummy data. 1 0 1 1 Write instruction byte, low
1 1 o] 0 Write data byte, low
Figure 16. Data ROM Format 1 1 0 1 Write data byte, high
MSB LSB
0 | Read Mode

[12]1n]wo][o]8]7]e]s]a]a]2]1]

The instruction ROM and data ROM bytes are specified
by the control signals RD, A, Sl, and INT as set out in
table 16. Reading is accomplished by setting the con-
trol signals accordingly.

21
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Table 16. Read Mode Specification of ROM Bytes
RD Ag SI INT

0 0 0 1 Read inistruction byte, high

[0} o] 1 0 Read instruction byte, middle

0 0 1 1 Read instruction byte, low

1 0 0 0 Read data byte, high and low

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.

Erasing

Programming can occur only 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 4000 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/cmZ2. The erasure time is approximately 20 minutes
using an ultraviolet lamp with a power rating of
12,000 uW/cmz2,

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 11,776
bits of instruction EPROM and also for the 6630 bits of
data EPROM is 26 seconds. Data is entered by pro-
gramming a high level in the chosen bit locations. Both
instruction ROM and data ROM should be programmed
since they cannot be erased independently. Both in-
struction ROM and data ROM programming 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, Ay, S|,
and INT) should be a TTL low signal tgg prior to the
falling edge of RST. WR is then held for tg before being
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set to a TTL high-level signal. The device is now in a
programming mode and will stay in this mode, allowing
ROM Iocations to be sequentially programmed.

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

After the three bytes have been loaded into the device,
Vpp is raised to 21V *0.5V, tyg prior to CS/PROG
transitioning to a TTL high-level signal. Vpp is held for
the duration of tprpR plus tpgy before returning to the
Ve level. After tpggy, the instruction ROM address can
be incremented to program the next location. Figure 18
shows the programming mode of instruction ROM
timing.

Programming Mode of 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, S|, and
INT are clocked into the device by the falling edge of
RD.

Aiter the two bytes have been loaded into the device,
Vpp is raised to 21V, 0.5V typg prior to CS/PROG
transitioning to a TTL high-level signal. Vpp is held for
the duration of tprpg plus tpry before returning to the
Vcc level. After tprgL, the data ROM address can be
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 of Instruction ROM. This mode is entered
by holding the WR signal at a TTL low level with the SI
signal at a TTL high level and all other specified inputs
(RD, CS/PROG, DACK, Ag, INT) at TTL low levels for
tconrs prior to the falling edge of RST. WRis then held for
trsw before being set to a TTL high 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, Ao, SI, and INT (table 16). Figure 20 shows read
mode of instruction ROM timing.
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Figure 18. Programming Mode of Instruction ROM |
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Figure 19.

Programming Mode of Data ROM
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Figure 20. Read Mode of Instruction ROM
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Figure 21. Read Mode of Data ROM
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Read Mode of Data ROM. Figure 21 shows read mode
of data ROM timing. This mode is entered by holding
the WR signal at a TTL low level with the Ag signal at a
TTL high level and all other specified inputs (RD,
CS/PROG, DACK, SI, INT) at TTL low levels for tcops
prior to the falling edge of RST. WR and A are then held
for tcops prior to the falling edge of RST. WR and Aq are
then held for tggw before being set to a TTL high level
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and TTL low level, respectively. The device is now in the
data ROM read mode and will stay in this mode until it
is reset.

Data ROM locations are sequentially read from address
1FFH through 000H. Application of CLK for tgy will
decrement the location address. After the address has
been decremented, the low byte of the current location
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will be available at the data port subsequent to atcLp
delay. Application of RD will present the high byte tgrpy
from the falling edge of the RD pulse. RD is then applied -

Read Operation, AC Characteristics
Ta = 25°C *5°C; Vg = 5V £5%; Vpp = Voo + 0.25V max;
Vpp = VCC -0.85V min

for tgy¢ to complete reading of the current location. Parameter Symbol Min Max Unit Conditions
Data access time from tg|p 1 us
CLK
Data delay time from  tcop 1 s
Sl IN?t
Data flat time from SI, tcopr 0 ns
INt
Sl, INT pulse width tcoco 1 us
RD recovery time tRv1 500 ns
Data access time from  tRpy 150 ns
RD{
Data float time from tpF1 10 ns
RD t

Programming Operation, AC Characteristics

Ta = 25°C +5°C; Voe = 5V +5%; Vpp = 21V 0.5V

Parameter Symbol Min Typ Max Unit Conditions

CLK cycle time tey 240 ns

CLK setup time to RD ¢ toLR 2 us

CLK hold time from RST { trscL 6 us

CLK hold time from PROG ¥ tpRCL 200 ns

Control signal set-up time to RST ¢ tcors 1 us

WR hold time from RST { tRsw 6 us

Data set-up time from RD ¢ tbr1 1 us

Data hold time from RD ¢ trD 100 ns

RD pulse width tRR1 1 us

S|, INT set-up time from RD 1 tcoRr 100 ns

Sl, INT hold time from RD { trco 100 ns

RD set-up time to PROG * trpR 100 ns

RD hold time from PROG | tPRR us

Vpp set-up time to PROG * tvpR us

Vpp hold time from PROG { tpry s

RST pulse width tRsT1 tcy

PROG pulse width tpRPR 45 50 55 ms

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 im-
prove 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 levels and
the differences between them.

Step Level

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

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) should be
used. R should be 800 to 1800 Qto satisfy the Vpp and
Ipp requirements.

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

Figure 22. Vpp Circuitry for K Mask Version
o +5V £ 5%
Vpp =Vce - (0.6 £0.25)V
Ipp =0.5103.5mA
83RD-7390A

supporting CP/M® and CP/M-869, ISIS-1I®, 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 from a
development system via an RS232 port using the EVA
communications program. This program is available in
executable form for ISIS-l 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. The 77P20 may also
be programmed using DATA I/O “Unisite” and “2900
Programming Systems.” Library routines for common
DSP routines such as N-stage IIR (biquadratic) and FIR
(transversal filters) are available on disk (free). Other
hardware interface test routines as well as a Software
Development Took Kit are also available.

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 the
Evakit- 7720 User’'s Manual.

SYSTEM CONFIGURATION

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

DEVELOPMENT TOOLS

For software development, assembly into object code,
and debugging, an absolute assembler and simulator
are available. The ASM77 Absolute Assembler and
SM77C25 Simulator for analyzing development code
and |/O timing characteristics are available for systems
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Figure 23. Spectrum Analysis System
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CP/M and CP/M-86 are registered trademarks of Digital Research
Corp. ISIS-Il is a registered trademark of Intel Corp. MS-DOS is a
registered trademark of Microsoft Corp.
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Figure 24. Analog-to-Analog Dlgital Processing Figure 26. Signal Processing System Using SPIs
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Digital Signal Processor i

Description

The uPD77C25 and uPD77P25 Digital Signal Processors
(DSP) are significant upgrades to the uPD7720—the
original member of NEC’s DSP family. uPD77C25 is the
mask ROM version; uPD77P25 has an OTP ROM or a
UVEPROM. All versions are CMOS and identical in
function. Unless contextually excluded, references in
this data sheet to 77C25 include 77P25

The 77C25 executes instructions twice as fast as the
77C20A/7720A. Additional instructions allow the 77C25
to execute common digital filter routines more effi-
ciently and at more than twice the speed of a 7720
implementation.

In addition to doubled execution speed, the 77C25 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) re-
mains the same as for 77C20A/7720A while the internal
instruction execution speed is doubled. For most ap-
plications, the 77C25 is plug-in compatible with the
77C20A/7720A[77P20.

The feature that distinguishes digital signal processing
chips from general-purpose microcomputers is the on-
chip multiplier necessary for high-speed signal pro-
cessing algorithms. The 77C25 multiplier is very so-
phisticated, especially for a low-cost DSP chip; both
multiplier inputs can be loaded simultaneously from
two separate memory areas. These loading operations
are only two of nine operations that can occur during
one 122-ns instruction cycle.

For a typical DSP filter application involving many
successive multiplications, the 77C25 provides a new
multiplication product for addition to a sum of products
every 122 nanoseconds. Additionally, during the same
instruction, memory data pointers are manipulated,
and even a return from subroutine may be executed.
Table 1 compares 77C25 with 77C20A.

Features

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

O Fast instruction execution: 122 ns with 8.192-MHz
clock

o All instructions execute in one instruction cycle

50014-1

0 Drop-in compatible with 77C20A/7720A/77P20
0 16-bit data word
O Multioperation instructions for fast program

O 0O 0O o

[m]

a

0 Single + 5-volt power supply

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

Modified Harvard architecture with three separate
memory areas

— Instruction 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 1/O capabilities

— Serial: 8 or 16-bit (244 ns/bit)
— Parallel: 8 or 16-bit

—DMA

Compatible with most microprocessors, including:

— uPD8080

— uPD8085

— uPD8086/88

— uPD780 (Z2809)

— uPD78xx family |

Packages: 28-pin DIP, 32-pin SOP, 44-pin PLCC i

280 is a registered trademark of Zilog Corporation.

Applications ‘

[m]
m]
w]
[w]

Portable telecommunications equipment
Digital filtering |
High-speed data modems

Fast Fourier transforms (FFT)
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O Speech synthesis and analysis

O Dual-tone multifrequency (DTMF) transmitters/
receivers

O Equalizers
O Adaptive control
0 Numerical processing

Performance Benchmarks

0 Second-order digital filter (biquad): 1.1 us
Sin/cos of angles: 2.58 us
p-law or A-law to linear conversion: 0.24 us

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

o o o

Ordering Information

Table 1. Comparison of 77C25 With 77C20A (cont)

77C25/77P25 77C20A/77P20
Additional JDPLNO —
instructions JDPLNF —
Modification of RAM —
column data pointer
M8-MF
DMA mode Fully implemented Partially
implemented
Package 28-pin DIP 28-pin DIP
44-pin PLCC 44-pin PLCC
32-pin SOP —
Power supply 5V 5V
Power consumption 50 mA (max) @ 8.192 40 mA (max) @ 8.192
MHz MHz
Power saving mode Yes No

(when idle)

Operating
Temperature
Part Number Package ROM Range
uPD77C25C-xxx  28-pin plastic DIP  Mask —-40 to +85°C
C25GW-xxx 32-pin SOP
C25L-xxx 44-pin PLCC
uPD77P25C 28-pin plastic DIP  OTP -10to +70°C
P25D 28-pin ceramic DIP  UVEPROM
P25GW 32-pin SOP OTP
Pa2s5L 44-pin PLCC OTP

Table 1. Comparison of 77C25 With 77C20A

Since the 77C25 executes an instruction in one exter-
nal 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 77C25 and other devices in an existing
7720 design should use the handshake protocol de-
scribed in the 77C25 User's Manual.

Pin Configurations

77C25/77P25 77C20A/77P20
Technology CMOS/CMOS CMOS/NMOS
Instruction cycle 122 ns 244 ns
Instruction ROM 2048 x 24 bits 512 x 23 bits
Data ROM 1024 x 16 bits 510 x 13 bits
Data RAM 256 x 16 bits 128 x 16 bits
Fixed-point 16 bits x 16 bits = 31 16 bits x 16 bits — 31
multiplier bits bits
ALU 16-bit fixed-point 16-bit fixed-point
Accumulator 2 x 16 bits 2 x 16 bits
Host CPU interface  8-bit bus 8-bit bus
Serial interface One input and one One input and one
output output
4 MHz 2 MHz
Temporary registers - Two One

28-Pin DIP
NCVpp 1 -/ 28Pvpp
DACK 2 270Aq
DRQ]3 2%[1Cs
PoC]4 25[0RD
P15 24 0WR
Doll6 23[0soRQ
D147 2[1so
DoC]8 21 [Osi
D3l]e 20 7 SOEN
D4C}10 19 [JSIEN
D511 18 [IsCK
Dg]12 17 DINT
D713 16 [JRST
GND T} 14 15 I CLK
49NR-304A
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Pin Configurations (cont) Pin Identification
N Symbol Function
32-Pin S0P Ay Status/data register select input
U o] CLK Single-phase master clock input
NC [ 1 32 1 Vpp P
NCVpp O 2 31 [ vpp cs Chip select input
DACK [] 3 30 O Ao Do-D7 Three-state I/O data bus
DRQ ] 4 291cCs e :
pod 5 b DACK DMA request acknowledge input
P16 27 A WR DRQ DMA request output
DoQg7 26 1 SORQ INT Interrupt input
piOs 25 7SO —_— . " - i
0pde 2 hsi 0 Pq eneral-purpose output control lines
b3 10 23 [ SOEN RD Read control signal input
D4 11 22 [T SEEN RST Reset input
Ds O 12 21 [ sck - -
o 13 20 B NT SCK Serial data I/O clock input
Dy [ 14 19 [d RST Si Serial data input
GND 3 15 18 1 CLK EN Serial input enable input
GND [ 16 17 A NC
SO Three-state serial data output
B3NR-8079A
SOEN Serial output enable input
44-Pin PLCC SORQ Serial data output request
WR Write control signal input
o
als 2“‘ ano GND Ground
O oE|X C O 00 o Q
z2f8l8z552L02 Voo +5V power supply
Oooonoooonon
/ ©w T oN-3TOYLQ NC/Vpp 77C25: no connection )
NC O 7 O 39 1 NC 77P25: +12.5V programming
P, O 38 [ @D 77P25: +5V for normal operation
Do O 37 [ WR
Nc g 10 36 [1 SORQ PIN FUNCTIONS
Dy O 11 351 SO .
b, 012 34 ne Ap (Status Data Register Select)
Dy 13 33 sl .- . .
Da E 1 2 g NG This input selects data register for read/write (low) or
nodss o | SOER status register for read (high).
Ds 16 30 [1 SEEN
ne 17 29 [1NC CLK
P28 QILELRAY . . .
EEEEEEEEERNEREREEENEN| This is the single-phase master clock input.
Q N0 0O X = O E x
20022240220 ray-y .
TR ”’ CS (Chip Select)

83NR-8076A

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

Do-D; (Data Bus)

This three-state 1/O 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 77C25 that the data bus is
ready for a DMA transfer (DACK = CS and Ap = 0).
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DRQ (DMA Request)

This output signals that the 77C25 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 previ-
ously enabled.

P05 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 77C25 internal logic and sets
the PCto 0.

SCK (Serial Data 1/O 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.

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 is 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.

GND

This is the connection to ground.

Vpp (Power Supply)
This pin is the + 5-volt power supply.

NC/Vpp

This pinis not internally connected in the 77C25. In the
77P25, this pin inputs the programming voltage (Vpp)
when the part is being programmed.

This pin must be connected to Vpp for normal 77P25
operation.
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Block Diagram
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DATA BUSES typically added via buses (shaded in the block dia-

The primary bus (unshaded in the block diagram)
makes a data path between all of the registers (includ-
ing 1/0), memory, and the processing sections. This
bus is referred to as the IDB (internal data bus). The
multiplier input registers K and 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

gram) to either accumulator A or B as part of a multi-
operation instruction.

MEMORY

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 an 11-bit program
counter that can be modified by an external reset,
interrupt, call, jump, or return instruction.
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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.

ARITHMETIC CAPABILITIES

One of the unique features of the 77C25 architecture is
its arithmetic facilities. With a separate multiplier, ALU,
and multiple internal data paths, the 77C25 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 77C25 incorporates aux-
iliary overflow and sign flags (SA1, SB1, OVA1, OVB1).
These flags enable the detection of an overflow condi-
tion and maintain the correct sign after as many as
three successive additions or subtractions.

Table 2. ACC A/B Flag Registers
FlagA  SA1  SA0 CA  ZA
FlagB SBI SBO CB  zB

OVA1
ovB1

OVAO
OVBO

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,
SBO, CB, ZB, OVB1, and OVBO are affected.

6

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, M and N,
at the end of each instruction cycle. The sign bit and 15
higher bits are in M and the 15 lower bits are in N; the
LSB in N is zero. 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 77C25 contains a four-level program stack for
efficient program usage and interrupt handling.

Interrupt

The 77C25 supports asingle-level interrupt. Upon sens-
ing a high level on the 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 it is reenabled under program control.

INPUT/QUTPUT

The 77C25 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 inter-
face capability.

Serial I/O

The two shift registers (SI, SO) are software-
configurable to single- or double-byte transfers. The
shift registers are externally clocked (SCK) to provide a
simple interface between the 77C25 and serial periph-
erals such as A/D and D/A converters, codecs, or other
77C25's. Figure 2 shows serial 1/0 timing
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Figure 1. 77C25 Communication Ports
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Interface <«—— DRQ
Interrupt —> INT Po ——»}General
Purpose
Reset —>| RST Py Output Port
Clock —] CLK

B83NR-8078A

Parallel 1/0
The 8-bit parallel I/O port may be used for transferring

data or reading the 77C25 status as shown in table 3..

Data transfer is handled through a 16-bit data register
(DR) that is software-configurable for double- or single-
byte data transfers. The port is ideally suited for oper-
ating with 8080, 8085, and 8086 processor buses and
may be used with other processors and computer
systems.

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, RQM is not affected
when in DMA mode.)

Table 3. Parallel R/W Operation
CS Ay WR RD Operation

X X No effect on internal operation; Dy-D7 are
1 at high impedance levels.
Y] 1 Data from Dy-Dy is latched to DR (Note 1)

1 0  Contents of DR are output to Dg-D7 (Note
1)

lllegal (SR is read only)
Eight MSBs of SR are output to Dy-D7

oo | X
o|o|X|X

o
-
o
-

lllegal (may not read and write
simultaneously)

Notes:

(1) Eight MSBs or LSBs of data register (DR) are used, depending on
DR status bit (DRS). The condition of DACK = 0 is equivalent to
Ao =C8 =0.

Status Register

The status register, (figure 3, table 4) 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 I/O
status. The RQM and DRS bits can only be affected by
parallel data moves. The other bits can be writtento (or
read) by the 77C25 load immediate (LD) or move (MOV)
instruction. The El bit is automatically reset when an
interrupt is serviced.
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[Note 1]
OutputData—H"L( X 1 x 2x 130r5 x 14tiX150r7 Hoh Z
:( e
[Note 3]
SO ACK * | (Next Data Set)

SOLoad *

[Note 2]

SN I D S N U €2 €20 ©20 S
=\ | [
- B

SIACK *

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.
[*] Internal signal

83RD-7368B
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Figure 3. Status Register

B 14 138 12 1 10 9 8
[RQM [ usF1 [ usro [ DRs | bma | bR | soc | sno}
MSB

7 6 5 4 3 2 1 0
& | o [ o] o] o] o IEREN
LSB

Table 4. Status Register Flags
Flag Description

RQM (Request A read or write from DR to IDB sets RQM = 1.
for master) An external read (write) resets RQM = 0.

USF1 and USFO General-purpose flags that may be read by an

(User flags 1 external processor for user-defined signaling

and 0)

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

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

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

enable) DMA = 1 (DMA transfer mode)

DRC (DR DRC = 0 (16-bit mode)

control) DRC = 1 (8-bit mode)

SOC (SO SOC = 0 (16-bit mode)

control) SOC = 1 (8-bit mode)

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

SIC = 1 (8-bit mode)

El (Enable El = 0 (interrupts disabled)

interrupt) El = 1 (interrupts enabled)

P1, PO (Ports 0 PO and P1 directly control the state of output
and 1) pins Py and P4

Temporary Registers
The 77C25 has two 16-bit temporary registers.

INSTRUCTIONS

The 77C25 has three types of instructions: OP/RT
(operation/return), JP (jump), and LD (load immediate).
Each type takes the form of a 24-bit word and executes
in 122 ns.

Instruction Timing

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 auto-
matically 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 accumu-
lator specified in the ASL field is also specified as the
destination of the data move, the ALU operation be-
comes 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, but all
of these lines are assembled together into one 24-bit
instruction word. Therefore, the order of the six lines
makes no difference in the order of execution de-
scribed above. However, for understanding 77C25 op-
eration 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 Instructions

Figure 4 illustrates the OP/RT (operation/return) in-
struction field specification . This is really one instruc-
tion type capable of executing all ALU functions listed
in table 6.

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

The RT indicates an option in bit Dy, that 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. Tables 7, 8, 9, and 10 show the ASL, DPL, DPH,
and RPDCR fields, respectively. The possible source
and destination registers are listed in tables 11 and 12.
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Table 5. P-Select Field

Mnemonic Doy Dyo ALU Input

RAM (] 0 RAM

DB 0 1 * Internal data bus
M 1 0 M register

N 1 1 N register

* Any value on the on-chip data bus. Value may be selected from any
of the source registers listed in table 11. )

Figure 4. OP/RT Instruction Field

23 2 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 83 2 1 0
R
A P
OP{0 0 P- ALU S | DPL DPH-M D SRC DST
Select L C
R
RT|0 1 Same as OP Instruction
49M-0000588
Table 6. ALU Field
Mnemonic Dyg D4 Dy7 Dyg ALU Function SA1,SB1 SA0,SB0 CA,CB ZA,ZB OVA1,0VB1 OVA0, OVBO
NOP 0 0 0 0 No operation —_ — — -— — —
OR 0 0 0 1 OR X A (o] A 0 0
AND 0 (o] 1 0 AND X A 0 A (] 0
XOR 0 (o] 1 1 Exclusive OR X A o] A o] 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 A
ADC 0 1 1 1 Add with carry A A A A A A
DEC 1 0 (o] 0  Decrement ACC A A A A A A
INC 1 0 o] 1 Increment ACC A A A A A A
CMP 1 0 1 0  Complement ACC X A (o] A 0 0
(one’s complement)
SHR1 1 (o] 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
Symbols:
A May be affected, depending on the results Table 7. ASL Field
— Previous status can be held -
0 Reset Mnemonic Dys ACC Selection
x Indefinite ACCA 0 ACCA
ACCB 1 ACCB

10



NEC

uPD77C25/77P25

Table 8. DPL Field

Table 11. SRC Field (cont)

Mnemonic Dqg D43 Low DP Modify (DP3-DPg) Mnemonic D; Dg Ds D Source Register
DPNOP 0 0 No operation SIM 1 o] 1 1 Sl serial in MSB (Note 3)
DPINC (o] 1 Increment DPL SIL 1 1 0 0 Sl serial in LSB (Note 4)
DPDEC 1 0 Decrement DPL K 1 1 0 1 K register
DPCLR 1 1 Clear DPL L 1 1 1 0 L register

MEM 1 1 1 1 RAM
Table 9. DPH Field
Mnemonic D;, D;; Djg Dg High DP Modify Notes:
MO 0 0 0  Exclusive OR of DPH (1) Contents of TRB register are also output if NON is specified.
M 0 ° 1 (DP7-DPy) with the mask (2) DR to IDB, RQM not set. In DMA, DRQ not set.

defined by the 4 bits . s "

M2 0 ) ) ) (D42-Dg) of the DPH field (3) First bit in goes to MSB, last bit to LSB.
M3 o o ] 1 (4) First bit goes to LSB, last bit to MSB (bit reversed).
M4 0 1 0 0 .

Jump Instructions
M5 0 1 0 1
M6 0 1 1 0 Figure 5 shows the JP instruction field specification.
Iy o p p 7 Bits Daq, Dog, and Dyg of the BRCH field identify the

three types of instructions: unconditional jump (100),
M8 .o 9o o subroutine call (101), and conditional jump (010). Table
Mo 1 0 0 1 13 lists the instruction mnemonics for the complete
MA 1 0 1 0 BRCH field, bits D1-Dq3.
M8 16 1 1 Allthe instructions in table 13—if unconditional or if the
MC 1 1 0 0 specified condition is true—take their next program
MD 1 1 0 1 execution address from the next address field (NA) in
ME ] 1 1 o figure 5. Otherwise, PC'= PC + 1.
MF v oo Load Data (LD) Instructions
Table 10. RPDCR Field Figure 6 shows the LD instruction field specification.
Mnemonic Dg RP operation  The |oad data instruction will take the 16-bit value
RPNOP 0 No operation contained in the immediate data field (ID) and place it
RPDEC 1 Decrement RP iN the register specified by the destination field (DST).

This is the same as the DST field (table 12) inthe OP/RT
Table 11. SRC Field instruction.

i D D D Regist "
Mnemonic Dy 6 5 s  Source Register Table 12. DST Field
B 0 T 1

NON/TR 0 0 RB (Note 1) Mnemonic D3 D, Dy Do Destination Register
A [} 0 1 ACCA (Accumulator A) n

@NON 0 0 0 0 No register
B 0 [¢] 1 0 ACCB (Accumulator B)

@A 0 0 0 1 ACCA (Accumulator A)
TR 0 0 1 1 TRt ist

emporary register @B 0 0 1 0 ACCB (Accumulator B)

DP 0 1 0 0 DP data pointer "

@TR 0 0 1 1 TR temporary register
RP 0 1 0 1 RP ROM pointer -

@DP 0 1 0 0 DP data pointer
RO 0 1 1 0 RO ROM output data -

@ RP 0 1 0 RP ROM pointer

SGN si ist

SeN °o v 1 GN sign register @DR 0 1 1 0 DR dataregister
DR 1 0 0 0 DR data register N

@SR 0 1 1 1 SR status register
DRNF 1 0 0 1 DR no flag (Note 2

no flag (Note 2) @soL 1 0 0 0 SO serialoutLSB (Note 1)

SR 1 0 1 0 SR status register

11




puPD77C25/77P25

NEC

Table 12. DST Field (cont)

Mnemonic D3 D, D4 Do Destination Register Mnemonic D3 Dy Dy Do Destination Register
@SOM 1 [¢] 0 1 SO serial out MSB @MEM 1 1 1 1 RAM

(Note 2)
@K 1 0 1 0 K (Mult) Notes:
@KLR 1 0 1 1 IDB — K, ROM — L (1) LSB is first bit out.

(Note 3) (2) MSB is first bit out.
@KLM 1 1 0 0 Hi RAM - K, IDB — L (3) Internal data bus to K, and ROM to L register.

(Note 4) (4) Contents of RAM address specified by DPg = 1 is placed in K
@L 1 1 0 1 L register register, IDB is placed in.L (that is: 1, DP5, DP4, DP3-DPg).
@TRB 1 1 1 0 TRB register

Figure 5. JP Instruction Field Specification

23 22 21

20 19

18 17 16 15 14 13 12

i1 10 9 8 7 6 5 4 3 2 1

JPl1 O

BRCH

49M-0000598

Figure 6. LD Instruction Field Specification
23 2 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
€0 IR D DST
49M-000060B

Table 13. BRCH Field
Mnemonic Dy4-Dyg D1g-Dqg Dq5-D43 Conditions Mnemonic Dyq-Dyg Dyg-Dyg Dy5-Dy3 Conditions
JMP 100 000 000 No condition JNOVB1 010 011 100 OVB1 =0
CALL 101 000 000 No condition JOVB1 010 011 110 OovVB1 =1
JNCA 010 000 000 CA=0 JNSAO 010 100 000 SAO0 = 0
JCA 010 000 010 CA =1 JSAO 010 100 010 SA0 =1
JNCB 010 000 100 cB=0 JNSBO 010 100 100 SBO =0
JCB 010 o0 110 CcB=1 JSBO 010 100 110 SBO =1
JNZA 010 001 000 ZA =0 JNSA1 010 101 000 SA1 =0
JZA 010 001 010 ZA =1 JSA1 0to0 101 010 SA1 =1
JINZB 010 001 100 ZB =0 JNSB1 010 101 100 SB1 =0
JZzB 010 001 110 ZB =1 JSB1 010 101 110 SB1 =1
JNOVAO 010 o010 000 OVAO = 0 JDPLO 010 110 000 DPL=0
JOVAO 010 010 010 OVAO = 1 JDPLNO 010 110 001 DPL # 0
JNOVBO 010 010 100 OVBO =0 JDPLF 010 110 010 DPL = FH
JOVBO 010 010 110 OvVBO = 1 JDPLNF 010 110 011 DPL = FH
JNOVA1 010 011 000 OVA1 =0 JNSIAK 010 110 100 SIACK =0
JOVA1 010 011 010 OVA1 = 1 JSIAK 010 110 110 SIACK =1

12
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Table 13. BRCH Field (cont) ELECTRICAL SPECIFICATIONS
Mnemonic Dy4-Dig Dyg-D1s Dy5-Dq3 Conditions Absolute Maximum Ratings |
JNSOAK 010 111 000 SOACK=0 Ta = 25°C unless otherwise specified '
|
JSOAK 010 111 010 SO ACK =1 Supply voltage, Vpp -0.5t0 +7.0V |
JNRGQM 010 111 100 RQM = 0 Vpp (77P25) -05t0 +135V }
JRQM 010 111 110 RQM = 1 Input voltage, V) -05toVpp + 05V
VRsT (77P25) -05to + 13V
Output voitage, Vo -05toVpp + 05V
Storage temperature, TgTg -65 to 150°C ‘
Operating temperature, Topt !
77C25/77C25-10 —-40 to +80°C i
77P25 (Normal operation) -10 to +70°C
77P25 (PROM mode) +20 to +30°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage.

Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit Conditions
Supply voltage Vbp 4.5 5.0 5.5 ' Normal operation

5.7 6.0 6.25 Vv Programming*

Vpp* 4.5 5.0 55 \% Reading and normal operation
12 125 128 ) Programming

Input voltage, low Vi -0.3 0.8 v
Input voltage, high Vin 22 Vpp + 0.3 \ |
CLK input voltage, low ViLe -0.3 05 v |
CLK input voltage, high Vine 3.5 Vpp +0.3 v 1
Input voltage for setting PROM mode VgsT* 11.5 12.0 125 \ Reading and writing ‘
Operating temperature TopT -40 +25 +85 °C 77C25/77C25-10

-10 +25 +70 °C Normal operation* i

+20 +25 +30 °C PROM mode* |

* For uPD77P25

13
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DC Characteristics, Normal

Ta = -40 to +85°C (77C25/77C25-10), -10 to 70°C (77P25); Vpp = 45t0 55V

Parameter Symbol Min Typ Max Unit Conditions
Output voltage, low VouL 0.45 \ loL = 20 mA
Output voitage, high Voh 0.7 Vpp V' loH = 400 A
Input leakage current, low L -10 HA VN=0V
Input leakage current, high ILIH 10 uA Vin = Vpp
Output leakage current, low ILoL -10 HA Vout = 047V
Output leakage current, high lLon 10 HA Vout = Vop
Supply current (77C25) Ibp 25 50 mA fcLk = 8.192 MHz
15 25 mA foLk = 8.192 MHz; RST = 1
Supply current (77P25) Ibp 35 60 mA focLk = 8.192 MHz
20 35 mA foLk = 8.192 MHz; RST = 1
Ipp 1 mA

DC Characteristics, PROM Mode
Tp = +20t0 +30°C; Vpp = 5.75t0 6.25V

Parameter Symbol Min Typ Max Unit Conditions
Input leakage IRsT 30 pA  Vggr = 120
current *05V
Supply current  Igg 60 mA

Ipp 30 mA
Capacitance
Ta = 25°C;Vpp = OV
Parameter Symbol Typ Max Unit Conditions
CLK, SCK capacitance C¢, 20 pF  fc =1MHz
Input capacitance CiN 20 pF
Output capacitance Cout 20 pF

14
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AC Characteristics
Ta = -40 to 85°C (77C25/77C25-10), —10 to +70°C (77P25); Vpp = 4.5t0 5.5V
Parameter Symbol Min Typ Max Unit Conditions ‘
Clock ‘
CLK cycle time toye Measuring at2V i
77C25/77P25 120 122 2000 ns !
77C25-10 100 100 2000 ns !
CLK pulse width tcc |
77C25 55 ns
77P25 60 ns ‘
77C25-10 45 ns
CLK rise time tcR 10 ns Measuring at 1 and 3V i
CLK fall time toF 10 ns w
SCK cycle time tcvs ‘
77C25/77P25 240 244 ns |
77C25-10 200 200 ns ‘
SCK high pulse with tssH 3 b i
77C25/77P25 100 ns i
77C25-10 80 ns ‘
SCK low pulse width tssL ‘
77C25/77P25 100 ns
77C25-10 80 ns '
SCKrise time tsp 20 ns
SCK fall time tsF 20 ns
Host Interface Timing
A0, CS, DACK setup time for RD tsAR 0 ns
A0, CS, DACK hold time for RD tHRA 0 ns
RD pulse width twrD
77C25/77P25 120 ns
77C25-10 100 ns
A0, CS, DACK setup time for WR tsaw 0 ns
A0, C§, DACK hold time for WR tHwa ] ns
WR pulse width twwhR
77C25/77P25 120 ns ‘
77C25-10 100 ns |
Data setup time for WR tspw
77C25/77P25 100 ns
77C25-10 80 ns :
Data hold time for WR WD 0 ns \
RD, WR recovery time tay i
77C25/77P25 100 ns ‘
77C25-10 80 ns
DACK hold time for DRQ tHRoA 0.5tcye ns
RD, WR setup time for CLK tsrwe 50 ns Note 1
RD, WR hold time for CLK tcrw 50 ns Note 1 i
Host Interface Switching ‘
RD | — data delay time tbRD
77C25/77P25 100 ns
77C25-10 80 ns
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
RD t - data float time tFRD
77C25/77P25 10 65 ns
77C25-10 10 50 ns
CLK t — DRQ delay time tbcra
77C25/77P25 80 ns
77C25-10 65 ns
DACK | — DRQ delay time tDARQ
77C25/77P25 110 ns
77C25-10 90 ns
CLKt — Py, P4 delay time tpep
77C25/77P25 100 ns
77C25-10 80 ns
Interrupt Reset Timing
RST setup time for CLK tspsc Note 1
77C25/77P25 50 ns
77C25-10 40 ns
RST hold time for CLK t4eRs Note 1
77C25/77P25 50 ns
77C25-10 40 ns
RST pulse width tRsT 2tcye ns System reset
3toye ns Enter power saving state
INT setup time for CLK tsinc Note 1
77C25/77P25 50 ns
77C25-10 40 ns
INT hold time for CLK tHeIN Note 1
77C25/77P25 50 ns
77C25-10 40 ns
INT pulse width tNT 3toye ns
INT recovery time tRINT 2tcye ns
Interrupt Reset Switching
CLK t — reset state delay time tbcRs
77C25/77P25 100 ns
77C25-10 80 ns
Serial Interface Timing
SIEN, S| setup time for SCK tssis
77C25/77P25 50 ns
77C25-10 40 ns
_STE_N, Sl hold time for SCK tHSSI
77C25/77P25 30 ns
77C25-10 20 ns
SOEN setup time for SCK tssEs
77C25/77P25 50 ns
77C25-10 40 ns
SOEN hold time for SCK tHssE
77C25/77P25 30 ns
77C25-10 25 ns
CLK setup time for SCK tscs Note 1
77C25/77P25 50 ns
77C25-10 40 ns

16



N E C uPD77C25/77P25

AC Characteristics (cont) |
|

Parameter Symbol Min Typ Max Unit Conditions
CLK hold time for SCK tHsc Note 1
77C25/77P25 50 ns
77C25-10 40 ns
SCK setup time for CLK tssc Note 1
77C25/77P25 50 ns
77C25-10 40 ns
SCK hold time for CLK thcs Note 1
77C25/77P25 50 ns
77C25-10 40 ns |

Serial Interface Switching

SCK ' — SORQ delay time tpssa
77C25/77P25 30 150 ns
77C25-10 20 120 ns
SCK | — SO delay time tpsLso
77C25/77P25 60 ns
77C25-10 50 ns
SCK{ — SO hold time thsLso
77C25/77P25 0 ns
77C25-10 0 ns
SCK{ — SO float time trsso 1
77C25/77P25 60 ns !
77C25-10 50 ns
Notes:

(1) Setup and hold requirement for asynchronous signal only guar-
antees recognition at next CLK.

PROM Program Timing
TA = 25 £5°C; V|HR = 12,0 %05V

Parameter Symbol Min Typ Max Unit Conditions

Data Read

CE setup time for RST tsRscE 2 us Vpp = 5.0 =05V

OE setup time for RST tSRSOE 2 us Vep = VoD

Data Read Switching 3
Address to output delay tpaD 200 ns Vpp = 5.0 0.5V

CE to output delay tpcp 200 ns Vep = VoD

OE to output delay tpobR 75 ns (‘
OE high to output float trcD 0 60 ns |
Address to output hold tHAD 0 ns !
Data Write

CE setup time for RST tsRSCE 2 us Vpp = 6.0 £0.25 V i
CE setup time for address tsac 2 us Vpp = 125 =03V }
CE setup time for data tspe 2 us I
CE setup time for Vpp tsvpc 2 s

CE setup time for Vpp tsvDc 2 s

OE setup time for data tspo 2 pys

17
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PROM Program Timing (cont)

Parameter Symbol Min Typ Max Unit Conditions
Address hold time tHca 2 Hs
Data hold time then 2 ps
Initial program pulse width twco 0.95 1.0 1.05 ms
Overprogram pulse width twet* 2.85 78.75 ms
Data Write Switching
OE to output float time troD 0 130 ns Vpp = 6.0 £0.25 V
OE to output delay tbopw 150 ns Vep = 125 0.3V
twc1 = 3ntwco assuming initial program pulse is applied n times.
Timing Waveforms
Input/Output Voltage Reference Levels Host Read Operation
Input 24V Xz.z v 22V Ao X
0.4V 08V 0.8V DACK, CS
22V 22V
Output X 0.8V 08V
49M-000044A
Clock Timin, t
9 DRO [<—tFRD
Dg- Dy 4 E————
49M-000046A

CLK

SCK

tcys

e—tgp

N

e tsF

tssL

—

49M-000045A
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Host Write Operation

DACK, CS

X

ts;xwL—»
S

re-tspW —>

—>

F—tHWA

f«—tRvV

Dg-D7 X

rf‘uwo
X

49M-000047A
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uUPD77C25/77P25

Normal Operation, 8-Bit Mode

Internal Timing

Instruction [Note 1]
execute timing

X [Note 2] X

X

RQM flag /

External Timing

CLK

r—

—" < ISAR. tSAW

n__/

tHRA, tHWA

S 7

f«——— tWRD: tWWR —>

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

49NR-2738
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Normal Operation, 16-Bit Mode

Internal Timing

Instruction
execute X [Note 1] X X x
timing

X

X

X [Note 2] X:

RQM flag /

External Timing

CLK

tRV

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-2748

Port Operation

Internal Timing
Instruction
execute X [Note 1] X x X
timing

External Timing

CLK

tDCp —>|

PO, P1 X

Note: [1] Setting Pg or Py [LDI @SR, Imm]

49M-000048A
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HPD77C25/77P25

DMA Operation, 8-Bit Mode

Internal Timing

Instruction [Note 1]
execute timing

X [Note 2] X

X

RQM flag /

External Timing

CLK

tDCRQ

E tHCRW
DRQ
tHRQA J
tDARQ
DACK

tSAR, tSAW

tHRA . tHWA

8l
3l

(/]
l"— tWRD, tWWR —>

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-0000508
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DMA Operation, 16-Bit Mode

Internal Timing

Instructi
ol X mewn X X X ¥ X W e
RQM flag / \ /

External Timing

CLK

DRQ

tHRQA tDARQ~>I

Y

3l
5l

tRvV

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

Internal Timing

Instruction ‘
execute X X X NOP X NOP X NOP X NOP x {OH] X !
timing ‘
SR \ /
register

External Timing i

- I
-
tHCRS  tSRSC tHCRS  tSRSC 1
L.
}
RST \\\
tRST :
i
o - 5~ / 1
tDCRS
PO, P1
4 |
tDCRS
DRQ,
SORQ .
tDCRS -
SO
g

49NR-2758 |
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Interrupt Operation

Internal Timing

Instruction
[100H]
e Xt X X ror X bty ) = =D ¢
El bit / \ / \

External Timing

CLK

tHCIN tSINC

tINT

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

PROM Read Timing

VIHR

RST }ﬁ
VILNVIH
ViH
X X
viL

tDAD
ViH ———
— y
CE
Vi
L—toco —
tFCD
tSRSCE
VIH

oF \ /
ViL
L— tDODR —>{

tSRSOE

tHAD
||

ViH

@ )

49NR-282B
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PROM Program Timing
VIHR +F
RST
VILVIH _/
—| ~—tsRscE
ViH +F
A13-Ag Xl ‘K
ViL <
— [tsAc
VIH
. X 7
07-Bo v — ) { — )
— =—tsDC
Vpp SF
Vpp /
v
o tDODW
— [~—tsvbc [~ tHeD —| —
Vpp +1 /-
Vbp
Vpp —/
S _.|tsDpc tHCA
tsvbc tHeD r
ViH i ———
= _/ \/
viL
twe tspo tFOD
_ Vi \ 5f
OE
viL k___/
49NR-281B
Figure 7. Serial Input Operation SERIAL TIMING
toys— Serial Output Case 1: SOEN Asserted in
Response to SORQ
§CK Figure 8 shows timing for serial output when SOEN is
. asserted in response to SORQ. If SOEN is held inactive
HSSt until after SORQ is asserted, and then SOEN is as-
tssis (<> serted at least tgggg before the falling edge of SCK, SO
sﬁ——\ will become valid tpg| go after the falling edge of SCK
X e for use by an external device at the subsequent rising
tssis edge of SCK.
— tHss! Note that, although figure 8 shows SOEN being as-
serted during a different SCK pulse than the one in
Sl >] which SORQ is asserted, it is permissible for these to
(OM-000052A occur during the same pulse of SCK as long as SOEN is

still asserted tgggs before the falling edge of SCK.

25
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Figure 8. Serial Output Case 1

ek KJ—\JF\ L_/_
tDSSQ tpssa
o
27
SORQ f
tSSES| tHSSE
SOEN
Jan
tDSLSO tHSLSO
tDSLSO—  |=— <—-‘ —> —> |=—tFSSO
[
7.
7 Firstbit Last bit
so L vaid X p e
’ 49M-0000538

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
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 tpggq after arising edge of SCK. The first
SO bit occurs tpg| 5o 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 tpg|so after subse-
quent 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 trggo after the

Figure 9. Serial Output Case 2

corresponding falling edge of SCK at which it is to be
used. SORQ will be held tpssq after this same rising
edge of SCK, and then removed.

Serial Output Case 3: SOEN Released During 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
tsses before or tygge after the falling edge of SCK;
otherwise the results will be indeterminate.

SCK

SOEN

tpssQ tpssa
.
7
SORQ ﬂ
g
tDSLSO
IDSLSO—>  |=— —  |~—tFsS0
First bit ” Last bit
irst DI
so { "o X } e )
S
49M-0000548
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Figure 10. Serial Output Case 3

« /\ /' N/ S S S

tHSSE tSSES

SOEN /
tDsLsO

tHSLSO —= —> > — tDSLSO
tHSLSO

so Valid X Valid R ; g Valid X

Not valid

tFSSO

49M-0000558

Serial Input
Serial input timing (figure 11) is much simpler than  and S| must be stable at least tggig before and tygg) :
serial output timing (figure 12). Data bits are shifted in  after the rising edge of SCK; otherwise the results will

onthe rising edge of SCKif SIEN is asserted. BothSIEN  be indeterminate.

Figure 11. Serial Input Timing Example

Internal Timing

"5 X OO OO ODOOOOEXOOEX

r

External Timing

AVAVAVAVANY

tHCS
tssc |
|
=« N\ /" \/ |
tssIs tHSSI ‘
SIEN \ ‘
5 |
tHSSI ;
[« tssis> ‘

s X XXX

|
|
Notes: [1] Setting SIAK flag to “0” [MOV XXX, S} l

The SIAK flag is recognized as “1" from this instruction

49NR-2778
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Figure 12. Serial Output Timing Example

Internal Timing
Instruction
execute

s X X=X XXX

=X XXX

SOAK flag /

External Timing

CLK

\ ;

2

/N

tpssQ

(L

e

tHSSE

G

L
2

> l‘— tHSLSO
"

tFSSO —>| e—

7
-
T

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

SCK [ \
' tpssa
SORQ f
tSSES
SOEN
tDSLSO —>| fe—
y
SO
X
Notes: [1] Setting SOAK flag to “1” [MOV @80, XXX,]

49NR-278B

wPD77P25 PROM

The uPD77P25 has a PROM—one-time programmable
(OTP) or ultraviolet erasable (UVE)—consisting of a 2K
X 24-bit instruction ROM and a 1K x 16-bit data ROM.

Data is written to or read from the PROM in 8-bit bytes.
Because instruction words are 24 bits and data words
are 16 bits, special byte addresses are assigned to the
instruction ROM (OH-1FFFH) and data ROM (2000H-
27FFH) as shown in figures 13 and 14.

Each internal word address of the instruction ROM is
equivalent to three byte addresses used by external
devices plus one dummy byte address. For example, in
figure 13, internal word address OH corresponds to byte
addresses OH, 1H, and 2H plus dummy byte address
3H (not shown).

28

Figure 13. Instruction ROM

24 bits
23 15 7 0
Internal word address OH OH 1H 2H
1H 4H 5H 6H
.o 1 | ! 1
.1 1 | 1
. | | 1
7FEH 1FF8H 1FFOH 1FFAH
7FFH 1FFCH 1FFDH 1FFEH
MSB
Note: Numeric values within the boxes are byte addresses of
the instruction ROM viewed from an external device
49NR-279A
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uPD77C25/77P25

Figure 14. Data ROM

«— 16 bits —>

15 7 0

Internal word address OH 2000H 2001H
1H 2002H 2003H

LI | | )
LI | | '
L | | '

3FEH
3FFH
MSB

27FCH
27FEH

27FDH
27FFH

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

49NR-280A

UVEPROM Erasure

Data in a UVEPROM can be erased by exposure to light
with a wavelength shorter than 400 nm. Usually, ultra-
violet light with a 254-nm wavelength is used. The
erasure process, which sets all data bits to 1’s, must
take place before data is programmed to a UVEPROM.

Thetotal light quantity required to completely erase the
written data is 15 Ws/cm?2, equivalent to exposure to a
UV lamp with a rating of 12,000 yW/cm2 for about 20
minutes. A longer time may be necessary because of
such factors as the age of the UV lamp and stainson the
package window. The window must be positioned
within 1 inch of the UV lamp.

If the UVEPROM is exposed to direct sunlight or fluo-
rescent light for a long time, the data might be de-
stroyed. To prevent this, mask the window with a cover
or film after the erasure process.

Data Programming Procedure

Following is the procedure for programming the 77P25.
Table 15 shows the reassigned pin functions when
writing/reading the PROM.

Since the area from byte address 2800H to 3FFFH is for
internal testing, the area for the instruction ROM and
data ROM must be set from byte address OH to 27F FH.
Set the data to dummy byte addresses in the instruc-
tion ROM area to FFH in the normal programming.

(1) Apply +12.5V to RST (pin 16), + 6 V to Vpp, and
+ 12,5V to Vpp. This causes the PROM to enter
program mode.

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

(8) Program the data on the data bus (Dg-D7) by
applying 0 to CE while OE is 1 (program mode).

(4) Output the programmed data to the data bus (Do-
D7) by applying 0 to OE while CE is 1 (program
verify mode).

(5) Repeat steps 2 through 4, 25 times maximum until
the data is properly written to the specified ad-
dress.

(6) After verifying that the data has been properly
programmed, apply additional pulses by setting
OE to 1 (clear CE to 0). The pulse width is 38X ms if
the number of repetitions in steps 3 and 4 is X.

The above procedure completes writing one byte of
data. If the data will not be properly programmed even
after steps 2 to 4 have been repeated more than 25
times, the 77P25 is defective.

Table 14. Pin Functions for PROM Programming/

Reading
Program  Normal
Mode Mode Function
Ao Ag Input address (viewed from external device)
Z\'—T for programming/reading PROM (instruction
M T ROM and data ROM).
Az SORQ
A3 SO
Ag S|
As SOEN
Ag SIEN
A7 SCI
Ag INT
Ag CLK
A1o Py
At1 Po
A2 DRQ
A3 DACK
Do-D7 Do-D7 Input/output data for PROM (instruction
ROM and data ROM)
CE [ PROM program strobe signal (active low)
OE RD PROM read strobe signal (active low)
Vpp Vpp Power pin for programming PROM; apply
+12.5V for writing and +5V for reading.
Vbp Vpp Power pin; apply +6V for programming and
+5V for reading.
GND GND Ground pin
RST Sets PROM program or read mode. Mode is

set when +12.5V is applied.
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Data Reading Procedure

(1) Apply +12.5Vto RST, +5.0 Vto Vpp, and +5.0V to
Vpp. This causes the PROM 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 (Do-D7) by
clearing OE and CE to 0.

Instruction ROM Code Protection

A word of the instruction ROM can be protected if data
FEH is programmed to a dummy byte address. For
example, byte addresses OH, 1H, and 2H (word ad-
dress OH) are protected if FEH is programmed to
dummy byte address 3H. Following is the procedure for
protecting the instruction ROM.

(1) Set data FFH to the dummy addresses; then per-
form the data program procedure.

(2) Verify the programmed data by the data read pro-
cedure.

(3) Set data FEH to the dummy addresses; again per-
form the data program procedure.

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®/VMS®, and VAX/UNIX® systems.

For debugging, a hardware emulator (EVAKIT-77C25)
provides in-circuit, real-time emulation of the 77C25.
Features of the EVAKIT-77C25 include break/step emu-
lation, symbolic debugging, and on-line assembly/
disassembly of code.

The EVAKIT-77C25 connects via a probe to the target
system for test and demonstration of the final system
design. It also connects to the host development sys-
tem via an RS-232 port. Using Kermit or NEC’s EVA
communications program, code can be downloaded or
uploaded between development system and EVAKIT.

MS-DOS is a registered trademark of Microsoft Corporation.

CP/M is a registered trademark of Digital Research, Incorporated.
VAX and VMS are registered trademarks of Digital Equipment Cor-
poration.

UNIX is a registered trademark of UNIX System Laboratories, Incor-
porated.

30

By connecting to a PROM programmer, the EVAKIT is
also used to prepare 77P25 PROMs intended for proto-
typing and small volume applications. A program
adaptor, PA-77P25, is provided for use with the data 1/O
programmer.

Code submittal for the mask ROM uPD77C25 is accom-
plished by preparing a 27C256A or uPD77P25 PROM
using the same programming device.

SYSTEM CONFIGURATION

Figures 15, 16, 17, and 18 show typical system applica-
tions for the 77C25.

Figure 15. Spectrum Analysis System

77C25
Sensor
* Microphone
* Thermal " (FFT)
» Pressure
« Light
Product Example
Ppe, o
Y $
Data & H F]
Display H ]
Control :....“ ..:.
BPF = Bandpass filter Freq

83NR-8072A

Figure 16. Analog-to-Analog Digital Processing
System Using a Single 77C25

Clock
Generator
y 77C25
SCK
Si Kle]
SEEN SOEN
SORQ

i RF = Reconstruction
filter

o
Control

BPF = Bandpass filter

83NR-8073A
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Figure 17. Signal Processing System Using Figure 18. Signal Processing System Using
Cascaded 77C25’s and Serial 77C25s As a Complex Computer
Communication Peripheral

Analog Analog
in Out
Host Memory

CPU .
Clock

Generator

AD [« - > DA @ System Bus @

§

77C25 77C25
SCK SCK
Sl SO SI SO
SIEN SORQ ——DO—'V SIEN SORQ st DRQ1
SOEN SOEN 77C25 DMA
l _]_ DACK1 Controlier
< = D/A SO
Input BPF = Bandpass filter H H *
Control RF = Reconstruction filter ” L DRA (n)
83NR-8074A
77C25
DACK (n)
D/A SO

83NR-8075A
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NEC Electronics Inc.

puPD77220, 77P220
24-Bit Fixed-Point
Digital Signal Processor

Description

The uPD77220 is a highly accurate digital signal pro-
cessor (DSP). The uPD77220 has a mask ROM; the
uPD77P220 has a one-time programmable (OTP) or an
ultraviolet erasable (UVE) PROM. There are also two
speed versions, 8 and 10 MHz. The part numbers of
10-MHz versions have a -10 suffix. The 8- and 10-MHz
units process 24-bit fixed-point data at 122 and 100 ns/
instruction.

Note: Unless excluded by context, uPD77220 means both
the uPD77220 and the uPD77P220.

The internal circuit consists of a multiplier (24 x 24
bits), instruction ROM (2K words x 32 bits), data ROM
(1K words x 24 bits), and two independent data RAMs
(256 words 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 or 100 ns
— Three-stage pipeline processing
— Dedicated data buses in the internal RAM,
multiplication circuit, and ALU

50119-1

O 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

O Flexible external interfaces

O Two modes of operation: master or slave
— In master mode, 4K words 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
o CMOS process
o Single + 5-volt single power supply

0 68-pin PGA array and PLCC packages

Ordering Information

Part Number Package Max Speed ROM
uPD77220R 68-pin PGA 8 MHz Mask
L 68-pin PLCC 8 MHz
R-10 68-pin PGA 10 MHz
L-10 68-pin PLCC 10 MHz
uPD77P220R 68-pin PGA 8 MHz UVE
L 68-pin PLCC 8 MHz OoTP
R-10 68-pin PGA 10 MHz UVE
L-10 68-pin PLCC 10 MHz oTP

i
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Pin Configurations

68-Pin PLCC

553 8838%

Seo= DN\W\OW13245
5225xz%Sf88B55584684564
imEnEnEnEnEnEnlsEninlisinEninEnEnEn
2939588338588 8%

v [} v¥ 92 [1 (somera
sv sy sz [ (6om z1a
v ] oF vz [ (oron) s1a
ev [ v ez Glon sia
v ]sy gz [ (eron) oza
W ] 6% 12 |7 (eronm tea
ov []os oz [1 (vron) 2ea
SN [ 1S 61 [1 (ston eza
ANI {28 81 [1ddA

IAN ] €5 £} 1 (auH) vea
avs 91 [1 (4mH) s2a
9a [} ss 1 [1(g0) g2a
sa 0 es v1 [0 (Wod) Zza
va s €1 [ (od) s2a
€a [} es 2L (1d) 620
eaes 1 [ (ed) 0ea
1a jos O ot [ (ed) 1ea

ﬂ&&&%%@%123456789\
977387 EEoFER 8Lz
[S3N &3 [T ] 3 x
585”5 _m_ammwnmm

83RD-826848

The symbol In ( ) denotes the pin symbol applicable to the pin In the Slave mode.
The Vpp pinls only used for the nPD77P220.

