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NE C Microsci:ﬂ:;ﬁ:::

4-Bit, Single-Chip CMOS Microcomputers

Device, Clock  Supply ROM RAM i
pPD Features (MHz) Voltage (V) (X8) (X4) 10 # Package Pins
7502 LCD controlier/driver 0.41 25106.0 2K 128 23 QFP. 64
7503 LCD controlier/driver 0.41 25106.0 4K 224 23 QFP 64
7507 General-purpose 0.41 25t06.0 2K 128 32 DIP 40
SDIP 40
QFP 52
7507H General-purpose 419 271060 2K 128 32 DIP 40
SpIP 40
QFP 52
7508 General-purpose 0.41 251060 4K 224 32 DIP 40
SDIP 40
QFP 52
7508H General-purpose 419 271060 4K 224 32 DIP 40
SDIP 40
QFP 52
75CG08 Piggyback EPROM 0.41 451055 2K or 4K 224 32 Ceramic DIP 40
75CGO8H Piggyback EPROM 4.19 451055 2K or 4K 224 32 Ceramic DIP 40
7527A FIP controller/driver 0.61 271060 2K 128 35 DIP 42
- SDIP 42
7528A FIP controller/driver 0.61 27106.0 4K 160 35 DIP 42
SDIP 42
75CG28 Piggyback EPROM; 05 451055 4K 160 35 Ceramic DIP 42
FIP controller/driver
7533 A/D converter 05 271060 4K 160 30 DIP 42
SDIP 42
QFP 44
750G33 Piggyback EPROM; 05 45t055 4K 160 30 Ceramic DIP 42
A/D converter
7537A FIP controller/driver 061 271060 2K 128 35 DIP 42
SDIP 42
7538A FIP controller/driver 0.61 27106.0 4K 160 35 DIP 42
SDIP 42
75CG38 Piggyback EPROM; 0.61 451055 4K 160 35 Ceramic DIP 42
FIP controller/driver
7554 Serial 1/0; external clock 071 25106.0 1K 64 16 SDIP 20
or RC oscillator SOP 20
7554A Serial 1/0; external clock 071 20t06.0 1K 64 16 Spip 20
or RC oscillator SOP 20
75P54 Serial 1/0; external clock 0.7 45t06.0 1K 64 16 SDIP 20
or RC oscillator OTPROM SOP 20
7564/7564A Serial 1/0; ceramic oscillator 0.71 271t06.0 1K 64 15 ggLP gg
75P64 Serial 1/0; ceramic oscillator 071 451060 1K 64 15 SDIP 20
OTPROM SOP 20
7556 Comparator; external 071 25t06.0 1K 64 20 SDIP 24
clock or RC oscillator SOP 24
7556A Comparator; external 0.71 20t06.0 1K 64 20 SDIP 24
clock or RC oscillator SOP 24
75P56 Comparator; external 071 45106.0 1K 64 20 SDIP 24
clock or RC oscillator OTPROM SopP 24
7566/7566A Comparator; ceramic oscillator 071 271060 1K 64 19 ggLP g:
75P66 Comparator; ceramic oscillator 0.71 45t06.0 1K 64 19 SDIP 24
OTPROM SOP 24
75004 General-purpose 419 2.7106.0 4K 512 34 SDIP 42
QFP 44

# Plastic unless ceramic (or cerdip) is specified.
* Under development; consult Microcontroller Marketing for availability.
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Single-Chip N E C

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

Device, Clock Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X4) /o] # Package Pins
75006 General-purpose 419 271060 6K 512 34 SDIP 42
QFP 44
75008 General-purpose 419 271060 8K 512 34 SDIP 42
QFP 44
75P008 General-purpose 419 451055 8K 512 34 SDIP 42
OTPROM QFP 44
75028 * A/D converter 4.19 271060 8K 512 48 SDIP 64
QFP 64
75P036 * A/D converter 419 271060 16K 1024 48 SDIP 64
QFP 64
75048 * A/D converter; 1K x 4 EEPROM 4.19 271060 8K 512 48 SDIP 64
QFP 64
75P056 * A/D converter; 1K x 4 EEPROM 419 271060 16K 512 48 sDIP 64
QFP 64
75104 High-end with 8-bit instruction 419 271t06.0 4K 320 58 SDIP - 64
QFP 64
75104A High-end with 8-bit instruction 4.19 2.7t06.0 4K 320 58 QFP 64
75106 High-end with 8-bit instruction 419 27106.0 6K 320 58 SDIP 64
QFP 64
75108 High-end-with 8-bit instruction 4.19 271060 8K 512 58 SDIP 64
QFP 64
75108A High-end with 8-bit instruction 419 271060 8K 512 58 QFP 64
QFP 64
75P108 High-end with 8-bit instruction; 419 451055 8K 512 58 SDIP 64
on-chip OTPROM or UVEPROM QFP 64
Shrink cerdip 64
75P108B High-end with 8-bit instruction; 419 271060 8K 512 58 SDIP 64
on-chip OTPROM QFP ] 64
75112 High-end with 8-bit instruction 419 271060 12K 512 58 SDIP 64
QFP 64
75116 High-end with 8-bit instruction 419 271060 16K 512 58 SDIP 64
QFP 64
75P116 High-end with 8-bit instruction 4.19 451055 16K 512 58 SDIP 64
on-chip OTPROM OTPROM - QFP 64
75206 FIP controller/driver 419 271060 6K 369 33 SDIP 64
QFP 64
75208 FIP controller/driver 4.19 271060 8K 497 33 SDIP 64
QFP 64
75CG208 FIP controller/driver; 419 451055 8K 512 33 Ceramic SDIP 64
piggyback EPROM Ceramic QFP 64
75212A FIP controller/driver 419 27t06.0 12K 512 33 SDIP 64
QFP 64
75216A FIP controller/driver 4.19 271060 16K 512 33 SDIP g:
QFP
75CG216A FIP controller/driver; 419 451055 16K 512 33 Ceramic SDIP 64
piggyback EPROM Ceramic QFP 64
75P216A FIP controller/driver 4.19 451055 16K 512 33 SDIP 64
OTPROM
75268 FIP controller/driver 419 271060 8K 512 32 SDIP 64
- QFP 64
75304 LCD controller/driver 4.19 271060 4K 512 40 QFP 80
75306 LCD controller/driver 4.19 2.7106.0 6K 512 40 QFP 80
75308 LCD controller/driver 4.19 2.7106.0 8K 512 40 QFP 80
75P308 LCD controller/driver; 419 475105.25 8K 512 40 QFP ) 80
on-chip OTPROM or UVEPROM Ceramic LCC 80
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NEC