Notes:
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Pin Configurations (cont)

68-Pin Ceramic PGA

Top View Bottom View
1 ONONORONONONONONG
0] OQO0O000000OO
s OO (ONO)
sl OO OO0
71 OO ON®;
sl OO ON@)
s| OO (ONO)
«| OO (ON®)
3| OO OO
2l OQOO0O0O0000OO
v 1| 000000000 v,
A B CDEF G H J K L L K J HGTF E DTG C B A
Mark
Terminal Symbol Terminal Symbol Terminal Symbol Terminal Symbol 3
Terminal | Master | Slave | Terminal | Master | Slave | Terminal | Master | Slave | Temminal | Master | Slave |
No. Mode | Mode | No. Mode | Mode No. | Mode | Mode | No. Mode | Mode
A2 Az Bg D13 | VOs Fio | P2s | Y015 | Kg Vpp
A Ag Bio | Dia | W0g | Fyy Vep Ks SOEN
Ag A1 B11 Dig | VOs Gy D7 Kg GND
As Apx c1 Agq [ Dg Kz WR
Ag Dg | VOq c2 Ag Gio | Dps | HRD Kg Voo
A7 Do o7} C10 D17 VOgq Gqq D25 HWR Ko x2
Ag Dy | VO3 C11 Dig | VO10 | Hy Ds Ko Dzo | P2
Ag Dyg | V04 D1 A2 Ha Dg K11 D31 | P3
A1p | Dy | VO7 | D2 Aq Hio | Dg | CS L2 Do
Aq Ag D10 D1g V014 Hyq Dg7 | RQM La s0CK !
B2 Ag D1y D20 | V012 | J1 D3 Lg SO ‘
B3 Ag E1q A Jo D2 Ls sl “
: GND E2 ws J10 Dog Po Lg SEN ‘
Bs Al E10 Dpy | VO3 | Im Dag Py L7 RESET }
Bg VoD EM Do | WOy | Ky Dy Lg AD
By Dg | W01 | Fy Nt K2 SORQ Lg CLKOUT |
Bg GND Fa NMI Ka SIcK L1o X1 ‘

83IML-5981B
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pPD77220 and pPD77230A Comparison Table 2. Data Length Differences Between
] - o #PD77220 and xPD77230A
The uPD77220 is a 24-bit fixed-point signal processor; .
the uPD77230A is a 32-bit floating-point signal proces- ~ SYmee! #PD77220 #PD77230A
sor. The two processors are generally compatibleonan ~ MAIN BUS 24 bits 32 bits
object level. However, the following uPD77230A in- paq 47 bits 55 bits
structions are not available on'the uPD77220. PSWO, PSWA 4 bits (OVFE not present) 5 bits
ADDF, SUBF, NORM, CVT (OP field) - -
, RAMO, RAM1 24 bits 32 bits

o TRNORM, RDNORM, FLTFIX, FIXMA (CNT field) X0, IX1 9 bits P
e SPIE, IESP (CNT field) RP 10 bits P
o WRBELS, WRBFBE (CNT field) v 47 bits 55 bite
e JEVO, JEV1'(C field) RS 32 bite =
* TRE (DST field) 81, SO 32 bits -
Also, the CMP instruction on the uPD77220 treats data | o 10 bits P
as 47-bit fixed-point data at the time of comparison - -
(as opposed to 55-bit floating-point data on the - 24 bits 92 bits
UPD77230A). PUBUS 47 bits 55 bits
Internal memory differences between the two proces- WRO - WRY il f’“s 55 bits
sors are shown in table 1. Table 2 describes the differ- SR 7 bits e
ences in the data lengths between the uPD77220 and  BPo, BP1 9 bits -
the uPD77230A. ROM 24 bits 32 bits
Table 1. Internal Memory Differences Between KL 24 bits 52 bits

uPD77220 and xPD77230A DR 32 bits -«
Memory Type #PD77220 uPD77230A AR 13 bits -
Instruction ROM 2K words x 32 bits 2K words x 32 bits STK 13 bits <
Data ROM 1K words x 24 bits 1K words x 32 bits SR 20 bits -

" RAM O 256 x 24 bits 512 x 32 bits

RAM 1 256 x 24 bits 512 x 32 bits
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Master Mode Block Diagram

m I |
|

NS
SOEN
g { |
—») K MPY OSFT SO :
RAMO RAM1 B N
- ’-_ 24 bits x 24 bits SOCNT SOCK
VW X 24-bi W x 24-bit
256W x t 256W x g | - a7 bns oK
I I %

2

MUX MUX
y
S| 14 ||| [
SIEN
X0 | BP1] X1 H
L ) i
MAIN BUS (
NN
Do-D31 ﬂ
e 7
MUX
Decoder [ A | |esid]

7 wmux \ \‘ mux /
4

PU BUS

Instruction
[a] || "% on |
AX 1KW x 24 bits

2KW x 32 bits

x
Ap-Aqq1 <] AP g

-
i
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= [ e 1] g | | PSW 1 MUX_\

1 Aw 4 . ? P |
wa CNT . i
WR < 19 sTK| 3 :

SCK
f ? g f WRO | WR4 ‘
> |
oo — ] [ G Lo | o |
|
GEN CONT | SP | i WR3 | WR7

oo T
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RESET —»

CLKOUT
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Slave Mode Block Diagram

\
z
[=
— x
-}
< o pgu— K MPY
P2 RAMO RAM1 ~ ||
P1 24 bits x 24 bits
g 256W x 24 bits 256W x 24 bits £
PO 43 Ll  —=a7bits
T >
ram [ o
“—1 |* [ wux \ MUX b
__OS ] HR(;?VT ‘ 3 ISFT S
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po— 1 CONT ® ® _j SIEN
HRD |
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V0g V015 S
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N
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- MUX
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bP ! @ | P | [
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J ROM
]
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Ao-A" <] Al —
‘ > ALY _J
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7 PSW 0
[re ] 8 [ | PSW 1 MUX_\
RD *| @mw :’ I
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Master Mode Operation Slave Mode Operation
— 5 1, xe —+5 x1, % Sl f+——
1 N ,
K ! — K —
G { ~——{ctkour  SiEN [« porl! Cloc { <~ cikour SN le—— } Serl |
SICK [——> sick — ) P
Reset ———| RESET 80— Reset —»| RESET SO |——
Interrupt{ —| INT SOEN |[¢——— | gerial mterpt ] | INT SOEN [¢+—— | sgrial
—— NMI SOCK |«—— [ Output —| NMI SOCK |«— [ Output
SORQ [— SORQ |—
—|C8
RD |— —| HRD RD [—»
WR [— ostopy | | s WR |—
Interface RaMm
13 Extemnal 13 Extemal
Ag~A11, AX [—F—  Memory 16 Ag~A11, AX |—F—>  Memory
Interface «——>{ 10g 1015 Interface
General-
o 32 Purpose 2 8
0~D31 [+ Inpuy ——/—»2 PO, P1 Do~D31 fa—r—>
Output (| <+——| P2,P3
Port
83ML-6692A 8IML-6699A
Pin Functions
PGA PLCC
Symbol Pin Location Pin Number 1/0 Function
Power Supply
Vbp B6 36 — +5V power supply
Ka 66 — Be sure to connect these three pins
K8 6 —
Vpp F11 18 — PROM program power input pin. Connect +5 V for normal operation or
+12.5V for PROM program mode
GND B4 40 — Ground terminals
B8 32 — Be sure to ground these three pins
K6 2 —
Setting Modes i
|
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 8 — If an external clock is used, connect it to the X1 pin and leave X2 open
CLKOUT L9 7 [e] uPD77220 internal system clock output. The output signal frequency is
half the frequency of the crystal oscillator connected to the X1 or X2 pin
Reset and Interrupt
RESET L7 3 | Internal system reset signal input (low-level active)
— Requires latitude of more than three system clock (CLKOUT) cycles
7
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Pin Functions (cont)

PGA PLCC

Symbol Pin Location Pin Number 110 Function

NMi F2 53 l 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

INT 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 63 /o] Serial 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 K2 62 (o] Serial output request (high-level active)
— When output data is in the SO register, setto 1
When output is terminated, set to 0

SOEN K5 68 | Serial output enable (low-level active)
— Enables serial data output from the SO pin
SO L4 65 (o] Serial data output
[&] — Serial data output is synchronized with the leading edge of the SOCK
state) signal
SICK K3 64 lle] Serial input data clock /O

— 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 1 | Serial input enable (low-level active)
— Enables serial data input from the Sl pin
S| L5 67 | Serial data input

— Inputs serial 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. Its
frequency is half of that of the master clock.

External Memory Interfaces (Master Mode Only)

WR K7 4 o Write output (low-level active)
— Write control output for external memory. If O is set, the output address
is valid and data is output to data bus (DO to D31)

RD L8 5 o 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)
AX AS 37 [e] Highest-order memory address output

— If the external instruction memory is accessed (highest-order bit PC12
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: Low-speed access area
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Pin Functions (cont)

PGA PLCC
Symbol Pin Location Pin Number /0 Function

External Memory Interfaces (Master Mode Only) (cont)

A0 - A1 See PGA pin See PLCC pin o Memory address output
configuration configuration 3 — Address output when the external memory is accessed
diagram diagram state) — If the external instruction memory is 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 /O 32-bit data bus for the external memory
configuration configuration (K]
diagram diagram state)

Host CPU Interfaces (Slave Mode Only)

[ H10 15 | Chip select input (low-level active)

— If O is set, read/write from host CPU through 16-bit data bus (//O0 to
1/O15) is enabled

|

HWR Gn 16 1 Host CPU write input (low-level active)
— If 0 is set, 16-bit data bus (I/O0 to 1/O15) is ready for input
(also CS = 0)
HRD G10 17 | Host CPU read input (low-level active)
— If O is set, 16-bit data bus (//O0 to I/O15) is ready for output
(for CS = 0)
/00 to I/O15  See PGA pin See PLCC pin /{e] 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) Write 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 (DO 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 (DO to D7)

AX AS 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 - A1t 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 /{e] 8-bit data bus for external memory
configuration configuration (& — 1-byte, 2-byte, 3-byte, or 4-byte |/O data transfer format can be set in
diagram diagram state) the internal status register




puPD77220, 77P220

NEC

Pin Functions (cont)

PGA PLCC
Symbol Pin Location Pin Number 110 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 (o] 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

Symbol 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
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)
X0 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

10
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Internal Functions (cont)

Symbol 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
Control Circuit

Slave Host CPU interface control mode 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 Output 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 /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)

1
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ELECTRICAL SPECIFICATIONS

For the electrical specifiactions. of the uPD77P220 in
PROM program/read mode, see the later section titled
PROM Electrical Specifications.

Absolute Maximum Ratings
Ta = +25°C

Operating temperature, Topt

—-10 to +70°C
—-65 to +150°C
-0.5to Vpp +0.5V

Storage temperature, Tg1g

Output voltage, Vo

Capacitance Input voltage, V| (except SIEN/PROG) -0.5t0 Vpp +0.5V
Ta= +25CiVpp = OV v, GEN/PROG) 0510 +125V
Parameter Symbol Max Unit Conditions Power supply voltage, Vpp 0510 +65V
Input capacitance Cin 10 pF fo = 1MHz Vpp 06to +135V
Output capacitance Cout 20 pF -
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage.
Recommended Operating Conditions
Parameter Symbol Min Typ Max Unit Conditions
Power supply voltage Vpp 4.75 5.0 5.25 v Normal operation
5.75 6.0 6.25 v PROM mode
Vpp 4.75 5.0 5.25 \ Normal operation
12.2 12,5 12.8 v PROM mode
Low-level input voltage ViL -0.3 0.8 v
High-level input voltage ViH 22 Vpp +0.3 \
Low-level X1 input voltage Virx -0.3 0.5 \
High-level X1 input voltage ViHx 3.9 Vpp +0.3 \
Input voltage for PROM mode VpRroG 115 12.0 125 \
Operating temperature TopT -10 +25 +70 °C Normal operation
+20 +25 +30 °C PROM mode
DC Characteristics
Ta = -10to +70°C; Vpp = 5V +5%
Parameter Symbol Min Typ Max Unit Conditions
Low-level output voltage VoL 0.45 v lop=2.0mA
High-level output voltage VoH 0.7 Vpp v lon=-400 LA
Low-level input current he -400 uA RESET, SICK, SOCK, Vjy = 0V
High-level input current [ 400 pA M/S Vin= Vpp
Low-level input leak current I -10 A Except RESET, SICK, SOCK, Vjy = 0V
High-level input leak current ILH 10 HA Except M/S, Viy = Vpp
Low-level output leak current oL -10 HA VouTt = 0V
High-level output leak current L oH 10 A VouTt = VoD
X1 input current lix1 400 pA X1 pin, external clock input
Input leak current lPROG 30 HA VpRoG = 12,0
Power supply current lop 140 200 mA foyx = 16.384 MHz
(Normal operation)
100 mA PROM programming mode
Ipp 1 mA Normal operation
30 mA PROM programming mode

12
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Crystal Oscillator Connection Conditions
Ta = -10to +70°C; Vpp = 5V *5%

Parameter Symbol Min Typ Max Unit Conditions
Oscillation frequency fovx Figure 1
8-MHz version 1.0 16.384 16.667 MHz
10-MHz version 1.0 —_ 20.000 MHz
C1, C2 capacitance 15 pF
Timing Requirements (Figure 4)
Ta= -10to +70°C; Vpp = 5V +5%
8-MHz Version 10-MHz Version
Parameter Symbol Min Typ Max Min Typ Max Unit  Conditions
X1 cycle time toyx 60 61 1000 50 1000 ns Cigures 2 and 3. o 3C
X1 igh il et o5 z vt
X1 low pulse width txL 25 20 ns
X1 rise time xR 5 5 ns
X1 fall time txF 5 5 ns
SICK, SOCK cycle time tcys 240 244 240 244 ns
SICK, SOCK high pulse width  tggy 100 100 ns
SICK, SOCK low pulse width tssL 100 100 ns
SICK, SOCK rise time tsr 20 20 ns
SICK, SOCK fall time tsr 20 20 ns

Switching Characteristics (Figure 4)
Ta = -10to +70°C; Vpp = 5V +5%; C|_ = 100 pF

Parameter Symbol Min Max  Unit
X1 1 to RD delay time tpxc 50 ns
X1 tto CLKOUT hold time  tyxc 0 ns
SCK cycle time teys 8toyx ns
SCK high pulse width tasH 4tcyx — 65 ns
SCK low pulse width tssL 4tcyx — 65 ns
SCKrise time tsr 20 ns
SCK fall time ts 20 ns
X1 1t to SCK 1 delay time tpxs 10 120 ns

13
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External Memory Access Timing (Figures 5, 6)
Ta = -10to +70°C; Vpp = 5V *£5%

8-MHz Version 10-MHz Version
Parameter Symbol Min Max Min Max Unit Conditions
Data set time (for address) tsADI 2tcyx — 85 2teyx - 75 ns When an instruction is read
Data set time (for RD ¥) tsRoI toyx - 25 toyx - 25 ns
Data hold time (for RD 1) tHRDI 0 0 ns
Data set time (for address) tsAaD1 4toyx — 135 4tcyx - 115 ns Applies to high-speed access area
tsaD2 8toyx - 135 Btoyx - 115 ns Applies to low-speed access area
Data set time (for RD {) tsRD1 3teyx - 75 3tcyx - 65 ns Applies to high-speed access area
tsrp2 Ttcyx - 75 Ttcyx — 65 ns Applies to low-speed access area
Data hold time (for RD 1) tHRD 0 0 ns

Switching Characteristics (Figures 5 - 8)
Ta = -10to +70°C; Vpp = 5V =5%; C| = 100 pF

Parameter Symbol Min Max Unit Conditions

X1 1 to RD delay time tpXRD 55 ns

X1 1 to WR delay time tDxwWR 55 ns

Address set time (for RD {) tsAR toyx - 50 ns

Address hold time (for RD 1) tHRA 5 ns

RD low-level width twR1 toyx - 20 ns When an instruction is read
twre 3tcyx — 30 ns Applies to high-speed access area
twRs Ttoyx —- 30 ns Applies to low-speed access area

Address set time (For WR {) tsaw toyx - 45 ns

Address hold time (for WR 1) tHwA 5 ns

WR low-level width twwi1 3tcoyx - 50 ns Applies to high-speed access area
twwa Ttoyx — 50 ns Applies to low-speed access area

Data set time (for WR 1) tspwi1 3tcyx — 100 ns Applies to high-speed access area
tspwe Ttcyx — 100 ns Applies to low-speed access area

WR | to data delay time towp 0 ns

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

RD, WR recovery time tay tcyx - 30 ns At time of continuous operation

14
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Host Interface Timing, Slave Mode Interrupt Reset Timing (Figure 12)

(Figures 9, 10) Ta = -10to +70°C; Vpp = 5V 5%

Ta= ~10to +70°C; Vpp = SV £5% Parameter Symbol Min Unit

Erameter — Symbol Min Unit  RESET low-level width tRsT 6tcyx ns |
Eﬁ set time (for HE) tscr 0 ns NMI, INT hold time (for RESET 1) tHRNI 6tcyx ns

CS hold time (for HRD 1) ture 0 ns NMI, INT low-level width T Bty ns

;ﬁ-ﬁﬁ low-level width tWHRD 150 ns NI, INT recovery time tRINT Btoyy e

CS set time (for HWR V) tsow 0 ns ;
€S hold time (for HWR 1) tuwe 0 ns  Serial Interface Timing (Figure 13) |
FIWR low-level width twHWR 150 ns 1A= 710to +70°C; Vpp = 5V *5% |
Data set time (for HWR {) tsiHw 100 ns Timeter Symbol Min Unit

Data hold time (for FFIR 1) Wi 0 ne  SIEN, Sl settime (for SOK § tssis 55 ns

IR, FV recovery time — o~ ne SN, Sl hold time (for SCK ) tyss| 30 ns

HRD, AWR hold time (for RQM ) typy toyx e SOENsettime (for SCK ) tssEs 50 hid

PO, P1 set time (for X1 1) tspx tovx ns EN hold time (for SCK ) 'HSSE % ne

PO, P1 hold time (for X1 ) trxp fovx s SIEN, SOEN recovery time tspy tcys ns

Switching Characteristics (Figures 14 - 16)

Switching Characteristics (Figures 9, 11) Ta = —10 to +70°C; Vpp = 5V 5%; C| = 100 pF

Ta = —10to +70°C; Vpp = 5V *5%; C| = 100 pF

Parameter Symbol  Min Max Unit Parameter Symbol Min Max Unit
_— i lay ti t 0 5
HRD | to data delay time  tpppg 100 ns SCK {10 SORQ 1 delay time pssa 8 150 ne
— EN | i
HRD ¢ to data floattime  trup 10 65 s SOENTUto SO delay time 'DSESO & ns
X1 1to RQM 1 delay time  toxaH 100 e SOEN 1 to SO float time trseso 10 100 ns
C i t i
X1 tto RQM | delay time  tpxR 100 ns  SOKtto SO delay time DSHSO 6 ne \
fr— ' :
HRD, HWR t to RQM ¢ tour 2toyy + 100 ne SCK { to SO hold time tHsHsoO 0 ns !
delay time SCK | to SO delay time tpstso 60 ns i
X1 1 to P2, P3 delay time  tpxp 100 ns Switching Characteristics |
SCK | to SO float time treso 10 100 ns
(at time of SORQ {)
Figure 1. Oscillation Circuit Diagram Figure 2. External Clock Connection Diagram
X1 x2 X1 x2
No external
|E| Connection
ur
Extemal
— - Clock
c1 c2 Source
83ML-6887A
83ML-5893A
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Figure 3. Switching Characteristics

Input Waveform

24v 22V 22V
08V o8V

04V

Output Waveform

22V 22V
0.8V 0.8V

83ML-6900A
Figure 4. Clock Input/Output
|« torx
Clock Input
x1
txxi txxL txR txF
Clock Output

X1

CLKOUT /

X1

tpxs
o teys >
SCK ¢ —
[Note 1] 72
SICK,
SOCK tssH > tssL
[Note 2] t t
le— tsp - tse
Notes:

[1] At output time
[2] At output time (Input asynchronous with X1 is possible.)

83ML-6901B
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Figure 5. Instruction Read Operation (Master Mode Only)

toyx—

m AV AVAVAVAVAWVAN

tDXRD —» lt— — le— tpxmD
oA X X A
< SAR—> — tHRA
le— tRY-

tSRDI tHrRDI
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Figure 6. Data Read Operation

toyx—]

X1

CLKOUT \—_/—

l«—tsAD1, tsAD2—|

tsRD1, tSRD2

- le— tpXRD le— tDXRD
«
s
Ap~Aqq, AX
K .
le—tSAR—>] —
le— tRV
RD \
K .
le————twR1,twR2
tHRD

Do~D31 5 .
[Note 1] \ 7 {
Dg~D7 / 3 . N
[Note 2]

Notes:

[1]1 Master Mode

[2] Slave Mode

8IML-58858
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Figure 7. Data Write Operation

toyx —»|

— le— toXxwR — le— tDXWR
«
Ap~A11, AX
¢
tsaw> —> tHwa
re—tRYV

Ny

Wa_/__\
5 /

[ tww1, twwe————————

L—*DWD—»a———‘sowmsowz—— L-'FWD

Do~D31
[Note 1]
Do~D7 K
[Note 2]

Note:

[1] Master Mode

[2] Slave Mode

83ML-68868

Figure 8. Data Read/Write Operation

Read —> Write Operation
RD
tRv

Write —> Read Operation 1
i

tRv

83ML-6902A
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Figure 9. Host Read Operation

cs
!SCHT —»| | tHRC
tHRY |
- twHRD >
__ /s
HRD \ ?‘)
K
l«—tDHRI [—>| tFHRI
109~l015
B83ML-6883B
Figure 10. Host Write Operation
cs
tsow - thwe
tHRY |
tWHRD
"4
AWR \
X 7
tSIHW—>{ je—] tHHWI
109~I015
B83ML-5884B
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Figure 11. RQM Port

X1

N [

CLKOUT

N S
AN

VR VA

[t DXAL

RQM

tHRH

)4—— tDHR———

tspx

tHXP

PO, P1

toxp

P2, P3

83ML-68948

Figure 12. Interrupt Reset Timing Chart

RESET

tRsT tHRNI

NMI, INT

tRINT

T
83ML-6891B
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Figure 13. Serial In

[ toys
SCK
(SICK)
tssis —»| tHss! > tsRv
SIEN )
tssis—mwtHsS!
s. X
5 83ML-58968
Figure 14. Serial OUT 1 (SOEN Interrupt Control)
le—1cys
sok —/—\F /
—» |«— tsSES —> tssES
—‘_""‘—'—\ s \
SOEN / \
X
- tsRv
tpssq —»| - — tpssa
SORQ
> tpsHso
tDSESO —| —| thsHso — tFSESO
so VALID VALID X VALID { X
83ML-5896B
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Figure 15. Serial OUT 2 (SOEN Control: SOEN Low AT SCK is Low Level

e——tcys

—>| < tssEs tHssF

SOEN \
|
tpssa —4 — — tpssa

SORQ

HE

- tDSHSO — tHsHsO

tDSESO —> trsso

SO VALID VALID X VALID X VALID

Figure 16. Serial OUT 3 (SOEN Control: SOEN Low AT SCK is High Level

TJ

83ML-5897B

[+———teYS——»

tsses tHSSF

B

SOEN
tHssQ —»| — «— tDpssa
SORQ
tpsLso —»- > tpSHSO —» |<— tHSHSO tFsso
. \
so VALID VALID vAuD
g 7
83ML-6898B
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DATA FORMAT

The uPD77220 can process fixed-point data. Data is
represented by a 2's complement, and the highest-
order bit of fixed-point data indicates the sign. See
figure 4. Table 3 shows the 24-bit fixed-point data
format. Table 4 shows the 47-bit fixed point data.

Numeric data is processed in fixed-point data format,
and the decimal point is positioned between the sign
bit and the following bit.

Table 3. 24-Bit Fixed-Point Internal Data Format

Figure 17. Fixed-Point Data Format

47 Bits

A

47-Bit Bus
Register

-

24-Bit Bus
Register

B83ML-5888A

Value Binary Notation Hexadecimal Notation Conversion to Decimal Number
Maximum Positive Value o111 ... 111 7FFFFFY 1.0-228=1.0
0111 ..... 1110 7FFFFFy 1.0-222
0100 ..... 0000 4000004 1.0-21= 05
Minimum Positive Value 0000 ..... 0001 000001y 228 ~ 1.2x107
Zero 0000 ..... 0000 000000H 0.0
Maximum Negative Value 1111 ... 1111 FFFFFFy -(223) = -1.2x107
1100 ..... 0000 00000y -1 = -05
1000 ..... 0001 800001y -1.0 + 228
Minimum Negative Value 1000 ..... 0000 800000y -1.0

Table 4. 47-Bit Fixed-Point Internal Data Format

Value Binary Notation Hexadecimal Notation Conversion to Decimal Number
Maximum Positive Value 0111 ... 111 7FFFFFFFFFFEQ 1.0-246 = 1,0
o111 ... 1110 7FFFFFFFFFFCy 1.0-245
0100 ..... 0000 4000000000001 1.0-21= 05
Minimum Positive Value 0000 ..... 0001 000000000002y 246 ~ 1.4 x 1014
Zero 0000 ..... 0000 0000000000001 0.0
Maximum Negative Value 111 ... 1111 FFFFFFFFFFFEQ ~-(246) = -1.4 x 1014
1100 ..... 0000 C00000000000y -1 = -05
1000 ..... 0001 800000000002 -1.0 + 246
Minimum Negative Value 1000 ..... 0000 800000000000y -1.0

Conversion of data (47 bits) into hexadecimal format ranges from the highest-order bit (sign bit) to the lowest-order bit sequentially.

24
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|
INSTRUCTIONS Table 5. OP Field Specifications |
All uPD77220 instructions consist of a 32-bit word. The Svmbol g’: :;e)'d Operation !
instructions fall into three categories: y P
NOP 00000 No operation
. Operatlgn mstrgctnons INC 00001 Increment
* Erazc.h mStru_CtlonS DEC 00010 Decrement
°
oad instructions ABS 00011 Absolute
Operation Instructions NOT 00100 Not
An operation (OP) instruction is an ALU operation  “=o ootol Negate
instruction where 22 different operations may be spec-  SHLC 00110 Shift left with carry for double
ified in the upper five bits. Figure 5 shows the bit format. precision
. . . . X SHRC 00111 Shift right with carry for
Pointer modifications may be specified in the CNT double precision
field. Transfers may also be specified within the SRC
. N N . ROL 01000 Rotate left
and DST fields of an OP instruction. When all fields are - —
specified in an OP instruction, several different tasks ~ 12ble 5. OP Field Specifications
are performed simultaneously. Symbol OP Field Operation
. . . . . 81-27)
OP Field. The 5-bit OP field specifies the operation ROR 01001 Rotate riant
type in the ALU. Table 5 lists the 22 types of operations clate g
it may contain. SHLM 01010 Shift left multiple (see note)
CNT (Control) Field. The CNT field is 12 bitslong and ~ SH1M oot Shift right multiple (see note)
specifies a pointer, flag operation, register switch-over, =~ SHRAM 01100 Shift right arithmetic multiple
data transfer format, and loop counter decrement. see note)
. . . o o CLR 01101 Clear
The control field bit configuration is shown in figure 6. - -
The field has 22 types of subfields. Table 6 describes ~ APP 10000 Add fixed-point data
the subfields. sSuB 10001 Subtract fixed-point data
ADDC 10010 Add fixed-point data with
Figure 18. Operation Instruction Format carry
SUBC 10011 Subtract fixed-point data with
31 0 carry
OoP CNT Pl Q SRC DST CMP 10100 Compare
AND 10101 AND
B83ML-5982A
OR 10110 OR
XOR 10111 Exclusive OR

Multiple value is in SVR or specification value of SHV bit.

25
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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 -
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 g
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.

26
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P Field. The 2-bit P field (bits 14, 13) specifies the
source of input to the register, whichis 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

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 input registers.

One of the working registers, WR0 to WR7, must be
specified in the Q field. The result of the operation is
placed in the working register specified in the Q field.
Table 8 provides the Q field specifications.

Symbol Bit14 Bit 13 Input of P Register
1B (o} 0 PU bus Table 8. Q Field Specifications
M4 0 1 Multiplier output register (MPY output) Symbol Bit 12 Bit 11 Bit 10 Register
RAMO 1 0 RAM block 0 WRO 0 [¢] [o] Working register 0
RAM1 1 1 RAM block 1 WR1 0 (o} 1 Working register 1
WR2 0 1 0 Working register 2
Figure 19. CNT Field Bit Configuration WR3 0 1 1 Working register 3
WR4 1 0 0 Working register 4
31 27 15 12 9 4 0
WR5 1 0 1 Working register 5
op CNT Pl Q SRC DST WR6 1 1 0 Working register 6
Pz - WR7 1 1 1 Working register 7
—~ .
26 |25 |24 | 2322 |21 |20 |19 |18 [17 |16 [ 15 SRC (Source) Field. The 5-bit SRC field (bits 9-5) holds
0|0 MO M1 DPO DP1 the source register for a transfer instruction. Table 9
o110 o A PO e lis.ts t‘he 32 types of registers that may be specified in
ol 1]0 |1 RP Mo DPO FC this field.
o|1}|1]o0 RP M1 DP1 FC
o[1[1]1] wmp Mo Mo [L]re
100 |0]o0 BASE 0 BASE 1 FC
1{o|o|of1 RPC l - | L|FC
1lofo]|1]o]pr|r2]|em| Bm [L[FC
100 (0| 1]1 RW - L | Fe
101 ]|0]o0 wT L | FC
1lol1]o0]1 - wi | L]|Fc
tlo|1]1]o0 FIS - L -
100|111 SHV
1]1]o0 RPS
101 |1 NAL
B83ML-5983A
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Table 9. SRC Field Specifications Table 10. DST Field Specifications

Symbol SRC Field (9-5) Selected Source Register Symbol 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 STK 00111 Stack

M 01000 M register LKRO 01000 L register (RAM O 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

Si 01101 Serial 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

WRO0 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 WRS 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 IX0 11100 Index register 0

X0 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 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.

28

Branch Instructions

Branch instructions specify a conditional jump, an
unconditional 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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B Field. This field (bits 31-28) indicates a branch in-
struction. The value of this field is always 1101.

Table 11.