Single-Chip

4-Bit, Single-Chip CMOS Microcomputers (cont)
Device, Clock Supply ROM RAM
uPD Features (MHz) Voltage (V) (X8) (X4) 170 # Package Pins
75312 LCD controller/driver 4.19 2.7106.0 12K 512 40 QFP 80
75316 LCD controller/driver 4.19 2.7106.0 16K 512 40 QFP 80
75P316 LCD controller/driver; 419 4.75105.25 16K 512 40 QFp 80
on-chip 0TPROM OTPROM
75P316A * LCD controller/driver; 419 271060 16K 512 40 QFp 80
on-chip OTPROM or UVEPROM OTPROM Ceramic LCC 80
75328 LCD controller/driver; 419 271060 8K 512 44 QFpP 80
A/D converter
75P328 LCD controller/driver; 419 451055 8K 512 44 QFP 80
A/D converter OTPROM
75402A Low-end 419 271060 2K 64 22 - DIP 28
SDIP 28
QFp 44
75P402 Low-end 419 451055 2K 64 22 pIp 28
OTPROM SDIP 28
QFp 44
75512 High-end; A/D converter 419 271060 12K 512 64 QFP 80
75516 High-end; A/D converter 4.19 2.7106.0 16K 512 64 QFP 80
75P516 High-end; A/D converter 419 4751055 16K 512 64 QFpP 80
OTPROM Ceramic LCC 80
8-Bit, Single-Chip CMOS Microcomputers
Device, Clock Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X8) [e] # Package Pins
78C10/78C10A CMOS; A/D converter 15 45t055 External 256 32 Quip 64
SDIP 64
QFP 64
PLCC 68
78C11/78C11A CMOS; A/D converter 15 45t055 4K 256 44 auip 64
SDIP 64
QFP 64
PLCC 68
78C12A CMOS; A/D converter 15 451055 8K 256 44 auip 64
SDIP 64
QFp 64
PLCC 68
78C14/78C14A CMOS; A/D converter 15 451055 16K 256 44 auip 64
SDIP 64
QFp 64
PLCC 68
78CP14 CMOS; A/D converter 15 475t05.25 16K 256 44 Quip 64
OTPROM SDIP 64
QFP 64
PLCC 68
16K 256 44 Ceramic QUIP 64
UVEPROM Shrink cerdip 64
78CG14 CMOS; A/D converter; 15 451055 4K, 8Kor 256 44 Ceramic QUIP 64
piggyback EPROM 16K
78213 CMOS; A/D converter; 12 451055 External 512 54 SDIP 64
advanced peripherals auip 64
oFp 74
PLCC 68
78214 CMOS; A/D converter; 12 451055 16K 512 54 SDIP 64
advanced peripherals Quip 64
QFP 74
PLCC 68
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Single-Chip NE C

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

Device, Clock: Supply ~ROM RAM
wPD . Features . (MHz)  Voltage (V) (X8) (X8) (e} # Package . Pins
78P214 CMOS; A/D converter; 12 45t055 16K 512 54 SDIP 64
advanced peripherals OTPROM auip 64
QFP 74
... PLCC 68
16K 512 54 . Shrink cerdip 64
t UVEPROM -
78220 CMOS; analog comparator; 12 451055 External 640 n PLCC 84
large 1/0 QFP 94
78224 CMOS; analog comparator; ‘ 12 451055 16K 640 71 PLCC 84
large 1/0 QFP 94
78P224 CMOS; analog comparator; 12 451055 16K 640 n PLCC 84
large 1/0 OTPROM QFP 94
78233 CMOS; real-time outputs; 12 451055 External 640 64 QFP 80
A/D and D/A converters QFP 94
PLCC 84
78234 CMOS; real-time outputs; 12 451055 16K 640 64 QFP 80
A/D and D/A converters e QFP 94
PLCC 84
78P238 CMOS; real-time outputs; 12 451055 32K 640 64 QFP 80
A/D and D/A converters OTPROM QFP 94
PLCC 84
32K 640 64 Ceramic LCC 94
UVEPROM .
8/16-Bit, Single-Chip CMOS Microcomputers
Device, Clock  Supply ROM RAM
wPD Features (MHz) Voltage (V) (X8) (X8) 10 # Package Pins
78310A Real-time motor control 12 451055 . External 256 48 SDIP 64
Quip 64
QFP 64
PLCC 68
78312A Real-time motor control 12 451055 8K 256 48 SDIP 64
Quip 64
QFP 64
PLCC 68
78P312A Real-time motor control 12 451055 8K 256 48 Shrink cerdip 64
UVEPROM Ceramic QUIP 64
8K 256 48 SDIP 64
OTPROM auip 64
" QFP 64
PLCC 68
78320 High-end; advanced analog 16 451055 External 640 55 QFP 64
and digital peripherals PLCC 68
78322 High-end; advanced analog 16 451055 16K 640 55 QFP 64
and digital peripherals : PLCC 68
78P322 High-end; advanced analog 16 451055 16K 640 55 . PLCC 68
and digital peripherals OTPROM QFP 74
. 16K 640 55 Ceramic LCC 68
UVEPROM Ceramic LCC 74
71P301 Port and memory extender - 451055 16K 1K 16 PLCC 44
used with 7832X microcomputer OTPROM = QFP 64
family; UVEPROM or OTPROM Quip 64
16K 1K 16 Ceramic LCC 44
UVEPROM Ceramic LCC 64
Ceramic QUIP 64
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NEC uPD75XX Series
Development Tools

uPD75XX Series Development Tools Selection Guide

System PG-1500 Absolute
Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board* Board Device (Note 2) (Note 3)
pPD7502G-12 EVAKIT-7500B EV7514 SE-7514A — — ASM75
pPD7503G-12 EVAKIT-75008 EV7514 SE-7514A — — ASM75
pPD7507C EVAKIT-7500B — — pPD78CGOSE — ASM75
uPD7507CU EVAKIT-7500B — — — — ASM75. -
pPD7507G-00 EVAKIT-75008 — — — — ASM75
pPD7507HC EVAKIT-7500B EV7508H — pPD75CGO8HE — ASM75 1
uPD7507HCU EVAKIT-7500B EV7508H — — — ASM75
uPD7507HG-22 EVAKIT-7500B EV7508H — — — ASM75
pPD7508C EVAKIT-7500B — — puPD78CGO8E — ~ ASM75
pPD7508CU EVAKIT-7500B — — — — ASM75
pPD7508G-00 EVAKIT-7500B — — — — : ASM75
pPD75CGO8E EVAKIT-7500B — — — — ASM75
uPD7508HC EVAKIT-75008 EV7508H — pPD78CGOSHE — ASM75
pPD7508HCU EVAKIT-75008 EV7508H — — — ASM75
puPD7508HG-22 EVAKIT-75008 EV7508H — — — ASM75
uPD75CGOSHE EVAKIT-75008 EV7508H — — — ASM75
pPD7527AC EVAKIT-75008 EV7528 — uPD78CG28E — ASM75
pPD7527ACU EVAKIT-7500B EV7528 — — ) — ASM75
pPD7528AC EVAKIT-75008 EV7528 — pPD78CG28E — ) ~ ASM75
pPD7528ACU EVAKIT-75008 EV7528 — — — ASM75
pPD75CG28E EVAKIT-75008 EV7528 — — — ASM75
uPD7533C EVAKIT-7500B EV7533 — uPD75CG33E — ASM75
pPD7533CU EVAKIT-75008 EV7533 — ) — _ ASM75
pPD7533G-22 EVAKIT-75008 EV7533 — — — ASM75
puPD75CG33E EVAKIT-7500B EV7533 — — — ASM75
pPD7537AC EVAKIT-75008 EV7528 — uPD75CG38E — ASM75
pPD7537ACU EVAKIT-7500B EV7528 — — — ASM75
pPD7538AC EVAKIT-75008 EV7528 — uPD75CG38E — ASM75
pPD7538ACU EVAKIT-75008 EV7528 — — — ASM75
uPD75CG38E EVAKIT-75008 EV7528 — — — ASM75
uPD7554CS EVAKIT-7500B EV7554A SE-7554A uPD75P54CS PA-75P54CS ASM75
uPD7554G EVAKIT-75008 EV7554A SE-7554A uPD75P54G PA-75P54CS ASM75
puPD7554ACS EVAKIT-7500B EV7554A SE-7554A uPD75P54CS PA-75P54CS ASM75
pPD7554AG EVAKIT-75008 EV7554A SE-7554A uPD75P54G PA-75P54CS ASM75
uPD75P54CS EVAKIT-7500B EV7554A — — — ASM75
uPD75P54G EVAKIT-7500B EV7554A — — — ASM75
uPD7556CS EVAKIT-75008 EV7554A SE-7554A uPD75P56CS PA-75P56CS ASM75
uPD7556G EVAKIT-75008 EV7554A SE-7554A uPD75P56G PA-75P56CS ASM75
uPD7556ACS EVAKIT-75008 EV7554A SE-7554A pPD75P56CS PA-75P56CS ASM75
uPD7556AG EVAKIT-7500B EV7554A SE-7554A WPD75P56G PA-75P56CS ASM75
uPD75P56CS EVAKIT-7500B EV7554A — — — ASM75
uPD75P56G EVAKIT-75008 EV7554A — — — ASM75
pPD7564CS EVAKIT-75008 EV7554A SE-7554A uPD75P64CS PA-75P54CS ASM75
pPD7564G EVAKIT-7500B EV7554A SE-7554A uPD75P64G PA-75P54CS ASM75
pPD7564ACS EVAKIT-75008 EV7554A SE-7554A uPD75P64CS PA-75P54CS ASM75
pPD7564AG EVAKIT-75008 EV7554A SE-7554A pPD75P64G PA-75P54CS ASM75
uPD75P64CS EVAKIT-7500B EV7554A — — — ASM75
uPD75P64G EVAKIT-7500B EV7554A — — — ASM75
uPD7566CS EVAKIT-75008 EV7554A SE-7554A uPD75P66CS PA-75P56CS ASM75
uPD7566G EVAKIT-7500B EV7554A SE-7554A pPD75P66G PA-75P56CS ASM75