Branch Condition Summary

Symbol C Field (14-10) Jump with Condition
C Field. This 5-bit field (bits 14-10) indicates the nature  JMP 00000 Jump with no condition
of the branqh instruction. Table 1_1. summaries the o 00001 Subroutine call
branch conditions that can be specified.
RET 00010 Return
NA Field. The destination address of the branch is  ;yzrp 00011 Jump if ROM pointer is not zero
contained in the 13-bit NA field (bits 27-15). Note that 20 00100 T ——
the most significant bit of the NA field is used to P i
determine whether the destination address is in inter- ~ JNZ0 ooto1 Jump if zero flag O is reset
nal or external instruction memory. Jzi 00110 Jump if zero flag 1 is set
SRC Field. The SRC field (bits 9-5) specifies atype of ~ JNZ1 oot Jump it zero flag 1 is reset
source register for a transfer instruction. There are 32 Jco 01000 Jump if carry flag O is set
possible types. JNCO 01001 Jump if carry flag 0 is reset
DST Field. The DST field (bits 4-0) indicates the type of  Jct 01010 Jump if carry flag 1 is set
destn_r;ztlon reg;ter to g;&; used for a transfer instruc- ¢y 01011 Jump if carry flag 1 is reset
tion. There are ossible types.
P yP Jso 01100 Jump if sign flag O is set
Load Instructions JNSO 01101 Jump if sign flag O is reset
. . . . . S1 01110 J if sign flag 1 i
The load instruction consists of three fields as shown in J ump it sign flag 1 is set
figure 8. This instruction loads 24-bit data specified in ~ JNS! on Jump if sign flag 1 is reset
the IM field into the register specified in the DST field.  Jvo 10000 Jump if overflow flag 0 is set
The datais input to each register through the main bus. JNVO 10001 Jump if overflow flag O is reset
The value of the LDI field is always 111. Vi 10010 Jump if overflow flag 1 is set
) ; JNV1 10011 Jump if overflow flag 1 is reset
Flg ure 20. Branch Instruction Format JNFSI 10110 Jump if Sl register is not full
31 0 JNESO 10111 Jump if SO register is not empty
B NA c SRC DST JIPO* 11000 Jump if input port 0 is on
JIP1* 11001 Jump if input port 1 is on
83ML-6984A
JNZIX0 11010 Jump if index register 0 is nonzero
. . JNZIX1 11011 Jump if index register 1 is nonzero
Figure 21. Load Instruction Format - - -
JNZBPO 11100 Jump if base pointer 0 is nonzero
31 0 JNZBP1 11101 Jump if base pointer 1 is nonzero
LDI M DST JRDY 11110 Jump if ready is on
JRQM* 11111 Jump if request for master is on
83ML-6965A

* Valid for slave mode only.
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PROM INTERFACE

The uPD77P220 has a PROM—one-time programmable
(OTP) or ultraviolet erasable (UVE)—consisting of a
2K-word x 32-bit instruction ROM and a 1K-word x
24-bit data ROM.

The 32-bit instruction words and 24-bit data words
require special byte addresses because data is written
to and read from the PROM in 8-bit bytes. Figure 22
shows the special byte addresses assigned to the data
ROM (2000H to 2003H).

Each internal word address for the data ROM is equiv-
alent to three byte addresses used by external devices
plus one dummy byte address. For example, in figure
23, the internal word address OH corresponds to 3 byte
addresses (2001H to 2003H) plus one dummy byte
address (2000H)

Figure 22. Instruction ROM Memory Map

< 32 bits
31 23 15 7 0
Internal word address OH OH 1H 2H 3H
1H 4H 5H 6H 7H
.
o | | 1 |
(| | | | I
.
.
7FEH | 1FF8H 1FFOH 1FFAH 1FFBH
7FFH | 1FFCH 1FFDH 1FFEH 1FFFH
A
MSB
Note: The number in each box Indicates the byte address of
the Instruction ROM as viewed from outside.
83RD-8260A
Figure 23. Data ROM Memory Map
24 bits
dummy
. byte 23 15 7 0
Internal word address OH | 2000H 2001H 2002H 2003H
1H | 2004H | 2005H 2006H 2007H
.
| | | | I
[ | | | |
.
.
3FEH | 2FF8H 2FF9H 2FFAH 2FFBH
3FFH | 2FFCH | 2FFDH 2FFEH 2FFFH
A
MSB
Note: The number In each box indicates the byte address of
the data ROM as viewed from outside.
83RD-8281A
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UVEPROM Erasure

Data in the UVEPROM can be erased by exposure to
light with a wavelength shorter than 400 nm. Usually,
ultraviolet light with a 254-nm wavelength is used. The
erasure process, which sets all data bits to 1's, must
take place before data is programmed to a UVEPROM.

The total light quantity required to completely erase the
written data is 15Ws/cmz2, equivalent to exposure to a
UV lamp with a rating of 12,000 uW/cm?2 for about 20
minutes. A longer time may be necessary due to factors
such as the age of the UV lamp and stains on the
package window. The window must be positioned
within 1 inch of the UV lamp.

If the UVEPROM is exposed to direct sunlight or fluo-
rescent light for a long time, the data might be de-
stroyed. To prevent this, mask the window with a cover
of film after the erasure process.

Data Programming Procedure

This section describes how to program the PROM.
Table 12 shows the reassigned pin functions when in
PROM program/read mode. Figure 24 shows the on-
chip PROM program timing.

Since no PROM cell exists for the data ROM dummy
byte addresses, set the dummy byte addresses to FFH,
the default data for normal programming. The data
programming procedure is as follows:

(1) Enter PROM program mode by applying +12.5
+0.5V to the SIEN/PROG PIN, +6V to the Vpp pin,
and +12.5 £0.3 V to the Vpp pin.

(2) Specify the desired ROM byte address from the
address input pins Ag - Aqz.

(3) Program the data on the data bus (Dg-D7) by
applying 0 to the CE pin and 1 to the OE pin.
(Program mode.)

(4) Output programmed data to the data bus (Do - D7)
by applying 0 to the OE pin and 1 to the CE pin.
(Program verify mode.)

(5) Repeat steps 2 through 4 to a maximum of 25 times
until the data is properly written to the specified
address.

(6) After verifying that the data has been properly
programmed, apply an additional overprogram
pulse by setting OE to 1 (clear CE to 0). The
overprogram pulse width is determined by multiply-
ing the initial pulse width by 3X ms, where X equals
the number of times steps 3 and 4 were repeated.

The above procedure completes writing one byte of
data. If steps 2 to 4 have been repeated more than 25
times and the data has not programmed properly, the
uPD77P220 is defective.
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Table 12. Pin Functions for PROM

Program Mode  Normal M/S Mode  Function

Ag-Ag Ag - Ag Input address pins

A NT (viewed from external

9 device) for programming/

A10 Ao reading PROM

A A (instruction ROM and

1 " data ROM).

A2 AX

A3 Ag

Do- D7 Do - Dy Input/output data pins for
PROM (instruction ROM
and data ROM).

CE Dos/HWR PROM program strobe
signal (active low)

OE Dyg/HRD PROM read strobe signal
(active low)

Vpp Vpp Power pin to read or
program PROM; apply
+12.5 V for programming
and +5V for reading.

Vbob Vbp Power pin; apply +6V for
programming and +5V
for reading.

GND GND Ground terminals

PROG SIEN Sets PROM program or

read mode; apply + 125V
to set PROM program/
read mode.

Data Reading Procedure

This section describes the data reading procedure.
Figure 25 shows the on-chip PROM read timing. The
programming procedure is as follows:

(1) Enter the PROM read mode by applying +12.5
+0.5 V to SIEN/PROG pin, + 5V to the Vpp pin, and
+5V to the Vpp pin.

(2) Specify the desired ROM byte address from the
address input pins Ag - Aqa. o

(3) Output datato the data bus (Dg - D7) by clearing OE
and CE to 0.

31
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PROM ELECTRICAL SPECIFICATIONS

This section lists the electrical specifications of the
uPD77P220 while in PROM program/read mode.

Data Program Timing Requirements
Ta = 25 £5°C; Vpp = 6 =0.25V; Vpp = 12.5 £0.3V; Vppog = 12.0 =05V

Parameter Symbol Min Typ Max Unit
CE setup time for SIEN/PROG tSRSCE 2 us
CE setup time for address tsac 2 us
CE setup time for data tspe 2 us
CE setup time for Vpp tsvpc 2 ps
CE setup time for Vpp tsvpe 2 us
OE setup time for data tspo 2 us
Address hold time tHca 2 s
Data hold time tHeD 2 us
Initial program pulse width twep 0.95 1.0 1.05 ms
Overprogram pulse width twe1* 2.85 78.75 ms
*wc1 = 3ntwco assuming initial program pulse is applied n times.

Data Program Switching Characteristics

Ta = 25 +5°C; Vpp = 6 *£0.25V; Vpp = 12.5 *0.3V; Vppog = 12.0 =05V

Parameter Symbol Min Typ Max Unit
OE to output float time trop 0 130 ns
OE to output delay tpopw 250 ns
Data Program Read Timing Requirements

Ta = 25 *5°C; Vpp = Vpp = 5 £0.5V; Vppog = 12.0 0.5V

Parameter Symbol Min Typ Max Unit
CE setup time for SIEN/PROG tSRSCE 2 ps
OE setup time for SIEN/PROG tSRSOE 2 us
Data Read Switching Characteristics

Ta = 25 +5°C; Vpp = Vpp = 5 *0.5V; Vppog = 12.0 +0.5V

Parameter Symbol Min Typ Max Unit
Address to output delay tbAD 200 ns
CE to output delay toep 200 ns
OE to output delay thoDR 100 ns
OE to high to output float trcD 0 65 ns
Address to output hold tHAD ns
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Figure 24. On-Chip PROM Program Timing

SIEN/PROG /
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Figure 25. On-Chip PROM Read Timing
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NEC Electronics Inc.

puPD77230A, 77P230
32-Bit Floating-Point
Digital Signal Processor

Description

The uPD77230A Digital Signal Processor (DSP) is the
high-end member of a new third-generation family of
32-bit DSPs. This CMOS chip implements 32-bit full
floating-point arithmetic, and is intended for digital
signal processing and other applications requiring
high speed and high precision.

The uPD77230A has on-chip instruction and data ROM.
These ROM areas can be mask ROM (uPD77230AR) or
EPROM (uPD77P230R). 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
UPD77230A 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.

Note: Unless contextually excluded, references in this
data sheet to uPD77230 mean uPD77230A and
uPD77P230.

Features

O Fast instruction cycle: 150 ns using 13.3-MHz clock
O Allinstructions execute in one cycle

O 32- x 32-bit floating-point arithmetic
m]

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

1.5-um CMOS technology
32-bit internal bus
55-bit ALU bus

Dedicated internal buses for RAM, multiplier, and
ALU

Eight accumulators/working registers (55 bits)
47-bit bidirectional barrel shifter

Two independent data RAM pointers

Modulo 2n incrementing for circular RAM buffers
Base and index addressing of internal RAM
Data ROM capable of 2n incrementing

Loop counter for repetitive processing

O 0o o o

o 0o o o o o o

50256-1

O Eight-level stack accessible to internal bus

Two interrupts: maskable and nonmaskable (NMI)

(m]
O Serial I/0 (4 MHz)

O Master/slave mode operation

O Three-stage instruction pipeline
o Single +5-volt power supply

O Approximately 1.2 watts

Ordering Information

Part Number ROM Package Type

uPD77230AR Mask ROM 68-pin ceramic PGA

pPD77230AR-003 Mask ROM
(Standard library)

uPD77P230R EPROM

Applications

High-speed data modems
Adaptive equalization (CCITT)
Echo cancelling

High-speed controls

Image processing

Craphic transformations
Instrumentation electronics
Numerical processing
Speech processing
Sonar/radar signal processing
Waveform generation

0O 0O 00O 0o oo o o o o

Floating-Point Performance Benchmarks

General-purpose digital filtering (FIR, IIR, FFT)

Second-order digital filter (biquad) 0.9us
32-tap finite impulse response filter 5.25 us
Fast Fourier transform (FFT)
32-point complex (radix 2) 0.15 ms
512-point complex FFT 4.7 ms
1024-point complex FFT 11.78 ms
4096-point complex FFT 69.51 ms
Square root 6.0us
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Pin Configuration

Pin Identification (cont)

68-Pin Ceramic PGA No. Master *Slave No. Master *Slave
D11 Dag /012 L4 Sle]
LKJHGTFETDTCTBA E1 Ag LS Sl
©0o0o0o0o00o0o0 |[un E2 m/s L6 SIEN
Z ? ee o000 (‘3 z ;° E10 Dy /043 L7 RESET
o o o ols E11 Dy /044 L8 RD
oo o of7 F1 INT Lo cLkouT
: Z Bottom View Z z : Fo NMI 1:10 X1
oo o ofa * If not specified, slave-mode pins are the same in master-mode.
oo o ofs
©@0c o000 o00o0@of2 Pin Function Summary
©0000000 o Symbol I/0  Function
Sl Ag-Aqq [¢] Address bus to external memory
Pin Identification Ax (o] Highest bit of memory address
No. Master *Slave No. Master *Slave cLxout o Internal system clock
A2 A F10 Das 0 Ccs ! Chip select
s Ao " NG (No comnection) Dg- Dy Jjo* 32:,2 I:::J:r access to external memory in
A4 A1o ol b7 Dg - D3y I/O*  Data bus for access to external memory (data
A5 Ax G2 Dg or instruction) in master mode.
A6 Dg I/Og G10 Dog HRD GND Ground (Connect ground to all GND pins.)
A7 Dio [/[e] G11 Dos HWR HRD ! Host CPU read
A8 Dyq /03 H1 Ds HWR I Host CPU write
A9 D12 /Oy H2 Dy /Op-1/O45 1/O*  Portto host CPU data bus
A10 Dis 1107 H10 Dog cs INT | Maskable interrupt
B1 As H11 Doy RQM NMI [ Nonmaskable interrupt
B2 As J1 D3 M/s I Operation mode select
B3 Ag J2 Dy PO, P1 | General-purpose input port
B4 GND J10 Dog PC P2, P3 o General-purpose output port
B5 A1q J1i Dog P1 RD (o] Controls data read from external memory
B6 Vpp K1 D1 RESET | System reset
B7 Do /04 K2 SORQ RQM [e] Data read/write request
B8 GND K3 SICK Sl | Serial input data
B9 Dy3 I/0s5 K4 Vop SICK /O Clock for serial input data
B10 Dig I/0g K5 SOEN SIEN | Serial input data enable
B11 D1g I/Og Ké GND SO O*  Serial output data
C1 Ay K7 WR SOCK /O Clock for serial output data
c2 Az K8 VoD SOEN | Serial output data enable
C10 D47 I/Og K9 X2 SORQ o Serial output request
Cc11 Dig /040 K10 D3o P2 Vbp +5-volt power (Connect +5V to all Vpp pins.)
D1 Ay K11 D3¢ P3 WR o Controls data write to external memory
D2 Aq L2 Do X1, X2 | External clock (X1) or crystal (X1, X2)
D10 D19 /044 L3 SOCK * These pins have a high-impedance inactive state.
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PIN FUNCTIONS

Paragraphs below supplement the brief descriptions in
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. Opera-
tion mode must not be switched during operation,
however. Master = 0; slave = 1.

NMI (Nonmaskable Interrupt). Inputs nonmaskable
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 10H.

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

S| (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 Sl pin to input
serial data. This pin is active-low.

SO (Serial Output Data). Outputs serial data synchro-
nized 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 syn-
chronized 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.

SORQ (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

Ao - A1 (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 instruc-
tion memory, the highest bit of the program counter
(PCy2) 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.

Do - D31 (Data Bus). These pins form a 32-bit, three-
state data bus for external memory (data or instruc-
tion).

RD (Data Read). Controls data read from external
memory. This signal becomes 0 after the output ad-
dress is valid, and datais input at the rising edge to the
data port formed by pins Dg to Day.

WR (Data Write). Controls data write to external mem-
ory. This signal becomes 0 after the output address is
valid and data is output to the data port formed by pins
Do to Day.

Slave Mode, External Memory Interface

Ap - A11 (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 (Data Bus). 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 set-
ting.

RD (Data Read). Controls data read from external
memory. This signal becomes 0 after the output ad-
dress is valid, and datais input at the rising edge to the
data port formed by pins Dg to Dy.
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WR (Data Write). Controls data write to external mem-
ory. This signal becomes 0 after the output address is
valid, and datais output to the data port formed by pins
Dg to D7.

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
1/0g to 1/O1s.

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 [/Og to /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/Oys.

1/0¢ - 1/045 (Data Port). These pins form an 1/O port to
the host CPU bidirectional data bus. It is used for input
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
MPD77230 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 calculations.

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

4

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.

Architecture

The uPD77230 has a Harvard architecture with sepa-
rate memory areas for program storage and data
storage as well as separate multiple buses. A three-
stage instruction execution pipelining scheme per-
forms instruction fetch and execution in parallel. All
instructions are executed in a single cycle, even if the
instruction is stored in the exernal 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 in-
struction 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/ffrom 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 instruc-
tion 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 intwo
instruction cycles, and a low-speed half, which is ac-
cessed in four instruction cycles. Both high-speed and
low-speed memory accesses occur in parallel with
normal program execution.
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Multiplier and ALU

The floating-point multiplier has two 32-bit input regis-
ters, 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 inthe 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 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 addi-
tion to the mantissa alignments required for floating-
point arithmetic. A separate exponent ALU (EAU) de-
termines 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 register input is
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, at-
tached 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 that if 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 de-
termined by or reflected in the 20-bit status register.

Serial 1/0

The serial input and output circuitry. in the yPD77230 is
designed for easy interfacing to codecs and other
uPD77230s. The input and output circuits are indepen-
dently 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 1/0O capabilities in the uyPD77230 can be
used for external instruction and data memory expan-
sion and for interaction with a host processor. The
difference between master mode and slave mode op-
eration 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 /O
devices, and/or a system-level bus. Master mode oper-
ation allows for external instruction memory expan-
sion 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 showninfigure 2. In
this mode, the uPD77230 is a ''peripheral”’ to a host
processor. The full 8K external memory space is avail-
able for data memory expansion, but instruction mem-
ory expansion is not allowed in slave mode. The 8-bit
external data bus is 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 yPD77230 and the host.
Four pins can be used in slave mode as general-
purpose |/O 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

This is an ALU operation instruction where 26 different
operations may be specified in the upper five bits
(figure 4). Pointer modifications may be specifiedin 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
according to the 15 lines in the table on figure 5; for
example, case 1 includes the MO, M1, DPO, and DP1
instructions.

A. OP Type Instruction

131 27|26 15]14 1312 109 5|4 0}
OP [5] CNT [12] | P (2] I Q3] SRC [5] DST [5] ]
B. Branch Type Instruction
|31 28|27 1514 10]9 5|4 0]
I B[4) I NA [13) cis) SRC (5] DST [5]

31 29|28

C. Load Type Instruction

5|4 |

LDI (3]

1M [24]

DST [5) I

83-0037728
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Table 1. OP Field Specifications

Table 2. Effects of ALU Operations on PSW Flags

Mnemonic  OP Field (31-27) Operation (cony)
NOP 00000 No operation Contents of PSW
INC 00001 Increment ALU Operation OVFE Cc r4 S OVFM
*
DEC 00010 Decrement SHRM © s 8 °
ABS 00011 Absolute value SHRAM * o & 3 °
NOT 00100 Not-one's complement CLR 0 0 ! 0 °
NEG 00101 Negate-two’s complement NORM (NORM.) $ 0 ¢ $ 0
SHLC 00110 Shift left with carry (ROUNDING) $ $ $ $ $
B *
SHRC 0011 Shift right with carry (FLT-FIX) o s s $
*
ROL 01000 Rotate left (FIX MA) o s 8 d
ROR 01001 Rotate right T X o_% ¢ 0
SHLM 01010 Shift left multiple ADD * $ 8 8 $
*
SHRM 01011 Shift right multiple sus $ 8 ¢ $
*
SHRAM 01100 Shift right arithmetic multiple ADDC $ $ $ $
*
CLR ot101 Clear SuBC $ 8 ¢ 9
NORM 01110 Normalize cmp $ $ $ $ $
*
CVT 01111 Convert floating point format AND ° $ $ 0
*
ADD 10000 Fixed-point add OR o & 8 0
*
suB 10001 Fixed-point subtract XOR o & ¢ 0
ADDC 10010 Fixed-point add with carry ADDF $ $ % ¢ $
SuUBC 10011 Fixed-point subtract with borrow SUBF $ $ $ $ $
CMP 10100 Compare (floating-point) $ Flag w_ill be affected by result of operation.
- 0 Flag will be reset to 0.
AND 10101 Logical AND 1 Flag will be reset to 1.
OR 10110 Logical OR * Previous condition of flag will be preserved.
XOR om Logical Tiaive OR + If original mantissa was 80---0H, OVFM = 1 after operation.
ogical exclusive
ADDF 11000 Floating-point add Figure 5. Control Field Bit Format
SUBF 11001 Floating-point subtract
31 27|26 15[14 [
Table 2. Effects of ALU Operations on PSW Flags D ) CNT [12] S S:j
Contents of PSW P N
7~ ~
ALU Operation OVFE c z S OVFM g \\\
-~
NOP * * * * * - ~
26 | 25 | 24 | 23 | 22 | 21 20 19 | 8 | 17 [ 6 | 15
INC * d $ $ $ [] [} Mo M1 DPO DP1
DEC * $ $ $ [} 1 [} [ EA DPO DP1
ABS * $ $ 0 $+ 0 1 [ 1 RP Mo DPO FC
[] 1 1 [} RP M1 DP1 FC
NOT * 0 $ $ 0 o | 1 [ 1 [ RP Mo m_ [ L |Fc
NEG * $ $ $ $+ 1 0 0 0 ] BASO BAS1 FC
" 1 o oo |1 RPC [ L | Fc
SHLC $ $ $ 0 t [ oo 1[0 [Pra]r[Em BM L | Fc
SHRC * $ $ $ 0 t o o1 AW | I L | FC
1 [} 1 [} 0 wr L | FC
ROL * 0 * $ ° 1 [} 1 ] 1 NF wi L | Fc
ROR * 0 * $ 0 1 0 1 1 0 FIS FD L
SHLM . 0 $ $ ° 1 [ 1 1 1 SHV
1 1 [} RPS
1 1 1 NAL

83-003773A
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Table 3. Control Field Function Summary
Group Field Function Effective

Interrupt EM, BM Enable and disable maskable -
interrupt, and control interrupt
memorization.

PSW FIS PSW control (select and clear)  *
FC Select other PSW *
Data ROM RP Controls ROM pointer -
poiner operation
RPC Specifies n value for special g

manipulation of ROM pointer

RPS Specifies 9 lower bits of data -
ROM address

Data RAMO MO Specifies RAMO addressing -
and RAM1 mode

pointers "y Specifies RAM{ addressing -
mode

DPO Controls modification of base e

pointer 0 and index register 0

* Effective starting with current instruction.
— Effective starting with next instruction.

Table 4. Control Field Mnemonic Summary

Operation Mnemonic Code

EM, BM Field (19-17)

Maskable interrupt EM BM
No operation (NOP) (NOP) 000
Clear booking flag (NOP) CLRBM 001
Set booking flag (NOP) SETBM 010
Interrupt disabled DI (NOP) 011
Interrupt enabled El (NOP) 100
Interrupt enabled and El CLRM 101
clear booking flag
Interrupt enabled and set El SETBM 110
booking flag
Use prohibited — — 111

* Default: interrupt disabled and clear booking flag.

DP1 Controls modification of base  — * Writing (NOP) is not necessary, just useful for remembering the
pointer 1 and index register 1 available combinations and their effects.
BASEO Specifies counter length of - FIS Field (21-19)
modulo count operation of base A
pointer 0 Flag initialize and select
BASE1 Specifies counter length of g No operation (NOP) 000
modulo count operation of base Specify PSW 0 for SPCPSWO 001
pointer 1 operation (default)
Data format FD Controls conversion mode for ~ * Specify PSW 1 for SPCPSW1 010
conversion floating point CVT. operation
wi Controls transfer format when ~ — Clear PSW 0 CLRPSWO 100
‘gg’T‘“f'i‘gfg's'er is specified in Clear PSW 1 CLRPSW1 101
WT Controls transfer format when - Clear PSW 0 and PSW 1 . CLRPSW 1o
working register is specified in FC Bit (15)
SRC field.
Flag change operation
Normalization NF Specifies normalization, * -
specification normalization with rounding, No operation (NOP) 0
floating-point to fixed-point Exchange PSW for XCHPSW 1
) conversion, or digit alignment. operation
Shift' . SHV C.ontrols’ amount of shift for 47- * RP Field (22, 21)
specification bit mantissa
Data RW Specifies read/write operation  * ROM pointer modification
memory for external memory. No operation (NOP) 00
access EA Increments or decrements * Increment ROM pointer INCRP o1
external address register Decrement ROM pointer DECRP 10
S::':‘;:: P2 Controls state of P2 pin - Increment specified INCBRP 1
P3 Controls state of P3 pin . bit of ROM pointer (that
output port P is, add 2N)
L L Decrements loop counter "
et ments foop " RPC Field (21-1)
Jump NAL  Specifies unconditional local ~ * Specify N for adding 2N to  BITRP imm (imm)B
jump address ROM pointer *imm (= n) is
0 through 9

10
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Table 4. Control Field Mnemonic Summary

(cont) Operation Mnemonic Code
Operation Mnemonic Code Specify modulo count MCNBPO imm (imm) B
RPS Field (23-15) number (2N) for
. - - incrementing base pointer 0
Specify immediate ROM SPCRA imm (imm)B
address *0 < imm < 511 *imm (=n) is 1 through 7; 0 specifies ordinary count
MO Field BASET1 Field (18-16)
Specify RAM pointer Specify modulo count MCNBP1 imm (imm)B
- — number (2N) for
No change in specification (NON) 00 incrementing base pointer 1
Base pointer 0 SPCBPO o1 *imm (=n) is 1 through 7; O specifies ordinary count
Index register 0 SPCIX0 10 FD Field
Base pointer 0 + index SPcBio 1 Data conversion format specification
register 0 (default) a ersio P
No change of specification NON| 00
M1 Field 99 o spec (NoN)
- - Conversion of ASP format SPIE 01
Specify RAM pointer to IEEE format (default)
No change in specification (NON) 00 Conversion of IEEE IESP 10
Base pointer 1 SPCBP1 o1 format to ASP format
Index register 1 SPCIX1 10 Use prohibited 1
Base pointer 1 + index SPCBI1 1 WI Field (18, 17)
register 1 (defauly Specification of transfer format when data is moved from 1B to WR
DPo Field No change of specification (NON) 00
Pointer modification operation Transfer low 24 bits of BWRL24 o1
No operation (NOP) 000 mantissa to high 24 bits
Increment base pointer 0 INCBPO 001 Ordinary transfer (defauly ~ BWRORD 10
Decrement base pointer 0  DECBPO 010 Use prohibited 1
Clear base pointer 0 CLRBPO on WT Field (21-19)
Store base + index to STIX0 100 Specification of transfer format when data is moved from WR to 1B
index register 0 No change of specification (NON) 000
Increment index register 0 INCIX0 1ot Ordinary transfer (defaulty WRBORD 001
OD ecrement index register  DECIX0 1o Low 24 bits of mantissato  WRBL24 010
high 24
Clear index register 0 CLRIX0 m Low 23 bits (bit 23 = 0) to WRBL23 011
DP1 Field high 24
Pointer modification operation Exponent part to mantissa ~ WRBEL8 100
- low 8 bits
No operation (NOP) 000
- Mantissa low 8 bits to WRBLSE 101
Increment base pointer 1 INCBP1 001 exponent part
Decrement base pointer 1 DECBP1 010 Exchange high 8 bits of WRBXCH 110
Clear base pointer 1 CLRBP1 o1t mantissa with low 8 bits
- of mantissa
Store base + index to STIX1 100
index register 1 Bit reverse entire mantissa WRBBRV 11
Increment index register 1 INCIX1 101 NF Field (21-19)
Decrement index register DECIX1 110 Normalization format specification
! No change of specification (NON) 000
Clear index register 1 CLRIX1 m Truncating normalization  TRNORM 010
BASEQ Field (21-19) (default)

11
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Table 4. Control Field Mnemonic Summary

(cony) Operation Mnemonic Code
Operation Mnemonic Code Decrement external DECAR 10
Rounding normalization RDNORM 100 address register
Convert floating-point to FLTFIX 110 Use prohibited 1
fixed-point ‘
P P2 Bit (20)
Fixed-point multiple FIXMA M "
alignment (multiple value P2 pin control (slave mode only)
is in SVR) Clear output port pin 2 CLRP2 0
SHV Field (21-15) Set output port pin 2 SETP2 1
Set shift value to SVR P3 Bit (21)
imm bits left shift SETSVL imm 0 (imm)B P3 pin control (slave mode only)
default)
¢ J Clear output port pin 3 CLRP3 0
imm bits right shift SETSVR imm 1 (imm)B -
Set output port pin 3 SETP3
*0 < imm < 46
- L Bit (16)
RW Field (21, 20) :
Loop counter operation
Operation for external data memory -
No operation (NOP) 0
No operation (NOP) 00
Decrement loop counter DECLC
Read RD 01
NAL Bit (23-1
Write WR 10 ( 2
— Local branch; jump to imm JBLK imm (imm)B
Use prohibited n address in local block
EA Field (22, 21) *= imm < 511
Operation for external address register
No operation (NOP) 00
Increment external INCAR o1

address register

Table 5. Control Field Instruction Combinations

Case 1 SPCBPO SPCBP1 INCBPO INCBP1
SPCIX0 SPCIX1 DECBPO DECBP1
SPCBIO SPCBI1 CLRBPO CLRBP1
STIX0 STIX1
INCIX0 INCIX1
DECIX0 DECIX1
CLRIX0 CLRIX1
Case 2 INCAR INCBPO INCBP1
DECAR DECBPO DECBP1
CLRBPO CLRBP1
STIX0 STIX1
INCIX0 INCIX1
DECIX0 DECIX1
CLRIX0 CLRIX1
Case 3 INCRP SPCBPO INCBPO XCHPSW
DECRP SPCIX0 DECBPO
INCBRP SPCBIO CLRBPO
STIX0
INCIX0
DECIX0
CLRIXo

12
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Table 5. Control Field Instruction Combinations (cont)

Case 4 INCRP SPCBP1 INCBP1 XCHPSW
DECRP SPCIX1 DECBP1
INCBRP SPCBIt CLRBP1
STIX1
INCIX1
DECIX1
CLRIX1
Case 5 INCRP SPCBPO SPCBP1 DECLC XCHPSW
DECRP SPCIXo SPCIX1
INCBRP SPCBIO SPCBI1
Case 6 MCNBPO 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 IESP
CLRPSWO
CLRPSW1
CLRPSW
Case 13 SETSVL imm
SETSVR imm
Case 14 SPCRA imm
Case 15 JBLK imm
P Field Table 6. P Field Specifications

The two-bit P field specifies the source of inputto thep ~ Mnemonic

P Field (14, 13)

Input of P Register

register, which is used as an input to the ALU for 1B

operations requiring two operands. See table 6.

00 Internal bus
M 01 Multiplier output register
RAMO 10 RAM block 0
RAM1 11 RAM block 1

13
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Q Field

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

Table 7. Q Field Specifications

Mnemonic Q Field (12-10) Register

WRO0 000 Working register 0
WR1 001 Working register 1
WR2 010 Working register 2
WR3 o011 Working register 3
WR4 100 Working register 4
WR5 101 Working register 5
WR6 110 Working register 6
WR7 m 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 specifica-
tions will simultaneously load both the K and L regis-
ters as destinations.

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 ad-
dress 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 address is in
internal or external instruction memory. The five-bit C
field summarized in table 10 determines the nature of
the branch.

Note also that an 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.

LDI Instuction

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.

14

Table 8. SRC Field Specifications

Mremonic SRC Field (9-5) Selected Source Regist
NON 00000 No source selected

RP 00001 ROM pointer

PSWO 00010 Program status word 0
PSW1 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
Sl 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

WRS5 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

X0 11100 Index register 0

X1 11101 Index register 1

K 11110 K register

L 11111 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
PSWoO 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 O is set
SR 00101 Status register JNZO 00101 Jump if zero flag 0 is reset
LC 00110 Loop counter JZ1 00110 Jump if zero flag 1 is set
STK 00111 Top o1 ..ack JNZ1 0ot11 Jump if zero flag 1 is reset “
LKRO 01000 L register (RAM 0 to K register) JCo 01000 Jump if carry flag O is set
KLR1 01001 K register (RAM 1 to L register) JNCO 01001 Jump if carry flag O 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 Jso 01100 Jump if sign flag 0 is set
SO 01101 Serial putput register JNSO 01101 Jump if sign flag O is reset ,
DR 01110 Data register JS1 01110 Jump if sign flag 1 is set
DRS 01111 Data register for slave JNS1 o111 Jump if sign flag 1 is reset
WRO0 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 JV1 10010 Jump if overflow flag 1 is set
WR3 10011 Working register 3 JNV1 10011 Jump if overflow flag 1 is reset
WR4 10100 Working register 4 JEVO 10100 Juﬁ\p if exponent overflow
WR5 10101 Working register 5 flag Ois set i
WR6 10110 Working register 6 JEV1 10101 ;JI:;'I[: iifses);;:onent overflow ‘
WR? torit Working register 7 JNFSI 10110 Jump if Sl register is not full ‘
Ramo 11000 RAM block 0 JINESO 10111 Jump if SO register is not empty
RAM1 1100t RAM block 1 JIPO 11000 Jump if input port 0 is on
BPo 11010 Base pointer 0 JIP1 11001 Jump if input port 1 is on
BP1 Tion Base pointer 1 JNZIX0 11010 Jump if index register 0 nonzero
o 11100 Index register 0 INZIXT 11011 Jump if index register 1 nonzero
X1 1ot Index register 1 JNZBPO 11100 Jump if base pointer 0 nonzero :
K 1o K register JNZBP1 11101 Jump if base pointer 1 nonzero ;
L i L register JRDY 11110 Jump if ready is on
. JROM 1111 Jump if request for master is on

15
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SYSTEM CONFIGURATIONS

The uPD77230 may be configured in a variety of ways,
from simple to complex systems. Figure 6 is the sim-
plest example showing.the uPD77230 as a standalone
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 as shown in
the figure plus necessary clock and timing circuitry.
Figure 7 shows the same standalone operation with
external memory and memory-mapped I/O to imple-
ment various control functions along with processing
the signal itself.

Figure 6. Standalone xPD77230 With Codec

uPD77230

Clock

and
st so Timing
Control

Dx Dr

Codec/
Filter
Combo

Analog
Input >

———————» Analog Output

83-003774A

Figure 7. Standalone uPD77230 With Codec,
External Memory, and I/O

Real World

High-Speed
Insquucllgn and Low-Speed Memorly/-édapped
Data Memory Data Memory
{ pata (32 1
1 Address [13] 5
uPD77230
Master Mode [+
Clo‘c’k
an
sl so Timing

Control

Dx DR

Analog Codec/
Input Filter
Combo

—— Analog Output

83-003775A
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Figure 8 shows a uPD77230 in a slave mode as a
peripheral 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 Processor
Memory Pr::::i;or
L) v 4
Host Address and Control Bus )

1

¢ Host Data Bus [16] 3
High Local
and Address Bus [13]
Low * uPD77230
?.%?t: Local Data Bus (8] Slave Mode [+
a
Data Clock
Memory s! ) and
Timing
Control
Dx DR
Codec/
Analog Input —»] Filter
Combo Analog Output

83-003776A
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Figure 9. uPD77230s Cascaded Through Serial I/0
Ports

SO St

uPD77230 | s0Ra l SiEN | #PD77230
TSI Iso

A/D Codec
Converter or
or D/A
Codec Converter
Analog In Analog Out

83-003777A

Figure 10. Large System With Many Options

Memory-
Real
Mapped World

170
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Control Bus [ T | ' I
1 |
Data Bus |
SO S SO Sl SO Sif
Analog AD 1| uPD77230 uPD77230 uPD77230 4PD77230 /A Analo,
—] —»| Slave ———| Slave Memory Slave Slave |—» 9
In Converter Mode SIEN Mode SORQ SIEN Mode SIEN Mode Converter Out
O] SALLS — )
SORQ SORQ
Local Local Local Local
Memory Memory Memory Memory
|
s! so '
uPD77230
Master
D Mode
SIEN SORQ

83-0037788 |

Figure 10 shows an arbitrarily large system with cas-  the /O block, from the slave yPD77230 I/O ports, and
cading master mode and slave mode uPD77230s. In  from its own processing of the signal. It will then control
this example, the master uPD77230 might do little  the other uPD77230s and the system outputs of the I/O |
actual signal processing. Instead, it will be an overall  block. i
system controller gathering information from inputs in ‘

17
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SUPPORT TOOLS
The uPD77230 has a wide variety of development and

DC Characteristics -
Ta = -10to +70°C; Vpp = 5V =5%

Parameter Symbol Min Typ Max Unit Conditions
software support tools. Both absolute and relocatable b n e ki :
assemblers, with powerful pre-assembler options, are '-°;N"eve' output Vo 045 VoL =20mA
available. In addition, a software simulator and in- ~ Yoltage
circuit emulator will aid the designer in performance  High-level output Vou 0.7 Vo lon = —400pA
evaluation and hardware integration. The software  Yo'tage Voo
tools options are as follows: Low-level input Iy -400 pA Vg =0V;

current RESET, SICK,
® Assembler: MS-DOS®, CP/M®-86, VAX®VMS®, VAX/ SOCK

®
UNIX High-level input Iy 400 wpA VN = Vpp;
e Simulator: VAX/VMS, VAX/UNIX ourrent M

Low-level input Iy -10 pA V=0V,

leak current except RESET,
ELECTRICAL SPECIFICATIONS SICK, SOCK
Absolute Maximum Ratings High-level input 1 jy 10 wA Vin=Von,

Ta = 25°C leak current except M/S
Low-level output l op -10 pA Voyr =0V
S I tage, -0.5to +6.5
upply voltage, Voo 0510 v leak current
i i -0. + 0.
Voltage on any input pin, V| 0.5to Vpp + 0.5V High-level output ILop 10 gA Vour = Voo
Voltage on any output pin, Vo -0.5to Vpp + 0.5V leak current
Storage temperature, Ts1g ~65to +150° X1 input current x4 400 pA External clock
input
Note: Voltages are with respect to ground. P
Supply current  Ipp 200 300 mA fgoyx =13.3333
MHz

Recommended Operating Conditions

Parameter Symbol  Min  Typ Max Unit Clock Timing
Supply voltage Vbp 4.75 5.0 5.25 \ Ta = —10to +70°C; Vpp = 5V *5%; C|_ = 100 pF
Low-level input ViL -0.3 0.8 \ Parameter Symbol Min  Typ Max Unit Conditions
voltage Internal Clock
y;?::;? el input ViK 22 Voo #08 ¥ tclock | foyx 1 13.0333 18518 MHz
frequency
Low-level X1 input Vi -0.3 0.5 \
Ci1, C2 15 pF
It !
votage capacitance
High-level X1 input \ 39 Vpp +0.3 v
voltage X ep External Clock
Operating free-air TopT -10 25 70 °C X1 cycle time  tcyx 74 75 1000 ns
temperature X1 high pulse  txxy 27 ns Measured at
width 1.0V and
Capaczltance X1 low pulse txL 27 ns sov
Ta = 25°C; Vpp = OV width
Parameter Symbol Min Typ Max Unit Conditions X1 rise time txn 10 ns
Input Ciy 10 pF fc=1MHz  xq{alitime tyr 10 ns
capacitance
SICK, SOCK  tcys 242 244 ns
Output Cout 20 pF cyole time
capacitance
SICK, SOCK  tggH 101 ns
MS-DOS is a registered trademark of Microsoft Corporation. wigfjl;nhpulse
CP/M is a registered trademark of Digital Research, Incorporated.
VAX and VMS are registered trademarks of Digital Equipment Cor- SICK, SOCK tssL 101 ns
poration. low pulse width
UNIX is a registered trademark of UNIX System Laboratories, Incor- SICK SOCK ten 20 e
porated. rise time

18
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Clock Timing (cont) External Memory Access Timing i
Parameter Symbol Min Typ  Max Unit Conditions  JA= ~10to+ 70°C;Vpp = SV £5%; G, = 100 pF \
SICK SOCK ter 20 e Parameter Symbol Min Max  Unit Conditions !
fall time Setup and Hold
Switching Data setup tsADI 2toyx ns  Instruction
5 time for -95 read
X1t —> tpxc 5 ns address
CLKOUT delay
time Data set_l._IR tsrDI 2tcyx ns
time for RD -35
X1t — tHxc 0 ns
CLKOUT hold Data hold tHrDI 0 ns
time time for RD
SCKcycle time tcoys 8toyx ns Data setup tsaD1 4tovx ns High-speed
- time for -135
SCK high puilse tggy 4tcyx ns address
width —65 tsaD2 8tovx ns Low-speed
-135
SCK low pulse tgg  4tcyk ns
width -65 Data hold tHRD 0 ns
time for RD
SCK rise time  tgp 20 ns fme for
SCKfalltime  1tgr 20 s Switching
St »8CKt  tpxs 10 120 ns X1t->RD  tpxap 70 ns
delay time delay time
X1t - WR tpxwR 70 ns
. . delay time
Clock Circuits
Address tsAR tcyk-60 ns
setup time
Internal Clock External Clock for RD

|
\
X1 ok —>—xi Address tHRA 5 ns |

c1 L hold time for |

3 _} [ RD !

Cc2 —
t_T_. X2 NG | x2 RD pulse twni toyx-30 ns Instruction
width read |
83YL-8211A !
twrt  Stcyk-30 ns High-speed
twre  7tcyx-30 ns Low-speed
Address tsaw tcyx-55 ns
setup time
for WR
Address tHwa 5 ns
hold time for .
WR
WR pulse tww1  Stoyk=50 ns  High-speed |
width twwe  7tcyk-50 ns Low-speed i
Data setup tspwi 3tcyx-100 ns High-speed
time for WR tspwe 7tcyx-100 ns Low-speed
WR I - towD o] ns i
data delay i
time !
WR1- data  tewp 10 50 ns |
float time ‘
—F-ﬂj, WR tpy tcyx—35 ns
recovery
time
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Host Interface Timing, Slave Mode
Ta = ~10 to +70°C; Vpp = 5V *5%; C| = 100 pF

Interrupt Reset Timing
To =-10to +70°C; Vpp = 5V *5%

Parameter Symbol Min Max Unit Parameter Symbol Min Max Unit

Setup and Hold NMI, INT pulse width tNT 6tcyx ns

C8 setup time for tscR 0 ns NMI, INT hold time for tHRNI 6tcyx ns

HRD RESET *

TS hold time for HRD  type 0 ns NMI, INT recovery tRINT 6tcyx ns

HRD pulse width tWHRD 150 ns time

—= ESET pul idth t t

CS setup time for tsow 0 ns RESET pulse wi RST 6tovx ns

il Serial Interf Timi

= - e erial Interrace fiming

CS hold time for HWR  tywe 0 ns Ty = —10to +70°C; Vpp = 5V +5%; C_ = 100 pF

HWR pulse width tWHWR 150 ns Parameter Symbol Min Max Unit

a_;t/%setup time for tsiHwW 100 ns Setup and Hold

Data hold time for tHHWI 0 ns fso'rEg"c'S(Ife‘uP time tssis 55 ns

HWR

FIRD, AWR recovery thy 100 ne SIEN, Sl hold time for  tygg 30 ns

) SCK

time

HRD, AWE hold time tHRK tovx ns SOEN setup time for tsses 50 ns
SCKt

for RQM

PO, P1 setup time for tepx tovx ne SOEN hold time for tHsse 30 ns

X1 SCK

PO, P1 hold time for  tyxp toyx ns  SIEN, SOENrecovery  tspy tevs ne

X1 time

Switching Switching

HRD | — data delay toOHRI 100 ns ﬁnc,lz ¢~ SORQdelay  tpssa 50 180 ns

time

FIRD 1 —» datafloat  teup 10 65 ns  SOENY-—SOdelay  tpseso 60 ns
time

time

X11—>RaMtdelay  toxan 100 s oO°N t—>8Ofleat  trseso 1 100 ns

time

X11—> RQM delay  toxgL 100 ns  poK!— SO dely tosLso & ns

time

F'R_D-. Wﬁ t— tDHR 2‘CYX + 100 ns tsir?'l: t-> SO hold tHSHSO 0 ns

RQM ! delay time

X11— P2, P3delay  toxp 100 ne  SCK1—SOdelay tosHso 60 ns

. time

time

SCKt — SO float trsso 10 100 ns

20
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Timing Measurement Points

Input

2.2v
0.8V

2.4v
0.4V 0.8V

Output

2.2v
0.8V

2.2v
0.8V

49-001649A

Clock Timing Waveforms

Master Clock

[—tcyx
w X
K 7
tXXH txxL

txF
49-001646A

Clock Output

CLKOUT

49-001647A
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Clock Timing Waveforms (cont)

Switching

X1

le—toxs

g

SCK[1] ¢
SICK, SOCK [2]

[+—tsr

Notes: [1] SCK is an output

[2] SICK and SOCK are inputs [asynchronous with X1}

tsF—>|

tggp ———m——————|

49-0016488B

External Memory Access Timing Waveforms

Instruction Read (Master)

X1

icvx—j

CLKOUT \___/——

tDXRD—|

le—tDXRD

A11-Ao

N

tHRA—

[~ twRi

le—tRV

tsrp1 —

4
D31-Do

[*—tsapi—

[+—tHRDI

=t

| ——4

o—=C

49-0016528
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External Memory Access Timing Waveforms (cont)

Data Read

N/ - S\ /L
toXRD—>| |e— toxrp ’-—

'
A11—-Ag, AX ><
K —

tsar

tHRA—>

/TN 4 N\

le———twR1, tWR2————

tsrD1; tsRD2 —> tHRD
tsap1, tsap2
D31-Do[1] 4
D7-Do[2]

Notes: [1] Master mode
[2] Slave mode

49-0016518
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External Memory Access Timing Waveforms (cont)

Data Write
toyx—>
X! r\_/_\/—\_/ {_\_/_\_/_\_/_\__
war\__ /NN S\
toXWR—> | tDXWR—] e—
s X
A11-Ag, AX ><
tHwa—»
tsaw
le—tRVY

w /N

=AY

[—twwi, tww2

r tspw1, tspw2 trwp
DWD

e —
7-Y0
R
Notes: [1] Master mode
[2] Slave mode

49-0016508

Read — Write

tRy—

49-0016568

Write — Read

tRv—>

49-0016578
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Host Interface Timing Waveforms, Slave Mode

RQM Port
= \_[ S\ S
CLKOUT \ /—\___—_ /_—\__ / \
tDXRH tDXRL
f \
L——tnnu-————— tDHR—*]
HRD, HWR
tspX—————>*-tHXP
Po, P1
P2,P3
49-0016608
Host Read Host Write
cs /l cs \
tHRC tscw—»i — tHwec —+|
tHRV tWHRD: [*—tHRV
HRD HWR \ {
N 7
I -4 tHHWI

1045-10¢

49-001658A

1045-10¢g

49-001659A
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Interrupt Reset Timing

Waveform

Reset

RESET

Interrupt

tpsT

tHRNI

NMI, INT

1,

tRINT

49-0016618

Serial Interface Timing Waveforms

Serial In
tcys—>

SCK

[SICK]
thssi [
tssis tsRY
SIEN /
tssis
—> tHssi
s1 >< ><
49-001662A
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Serial Interface Timing Waveforms (cont)

Serial Out, Case 1 (SOEN interrupt control)

scK _/—\ ‘—/
____\

——tcys

-+ r*—tssEs

tsSES—|

WA

ISRV 1

tHsHso

tFrSEsSO—

SOEN
N
tpssa
tpsHso
SORQ > —
tpSESO—
so Valid

Valid X Valid

49-001653B

Serial Out, Case 2 (SOEN control: SOEN low at SCK low)

SOEN

N

—X
/L

so

SORQ /

[e—tcys
—»| [e—tsSES tHsSE

K
tpssa tpssq —>|

4

tpsHso
—4 |

tpsESO—* trsso

— tHsHsO
'S
Valid
K

‘ )
Valid Valid Valid
3 A

|

49-0016548
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Serial Interface Timing Waveforms (cont)

Serial Out, Case 3 (SOEN control: SOEN low at SCK high)

iCYs

tHSSE

o /NN

soew N

O\

tHSSE

tpssa—

so

tpssa—
SORQ
tpsLso

—

tHSHSO

I

/N
N

Valid

X

N
Valid x Valid P

trsso

—

49-0016558
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NEC Electronics Inc.

uPD77240
32-Bit Floating-Point
Digital Signal Processor

Description

The uPD77240 Digital Signal Processor (DSP) has been
developed for applications that demand high speed,
high precision, and a large data address area. Opera-
tions on 32-bit floating-point data (8-bit exponent,
24-bit mantissa) or 24-bit fixed-point data are executed
at 90 ns per instruction.

The instruction areais 64K x 32-bit words, and the data
area is 16M x 32-bit words. These large memory areas
open a wide range of application fields, such as com-
puter graphics.

Internal circuitry includes a multiplier (32 x 32 bits),
instruction decoder, ALU (55 bits), and two indepen-
dent data RAMs (each 512 x 32-bit words). An on-chip
library of commonly used DSP utility programs is
accessed as subroutine calls.

Also, there are two input ports and two general-
purpose output ports for system expansion, such as
handshaking with the host CPU, external device con-
trol, memory bank switching, etc.

Note: A table at the end of this data sheet compares the
uPD77240 with its predecessor, the uPD77230A.

Features

0 32-bit floating-point or 24-bit fixed-point data

operations

— 32-bit floating-point multiplication circuit (8-bit
exponent + 24-bit mantissa) x 8-bit exponent
+ 24-bit mantissa) — (8-bit exponent + 47-bit
mantissa)

— 55-bit floating-point ALU and eight 55-bit
working registers

— 47-bit barrel shifter

O Fast operations and efficient data transfer
— 90-ns instruction cycle
— Three-stage pipelining
— Dedicated data bus for on-chip RAM, multiplier,
and ALU

O Architecture specially suited to digital signal
processing
— Two independent on-chip data RAMs and data
RAM pointers
— On-chip data RAM pointer comprises base
pointer and index register; base pointer can use
ring counting within any desired range.

— Data ROM pointer operations include 2n-step
incrementing in addition to normal increment/
decrement operations

O External interface maintains Harvard architecture
with separate paths to instruction and data
memory areas.

— Usable instruction area: 64K x 32-bit words

— Usable data area: 16M x 32-bit words

— Address register specifying data area address
has provision for addition to base register as
well as increment/decrement operations.

O On-chip utility programs (subroutines)

— 34 vector/matrix operations

— Data transfer to/ffrom RAM with/without IEEE
format conversion

— Conversion: radians/degrees

— Scalar functions:

Floating-point division
Exponential, logarithmic
Trigonometric

o0 CMOS technology

O Single 5-volt power supply

0 132-pin ceramic PGA

Applications

Graphics processing

Image compression

Numerical processing

Speech processing

General-purpose digital signal processing
Digital filtering (FIR, IIR) and FFT
Instrumentation electronics

High-speed controls

O oo o oo o -

Ordering Information
Part Number
uPD77240R

Package
132-pin ceramic PGA
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Pin Configuration

132-Pin Ceramic PGA

0000000000000 O| 14

0000000000000 0O]| 3

0000000000000 0| 2
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000 000 o
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Pin-to-Symbol
Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol
Al D14 C1 Ds F3 Do L1 Aq2 N9 1Az
A2 Dy3 c2 Dg F12 IDyg L2 Ag N10 1A4
A3 D1 C3 GND F13 ID42 L3 GND N11 RESET
A4 D17 C4 Vpp F14 IDy3 L12 D34 N12 CLOCK
A5 Doo C5 Ds G1 Agq L13 IDog N13 GND
A6 Doo Cé Dy G2 Aoo L14 Do N14 IDog
A7 Dos Cc7 Do G3 Az M1 Aqq P1 As
A8 Dog c8 Doy G12 IDyg M2 Ay P2 A3
A9 Dog Cce D3 G13 IDys M3 GND P3 Ao
A10 D3p C10 OP1 G14 ID4g M4 As P4 1A14
A1 IPO Cc11 D4 H1 Ago M5 Aq P5 1Aq2
A12 OPO c12 GND H2 Aqg Mé 1Aq3 P6 1A1o
A13 IC C13 D3 H3 A M7 1Ag P7 Vbp
Al4 Do C14 D7 H12 ID1g M8 1As P8 A7
B1 Dg D1 D4 H13 ID4g Mo 1A P9 1A4
B2 GND D2 D7 H14 D47 M10 NMI P10 1Ay
B3 D1p D3 Do 1 A7 M11 Vop P11 RD
B4 D1s D12 GND J2 Asg M12 GND P12 WR
BS Dig D13 D5 J3 Ay M13 ID3g P13 INT
B6 Doy D14 IDg J12 IDog M14 IDog P14 Vpp
B7 Doy E1 D4 J13 Doy N1 Ag
B8 Vpp E2 D3 J14 IDgg N2 Vb
B9 Dog E3 De K1 Aqs N3 Ay
B10 IP1 E12 IDg K2 Aq3 N4 Ao
B11 IC E13 IDg K3 Aqo N5 I1S45
B12 IDg E14 IDq4 K12 IDo7 N6 1A14
B13 Vbp F1 BUSFREZ K13 IDoy N7 1Ag
B14 D4 F2 Do K14 IDgn N8 1Ag
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Symbol-to-Pin

i

Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin !
Ao P3 Do F2 1Ag Mo 1Dy B12 BUSFREZ F1
Aq M5 D¢ E1 1A4 N10 D4 Cc11 CLOCK N12
Ao N4 Do F3 1A P10 Do A4 INT P13
Az P2 D3 E2 1Az N9 D3 C13 IPO A1l
Agq N3 Dy D1 1A4 P9 ID4 B14 P B10
As M4 D5 C1 1A5 M8 D5 D13 NMi M10
As P1 Dg E3 1Ag N8 IDg E12 OPO A12
A7 M2 Dy D2 1A7 P8 ID7 C14 OP1 Cc10
Ag N1 Dg B1 IAg N7 IDg D14 RD P11
Ag L2 Dg c2 IAg M7 IDg E13 RESET N11
Ao K3 D1o D3 1A10 P6 ID1o F12 WR P12
A1q M1 D14 Al 1A14 [\ D14 E14 IC A13
A2 L1 Di2 B3 1A12 P5 D12 F13 IC B11
A13 K2 D13 A2 1A13 Mé D43 F14 Vpp B8
Aqq J3 Dig C5 A1y P4 IDy4 G12 Vpp B13
Ais K1 D15 B4 A5 N5 IDys G13 Vpp C4
Ass J2 Die A3 IDyg G14 Vpp M11
A7 Ji Di7 A4 IDy7 H14 Vpp N2
Asg H3 Dig ce IDyg H13 Vpp P7
Atg H2 D19 BS ID1g H12 Vpp P14
Ao H1 Dag A5 IDyg J14 GND B2
A2q G1 Doy Bé D24 J13 GND Cc3
Ao G2 Doo A6 Do K14 GND C12
Aoz G3 Doz c7 D23 J12 GND D12

Doy B7 Doy K13 GND L3

Dos A7 1Dos L14 GND M3

Dog A8 IDog M14 GND M12

Doy cs8 IDo7 K12 GND N13

Dog A9 IDog L13

Dog B9 IDog N14

D3o A10 ID3p M13

D3y (03] D31 Li2
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Pin Functions
Symbol
Ao - Azs

Function

External data memory address output; becomes
high impedance when BUSFREZ is driven low.

BUSFREZ External data memory break input. When this pin
is driven low, pins Ag - Agq and Dg - D34 become

high impedance.

cLock
1A - A5

External clock input; 11.1111 MHz maximum

External instruction memory address bus; outputs
program counter (PC) value; becomes high
impedance on RESET input.

IDg - 1D3¢ External instruction memory data bus input.

INT Maskable interrupt input; keep low at least three
system clock cycles. INT should be driven high
during reset and within four system clock cycles
after rise of RESET signal. Falling edge detection;
interrupt address 8H.

PO, IP1 General-purpose input port; pin status is judged

by branch instruction.

NMI Nonmaskable interrupt input; keep low at least
three system clock cycles. NMI should be driven
high during reset and within four system clock
cycles after rise of RESET signal. Falling edge
detection; interrupt address 4H.

OPO, OP1 _ General-purpose output port; pin status can be set

and checked by bits 2 and 3 of status register SR.

RD External data memory read strobe output; when
RD is low, data is input via the data bus. RD is
high during hardware reset and is not influenced
by BUSFREZ.

Internal system reset signal input; keep low at least
three system clock cycles.

WR External data memory write strobe output; when
WR is low, data is output via the data bus. WR is
high during hardware reset and is not influenced
by BUSFREZ.

Vpp + 5-volt power supply input; connect all Vpp pins
to +5 volts.

GND

IC Internal connection; leave this pin open. Caution:
When any signal is applied to or read out from this
pin, normal operation of the uPD77240 is not
assured.

Connect all GND pins to ground.

FUNCTIONAL DESCRIPTION

The block diagram shows the internal 32-bit main bus
connecting to all functional blocks, including the ALU
area. Blocks are described in the Internal Functions
table.

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 preci-
sion can be maintained during extensive calculations.

4

In addition to the main bus and the PU bus, there is a
sub-bus linking the two RAM areas to both the ALU
input and the multiplier input registers. This link allows
simultaneous loading of the multiplier input registers in
parallel with ALU operations and in parallel with data
transfer operations that 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.