* Required Tools
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uPD75XX Series

NEC

uPD75XX Series Development Tools Selection Guide (cont)

. . System PG-1500 Absolute

Part Number Add-on Evaluation EPROM/OTP Adapter Assembler
(Note 1) Emulator* Board* Board - - Device (Note 2) (Note 3)
uPD7566ACS EVAKIT-7500B EV7554A SE-7554A pPD75P66CS PA-75P56CS ASM75
pPD7566AG EVAKIT-7500B EV7554A SE-7554A uPD75P66G PA-75P56CS ASM75
WPD75P66CS EVAKIT-7500B EV7554A — — — ASM75
uPD75P66G EVAKIT-7500B EV7554A — — — ASM75
* Required Tools
Notes:
(1) Packages:

Package Description

[ 40-pin plastic DIP (WPD7507/07H/08/08H)

42-pin plastic DIP (WPD7527A/28A/33/37A/38A)
cs 20-pin plastic shrink DIP (uPD7554/564A/P54/64/64A/P64)
24-pin plastic shrink DIP (uPD7556/56A/P56/66/66A/P66)
CcuU 40-pin plastic shrink DIP (uPD7507/07H/08/08H)
42-pin plastic shrink DIP (uPD7527A/28A/33/37A/38A)

E 40-pin ceramic piggy-back DIP (1PD75CG08/08H)
i 42-pin ceramic piggy-back DIP (WPD75CG28/33/38)
G 20-pin plastic SO (uPD7554/54A/P54/64/64A/P64)

) 24-pin plastic SO (LPD7556/56A/P56/66/66A/P66)
G-00 52-pin plastic QFP
G-12 64-pin plastic QFP (uPD7502/03)
) - G222 44-pin plastic QFP
(2) By using the specified adapter, the PG-1500 EPROM programmer
can be used to program the OTP device.
(3) The ASM75 Absolute Assembler is provided to run under the MS-DOS®
operating system. (ASM75-D52).

MS-DOS is a registered trademark of Microsoft Corporation.
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NEC uPD75XXX Series
Development Tools

uPD75XXX Series Development Tools Selection Guide

Relocatable Structured

Part Number Emulation Optional Socket EPROM/OTP Assembler Assembler
(Note 5) Emulator* Probe* - Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
pPD75004CU IE-75000-R EP-75008CU-R — uPD75P008CU RA75X ST75X
pPD75006GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 uPD75P008GB RA75X ST75X
uPD75006CU |E-75000-R EP-75008CU-R — uPD75P008CU RA75X ST75X
pPD75006GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 uPD75P008GB RA75X ST75X
pPD75008CU IE-75000-R EP-75008CU-R — _ puPD75P008CU RA75X ST75X
pPD75008GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 pPD75P008GB RA75X ST75X
uPD75P008CU IE-75000-R EP-75008CU-R — — RA75X ST75X
pPD75P008GB-3B4 IE-75000-R EP-75008GB-R EV-9200G-44 — RA75X ST75X
pPD75028CW |E-75000-R EP-75028CW-R — pPD75P036CW RA75X ST75X
pPD75028GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 uPD75P036GC RA75X ST75X
pPD75P036CW 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 — uPD75P056CW RA75X ST75X
pPD75048GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 pPD75P056GC RA75X ST75X
pPD75P056CW IE-75000-R EP-75028CW-R — — RA75X ST75X
pPD75P056GC-AB8 IE-75000-R EP-75028GC-R EV-9200GC-64 — RA75X ST75X -
pPD75104CW IE-75000-R EP-75108CW-R — pPD75P108CW/DW RA75X ST75X
pPD75P116CW
uPD75104G-1B IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/GF . RA75X ST75X
pPD75P116GF
pPD75104GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/GF RA75X ST75X
__ pPD75P116GF
pPD75104AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
uPD75106CW IE-75000-R EP-75108CW-R — wPD75P108CW/DW RA75X ST75X
uPD75P116CW
uPD75106G-1B IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G/GF RA75X ST75X
pPD75P116GF
pPD75106GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 wPD75P108G/GF RA75X ST75X
pPD75P116GF
pPD75108AG-22 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
pPD75108AGC-AB8 IE-75000-R EP-75108AGC-R EV-9200GC-64 — RA75X ST75X
pPD75108CW IE-75000-R EP-75108CW-R — uPD75P108CW/DW RA75X ST75X
uPD75P116CW
pPD75108G-1B IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P108G/GF RA75X ST75X
_uPD75P116GF
pPD75108GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 pPD75P108G/GF RA75X ST75X
uPD75P116GF
pPD75P108BCW IE-75000-R EP-75108CW-R — — RA75X ST75X
pPD75P108BGF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
pPD75P108CW IE-75000-R EP-75108CW-R — — RA75X . ST75X
pPD75P108DW IE-75000-R EP-75108CW-R — — RA75X ST75X
pPD75P108G-1B |E-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
uPD751120W IE-75000-R EP-75108CW-R — uPD75P116CW RA75X ST75X
uPD75112GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 _pPD75P116GF RA75X ST75X
pPD75116CW IE-75000-R EP-75108CW-R — __pPD75P116CW RA75X ST75X
pPD75116GF-3BE IE-75000-R EP-75108GF-R EV-9200G-64 uPD75P116GF RA75X ST75X
pPD75P116CW IE-75000-R EP-75108CW-R — — RA75X ST75X
pPD75P116GF-3BE |E-75000-R EP-75108GF-R EV-9200G-64 — RA75X ST75X
pPD75206CW IE-75000-R EP-75216ACW-R — uPD75P216ACW RA75X ST75X
pPD75206G-1B IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75206BGF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75208CW IE-75000-R - EP-75216ACW-R — pPD75P216ACW RA75X ST75X