Architecture

The uPD77240 has a Harvard architecture with sepa-
rate memory areas for program storage and data
storage as well as separate multiple buses. A three
stage instruction execution pipelining scheme per-
forms instruction fetch and execution in parallel. All
instructions are executed in a single cycle regardless
of whether the instruction is stored internally or in
external memory.

Instruction Memory

Internal instruction ROM holds 2K words x 32 bits
pre-programmed with library functions that perform
vector/matrix operations, scalar functions, conver-
sions, etc. The addresses of these subroutines are in
the high 2K of the 64K-word instruction memory ad-
dress space.

Data Memory

uPD77240 has three data memory areas: internal data
ROM, internal data RAM, and external data RAM. Data
ROM holds 1K words x 32 bits pre-programmed with
table lookup data and constants accessed by the inter-
nal library routines as well as by user programs.

Internal data RAM consists of two separate and inde-
pendently addressable areas, each 512 words x 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 index register may be incremented, decre-
mented, or cleared. In addition, the base pointer can
operate in a modulo count mode, and the index regis-
ter contents may be replaced by the sum of the index
and base registers. Data stored in RAMO and RAM1 can
be simultaneously input to the multiplier.

External data RAM may contain up to 16M words x 32
bits for data exchange with other devices and process-
ing large volumes of data. External RAM is addressed
by the 24-bit AR register.
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Multiplier and ALU

The floating-point multiplier has two 32-bit input regis-
ters (K and L), which are accessible both to and from
the main bus. The multiplier produces the 55-bit prod-
uct of the K and L register contents automatically in a
single instruction cycle (there is no multiply instruc-
tion).

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 consists of a 24- by 24-bit fixed-point multi-
plier and an 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 “Instructions”
section). There is a 47-bit bidirectional barrel shifter,
which can perform general-purpose shifting in addi-
tion to the mantissa alignments required for floating-
point arithmetic.

A separate exponent ALU (EAU) determines shift val-
ues 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 register input is
selected from one of the eight working registers, while
the P register input is selected from among the 55-bit
PU bus, the 32-bit main bus, data RAMO, data RAMA1,
and the 55-bit M register.

Loop Counter

A loop counter is included in the design of the
pPD77240. This 32-bit register connects to the main bus
and can be used for general-purpose storage as well as
a loop counter. When used as a loop counter, only the
low 10 bits are active; the upper 22 bits are not affected.
The count can be decremented by a control field bit
during an operation (OP) instruction. When the loop
counter is decremented past zero, the instruction fol-
lowing the decrementing will be skipped.

System Control
An external clock drives internal clocking at the same
rate (single phase).

Two interrupts are provided: one maskable, one non-
maskable. The maskable interrupt can be “memorized,”
so that if an interrupt occurs while it is in the interrrupt

disabled condition, then it may be acted upon (or
disregarded) at a later time. Interrupt status can be
read from the SR register; status is changed by control
field manipulation in an OP instruction.

Control of two general-purpose output pins is effected
by writing to the SR register. The states of two general-
purpose intput pins are tested by conditional branch
instructions.

Mode Register

Addition of the 32-bit mode register (MR) is a significant
enhancement over uPD77230 architecture. The various
bit fields of the mode register are usually set/cleared by
control field (CNT) instructions. The register can be
read and written, saved and restored. This feature is
useful for interrupt handling and other subroutines, as
well as during debugging. The mode register records
the state of RAM and ROM addressing specifications,
PU specifications for format and normalization pro-
cessing, and for interfacing the PU bus with the main
bus.
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Internal Functions

Symbol Name Description Symbol Name Description
ALU Arithmetic Logical operation circuit for 47-bit M M register 55-bit register holding FMPY
logic unit mantissa data multiplication result
AP Address port 24-bit address port for data MR Mode 32-bit register showing
memory register specification or operation status of
. N e internal status, such as on-chip
AR Adcfress 24-bit register specifying data data RAM pointer specification
register memory address
BPO Base Register specifying RAMO base P P register 55-b|? register holding ALU and
i EAU input data
pointer 0 address
BP1 Base Register specifying RAM1 base pC Program ?B'b" re.glster specifying
) counter instruction memory address
pointer 1 address
BR Base 32-bit base register for data PORT Port General-purpose input-output port
register memory address register AR PSWO, Program Registers indicating ALU/EAU
BSHIFT Barrel Barrel shifter for P and Q register " oW statusword  operation result status
X R 0, word 1
shifter mantissa
CLKGEN Clock Internal system clock generation Q Q register 55'b'.t register holding ALU and
- EAU input data.
generator circuit
Decoder Instruction Instruction decoding circuit RAMO, Data RAM Data storage RAMO and RAM1
decoder RAM1 0,1 (each 512 words x 32 bits)
DP Data port 32-bit data port for data memory RP ROM pointer Register specifying ROM address
DR Data 32-bit register for interface - R/W CNT Read/write D.ata.memory read/write control
N . control circuit
register between DP and internal data bus N
. circuit
(main bus)
DROM Data ROM ROM holding fixed data (IKwords ~ SAC Shiftand — Shift amount detection cirouit for
X 32 bits) count circuit Q register mantissa data
EAU Exponent 8-bit exponent data operation SP Stgck Pointer indicating stack address
: . Lo pointer
arithmetic circuit
unit SR Status 22-bit register showing general-
. register purpose output port setting,
Exchange Data §e|ects PorQ m'antlssa data as confirmation and error status, and
exchanger input to barrel shifter. X .
maskable interrupt operating
FMPY Floating- 32-bit floating-point data multiplier status
point (8-bit exponent, 24-bit mantissa); o i
multiplier 32 bits x 32 bits — 55 bits STK Stack Eight-level, 16-bit stack
IAP Instruction 16-bit address bus for instruction SVR Sh'ft value Shift amount setting register
register
address port memory
IDP Instruction 32-bit data bus for instruction R Temporary  32-bit general-purpose register
register
data port memory
INT CNT Interrupt External interrupt control circuit WRIC W°Tk'“9 Specifies data‘ transf.er format
register between working registers and PU
controller .
interface bus
IROM Instruction ROM holding on-chip, fixed utility circuit
RoM programs (2K words x 32 bits) WRO to Working Registers holding ALU and EAU
IXO Index Register specifying RAMO index WR7 register operation results
register O address Oto7
X1 Index Register specifying RAM1 index
register 1 address
K K register 32-bit register holding FMPY input
data
L L register 32-bit register holding FMPY input
data
LC Loop 32-bit program loop count setting
counter register
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pPD77240 Block Diagram i
1
|

FMPY
32 x 32 bits
—> 55 bits
K L
Mux Mux
-
[or ] [on | ‘
Do-D3y <«—>| DP DR RAMO RAM1
L——I <> 512 x 32-bit 512 x 32-bit
words words

® ®

5 =1 [ [
PPl

OP0, OP1 <«—] ‘
IPo, IP1 — | PO

Q
IDg-ID31 —>=| IDP
* IROM * DROM p—>| SAC
2K x 32-bit 1K x 32-bit PU Bus l
words words
i — G
1Ag-1A15 1AP
Y ¥
_ 7 Mux}—| BSHIFT I— ‘
WR <— rW 6 —>| SVR} i
RD CNT 5 l !
4 stk v ( Aw ) |
" —[ T | 3 |
NMi ——| CNT l 2 PSWo
RESET —> l PC | 1 PSW1 Working
0 Registers |
| oLk |01 5 WRO | WR4 \
oo oEn 02 - WR1 [ WRS M |
> uX| |
BUSFREZ —> WRie WR2 | WR6 !
Vpp —— 3?-Bi! |
GND —— Main Bus WR3 | WR7 |
* Utility program ROM 83EM-79508
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DATA FORMATS

Figure 1 shows the formats for floating-point data and
fixed-point data.

Figure 1. Data Formats

Floating-Point Data Format

32 8-bit !
bis expon em 24-bit mantissa

sign bit

55

bits 47-bit mantissa

Fixed-Point Data Format
32-bit
bus/ XXXXXXXX E 24-bit mantissa
register

55-bit
bus/ XXXXXXXX E
register

47-bit mantissa

83FM-7956A

Floating-Point Data

On the 32-bit bus, the high-order 8 bits represent the
exponent and the low-order 24 bits represent the man-
tissa.

In a 55-bit representation as used in the M register, the
P and Q registers, WRO0 through WR7, etc., the high-
order 8 bits are the exponent and the low-order 47 bits
are the mantissa.

Both the exponent and the mantissa are expressed in
two’s complement with the most significant bit (MSB)
as the sign bit.

Fixed-Point Data

Fixed-point data does not use the high-order 8 bits
(exponent) of the floating-point notation. The 8 bits are
set to 00H by execution of a fixed-point operation or an
LDl instruction. They are unchanged by a logical oper-
ation.

Only the low-order 24 or 47 bits of a 32-bit or 55-bit bus
or register are valid.

Data is expressed in two’s complement with the most
significant bit (MSB) as the sign bit.
INSTRUCTIONS

Each pPD77240 instruction is one 32-bit word. The
three basic types are Operation, Branch, and Load. All
types execute in a single instruction cycle, except the
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“long branch” requires two cycles to branch to any
arbitrary location in the 64K-word instruction ROM
area.

Operation Instructions

The three basic elements of operation (OP) instruc-
tions are ALU, transfer, and control. All three elements
operate simultaneously, sometimes interactively. Fig-
ure 2 shows the six fields in the instruction format.

Figure 2. Operation Instruction Format

1 27 151 13] 10 5 0
TTT T[T T T T T T T T T T T [ T [ T T[T T T[T TTT
oP Pl Q| SRC | DST
5 (12) @)@ 6 ®)

83FM-7954A

OP Field. The 5-bit OP field specifies the type of ALU
operation. Table 1 lists the 26 types.

Table 1. OP Field Contents

OP Field
Mnemonic Bits 31-27 Operation
NOP 00000 Nooperation
INC 00001 Increment
DEC 00010 Decrement
ABS 00011 Absolute
NOT 00100 NOT
NEG 00101 Negate
SHLC 0 0 1 1 0 8hift left with carry for double precision
SHRC 01 01 1 Shift right with carry for double precision
ROL 01100 Rotate left
ROR 01101 Rotate right
SHLM 01 100 *Shiftleft multiple
SHRM 01101 *Shift right multiple
SHRAM 01100 *Shift right arithmetic multiple
CLR 01101 Clear
NORM 01110 Normalize
CVT 01111 Convertpseudo IEEE data format
ADD 10000 Addfixed-point data
puB 10001 Subtractfixed-point data
SDDC 100 10 Addfixed-point data with carry
SUBC 10011 Subtractfixed-point data with carry
cmpP 10100 Compare floating-point data
AND 10101 AND
OR 10110 OR
XOR 10111 Exclusive OR
ADDF 11000 Add floating-point data
SUBF 11001 Subtractfloating-point data

* Multiple value is in SVR register or specification value of SHV bit.
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CNT Field. The 12-bit CNT field is used to perform 23 subfields described in table 2 can be arranged in \
pointer specification, flag manipulation, register  any of the 15 patterns shown in figure 3. ‘
switching, data transfer format specification, etc. The i

Table 2. Control Field List :

Group Subfield Subfield Function *Function Valid
Interrupt EM Maskable interrupt enable/disable —
BM Maskable interrupt input flag set/clear -
PSW FIs PSW control ®or— )
FC PSWO/PSW1 switchover . '
RAM ponter RP ROM pointer count operation specification d ;
RPC n-value specification in ROM pointer special operation -
RPS Specification of data ROM address low-order 9 bits -
RAMO, RAM1 pointer Mo Base pointer0/index registerQ selection -
M1 Base pointert/index register1 selection -
DPO Base pointer0/index registerO count operation specification -
DP1 Base pointer1/index register1 count operation specification -
BASEO Modulo counter base pointer0 counter length specification -
BASE1 Modulo counter base pointer1 counter length specification - i
Data format conversion FD uPD77240/IEEE data format conversion operation specification L]
wi Transfer format specification when working register is specified - 1
by DST field '
WT Transfer format specification when working register is specified -
by SRC field |
Normalization specification NF Normalization/rounding normalization/floating-point to fixed- . ‘
point conversion/fixed-point data left shift specification ‘
Shift specification SHV Shift amount specification for 47-bit mantissa data [ i
Data memory access RW Input/output operation specification for external data memory [
EA Address register increment/decrement ® or —
APM Address register increment/decrement and X0 or IX1 decrement -
specification
Loop counter L Loop counter decrement L]
Jump ' NAL Unconditional jump address specification L]

* The timing for validity of the function set by each subfield differs. i
® Valid from the same instruction. }
— Valid from the next instruction.
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Figure 3. CNT Field of the Operation Instructions

26 | 25 24|23 22]21 2o|19r15 17|16|15
oo Mo | wmi DPO DP1
ol1/o]o]| Ea DPO DP1
ol1lo]1] mrRr | Mo DPO | FC
ol1|1]o] R | m DP1 | FC
ol1|1]1] mrr | Mo | M1 | L |Fc
1]olo|o|o]| Baseo BASE1 | FC
11oflofo]1 RPC |- L |Fc
1lolol1]o] - EM| BM | L |Fc
1loflol1]|1] Rw APM | L |Fc
11ol1]o]o wT - |L]|Fc
1]ofl1]o]1 NF w | L|Fc
1lofl1]1]o0 FiS |L]-
1]of1]1]1 SHV
111]o0 RPS
111 NAL

B83FM-7958A

P Field. The 2-bit P field specifies the input data to the
P register object of the operation when a dyadic oper-
ation is executed. See table 3.

Table 3. P Field Contents

Mnemonic P Field Bits 14-13 Input Data to P Register
1B 00 PU bus

M 01 *FMPY output data
RAMO 10 RAMO

RAM1 11 RAM1

* In the SRC field, M refers to M register data.

Q Field. The 3-bit Q field specifies one of the working
registers, WRO through WR7. See table 4.

(1) A monadic (one-operand) operation is performed
on the datain the working register specified by the
Q field and the result is stored in the same working
register.

(2) A dyadic (two-operand) operation is performed on
the data specified by the Q field and the P field, and
the result is stored in the working register specified
by the Q field.
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Table 4. Q Field Contents

Mnemonic Q Field Bits 12-10 Working Register
WRO0 000 0
WR1 001 1
WR2 010 2
WR3 011 3
WR4 100 4
WR5 101 5
WR6 110 6
WR7 111 7

SRC Field. The 5-bit SRC field specifies the source
register in a transfer instruction. Table 5 lists the 32
selections.

DST Field. The 5-bit DST field specifies the destination
register in a transfer instruction. Table 6 lists the 32
selections.

Table 5. SRC Field Contents

SRC Field
Mnemonic Bits 9-5 Selected Register *Bus
NON 00000 Nonselection —
RP 00001 ROM pointer Main
PSWO 00010 Program status word0 Main
PSW1 00011 Program status word1 Main
SVR 00100 Shift value register Main
SR 00101 Status register Main
LC 00110 Loop counter Main
STK 00111 Stack Main
M 01000 # M register PU
ML 01001 Low 24 bits of M register PU
ROM 01010 Data ROM Main
TR 01011 Temporary register Main
AR 01100 Address register Main
BR 01101 Address base register Main
DR 01110 Data register Main
MR 01111 Mode register Main
WRO 10000 Working register0 PU
WR1 10001 Working register1 PU
WR2 10010 Working register2 PU
WR3 10011 Working register3 PU
WR4 10100 Working register4 PU
WR5 10101 Working registers PU
WRé 10110 Working registeré PU
WR7 10111 Working register7 PU
RAMO 11000 RAMO Main
RAM1 11001 RAM1 Main
BPO 11010 Base pointer0 Main
BP1 11011 Base pointer1 Main
X0 11100 Index register0 Main
X1 11101 Index registert Main
K 11110 K register Main
L 11111 L register Main

* Bus connected to selected register.
# In the P field, M indicates FMPY output data.
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Table 6. DST Field Contents

Figure 4. Branch Instruction Format

DST Field
Mnemonic Bits 4-0 Selected Register *Bus
NON 00000 Nonselection -
RP 00001 ROMpointer Main
PSWoO 00010 Program status word0 Main
PSW1 00011 Program status wordt Main
SVR 00100 Shiftvalue register Main
SR 00101 Status register main
LC 00110 Loopcounter Main
STK 00111 Stack Main
LKRO 01000 Lregister (RAMO to K register) PU
KLR1 01001 Kregister (RAM1 to L register) PU
TRE 01010 Exponentpartof TR register Main
TR 01011 Temporary register Main
AR 01100 Address register Main
BR 01101 Address base register Main
DR 01110 Dataregister Main
MR 01111 Mode register Main
WRO 10000 Working register0 PU
WR1 10001 Working registert PU
WR2 10010 Working register2 PU
WR3 10011 Working register3 PU
WR4 10100 Working register4 PU
WR5 10101 Working registers PU
WR6 10110 Working register PU
WR7 10111 Working register7 PU
RAMO 11000 RAMO Main
RAM1 11001 RAM1 Main
BPO 11010 Base pointer0 Main
BP1 11011 Basepointert Main
X0 11100 Index register0 Main
X1 11101 Index registert Main
K 11110 Kregister Main
L 11111 Lregister Main

* Bus connected to selected register.

Branch Instructions

Branch instructions specify unconditional jump, con-
ditional jump, subroutine call, and return. Transfer
processing can be performed at the same time. Figure
4 shows the format of the branch instruction and the
long branch prefix instruction. The latter is used to
extend the displacement value of the branch destina-
tion address.

Branch
1_ 28] 15 10 5 0
PLPLPUPY SIS L A SO I I T T T
1101 NA c | sRC | psT
B (13) 5 ) 8
Long Branch Prefix
31 28| 18| 15| 10 5| 0
L rTrrrrrrererenr T T T T T LI
1101 ——————INaH|" 1111 'sRc | DST
B (3 5 ®)
83FM-7953A

B Field. The 4-bit B field indicating a branch instruc-
tion is always binary 1101.

NA Field. This field contains the 13-bit displacement
value (+4096 to —4096) added to the current PC value to
give the branch destination address.

NAH Field. This field contains a 3-bit prefix that is
combined with the NA field of the immediately follow-
ing branch instruction to create a 16-bit displacement
value, 432K to -32K

C Field. The 5-bit C field specifies one of the 28 kinds
of branch instructions described in table 7.

SRC Field. The 5-bit SRC field specifies the source
register in a transfer (move) instruction. See table 5.

DST Field. The 5-bit DST field specifies the destina-
tion register in a transfer (move) instruction. See
table 6.

1
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Table 7. C Field Contents

ELECTRICAL SPECIFICATIONS

C-Field s H

Mnemonic Bits 14-10 Branch Condition Ab__somtoe Maximum Ratings

Ta = +25°C
JMP 00000 Branch with no condition.

P X -05to +65V
CALL 00001  Subroutine call. ower supply voltage, Vpp Sto
RET 00010 Return Input voltage, V| -0.5to Vpp +0.5V
JNZRP 00011 If ROM pointer is not zero. Output voltage, Vo 0510 Vpp +0.5V
JZo 00100 If zero flagO is set. : _ o
JINZO 00101  Ifzeroflag is reset. Operating temperature, Topt 10to +70°C
JzZ1 00110 If zero flagl is set. Storage temperature, TgTg -65 to +150°C
JNZ1 00111 If zero flag1 is reset.
Jco 01000 Ifcarry flag0 is set. Recommended Operating Conditions
JNCO 01001 If carry flag0 is reset. Parameter Symbol Min T Max Unit
JC1 01010 If carry flag1 is set. L L
JNC1 01011 If carry flag1 is reset. Power supply voltage  Vpp 475 50 5.25 \
Jso 01100 If sign flagO is set. Low-level input Vi -0.3 +08 v
JNSO 01101 If sign flago is reset. voltage
JS1 01110 If sign flag1 is set. High-level inout v 22 Vo +03 v
JINS1 01111 If sign flag1 is reset. v;?tageeve fpy H ' bp + =
JVo 10000 If overflow flag0 is set. Low-level inout v 03 +05 v
JNVO 10001 I overflow flag0 is reset. v:ﬁa;:e clock inpu ILe - :
Jvi 10010 If overflow flag1 is set.
JINV1 10011 If overflow flagl is reset. High-level clock input Ve 3.9 Vpp +0.3 V

It

JEVO 10100 If exponent overflow flago is set. yolteae
JEV1 10101 If exponent overflow flag1 is reset. .
JIPO 11000  Ifinputport0is on. Capacitance
JIP1 11001 If if input portt is on. Ta= +25°C;Vpp = 0V;fc = 1 MHz
JNZIX0 11010 If index register0 is not zero. Parameter ~ Symbol Typ Max Unit Conditions
JNZIX1 11011 If index register1 is not zero. Input c 10 F  Unmeasured pins
JNZBPO 11100 If base pointer0 is not zero. :appuacitance ! P return:il to 0":/1
JNZBP1 11101 If base pointer1 is not zero.
PRE 11111 Prefix for long branch Output Co 20 pF

Note: A result is not assured if an object code not specified above is
used,

Load Instructions

A load instruction consists of three fields as shown in
figure 5. The register (or other element) specified by the
DST field (table 5) is loaded with the 24-bit data con-
tents of the IM field. The data path into the register is via
the 24 mantissa bits of the main bus.

The LDI field is always binary 111.

Figure 5. Load Instruction Format

Branch
129 5| 0
1I1|1 T T T T T T T T e Ty LB
IM DST
LDI (24) (5)
83FM-7955A
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capacitance
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DC Characteristics
Ta = -10to +70°C; Vpp = 5V +5%
Parameter Symbol Min Typ Max Unit Conditions
Low-level output voltage VoL 0.45 v loL = 20 mA
High-level output voltage Vou 0.7 Vpp \ loy = —400 pA
Low-level input leakage current I -10 HA Vin=0V
High-level input leakage current ILiH 10 PA Vin = Vpp
Low-level output leakage current oL -10 70 Vour =0V
High-level output leakage current ILon 10 HA Vout = Vob
Clock input current Icl 400 LA
Power supply current Ipp 320 460 mA fcy = 11.1111 MHz
AC Characteristics
Ta = -10to +70°C; Vpp = 5V *£5%; C_ = 100 pF
Parameter Symbol Min Max Unit Conditions
Clock Timing
Clock cycle time tcc 90 1000 ns Test points at
Clock high-level width twon 4 500 ns 1.0and 3.0V
Clock low-level width tweL 45 500 ns
Clock rise time tRe 5 ns
Clock fall time trc 5 ns
Instruction Read Timing
Data setup time to CLOCK { tsuinc 15 ns When an
Data hold time from address fixed tHAD 5 ns instruction is
CLOCK | to address delay time tbcia 35 ns
CLOCK | to address hold time tHeoia 0 ns
Data Read/Write Timing
Data setup time to CLOCK ¢ tsupc 15 ns Applies to
Data hold time from RD * tHRD 5 ns ::::z;l data
CLOCK | to address delay time thca 35 ns access
CLOCK | to address hold time tHea 0 ns
CLOCK 1 to RD | delay time tpcR 25 ns
CLOCK 1 to RD hold time tHer 0 ns
RD low-level width twR 70 ns
CLOCK 1 to WR | delay time tbow 25 ns
CLOCK * to WR hold time tHow 0 ns
WR low-level width tww 70 ns
CLOCK * to data delay time tbcp 45 ns
CLOCK | to output data hold time thca 0 ns
CLOCK | to output float time tocpz 60 ns
RD, WR recovery time tay 70 ns Continuous

operation
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NEC

AC Characteristics (cont)

Parameter Symbol Min Max Unit Conditions
Interrupt, Reset Timing
RESET setup time to CLOCK | tsURSTOL 30 ns
RESET low-level width tWRST ftco ns
NMI, INT input disable time from RESET t tDISRSTINT atee ns
NMI, INT low-level width tWINT 3tec ns
NMI, INT recovery time tRVINT 3tee ns
RESET | to Hi-Z data float time tpRsTDZ 3tee ns
Hi-Z data fixed time tbcLpv 3tce + tre + 30 ns
Input, Output Port Timing
IPO, IP1 setup time to CLOCK { tsulp 35 ns
IPQ, IP1 hold time from CLOCK { tHip 35 ns
CLOCK | to OPO, OP1 delay time toopr 40 ns
BUSFREZ Timing
BUSFREZ low-level width tweFR 3toe ns
BUSFREZ setup time to CLOCK {’ tsUBFR 10 ns
BUSFREZ input disable time from RESET t tDISRSTBER oo ns
RESET release disable time from BUSFREZ * tDISBFRRST 4tco ns
CLOCK | to data output float time tDBFRDZ 60 ns
CLOCK | to address output float time tDBERAZ 60 ns
CLOCK | to data output delay time tDBFRD 45 ns
CLOCK | to address output delay time tpDBFRA 40 ns
Timing Waveforms
Voltage Thresholds for Timing Measurements Clock Input
sy Input Waveform LPD77240
' X 22v 22v X External cLOCK
04V 08V 0.8V Clock Source
Output Waveform tee o
X 22V 22V X
08V 0.8V — CLOCK _/ ?£ \ 3‘(: \(I) v /
twcH > twel
tFC —>| |€<—
—> ’(—— tRC
. 83FM-7945A
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Instruction Read

< tcc

CLOCK

tpcia <— tHCIA

1Ag-1A15 X
IDQ-ID3{ = = = e e = = L _gl _____ L }. _________ -
¥

Data Read
< toc |
cLOCK \ /
tpca <—tHCA
Ag-A23

o
o
o
=
|
1
]
]
1
]
]
1
i
]
]
]
Iz
|r's‘
]
1
]
]
1
]
1
]
i
]
]
Nt
]
]
]
1
1
]
]
1
1
]
1
|
]
]
1
1
]
]
|

83FM-79478
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Data Write
< teo |
CLOCK -\ /
[<—tDCA <—tHCA
Ag-A23
—> <— tocw —>| <— tHew
— v \
WR
72 \____
€ WwWw 1RV >
tocpz —>|
<—1pcD theq —>| |<—
Hi-Z p
DQ-D3| == o o o o e e e o e e e e e e e E—— ______ -——— — -
83FM-79488
Read/Write
Read-to-Write Operation
RD \
| €«——tRy —>
_ p
WR \
Write-to-Read Operation
_ '8
WR
| €<—tRy—>
_ \
D \
B83FM-79498
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Interrupt, Reset

|
A aaval,
<— tSURSTCL
RESET \
N L¢
27
twRST | |t DlSRSTlNT*»! < tRVINT >|
LL I i
— 27
NI, INT
<—tDRSTDZ tocu)v->| e tWINT———>
Ag-A23 Hi-Z
1Ag-1A15 {}-——-—--——--—--_i
OP0, OP1
83FM-7950B
Input/Output Port
CcLOCK
tHIP
1PO, IP1 |
| |
< tDOP ‘
OP0, OP1
83FM-79518
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BUSFREZ
tcc
erock J N
<— tSUBFR |<— tSUBFR
BUSFREZ
L
2.
i tWBFR >
tDBFRA
tDBFRAZ —»‘ '4—
Hi-Z
Ag-A23 }—.55—-——_—____1_____.—__....__
_)I tDBFRD
tDBFRDZ <— <
Hi-Z Ji
Dg-D3q .%--.__..___.._I__ __________
RESET \
tDISBFRRST | tDISRSTBFR
_____ 4
BUSFREZ /
83FM-79528
pPD77230A and pPD77240 Comparison
Item uPD77230A pPD77240

1 Operation mode

Master and slave modes

Master mode
Most functions are derived from 77230A master
and slave mode functions.

2 Host |/O pins

S, HRD, AWR, RQM, and /O - /045

Not available
Data input/output with another CPU is via the
external data memory area.

3 Serial /O pins

SICK, SIEN, SI, SOCK, SORQ, SOEN, and SO

Not available
Data input/output with another device is via the
external data memory area.

4 Low-speed area of
external data memory

External data memory access timing is divided by

the memory address into two parts:

* High-speed access area requiring two instruction
cycles per read or write operation.

* Low-speed access area requiring four instruction
cycles per read or write operation.

All external data memory accesses can be made in
two instruction cycles.

5 External clock

External clock, if required, must be twice the
internal clock frequency.

Internal clock can be controlled by an external
crystal.

External clock must be the same frequency as the
internal clock.

18
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uPD77230A and pPD77240 Comparison (cont)

item

uPD77230A

wPD77240

6

RDY function

Available

Not available
All external data memory accesses are terminated
in two instruction cycles.