* Required Tools
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: upb75xxx Series

NEC

uPD75XXX Series Development Tools Selection Guide - (cont)

Relocatable Structured

Part Number Emulation Optional Socket EPROM/OTP Assembler Assembler -
(Note 5) Emulator* - Probe* Adapter (Note 1) Device (Note 2) (Note 3) (Note 4)
pPD75208G-1B |E-75000-R - EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75208GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 —_ RA75X ST75X
WPD75CG208E |E-75000-R EP-75216ACW-R — — RA75X ST75X
pPD75CG208EA IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
WPD75212ACW IE-75000-R EP-75216ACW-R — uPD75P216ACW RA75X ST75X
pPD75212AGF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75216ACW |E-75000-R EP-75216ACW-R — uPD75P216ACW RA75X ST75X
pPD75216AGF IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
pPD75CG216AE IE-75000-R EP-75216ACW-R — — RA75X ST75X
pPD75CG216AEA IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75P216ACW IE-75000-R EP-75216ACW-R — uPD75P216ACW RA75X ST75X
uPD75268CW IE-75000-R EP-75216ACW-R — pPD75P216ACW RA75X ST75X
pPD75268GF-3BE IE-75000-R EP-75216AGF-R EV-9200G-64 — RA75X ST75X
uPD75304GF-389 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P308GF/K RA75X ST75X
pPD75306GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 pPD75P308GF/K RA75X ST75X
pPD75308GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P308GF/K RA75X ST75X
uPD75P308GF-3B9 IE-75000-R - - EP-75308GF-R EV-9200G-80 — RA75X ST75X
uPD75P308K . IE-75000-R __EP-75308GF-R EV-9200G-80 — RA75X ST75X
uPD75312GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P316GF RA75X ST75X
pPD75316GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 uPD75P316GF RA75X ST75X
uPD75P316GF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X ST75X
pPD75P316AGF-3B9 IE-75000-R EP-75308GF-R EV-9200G-80 — RA75X §T75X
pPD75P316AK IE-75000-R EP-75308GF-R EV-9200G-80 — . RA75X ST75X
pPD75328GC-3B9 IE-75000-R EP-75328GC-R EV-9200GC-80 uPD75P328GC RA75X ST75X
WPD75P328GC-3B9 IE-75000-R EP-756328GC-R EV-9200GC-80 — RA75X ST75X
uPD75402AC IE-75000-R EP-75402C-R — uPD75P402C RA75X ST75X
uPD75402ACT IE-75000-R EP-75402C-R — uPD75P402CT RA75X .8T75X
pPD75402AGB-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
pPD75P402GB-3B4 IE-75000-R EP-75402GB-R EV-9200G-44 — RA75X ST75X
pPD75512GF-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 uPD75P516GF/K RA75X ST75X
uPD75P516GF-3B9 IE-75000-R EP-75516GF-R EV-9200G-80 — RA75X ST75X
uPD75P516K IE-75000-R EP-75516GF-R EV-9200G-80 — — —
Notes: . ‘ (5) Packages:
(1) The EV-9200G-XX is an LCC socket with the footprint of the flat Package Description

package. One unit is supplied with the probe. Additional units are c 28-pin plastic DIP

available as replacement parts in sets of five. cT 28-pin plastic shrink DIP
(2) All EPROM/OTP devices can be programmed using the NEC PG- cu 42-pin plastic shrink DIP

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

(3) The RA75X relocatable assembler package is provided for the
"~ following opérating systems:

RA75X-D52 (MS-DOS?)

RA75X-VVT1 (VAX/VMS®)

The ST75X structures assembler preprocessor is provided with
RA75X. '

(4)

=

MS-DOS is a registered trademark of Microsoft Corporation.
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cwW 64-pin plastic shrink DIP

bw 64-pin ceramic shrink DIP with window
E 64-pin ceramic piggy-back shrink DIP
EA 64-pin ceramic piggy-back QFP
G-1B 64-pin plastic QFP (2.05 mm thick)
G-22 64-pin plastic QFP (1.55 mm thick)
GB-3B4 44-pin plastic QFP

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

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

K 80-pin ceramic LCC

VAX and VMS are registered trademarks of Digital Equipment Corporation.



NEC uPD78XX Series
Development Tools

uPD78XX Series Development Tools Selection Guide**

PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compiler
(Note 1) Emulator* Probe* Device (Note 2) (Note 9) (Note 9)
puPD78C10CW IE-78C11-M EV-9001-64 — — RA87 cce7
(Note 3)
pPD78C10G-36 IE-78C11-M (Note 4) — — RA87 CC87
puPD78C10G-1B IE-78C11-M (Note 5) — — RA87 CC87
pPD78C10GF-3BE IE-78C11-M (Note 5) — — RA87 CC87
pPD78C10L IE-78C11-M (Note 5) — — RA87 cCc87
pPD78C10ACW |IE-78C11-M EV-9001-64 — — RA87 ccs7
(Note 8) (Note 3)
WPD78C10AGQ-36 IE-78C11-M (Note 4) — — RA87 CCc87
(Note 8)
uPD78C10AGF-3BE IE-78C11-M (Note 5) — — RA87 ccs7
(Note 8)
pPD78C10AL IE-78C11-M (Note 5) — — RA87 ccs7
(Note 8)
puPD78C11CW IE-78C11-M EV-0001-64 pPD78CP14CW/DW PA-78CP14CW RA87 ccs7
: (Note 3)
pPD78C11G-36 IE-78C11-M (Note 4) *° pPD78CP14G-36/R PA-78CP14GQ RA87 ccs7
uPD78CP14E :
pPD78C11G-1B ~ .|E-78C11-M ~_(Note 5) pPD78CP14GF-3BE PA-78CP14GF - RA87 CCc87
pPD78C11GF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CC87
pPD78C11L IE-78C11-M (Note 5) pPD78CP14L PA-78CP14L RA87 CC87
uPD78C11ACW IE-78C11-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 . cc87
(Note 7) (Note 3) (Note 6)
pPD78C11AGQ-36 IE-78C11-M (Note 4) WPD78CP14G-36/R PA-78CP14GQ RA87 cce7
(Note 7) (Note 6)
wPD78C11AGF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 CCc87
(Note 7) (Note 6)
pPD78C11AL IE-78C11-M (Note 5) uPD78CP14L PA-78CP14L RA87 cce7
(Note 7) (Note 6)
uPD78C12ACW IE-78C11-M EV-0001-64 puPD78CP14CW/DW PA-78CP14CW RA87 ccs7
(Note 7) (Note 3) (Note 6)
pPD78C12AGQ-36 IE-78C11-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 ccs7
(Note 7) (Note 6)
pPD78C12AGF-3BE IE-78C11-M (Note 5) pPD78CP14GF-3BE PA-78CP14GF RA87 ccs7
(Note 7) (Note 6)
pPD78C12AL IE-78C11-M (Note 5) uPD78CP14L PA-78CP14L RA87 ccs7
(Note 7) (Note 6)
uPD78C14CW IE-78C11-M EV-9001-64 pPD78CP14CW/DW PA-78CP14CW RA87 cce7
(Note 3)
pPD78C14G-36 IE-78C11-M (Note 4) pPD78CP14G-36/R PA-78CP14GQ RA87 ccs7
uPD78CG14E —
pPD78C14G-1B IE-78C11-M (Note 5) puPD78CP14GF PA-78CP14GF RA87 CCc87
pPD78C14GF-3BE IE-78C11-M (Note 5) pPD78CP14GF PA-78CP14GF RA87 CC87
pPD78C14L IE-78C11-M (Note 5) puPD78CP14L PA-78CP14L RA87 CC87
uPD78C14AG-AB8 IE-78C11-M (Note 5) — — RA87 ccs7
(Note 7)
pPD78CG14E IE-78C11-M (Note 4) —_ — RA87 ccs7
(Note 8)
pPD78CP14CW IE-78C11-M EV-9001-64 —_ PA-78CP14CW RA87 cC87
(Note 3)
pPD78CP14DW IE-78C11-M :EV-9031 -64 — PA-78CP14CW RA87 ccs7
Note 3)

* Required Tools
**For all uPD78C1X devices, you may use the DDK-78C10 for evaluation purposes.
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uPD78XX Series

NEC

uPD78XX Series Development Tools Selection Guide** (cont)

PG-1500 Relocatable
Part Number Emulation EPROM/OTP Adapter Assembler C Compller
(Note 1) Emulator* Probe* Device (Note 2) (Note 9) (Note 9)
pPD78CP14G-36 IE-78C11-M (Note 4) — PA-78CP14GQ RA87 Ccs7
WPD78CP14GF-3BE IE-78G11-M (Note 5) — PA-78CP14GF RA87 CC87
uPD78CP14L IE-78C11-M (Note 5) - PA-78CP14L RA87 ccs7
pPD78CP14R IE-78C11-M (Note 4) — PA-78CP14GQ RA87 CC87

* Required Tools

**For all uPD78C1X devices, you may use the DDK-78C10 for evaluation purposes.

Notes:
(1) Packages:
Package Description
cw 64-pin plastic shrink DIP
DW 64-pin ceramic shrink DIP with window
E 64-pin ceramic piggy-back QUIP

G-1B 64-pin plastic QFP (Resin Thickness: 2.05 mm)
G-36 64-pin plastic QUIP

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

L 68-pin PLCC

R 64-pin ceramic QUIP with window

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

(3) 64-pin shrink DIP adapter which plugs into the EP-7811HGQ
emulation probe supplied with each IE.

MS-DOS is a registered trademark of Microsoft Corporation.