Instruction cycle

150 ns max (6.66 MHz)

90 ns max (11.11 MHz)

8 External memory pins Pins Dg - D3y and Ag - Agq serve external Pins IDg - ID31 and |Ag - IA{5 serve external
instruction memory and data memory. instruction memory; pins Dg - D3y and Ag - Ay
While a program in instruction memory is being serve external data memory.
executed, data memory cannot be accessed. While a program in instruction memory is being
executed, data memory can be accessed.
9 Instruction memory 6K words max 64K words max
area On-chip memory: 2K words On-chip memory: 2K words
External addition: 4K words max External addition: 62K words max
10  External data memory 8K words (32K bytes) max 16M words (64M bytes) max
area 4K words are shared with external instruction All words are dedicated to data memory.
memory
11 Address and library OH to 7FFH: user programmable F800H to FFFFH: library program is loaded.
program of on-chip * Primary math functions (sin, exp, etc.)
instruction memory * Vector matrix operation library
12 Loop counter (LC) 10-bit configuration 32-bit configuration
10-bit down counter High-order 22-bit latch + low-order 10-bit down
counter.
In decrement by DECLC instruction, only the low-
order 10-bit data changes.
13  Branch operation Absolute address branch Relative address branch
* Branch instructions (JMP and others): branch to * Branch instructions (JMP and others):
all areas (OH to 7FFH, 1000H to 1FFFH) PC <« current PC + jdisp (jdisp; signed
* CNT field NAL bit (JBLK): branch in block every displacement —4096 to 4095).
200H. When PC = 470H, branch to 400H to When PC = 1470H, branch to 470H to 246FH.
5FFH. * Long branch prefix instruction (PRE instruction):
branch to all address areas (OH to FFFFH) in
combination with the above branch instruction.
* CNT field NAL bit (JBLK): PC <« current PC +
jdisp (jdisp; signed displacement —256 to + 255).
When PC = 470H, branch to 370H to 46FH.
14 NMI, INT interrupt NMI: subroutine call at address 10H. NMI: subroutine call at address 4H.
address INT: subroutine call at address 100H. INT: subroutine call at address 8H.
15 SVR (shift value When the hardware is reset, the register contents Initialized to OOH by hardware reset.
register) are undefined.
16 Package 68-pin PGA 132-pin PGA .
17 Vpp and GND pins 3 Vpp pins; 3 GND pins 7 Vpp pins; 8 GND pins |
18  General-purpose input Input: PO, P1 Input: IPO, IP1
and output ports Output: P2, P3 Output: OPO, OP1
Data at the output ports is set by bits P2 and P3 Data at the output ports is set by transferring bits |
in the CNT field OPO and OP1 from the status register.
19  Hardware reset timing Interrupt input is disabled in three instruction Interrupt input is disabled in four instruction cycles
cycles after hardware reset. after hardware reset.
20 RD/WR signal Active low for 1.5 instruction cycles. Active low for 1 instruction cycle.
When “MOV WRO, DR RD;" is executed, the WR0O When “MOV WRO0, DR RD;" is executed, the DR
contents are undefined. contents are transferred to WRO before RD
instruction execution.
21 Address port in RD/ AR contents cannot be changed in execution of AR contents can be changed in execution of RD/

WR operation

RD/WR instruction.

WR instruction (read/write operations are carried
out with the contents before change). !
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uPD77230A AND pPD77240 COMPARISON (cont)

Item

pPD77230A

wPD77240

22 Timing when data
transferred to address
register AR becomes
valid

The data becomes valid when the external data
memory address from the next instruction cycle of
data is transferred to AR.
Example: LDI AR, 1000H;

RD;
Contents at address 1000H of the external data
memory can be read to DR.
Data in CNT field operations becomes valid from
the next instruction cycle of the executed
instruction cycle.

The data becomes valid when the external data
memory address from the second instruction cycle
of data is transferred to DR.
Example: LDI AR, 1000H;

NOP;

RD;
Contents at address 1000H of the external data
memory can be read to DR.
Data in CNT field operations becomes valid from
the next instruction cycle of the executed
instruction cycle.

23  Status register SR

The following statuses are indicated/set:
* Error status (6-bit configuration)

* Operation mode (master/slave)

* Bus transfer format in slave mode

* Serial input/output format

* Interrupt status

The following statuses are indicated/set:
* Error status (1-bit configuration)

* General-purpose output port data

* Interrupt status

24 Base register BR

Not available

Available: 32-bit general-purpose register.

Since a special instruction for addition to address
register AR is available (STRAR: AR < AR + BR),
the BR is most suitable for an AR operation
register.

25 Mode register MR

Not available

Available: 32-bit general-purpose register for

internal operation status set/read.

The MR supports the following internal functions:

* RAMO and RAM1 address pointer

* BPO and BP1 modulo counter

* Data ROM direct addressing address

* Data ROM addressing method

* RP 2" addition

* PSW selection

* CVT instruction format conversion

* NORM instruction normalization

* Format for data transfer with PU bus and working
register

26 BUSFREZ pin

Not available

Available.

The external data memory pins (Dg - D3¢ and Ag

- Ag) can be set to high impedance by setting this
pin to low level.

The BUSFREZ pin is used for data exchange with
the host CPU via the external data memory.

27  APM bit

Index registers IX0 and IX1 and address register AR
cannot be operated at the same time.

Index registers X0 and IX1 and address register AR
can be operated at the same time.
Example: INCARDXO0

;AR < AR + 1, IX0 « IX0-1
The APM bit is useful to transfer data between the
external data memory and RAMO or RAM1.
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Modem Digital

NEC Electronics Inc. Signal Processor |
i
|

Description O Modem Function Block

The pPD77810 is a CMOS 16-bit signal processor de- - Bugglpr_?_c\;asrr;?il:; angiggﬁéizggm

signed for modem applications. It provides a compact Built-in hardware for the V.22. V.22bis. V.26

digital signal processing system for modulation and V.27 V.27bis. V.2Tter Vz'g a,nd.V32 T

demodulation and features low power consumption and — Builtin transmit and receive PLLs

high reliability at low cost. The uPD77810 consists of a (TxPLL and RxPLL)

dual processor and a modem function block. The dual
processor comprises a pPD77C25 digital signal proces-
sor (DSP) and nCOM78K/I general purpose processor

— Built-in synchronous/asynchronous serial
communication interfaces (ASC, SAC, and UART)
— Built-in A/D and D/A converter serial interfaces

(GPP). (8 or 16 bits)
The uPD77810 is software compatible with both the O Software Compatibility
wPD77C25 and pCOM78K/I families. — DSP (uPD77C25)
Compatible at assembler source program level
Features Upward compatible with the uPD7720 at
O Dual Processor assembler source program level
— DSP (uPD77C25) — GPP (uCOM78KI)

L . . I Compatible at assembler source program level
Minimum instruction execution time

5 Builti
(181 ns with 5.5296 MHz clock) o (83:/:'8 |sn clock generator (11.0592 MHz)
Dedicated built-in 16-bit multiplier (31 bits) o s
Instruction ROM (2048 words x 24 bits) o 2;"%'51 ;I:‘:Cvcpower supply
Data ROM (1024 words x 16 bits) o 68-pin PGA
Data RAM (256 words x 16 bits)
— GPP (uCOM7BK) . Ordering Information
Minimum instruction execution time
(362 ns with 5.5296 MHz clock) Part Number Package Type
Memory mapped built-in peripheral hardware uPD77810L 68-pin PLCC
(special function register) sPD77810R 68-pin PGA

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 1
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Pin Configurations

68-Pin PLCC
2z o azl555 9l —
STheixx35882ERese
anOooooOoooonanooon
[Notemc[618%8%%35%%58@?22@3433%
PD7 [ 62 42 [ soesT
PDg ] 63 41 [ so2
PDs [ 64 40 1 so1RQ
PD4 ] 65 39 [1 SO1EN
PD3 [ 66 3g [0 so1
PD> ] 67 a7 [1 s1cK
PD1 68 36 [1 SHEN
Voo 1 O 35 [1 vpp
P_D_(_) 0= 34 [1 sit
PCe/WR [] 3 33 [ RBAUD
PC5/RD [] 4 32 [0 AT
PC4/CS [ 5 31 [0 RxD
PCg/Az [ 6 30 |1 SBAUD
PCo/Ap O} 7 20 [ STINT
PC{/A1 O 8 28 [1 STEXT
oMo e raorwernogsnrag g™
oooooooooooooooog
~N O W S MO N-OQn MO W YT MO AN - O
EeRRRRRRgEssssssEd
Notes:
[1] In normal 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.
83ML-5819B
68-Pin PGA
Pin A1 Locator Key Pin_ Symool P Symbol |Pm  Symbol | Pin _ Symbol
v A2 | PE BS | SBAUD |[F10 [ PA7 K4 | PD3
1 S O0000000O0 A3 | so2 Bio | sTEXT |[F11 | GND ks | PD1
2] OO0OO0OO0OO0OO0OOOO0OO0O A4 | SOIEN |B11 | PAO Gl | x1 K6 | PDo
a 00 00 A5 | S1CK c1 PFO_ G2 | x2 K7 | PCs5/RD
A6 | vpp c2 | DACK G10 | PBo K8 | PC3/A3
4 (ONG@) ON®) A7 | RBAUD |Ci0 | PA4 G11 | PBYq K9 | PC1/A4
5 O O O O A8 | RxD Ci1 | PA2 H1 | clKo Ki0| PB6
s oXe) Bottom View 00 A3 | STNT |D1 | DALD H2 | INT Ki1| PB7
A10 | TxD D2 DAOT H10 | PB2 L2 IC [Note 2]
71 OO (ONG) B1 | PFy D10 | PA3 H11 | PB3 13 | PDg
8 OO O O B2 | PF2 D11 | PA4 J1 | RST L4 | PD4
B3 | s02ST |E1 | ADST J2 [PUNote1] [ L5 | PDp
s 00 CR) B4 | solRQ |E2 | ADCK J10 | PB4 L6 | Vpp
[ ONORONONONONORONONONO)] B5 | sot E10 | PAS Ji1 [ PBg L7 | Pce/MR
11 O O O O O O O O O B6 | SHEN E11 | PAs K1 | IC [Note 2] L8 | PC4/CS
B7 | sSih F1 | ADIN K2 | PD7 L9 | PCa/A2
A B CDETFOGH J K L B8 | RT F2 | GND K3 | PDs L10 | PCo/AQ
Notes:

M
[2)

In normal operation connect the Pull Up (PU) pin to the Vpp Pin through a pull up resistor.
In normal operation the Internal Connection (IC) pin must be open.

83ML-5904B
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Pin ldentification

Symbol 1/0  Function Symbol 1/0 Function
General-Purpose Parallel Port General-Purpose Serial Port (conft)
Ao-Az/ In Address AQ to A3: Address input. Used to specify SO1EN 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
TS/PC, In_ Chip Select: Chip Select Input. enabled.
Do-Dy/ /0 Data Bus Dg-D;: Data Bus. When specified as a SORQ  Out ?:rri':ll é.l)::tp gt;hil:eqit;elsst: sgf?:istﬂﬁ:n ':rsir(i)egl
PDo-PD; bus by the PCMR register, Dy-Dy are used as a ot e ation o 801 Is. exonttod. When
tri-state data bus. In this case, port C is used as inv: rted. SO1RQ can be input to SOTEN EN'
an address bus or control bus, or inputs a Chip 4 pu ’
Select signal. §02 Out  Serial Output 2: DSP serial output pin (16 bits).
© : This pin outputs serial data with an instruction in
PAg-PA: /O Port A: 8-bit general-purpose /O port. I/O is . N N
hoPhr ; selectable oln agfour-bitp;aZis It c/an Ige Speéiﬁeld syncll-nr(lmiiahzn wgrghse;allmg edge of the ADCK
' serial clock when SO2ST is 1.
by the PTMR register.
PBy-PB; /O  Port B: 8-bit general-purpose 1/O port. I/O is S028T  Out g:;‘IaLl’tO l.:.:::t ﬁ:::):; xiu;i:ﬁ':f:ﬁgii:ﬁa:
selectable on a two-bit basis. It can be specified instpruction tc?SO2 is executed pu
by the PTMR register. .
PCoPCg 1O  Port C: 7-bit general-purpose O port. /O is  A/D and D/A Serial Interface
selectable as a general-purpose /O port on a bit  ADCK Out  A/D Serial Clock: A/D conversion serial clock.
basis. Port C inputs an address or a read/write 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. /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-PD; 1/O  Port D: 8-bit general-purpose /O port. I/O is synchronization with the rising edge of the ADCK
sele.ctable asa gener.a!-purpose 1/O port on 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 - -
to and from an external unitin the 16-byte C-RAM ~ ADST Out  A/D Start Strobe: Output pin for A/D 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-bi ! with ADCK:
n rt E: 1-bit general-purpose input port.
- g il - pute DACK Out  D/A Serial Clock: D/A conversion serial clock.
PFo-PF;  Out  Port F: 3-bit general-purpose input port. Data is output from the DAOT pin in
RD/PC5 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: Output pin for D/A
WR/PCg In Write Strobe: Used to input Write Strobe from the conversion load strobe. This pin can combine
host computer. transmit PLL together with DACK.

P . DAOT Out  D/A Data Output: Output pin for D/A conversion
General-Purpose Serial Port data. The pin outputs D/A conversion data from
S 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.

P P!

The pin reads data input to ST1 in synchronization -

with the rising edge of the STCK serial clockwhen ~ Serial Control

the STEN pin is 0. RBAUD /O  RX Baud Rate Clock: Received data baud rate
SICK In  Serial Clock for SI1 and SO1: InputpinforSltand  (PCo) clock output. This pin is also used as an input port

SO1 serial clock. The I/O serial data is in (PG) depending on the PLLMR1 mode setting.

synchronization with STCK. RT Out  RX Clock: Received data bit rate clock output.
SHEN In Serial Input 1 Enable: Si1 serial input enable pin. RxD 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
falling edge of the STCK serial clock when the
SOTEN pinis 0.

received clock as a start-stop signal.
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pPD77810
Pin Identification (cont) Capacitance
Symbol /0 Function Ta=25°Ci Vop = OV
Parameter Symbol Min Max Unit Conditions
Serial Control (cont) th
- X1, SCK Co 20 pF fc = 1MHz All pins
SBAUD /O TX Baud Rate Clock: Transmitted data baud rate capacitance are grounded except
(PGq) clock output. This pinis also used as an input port measuring pins.
(PG4) depending on the PLLMR1 mode setting. I c :
nput 20
STEXT In TX Clock External: Transmitted data bit rate clock cappacitance ! P
input.
- - - Output Co 20 pF
STINT Out  TX Clock Internal: Transmitted data bit rate clock capacitance
output.
TxD In Transmitted Data: Transmitted data serial input or DC Characteristics
input port. The transmitted data is input from LSB Ta = -10t0 +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, VL -0.3 08 V
Circuit Control low
CLKO  Out Clock Out: CLKO is a 3.6864 MHz (50% duty) ':P”‘ voltage,  Viy 22 Vop Vv
output pin, one third of a system clock igh +03
(11,0592 MHz2). X1 input voltage Vi g -03 08 V
INT In Interrupt: Maskable interrupt input. The interrupt ~ 1oW
address is 14H. X1 input voltage Vo 22 Voo v
RST In Reset: Low-level active system reset input. RST high +03
takes priority over any other operations. After Output voltage VoL 045 V gL =20mA
reset, the GPP and DSP start programs from low
address 0. Output-voltage, Von 0.7 V oy = —400pA
X1 In Crystal oscillator (11.0592MHz %= 100 ppm) high Vbp
tor.
—Connector Input leak ~ I 10 WA V=0V
X2 Out current, low
Vob Power Supply: +5V +10%. Input leak ILH 10 A Vi=Vpp
GND Ground: GND (common). current, high
Output leak ILoL -10 pA Vo =047V
Absolute Maximum Ratings currentlow
Ta=25°C Output leak ILoH 10 #A Vo = Vpp
Supply voltage, Vpp —05t0 +7.0v  current, high
Supply current  Ipp 80 mA

Input voltage, V -0.5to Vpp +05V
-05t0 Vpp +05V
-10to +70°C

-65to +150°C

Output voltage, Vo

Operating temperature, Topt

Storage temperature, Tstg

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage.
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pPD77810
AC Characteristics

To = -10t0 +70°C; Vpp = +5V £10%

Parameter Symbol Min Typ Max Unit Conditions
X1 cycle time tcvc 90 ns 11.0592 MHz + 100 ppm
X1 pulse width, high tceH 35 ns

X1 pulse width, low tcoL 35 ns

X1 rise time tcr 10 ns (Note 4)

X1 fall time tcr 10 ns

CLKO cycle time tcocy 271 ns

CLKO width, high tcocH 115 ns

CLKO width, low tcocL 115 ns

Address set time for RD taAR 0 ns

Address hold time for RD tRA 0 ns

RD width tRR 170 ns

Data access time RD tRD 110 ns CL = 100 pF
Data float time for RD toE 50 ns CL=20pFR R = 2k@
Access set time for WR taw ns

Address hold time for WR twa 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 tancy 1065 ns

ADCK pulse width, high taDCH 532 ns

ADCK pulse width, low tancL 532 ns

DACK cycle time toacy 1085 ns

DACK pulse width, high tpACH 532 ns

DACK pulse width, low tpacL 532 ns

Serial I/O request delay time tora 50 150 ns

Serial input set time for SCK tbc 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 tbck 60 ns

Serial output hold time for SCK thok 0 ns

Serial output float time for SCK tHzek 60 ns

Reset pulse width trsT 10 ps

INT pulse width tNT 8 tcyc

Notes:

(1) SCK includes STCK, ADCK, and DACK.

(2) Serial input includes ADIN and Sl1.

(8) Serial output includes DAOT, SO1, and SO2.

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

j
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Timing Waveforms

Clock

Reset

X1

tcye
tCCH tcer
tcocy
tcocH tcocL.
tADCY
ADCK
tADCH tADCL
tpacy
tDACH tDACL

CLKO

DACK

83ML-5837A

|«——"RST—»

RST \

Interrupt

INT

HNT

X

Read Operation
Ap-A3
cs
TAR tRA—>
RD tRR »
X
tRD tDF —»]
/ \
PDgPD7 = — et e e e e e e e e ——— e — — — — =
— r
-5838B
Write Operation
e X X
o X
le———tAW ——»] l‘—— twa —’I
— \ le t
WA ww

]

7/////////ﬂ/[////////////[>(
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Timing Waveforms (cont)

Read/Write Cycle Timing

5\ / \
ST\ / N

tRv

A/D Serial Input

ADST
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D/A Serial Output
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Timing Waveforms (cont)
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Serial Output SO1
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Block Diagram
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uPD77810 Functional Units

The uPD77810 contains the following functional units:

DSP (uPD77C25)
GPP (uCOM78K/l)

Modem Function Block

— Timers: WDTMR and TMR

— Control RAM

— Scrambler and Descrambler

— UART, SAC, and ASC

— Phase-Locked Loops: TxPLL and RxPLL
— Interface to A/D and D/A

— Serial I/0

— Parallel /O

Figure 1. Overview of the uPD77810

Figure 1 shows an overview of the uPD77810. Figure 2
shows the functional pin groups of the pPD77810.

DSP FUNCTIONAL DESCRIPTION

Figure 3 is the block diagram of the DSP. The DSP
consists of the following:

Multiplier

ALU Peripheral

Data Memory with Data ROM and RAM
Instruction ROM

Pafallel Interface

Serial Interface

G-bus Interface

TxD UART, Clock |—> CLKO
SAC, ASC oc
RxD <:> WDTMR Generator [* §$
RT RPLL KD
RBAUD GPP INT
ADST <—]
kD CH_Potr KD pro-pay
ADCI'; - Control
DALD <— RAM - I
DALD DA K _> PBg-PB
BACK <—] N - o
] 73
sg:ﬁ; K> PCo-PC3/Ag-A3
« [t PC, -«— (FTls)
STINT ~-—] TxPLL @ © Port C “— PC: - (C_S)
STEXT — C>[ Scrambler I [DescramblerK:> e PCg <— (WR)
St —» ®
- PDg-PD7/Do-D
S1CK —] Serial C> m. oo
SITEN Interface
et = e
SO1EN —»
SO1RQ <+
Port F -PD
—» RST
—» Vpp > so2sT
—» GND ADIN —»- > soz2

83ML-59758
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Figure 2. Functional Pin Groups of the uPD77810

11.0892MHz  +5V

X1 X2 VpD
( Q PAQ-PA7 CLKO | Clock Out
RST |«— Reset
c> PBo-PB7 INT |e— Interrupt
—»| PE TxD |e—
{Z] PFo-PF2 STEXT |=— Send Data
STINT }— Interface
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<2 Poo-PD7 RxD [~ Receive Data
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<+—] DACK  anD S1CK |e—

11

83ML-5846A

Differences Between the xPD77810 and uPD7720
and uPD77C25 Families.

The DSP was designed on the basis of the uPD7720 and
wPD77C25 16-bit signal processor families, allowing the
uPD77810 to be compatible with these families at the
assembler source program level. Table 1 lists the differ-
ences between the uPD77810 and the pPD7720 and
pPD77C25 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 PC and 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 aninterrupt 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.

11
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Figure 3. DSP Block Diagram

— SOEN
: N |{so| sora
Instruction Data Muttiplier S02ST
ROM RAM 16X 16-=31 [ |
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| Rage) [ TR | || Mex | [ Shift | ﬁo (16) | RF1
SGN
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o|AlAlALA ALU ROM 10 FF61H
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CLK —» olBlB |13 lg AccA(16) an FF62H 8
RST —»> AccB(16) 16 ergan’
[ ||
83ML-58348
Table 1. Differences Between the xPD77810 and the uPD7720 and uPD77C25 Families
Member wPD7720 uPD77C25 uPD77810 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
(DPH/M field, 3 bits) (DPW/M field, 4 bits) (DP/M field, 4 bits)
Additional instruction JDPLNO JDPLNO
JDPLNF JDPLNF
M8-MF M8-MF
(DP modified) (DP modified)

12
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Table 1. Differences Between the uPD77810 and the uPD7720 and xPD77C25 Families (cont)

Member uPD7720 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-law 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
pPD7720 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)

—SuB

— ADD

— Shift [AccA, AccB only]
— 1’5 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 AccA or AccB.
Register data can be output to the internal data bus or to
the shift register together with the ALU Q input.

13
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Shift. The shift register shifts 16-bits of data that is input
from AccA 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 AgA is selected. Similarly,
flag B is the register which stores flags when AcgcB 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.

Faga [sa1 | smo | ca | za [ owar | owa]

Face |SB1 | seo | cB | z8 [ ovei | 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.

OVAO 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, SBB, 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 [Sign1]: 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.

14

Table 2. Flags Changed by Results of ALU

Operations

SA1/ SA0/ CA/ ZA/ OVA1/  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
SHR1 X $ $ $ 0 0
SHL1 X $ $ $ 0 0
SHL2 X $ 0 $ 0 0
SHL4 X $ 0 $ 0 ]
XCHG X $ ] $ ] 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 one 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
[rav | usF2 | usF1 | pms | usFo | pRc | soc | sic

MSB LSB
[e ] o[ o [ o | o o |Frr|nrr

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 RFO 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 [SI Control]: The SIC bit 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, USF1, and USF2 [User's Flag]: USF0, USF 1, 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 Sl 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 Si, 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

® Flags A and B

e SR register

e 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

e LD instruction: Immediate data load instruction

See table 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
[0 | o | Pselect ALU |
5 14 13 12 9 8
ASL DP, DP /M D'}PR
7 43 0
| 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 [Acc 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 [DPy Modify] Field: The DPy/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 DP 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.

23 22 21
o]

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.

121 21 0

BRCH NA | |

LD Instruction. The LD instruction transfers imediate data
to the specified register.

23 22 21 65 43 0
| 11 | ID | ] DST

ID (Immediate Data) Field: The 16-bit ID field sets im-
mediate data. Immediate 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
functions: 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 g 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- | ] ] Immediate data loading
dress. See table 4 through table 11 for RT instruction
specifications.
P Table 4. P-Select Field Specifications
23 22 21 20 19 16 p-Sefect Fiold
-Sele 1
I ot | P-Select l ALU | Mnemonic 21 20 ALU-P Input*
15 14 13 12 9 8 RAM 0 0 RAM
I ASL | DP_ I DP./M |RPDCR| IDB 0 1 Internal data bus
7 43 0 M 1 0 Mregister
[ SCR | DST | N 1 1 Nregister
Note:

16

*  The inputis valid when the ALU field specifies an instruction other than
Shift, INC Acc, DEC Acc, and Complement Acc.
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Table 5. ALU Field Specifications
ALU Field
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) ¥(P)
SuB 0 1 0 0 Subtract (Acc)=+(Aco) — (P)
ADD ] 1 0 1 Add (Acc)=(Ago) + (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 0 Decrement A (Acc)=*—(Acc) — 1
INC 1 0 0 1 Increment Acc (Acc)+(Acc) +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-bitL-shift
XCHG 1 1 1 1 8-bitexchange
Symbols:
P = Input 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 Acc Selection DP,/M Field
ACCA 0 AccA Mnemonic 12 11 10 9  Exclusive OR
ACCB 1 AccB Mo 0 0 0 0 (DP;DPsDP5DP,)~¥(0 0 0 0)
M1 0 0 O 1 (DP;DPgDP5DP,)~-(00 0 1)
Table 7. DPy Field Specifications M2 0o o0 1 0  (DP,DPgDPsDP,) (0 0 1 0)
DP,_Field M3 0 0 1 1 (DP,DPsDPsDP,)¥ (00 1 1)
Mnemonic 14 13 Operation M4 0 1 0 0 (DP,DPgDP5DP,)~~(0 10 0)
DPNOP 0 No operation M5 0 1 0 1 (DP,DPgDP5DP,)~ (010 1)
DPINC 1 Increment DP, M6 0 1 1 0 (DP,DPsDPsDP,)*(0 11 0)
DPDEC 1 0 DecrementDP. M7 0 1 1 1 (DP,DPgDPsDP,)+(0 11 1)
DPCLR 1 1 Clear DP_ M8 1 0 0 0 (DP,DPzDPsDP,)~ (100 0)
M9 1 0 0 1 (DP,DPsDPsDP,) ¥ (100 1)
MA 1 0 1 0 (DP,DPGDPsDP,)¥ (101 0)
mB 1 0 1 1 (DP;DPgDPsDP,)¥ (101 1)
MC 1 1 0 0 (DP;DPgDPsDP,)(11 0 0)
MD 1 1 0 1 (DP,DPgDPsDP)¥(1101)
ME 1 1 1 0 (DP;DPgDPsDP,) ¥ (111 0)
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 O Noregister
@ A 0 0 0 1 AgcA(accumuiatorA)
Table 10. SCR Field Specifications @ B 0o 0 1 0  AgcB(accumulator B)
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(Note1) 0 O 0 0 TRB @ RP 0 1 0 1 RPregister
A 0 0 0 1 AgA @ DR 0 1 1 0 DRregister
B o o0 1 0  AxcB @ SR 0 1 1 1 SRregister
TR o o 1 1 TR @ SOL 1 0 0 0 SOregisterserialoutLSB (Note 1)
bP 0 1t o o ©or @ SOM 1 0 0 1 SOregisterserial outMSB (Note 2)
RP 0 1 0 1 RP register @ K 1 0 1 0  Kregister
RO 0o 1 1 0  ROregister @ KLR 1 0 1 1 KLR(Note3d)
SGN 0 1 1 1 SGNrregister @ KM 1 1 0 0 KLM(Noted)
DR 1 0 0 0 DRregister @ 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 ADSIregister (Note 3) Notes:
SIL 1 1 0 0 ADSI 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,, DP3, DP,,

is specified. DP;, and DPy).
(2) DR register data is output to the internal data bus but the ROM flag

is not set. .
(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

18

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 0 0 Unconditional
CALL 1 0 1 0 0 0 0 0 0 Unconditional
JINCA 0 1 0 0 0 0 0 0 0 CA=0
JCA 0 1 0 0 0 0 0 1 0 CA=1
JINCB 0 1 0 0 0 0 1 0 0 CB=0
JcB 0 1 0 0 0 0 1 1 0 CcB=1
INZA 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
JNOVAQ 0 1 0 0 1 0 0 0 0 OVAO =0
JOVAO 0 1 0 0 1 0 0 1 0 OVAO = 1
JNOVBO 0 1 0 0 1 0 1 0 0 OVBO=0
JOVBO 0 1 0 0 1 0 1 1 0 OVBO =1
JNOVAT 0 1 0 0 1 1 0 0 0 OVA1 =0
JOVA1 0 1 0 0 1 1 0 1 0 OVA1 =1
JNOVB1 0 1 0 0 1 1 1 0 0 OVB1=0
JovB1 0 1 0 0 1 1 1 1 0 OVB1 =1
JINSAO 0 1 0 1 0 0 0 0 0 SA0=0
JSAO 0 1 0 1 0 0 0 1 0 SA0=1 |
JNSBO 0 1 0 1 0 0 1 0 0 SB0O=0
JSBO 0 1 0 1 0 0 1 1 0 SBO=1
JNSA1 0 1 0 1 0 1 0 0 0 SA1=0
JSA1 0 1 0 1 0 1 0 1 0 SAT =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 0 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)
JINSIAK 0 1 0 1 1 0 1 0 0 SIACK =0
JSIAK 0 1 0 1 1 0 1 1 0 SIACK =1 i
JINSOAK 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 1 9 8 7 6 5 4 3 2 JumpAddress
0o 0 0 0 0 0 O O O O AddressO
0o o 0 0 0 0 0 0O 0O 1 Addresst
o o 0 0 0 0 0 0 1 O Address2
! l
1 1 11 1 1 1 Address 2047
Table 14. ID Field Specifications
ID Field
21 20 19 16 15 14 13 12 9 8 7 6 HEX
0o 00 00 0 0O 00000000
0 0 0 00 0 0O 00010001
0 0 0 0 0 0 0O 00100002
! l
11 1 11 1 11 11 FFFF
GPP FUNCTIONAL DESCRIPTION
Figure 4 is the block diagram of the GPP.
Figure 4. GPP Block Diagram
GPP
(LCOM78K/)
C-RAM
16x8
¥
s 8|
2 > INT-RAM
21%] | 1o2x8
< a
L3
G-BUS ;8
IBSML-592\A

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.
e 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
\
|
0000H RESET
0002H NMIWD
0004H Interrupt Vector
INT-ROM 0015H | Address Table Area
(Program
i Memory L 0040H CALLT Instruction
T Space) T Table Area
64 X 8 Bits
16384 x 8 Bits
: 007FH
0080H
vy ProgramArea
O7FFH
0800H
. CALLF Instruction ]
Entry Area
OFFFH
3FFFH 1000H
Y
4000H | No Built-In :‘ N Program Area ¥/
! Memory I 3FFFH
FESFH | P -
FE40H .
INT-RAM '\
(Data Memory Space) Smeeee
192 x 8 Bits
FE4OH | Data Memory Area
FEFFH 160 x 8 Bits
FFOOH
SFR FEOFH General -Purpose
N . \ FEEOH Register Group
e wrom” [\ FeFFH | (4Banks) 32 x8 Bits
256 x 8 Bits
FFFFH
\ FF90H C-RAM Area
FFOFH 16 x 8 Bits
\
- --—
83ML-58228
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Table 15. Interrupt Vector Address
Interrupt Source
Interrupt Vector Address Flag Name Condition
0000H Reset (RESET) input
0002H NMIWD Watch dog timer
0004H IST STINT rising edge
0006H IRT RT rising edge
0008H [1[V] Datawas input to URTI, or a break signal was detected.
000AH [o]V] Datawas inputto URTO
000CH IFIFO Datawas read from FIFO, or four levels of FIFO data were output.
000EH IAT TMRAisO
0010H IBT TMRBis0
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 I/0
port and C-RAM.