(4) The emulation probe for the 64-pin QUIP package (EP-7811HGQ)
is supplied with the IE.

(5) No emulation probe available.

(6) The uPD78CP14 EPROM/OTP devices do not have pull-up
resistors on ports A, B, and C.

(7) The IE-78C11-M can be used by replacing the uPD78C10G-36
with a uPD78C10AGQ-36. However, it will not be able to emulate
the optional pull-up resistors on ports A, B, and C.

(8) The pPD78CG14E is a piggy-back EPROM device in a ceramic
QUIP package. It accepts 27C256 and 27C256A EPROMS.

(9) The following relocatable assemblers and C compilers are

available:
RA87-D52 (MS-DOS®) Relocatable assemblers
RA87-VVT1 (VAX/VMS®) for 78XX series
CCMSD-15DD-87 (MS-DOS) C Compilers for
CCVMS-OT16-87 (VAX/VMS) 78XX Series
CCUNX-OT16-87 (VAX/UNIX®)
4.2 BSD or Ultrix®)

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

UNIX is a trademark of AT&T Bell Laboratories.
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NEC

uPD782XX Series
Development Tools

uPD782XX Series Development Tools Selection Guide (Note 1)

Part Number Evaluation Designer Kit Emulator Kit  Low-End Emulation  Emulation Device
(Note 2) Kit (Note 3 (Note 4) (Note 5) Emulator System Probe (Note 6)
pPD78213CW EK-78K2-21X  DK-78K2-21XCW  IK-78K2-21XCW  EB-78210-PC IE-78210-R EP-78210CW-R —
pPD78213GJ-5BJ EK-78K2-21X  DK-78K2-21XGJ IK-78K2-21XGJ  EB-78210-PC IE-78210-R EP-78210GJ-R(7) —
pPD78213GQ-36 EK-78K2-21X  DK-78K2-21XGQ  IK-78K2-21XGQ  EB-78210-PC IE-78210-R EP-78210GQ-R —
uPD78213L EK-78K2-21X  DK-78K2-21XL 1K-78K2-21XL EB-78210-PC |E-78210-R EP-78210L-R —
pPD78214CW EK-78K2-21X  DK-78K2-21XCW  IK-78K2-21XCW  EB-78210-PC IE-78210-R EP-78210CW-R uPD78P214CW/DW
pPD78214GJ-5BJ EK-78K2-21X  DK-78K2-21XGJ IK-78K2-21XGJ  EB-78210-PC IE-78210-R EP-78210GJ-R (7)  puPD78P214GJ
pPD78214GQ-36 EK-78K2-21X  DK-78K2-21XGQ  IK-78K2-21XGQ  EB-78210-PC IE-78210-R EP-78210GQ-R puPD78P214GQ
pPD78214L EK-78K2-21X  DK-78K2-21XL 1K-78K2-21XL EB-78210-PC IE-78210-R EP-78210L-R uPD78P214L
pPD78P214CW EK-78K2-21X  DK-78K2-21XCW  IK-78K2-21XCW  EB-78210-PC IE-78210-R EP-78210CW-R —
uPD78P214DW EK-78K2-21X  DK-78K2-21XCW  IK-78K2-21XCW  EB-78210-PC IE-78210-R EP-78210CW-R —
pPD78P214GJ-5BJ EK-78K2-21X  DK-78K2-21XGJ IK-78K2-21XGJ  EB-78210-PC |E-78210-R EP-78210GJ-R(7) —
pPD78P214GQ-36 EK-78K2-21X  DK-78K2-21XGQ  IK-78K2-21XGQ  EB-78210-PC IE-78210-R EP-78210GQ-R —
pPD78P214L EK-78K2-21X  DK-78K2-21XL IK-78K2-21XL EB-78210-PC IE-78210-R EP-78210L-R —
pPD78220GJ-5BG EK-78K2-22X  DK-78K2-22XGJ 1K-78K2-22XGJ  EB-78220-PC |E-78220-R EP-78220GJ-R (8) —
pPD78220L EK-78K2-22X  DK-78K2-22XL 1K-78K2-22XL  EB-78220-PC |E-78220-R EP-78220L-R —
pPD78224GJ-5BG EK-78K2-22X  DK-78K2-22XGJ IK-78K2-22XGJ  EB-78220-PC |E-78220-R EP-78220GJ-R (8)  pPD78P224GJ
uPD78224L EK-78K2-22X  DK-78K2-22XL IK-78K2-22XL EB-78220-PC IE-78220-R EP-78220L-R pPD78P224L
pPD78P224GJ-5BG  EK-78K2-22X  DK-78K2-22XGJ IK-78K2-22XGJ  EB-78220-PC IE-78220-R EP-78220GJ-R(8) —
pPD78P224L EK-78K2-22X  DK-78K2-22XL IK-78K2-22XL EB-78220-PC IE-78220-R EP-78220L-R —
pPD78233GC-3B9 EK-78K2-23X  DK-78K2-23XGC  IK-78K2-23XGC  EB-78230-PC |E-78230-R EP-78230GC-R —
pPD78233GJ-5BG EK-78K2-23X  DK-78K2-23XGJ IK-78K2-23XGJ  EB-78230-PC IE-78230-R EP-78230GJ-R —
puPD78233LQ EK-78K2-23X  DK-78K2-23XL 1K-78K2-23XL EB-78230-PC |E-78230-R EP-78230LQ-R —
pPD78234GC-3B9 EK-78K2-23X  DK-78K2-23XGC 1K-78K2-23XGC _ EB-78230-PC IE-78230-R EP-78230GC-R pPD78P238GC
pPD78234GJ-5BG EK-78K2-23X  DK-78K2-23XGJ IK-78K2-23XGJ  EB-78230-PC IE-78230-R EP-78230GJ-R pPD78P238GJ/KF
pPD78234LQ EK-78K2-23X  DK-78K2-23XL 1K-78K2-23XL EB-78230-PC IE-78230-R EP-78230LQ-R pPD78P238LQ
WPD78P238GC-3B9  EK-78K2-23X  DK-78K2-23XGC  IK-78K2-23XGC  EB-78230-PC IE-78230-R EP-78230GC-R —
pPD78P238GJ-5BG  EK-78K2-23X  DK-78K2-23XGJ IK-78K2-23XGJ  EB-78230-PC IE-78230-R EP-78230GJ-R —
pPD78P238KF EK-78K2-23X  DK-78K2-23XGJ IK-78K2-23XGJ  EB-78230-PC IE-78230-R EP-78230GJ-R —
pPD78P238LQ EK-78K2-23X  DK-78K2-23XL IK-78K2-23XL EB-78230-PC |E-78230-R EP-78230LQ-R —