C-RAM which is able to write externally in the 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.

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 0000H 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

pelpc 13fpe 12lpc 11{pc 10| P o[ Po 8 |
PCH

pc|pc7|pcs|pcs|pc4fpes|pca|peifpcol
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 is input, all flags are cleared and PSW s set
to 02H.
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Figure 7. Program Status Word Configuration

7 6 5 4 3 2 1 0
psw{ iE | z [resi| 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 overflow 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 [RBSg and RBS+]: RBSg and
RBS, are usedto 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 Register bank 1
1 0 Register bank 2
1 1 Registerbank 3

Figure 8. Stack Pointer Configuration

7 6 5 4 3 2 1 0
sp|sp7|spe|sps|spa| spafspa|spi|spol

Figure 9. Data Saved to the Stack Memory

Auxiliary Carry Flag [AC]: The auxiliary carry flagis set to 1
when abit 3 carry occurs at the end of an operation or when
a bit 3 borrow occurs. Otherwise it is 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 is not 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 instruction is 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 must initialize 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
se2 register pair SP 2 PC7-PCO Sz 3 PC7-PCO
SP 1 High order of sP1 | o0 |Pc13-PC8 sp2 | oo !Pc13-PC8
register pair
SP —p SP—p SP 1 PSW
SP —p>
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Figure 10. Data Restored From the Stack Memory

POP Instruction

RET Instruction

RETI Instruction

Stack Memory Stack Memory Stack Memory
sp—p-| Loworderof sp— . sP— .
* register pair v PC7-PCO PC7-PCoO
sp41 | Highorderof sP+1 | 00 [PC13-PCB 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 absolute names (RO 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.

24

Table 17. Relationship Between Functional Names
and Absolute Names

Functional Name

Absolute Name
RO
R1
R2
R3
R4
R5
R6
R7
RPO
RP1
RP2
RP3

I|r|jomo|O|>»|X

%

o
(9]

o)
m

I
=




N E C pPD77810

Figure 11. General-Purpose Register Configuration

8-bit Register 16-bit Register
Processing Pair Processing
FEEOH| A gy X EoH f AX EOH
B gay C oy Register Bank 3 BC E2H
D sy E Ean (RBS1,0=11) DE E4H
H E7H L E6H .............................. HL EBH
A EgH X EgH AX E8H
B EBnH C Ean Register Barnk 2 BC EAH
D EpH E EcH (RBS1.0=10) DE ECH
T T S " e
A F1n X FoH T AX FOH
B Fay C Fo Register Bank 1 BC F2H
D rep E ran (RBS 1, 0= 01) O o
= S "o
A FoH X FaH ? AX F8H
B rpH C Fan Register Bank 0 BC FAH
D mpy E FcH (RBS1,0=00) DE FCH
FEFFH|  H ppy ulla= 1 IR ‘ .............. HL FEH

Special Function Register [SFR]

The special function registers are assigned to specialfunc-  Note that only addresses assigned for the SFR are access-
tions like the built-in peripheral hardware mode register  ible. If an address not assigned for the SFR is accessed,
and control registers. They are mapped to 61 bytesinthe  the processor may malfunction.

256-byte area from FFOOH to FFFFH. Table 18 lists the SFRs.

SFRs are instruction operands which can be used for
transfer instructions, bit operation instructions, and arith-
metic instructions.
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Table 18. Special Function Register (SFR) List

Status
Functional Area SFR Name Mnemonic  R/W at Reset 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 (PDMR) PDMR FFH FF2AH (8-bits)
Port A (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)
Port D (PORTD) (Note 1) PD 00H FF2FH (8-bits)
Port E (PORTE) PE R OH FF57H (low-order 1-bit)
PortF (PORTF) PF R/W OH FF5CH (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 FFE4H (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)
Descrambler port (DSC) (Note 3) DSC 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 ™)\ o T 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 FFADH (8-bits)
URO register (URO) URO FF3EH (8-bits)
URl 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 I/O Statusregister (S1SR) S1SR R OH FF56H (2-bits)
Serial inputport 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 at Reset Address
DSPinterface Dataregister (DR) (Note 2) DR R/W  Undefined FF60H (16-bits)
FF61H
Statusregister (SR) SR R O0H FF62H (8-bits)
FF63H
C-RAM Control RAM (C-RAM) R/W  Undefined  FF90H (8-bits) i
FFOFH (8-bits) 1
Notes: ‘
8 #’“%%F"ff?“tc’" ‘?A’g&“{f W)h?" ‘:e '99;5;9’ ‘SR“S?/;? F““ i?PU‘IP°"~ interrupt mask register [MKO]. The interrupt source state
e status ag) is changed by a Read/Write signal. . .
(3) The shift register of the scrambler/descrambler is shifted one bit by a can be checked t?y the interrupt r.equeSt flag re.QISter [IFO].
Write signal to the SCR and DSC. Mas!(able vector interrupt operations are explalped belovy.
(4) URTSRIs reset after it is read. The interrupt enable state indicates that the |E bit of PSW is
(5) The FFWA write address is incremented by a Write signal to the FIFO. 1 and the corresponding bit of the interrupt mask register
(6) This register is reset to 0 by TMRA. MKO is 0.
(7) The write operation is performed with special instructions (MOV
WDMSR, #byte). e When an interrupt source is detected, the correspond-
(8) INTDSP is reset six clocks afteritis setto 1. ing bit of IFO is set.
(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 @ When interrupt processing starts, the corresponding bit
and for the low byte access the symbol L is used. of IFO is reset.
Interrupt Functions e When an interrupt source is detected while interrupt is

enabled, interrupt processing starts.
The GPP has one non-maskable interrupt and nine mask- . o
able vector interrupts. o If two or more interrupt sources are detected, priority is

. . given to the lowest interrupt vector address.
The vector interrupt saves status information (PC and

PSW information) of the program being executed. The ® If an interrupt request is detected during interrupt pro-
status information is stored in memory specified by the cessing, it is nested when interrupt is enabled.

stack pointer when an interrupt request is accepted. Then  The GPP has a total of ten interrupt request sources; nine
data is stored atthe address of the interruptrequest (vector  maskable interrupts and one non-maskable interrupt. Of
table address) in the PC as vector address informationand  the ten sources the maskable interrupt request sources are
starts the interrupt service program. Control is returned |isted in table 19.
from the interrupt service program by transferring the pro- X .
gram counter value and status information from stack Table 20 lists the interrupt vector table addresses. Table 21

memory to the PC and PSW with the RET! instruction. lists the IFO and MKO SFR addresses.

Maskable Vector Interrupt. Maskable vector interrupt
processing indicates when an interrupt is enabled by the

Table 19. Maskable Interrupt Request Sources ‘

Interrupt Source Interrupt Signal Condition
TxPLL IST STINT rising edge
PyPLL IRT RT rising edge |
TIMRA IAT Timer TMRAis setto O |
TIMRB IBT Timer TMRB s setto 0 }
FIFO IFIFO Data was read from FIFO. Or, four levels of FIFO data were output from FIFO. \
st 1S1 Datawas inputto SI1 i
UART [11V] Datawasinputto URTI. Or, a break signal was detected.

10U URTO data was output

\

External INT Externalinterrupt \
|

|
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Table 20. Interrupt Vector Table Address

Interrupt Vector Default IFo MKo

Request Type Table Address Priorities Interrupt Request Signal Corresponding Bit Corresponding Bit

Maskable 0004H 1 IST 0 0
0006H 2 IRT 1 1
0008H 3 [LLV] 2 2
000AH 4 [o]V] 3 3
000CH 5 IFIFO 4 4
000EH 6 IAT 5 5
0010H 7 IBT 6 6
0012H 8 IS1 7 7
0014H 9 INT 8 8

Non-maskable 0002H 0 Watch dog timer interrupt - -

Table 21. IFO and MKO, SFR Addresses

Mnemonic  SFRAddress Function

IFO FFEO, FFE1H Interrupt request flag register (16-bits)
MKO FFE4, FFESH Interrupt mask register (16-bit§)

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 ws).

r—'—— interrupt source is detected.

Execution of instruction when an

£5

1
Program Execution // //// /// Interrupt Process Routine ! E)ggxrtlion é’;gcgu';?n
‘¢ 1
Automatic
Saving
|<—1a cxocks—->|
Set Reset
Interrupt
Request
Flag
(IFO)
Interrupt Request Detected R
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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 s initialized to 0 when
Reset is input. See table 22 and table 23.

Table 22. INTDSP Function

INTDSP Function

INTDSP When INTDSP is set to 1 aninterrupt request is issued to
(bit 1) the DSP. After being issued INTDSP resets automatically.
INTDSO WhenINTDSOis a1, DSPisreset

(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 follows:
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 OFE50H, 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- pecify 9 ’
ory map, SFR memory map, and applicable addressing. MOV A, PTMR
Figure 13. Data Memory Map and Addressing

FE40H

Register
Internal RAM Indirect
" Short and Addressing
Adoct (D1, [E, [E+]).
ressing Stack
Addressing
___________ : Register

FEEOH General Purpose Register Indirect

FEFFH Register Group Addressing Addressing

FFOOH [} e,

Indexe
FRAPHY Addressing
FF20H
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
RBSO and RBS1 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
RBSO and RBS1 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, OFEAOH [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.

30

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 laddri4,
BR laddr14, and CALLF laddr11 instructions. For the
CALLF laddr11 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,$,/,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

/ Bit reverse

[1

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:

e 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 |40 e

L N 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.
L. PC Program counter :
o |f the result of word +r1 overflows in indexed address- -
. i SP Stack pointer
ing, the number of clocks is increased to the value
enclosed in (). PSW Program status word
cY Carryflag
Table 24. Operand Values AC Auxiliary carry flag
Operand Value z Zeroflag :
r X (:0)‘ A(R1),C(R2),B(R3), E (R4), D(RS), L (R6), H(R7) RBSOtoRBS1  Register bank select flag
3] A,
r2 B,C IE Interrupt request enable flag
:i g E E+ WDMSR Watch dog timer control register
p A;( (RPO), BC (RP1), DE (RP2), HL (RP3) () Memory dataindicated 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) X X High-order and low-order 8-bits of 16-bit register pair
saddr FE40H to FE1FH immediate data or label
saddr FE40H to FE1FH immediate data (bit 0 = 0) or label (for
P e e (bit0=0)orlabel( Table 26. Flag Symbols
laddri4  0000H to 3FFFHimmediate data or label: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
addr5 40H to 7EH immediate data (bit 0 = 0) or label - N
” b it abel X Data was set or cleared according to the result of operation
WoOr -bitimmediate data or label
byte 8-bitimmediate data or label R The previous saved value was restored
bit 3-bitimmediate data or label
il 8-bitimmediate data (0t07) 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
Table 2 Abb iati Data 8-bitimmediate data corresponding to bytes
able 25. reviations 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 3
B Bregister special function register (sfr) !
c Cregister Low/high offset 16-bit offset data corresponding to words in \
indexed addressing ‘
D Dregister
i Low/high addr 16-bitimmediate data corresponding to addr 14
E Eregister
g. jdisp Signed two's complements of the difference be-
H Hregister tween the first address of the following instruction
L L register and the branch destination address (8-bits) :
ROto R7 Register Oto register 7 (absolute names) fa I';:’g"::;:;‘s::: -bits of immediate data correspond- :
AX Register pair AX (16-bit accumulat
9 P ( on) ta 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
31
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Figure 14. Operand Register Selection Codes

r1

Ro Ry Ry Register Rg | Register
R Rg Ry 0 A
(o] 0 0 RO X B
0 0 1 R1 A
0 1 0 R2 c r3
0 1 1 R3 B R1 Ro | Register
1 o] 0 R4 E 0 E
1 [o] 1 Rs D E+
1 1 0 R6 L 1 0 D
1 1 1 R7 H
p
P1 Po
Py Py | Register-Pair
Ps Ps
0 0 RPO | AX
0o 1 RP1| BC
1 0 RP2 | DE
1 1 RP3 | HL

r2
Ro | Register
0 (&7
1 B
r4
Ry
Ro | 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 four 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

0 0 1 0 ] 1 0 0

LSB

83ML-6142A

32

To specify the first operand as A register and the second

operand as L register, code as follows:

MOV A, L

In this case, the instruction code is set as shown below.

Instruction
Code
MSB
0 0 1 0 1 0 0
LSB
o] 1 1 | 0 0 0 1

| Code Specifies

A Register
Code Specifies

L Register
B83ML-6141A
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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;R4R, 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
nr 0010 0100 ORgRsR, OR,R;Ry 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 sfr« A
A, [r3] (Note 2) 0111 11R4R, 1 5/6 A « (FEOOH +r3) r3=40H-FFH
[r3], A(Note 2) 0111 10R;R, 1 5/6  (FEOOH +r3) « A 13 = 40H-FFH
A, [HL] 0101 1101 1 5/7 A« (HL)
[HLL A 0101 0t01 1 5/7 (HL) « A
A, word[r1] 0000 1010 00R51 0000 4 7(8)/ A« (word+r1)
Low offset High offset 9(10)
word[r1], A 0000 1010 10R51 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 X
Data
PSW, A 0001 0010 1111 1110 2 5 PSW « A X X X
A,PSW 0001 0000 1111 1110 2 4 A « PSW
XCH Ar 1101 1R,R,R, 1 4 A
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 i
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
™, 1p 0010 0100 0PgPs0 1P,P,0 2 4 p«rp
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 X X
saddr, #byte 0110 1000 Saddr-offset 3 (saddr), CY « (saddr) + byte X X
Data
sfr, #byte 0000 0001 0110 1000 4 9 sfr, CY « sfr + byte X X X
Sfr-offset Data
rr 1000 1000 0RgsRsR, 0R,R;Ry 3 nCY «r+r X X X
A, saddr 1001 1000 Saddr-offset 3 A,CY « A+ (saddr) X X X
A, sfr 0000 0001 1001 1000 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 A,CY « A+ (HL) X X X
ADDC A, #byte 1010 1001 Data 2 A,CY « A+byte +CY 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
Sfr-offset Data
nr 1000 1001 ORgRsR, OR:R;R, 2 r,CY «r+r+CY X X X
A, saddr 1001 1001 Saddr-offset 2 A,CY « A+ (saddr) + CY XX X
A, sfr 0000 0001 1001 1001 3 7 A,CY « A+sfr+CY X X
Sfr-offset
A, [rd] 0001 0110 011R, 1001 2 7 A,CY « A+ (FEOOH + r4) + CY X X X
r4 = 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 2 2 A,CY « A-byte X X X
saddr, #byte 0110 1010 Saddr-offset 3 3 (saddr), CY « (saddr) — byte X X
Data
sfr, #byte 0000 0001 0110 1010 4 9 sfr, CY « sfr—byte X X X
Sfr-offset Data
nr 1000 1010 ORgRsR4 ORoR¢Ry 2 3 r,CY «r-r X X X
A, saddr 1001 1010 Saddr-offset 2 3 A, CY « A—(saddr) X
A, sfr 0000 0001 1001 1010 3 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] 0001 0110 0101 1010 2 8/10  A,CY « A—(HL)
SuUBC A, #byte 1010 1011 Data 2 2 A,CY « A—byte—CY X X X
saddr, #byte 0110 1011 Saddr-offset 3 3 (saddr), CY « (saddr)—byte—CY
Data
sfr, #byte 0000 0001 0110 1011 4 9 sfr, CY « sfr—byte—-CY X X X
Sfr-offset Data
nr 1000 1011 ORgRsR4 OR2R{Rg 2 r,CY «r—r—CY
A, saddr 1001 1011 Saddr-offset 2 3 A,CY « A—(saddr)-CY X X X
A, sfr 0000 0001 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
r4 = 40H-FFH
A, [HL] 0001 0110 0101 1011 2 8/10 A,CY « A—-(HL)-CY X X
AND A, #byte 1010 1100 Data 2 2 A « AAbyte X
saddr, #byte 0110 1100 Saddr-offset 3 3 (saddr) « (saddr) Abyte
Data
sfr, #byte 0000 0001 0110 1110 4 9 sfr « sfr Abyte X
Sfr-offset Data
rnr 1000 1100 0RgRsR4 OR2R{Ry 2 3 r«rAr
A, saddr 1001 1100 Saddr-offset 2 3 A « AA (saddr) X
A, sfr 0000 0001 1001 1100 3 7 A « AAsfr
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 A « AVbyte X
saddr, #byte 0110 1110 Saddr-offset 3 (saddr) « (saddr) Vbyte X
Data
sfr, #byte 0000 0001 0110 1110 4 9 sfr « sfrVbyte X
Sfr-offset Data
nr 1000 1110 ORgR5R4 OR2R{Rg 2 3 rervr X
A, saddr 1001 1110 Saddr-offset A « AV (saddr) X
A, sfr 0000 0001 1001 1110 3 A « AVsfr X
Sfr-offset
A, [r4] 0001 0110 011R4 1110 2 7 A < AV (FEOOH +r4) 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 « A¥byte X
saddr, #byte 0110 1101 Saddr-offset 3 3 (saddr) « (saddr)+byte X
Data
sfr, #byte 0000 0001 0110 1101 4 9 sfr « sfr¥tbyte \"
Sfr-offset Data
nr 1000 1101 ORgRsR4 OR2R{Ry 2 3 T r¥r X
A, saddr 1001 1101 Saddr-offset 2 3 A « AV (saddr) X
A, sfr 0000 0001 1001 1101 3 7 A « AVsfr X
Sfr-offset
A, [r4] 0001 0110 011R4 1101 2 7 A « AV (FEOOH + r4) r4 =40H-FFH X
A, [HL] 0001 0110 0101 1101 2 8/10 A « AV (HL) X
CMP A, #byte 1010 1111 Data 2 2 A-byte X X X
saddr, #byte 0110 1111 Saddr-offset 3 3 (saddr)-byte X X X
Data
sfr, #byte 0000 0001 0110 1111 4 7 sfr—byte X X X
Sfr-offset Data
nr 1000 1111 ORgRsR4 OR2R{Ry 2 r—r X X X
A, saddr 1001 1111 Saddr-offset 2 A~ (saddr) X X
A, sfr 0000 0001 1001 1111 3 A-sfr X X X
Sfr-offset
A, [r4] 0001 0110 011R4 1111 2 7 A—(FEOOH + r4) r4 = 40H-FFH X 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 X
High byte
AX, rp 1000 1000 0000 1P,P;0 AX,CY « AX +1p X X X
AX, saddrp 0001 1101 Saddr-offset AX, CY « AX + (saddrp + 1) (saddrp) X 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)
SuUBW AX, #word 0010 1110 Low byte 3 4 AX,CY « AX-word X X X
High byte
AX,p 1000 1010 0000 1P,P40 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, rp 1000 1111 0000 1P,P10 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 OR2R{Rg 2 43 AX (high-order 16 bits), r
(low-order 8 bits) « AXxr
DIiVUW r 0000 0101 0001 1RyR¢Rgy 2 7 AX (dividend), r (remainder) « AX +r
Increment and Decrement Instructions
INC r 1100 ORzR¢Ry 1 2 rer+1 X X
saddr 0010 0110 Saddr-offset 2 2 (saddr) « (saddr) + 1 X X :
DEC r 1100 1RoR{Ry 1 2 rer- X X ‘
saddr 0010 0111 Saddr-offset 2 2 (saddr) «(saddr)—1 X X
INCW P 0100 01PyPy 1 3 perp+i
DECW (] 0100 11P{Py 1 3 permp-1
Shift Rotate Instructions
ROR nLn 0011 0000 01NaN4 NoR2R{1Rg 2 3+2n  (CY,r7 « 19,Im-1 « ) Xxntimes X
n=0-7
ROL nn 0011 0001 01NoN4 NgR2R{1Rg 2 3+2n  (CY,rp « 17,im 41 « ) Xxntimes X
n=0-7
RORC nn 0011 0000 00NoN4 NgRoR{Rg 2 3+2n  (CY «r1g,r7 + CY,rpq < Ip) X
xntimes n=0-7
ROLC nn 0011 0001 00N2N¢ NoRoR¢Rg 2 3+2n  (CY « 17,19« CY,Imyq « Iy) X
xntimes n=0-7
SHR nLn 0011 0000 10NoN¢ NgRoR{Rg 2 3+2n  (CY «rg,1r7 « 0,rp—q « 1) X O X
xntimes n=0-7
SHL nn 0011 0001 10NoNy NoRoRiRg 2 3+2n  (CY « 17,19« 0,Mmiq « Im) X 0 X ‘
xntimes n=0-7 :
SHRW m,n 0011 0000 11NoN¢ NgPoP10 2 3+3n  (CY « Ipg, P15 « 0,Pm-1 « 'Pm) X 0 X
xntimes n=0-7
SHLW p,n 0011 0001 11NNy NgP2P10 2 3+3n  (CY «rpy5,1p « 0,1Pm+1 « Pm) X 0 X |
xntimes n=0-7 |
ROR4 [r4] 0000 0101 1000 10R{0 2 22 Agz.g « (FEOO + r4)3.¢, (FEOO + rd)7.4 « ‘
Ag.0, (FEOO + rd)5.q « (FEOO + rd)7.4 |
ROL4 [r4] 0000 0101 1001 10R¢1 2 23 Agz.g « (FEOO +rd)7_4, (FEOO + rd)3.g « 1

Ag.q, (FE0D + rd);_4 « (FE0O + rd)z o
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Table 28. Instruction Encodings (cont)

Instruction Code Flags
Mnemonic Operand B1/B3 B2/B4 Bytes Clocks Operation ZACCY
BCD Correct Instructions
ADJBA 0000 1110 1 Decimal adjust accumulator after additon X X X
ADJBS 0000 1111 1 Decimal adjust accumulator after subtract X X X
Bit Operation Instructions
MOV1 CY, saddr. bit 0000 1000 0000 0ByB1Bg 3 5 CY « (saddr. bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0000 1BB41Bg 3 7 CY « sfr.bit X
Sfr-offset
CY, A. bit 0000 0011 0000 1B,B;By 2 5 CY « A.bit X
CY, X. bit 0000 0011 0000 0B,B1By 2 5 CY « X.bit X
CY, PSW. bit 0000 0010 0000 0B,B1Bg 2 5 CY « PSW.bit X
saddr. bit, CY 0000 1000 0001 0BoByBy 3 8 (saddr. bit) + CY
Saddr-offset
sfr. bit, CY 0000 1000 0001 1ByB4Bg 3 12 sfr. bit « CY
Sfr-offset
A.bit,CY 0000 0011 0001 1B,B4By 2 8 A.bit « CY
X, bit, CY 0000 0011 0001 0ByB;By 2 8 X.bit « CY
PSW. bit, CY 0000 0010 0001 0B2B4Bg 2 7 PSW.bit « CY
AND1 CY, saddr. bit 0000 1000 0010 0B,B1Bgy 3 5 CY « CY A(saddr. bit) X
Saddr-offset
CY, /saddr. bit 0000 1000 0011 0B,B4Bg 3 5 CY « CY A(saddr. bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0010 1ByB4Bg 3 7 CY « CY Asfr. bit X
Sfr-offset
CY, /sfr. bit 0000 1000 0011 1BB4Bg 3 7 CY « CY ASTr.bit X
Sfr-offset
CY, A. bit 0000 0011 0010 1ByB4By 2 5 CY « CYAA.bit X
CY, /A bit 0000 0011 0011 1B,B;By 2 5 CY « CYAAbit X
CY, X. bit 0000 0011 0010 0B,B1Bg 2 5 CY « CYAX.bit X
CY, /X.bit 0000 0011 0011 0ByB4By 2 5 CY « CYAX.bit X
CY, PSW.bit 0000 0010 0010 0ByB4Bg 2 5 CY « CYAPSW.bit X
CY,/PSW. bit 0000 0010 0011 0BB4By 2 5 CY « CY APSW.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 0B»B1Bgy 3 5 CY « CYV (saddr. bit) X
Saddr-offset
CY, /saddr. bit 0000 1000 0101 0B,B1Bg 3 5 CY « CYV (saddr. bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0100 1B,B4Bg 3 7 CY « CY Vsfr. bit X
Sfr-offset
CY, /sfr. bit 0000 1000 0101 1B,B4Bg 3 7 CY « CY Vsfr. bit X
Saddr-offset
CY, A.bit 0000 0011 0100 1ByB4Bg 2 5 CY « CYVA.bit X
CY, /A. bit 0000 0011 0101 1B,B4By 2 5 CY « CYVADbit X
CY, X. bit 0000 0011 0100 0B,B1Bg 2 5 CY « CYVX.bit X
CY, /X.bit 0000 0011 0101 0B,B4Bg 2 5 CY « CYVX.bit X
CY, PSW.bit 0000 0010 0100 0B,B4Bg 2 5 CY « CYVPSW.bit X
CY, /PSW. bit 0000 0010 0101 0ByB4Bg 2 5 CY « CYVPSW.bit X
XOR1 CY, saddr. bit 0000 1000 0110 0ByB4Bgy 3 5 CY « CY-¥(saddr, bit) X
Saddr-offset
CY, sfr. bit 0000 1000 0110 1B,B4By 3 7 CY « CY-sfr. bit X
Sfr-offset
CY, A. bit 0000 0011 0110 1B,B4Bg 2 5 CY « CY¥A.bit X
CY, X. bit 0000 0011 0110 0B,B4Bg 2 5 CY « CYMX. bit X
CY, PSW.bit 0000 0010 0110 0B,B4Bg 2 5 CY « CY¥PSW.bit
SET1 saddr. bit 1011 0BoB4By Saddr-offset 2 3 (saddr. bit) « 1
sfr. bit 0000 1000 1000 1B,B1By 3 10 sfr.bit « 1
Sfr-offset
A.bit <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>