Notes:

1. The following software packages are available for the pPD782XX

Series:

RA78K2 relocatable assembler package
RA78K2-D52 (MS-DOS?)
RA78K2-VVT1 (VAX®/VMS®)

ST78K2 Structured assembler preprocessor
Provided with RA78K2

CC782XX C Compiler package
CCMSD-I15DD-782XX (MS-DOS®)

(2

-~

Packages:
Package

Ccw

DW
GC-3B9
GJ-5BG
GJ-5BJ
GQ-36
KF

L

LQ

Description

64-pin plastic shrink DIP

64-pin ceramic shrink DIP with window
80-pin plastic QFP

94-pin plastic QFP

74-pin plastic QFP

64-pin plastic QUIP

94-pin ceramic LCC with window
68-pin PLCC (uPD78213/214/P214L)
84-pin PLCC (uPD78220/224/P224L)
84-pin PLCC

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

(8) The pPD782XX Evaluation Kit contains the appropriate DDB-78K2-
2XX evaluation board for the part selected, the RA78K2 Relocat-
able Assembler Package, and the ST78K2 Structured Assembler
Preprocessor.

(4) The pPD782XX Designer Kit contains the appropriate EB-782XX-
PC low-end emulator and emulation probe for the part selected, the
RA78K2 Relocatable Assembler Package, and the ST78K2
Structured Assembler Preprocessor.

(5) The pPD782XX Emulator Kit contains the appropriate |E-782XX
system and emulation probe for the part selected, the RA78K2
Relocatable Assembler Package, and the ST78K2 Structured
Assembler Preprocessor.

(6) 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 programming adapter.

(7) The EP-78210GJ-R emulation probe is shipped with one EV-
9200G-74, a 74-pin LCC socket with the footprint of the QFP
package. Additional sockets are available as replacement parts in
sets of five.

(8) The EP-78220GJ-R emulation probe is shipped with one EV-
9200G-94, a 94-pin LCC socket with the footprint of the QFP
package. Additional sockets are available as replacement parts in
sets of five.
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uPD783XX Series
Development Tools

uPD783XX Serles Development Tools Selection Guide (Note 10)

PG-1500 Relocatable  Structured
Part Number Emulation EPROM/OTP Adapter Assembler Assembler C Compiler
(Note 1) Emulator* Probe* Device (Note 2) (Note11) (Note 12) (Note 13)
pPD78310ACW IE-78310A-R (Note 3) — — RA78K3 ST78K3 CC7831X
(Note 5)
puPD78310AGF-3BE IE-78310A-R EP-78310GF — — RA78K3 ST78K3 CC7831X
(Note 6) (Note 5)
pPD78310AGQ-36 IE-78310A-R (Note 4) — — RA78K3 ST78K3 CC7831X
(Note 5)
wPD78310AL IE-78310A-R EP-78310L — — RA78K3 ST78K3 CC7831X
(Note 5)
puPD78312ACW IE-78310A-R (Note 3) pPD78P312ACW/DW PA-78P312CW RA78K3 ST78K3 CC7831X
(Note 5)
pPD78312AGF-3BE IE-78310A-R EP-78310GF pPD78P312AGF-3BE PA-78P312GF RA78K3 ST78K3 CC7831X
(Note 6) (Note 5)
pPD78312AGQ-36 IE-78310A-R (Note 4) pPD78P312AGQ/RQ PA-78P312GQ RA78K3 ST78K3 CC7831X
(Note 5)
puPD78312AL IE-78310A-R EP-78310L puPD78P312AL PA-78P312L RA78K3 ST78K3 CC7831X
(Note 5)
pPD78P312ACW IE-78310A-R (Note 3) — PA-78P312CW RA78K3 ST78K3 CC7831X
(Note 5)
pPD78P312ADW IE-78310A-R (Note 3) — PA-78P312CW RA78K3 ST78K3 CC7831X
(Note 5)
pPD78P312AGF-3BE  IE-78310A-R EP-78310GF — PA-78P312GF RA78K3 ST78K3 CC7831X
(Note 6) (Note 5)
pPD78P312AGQ-36 IE-78310A-R (Note 4) — PA-78P312GQ RA78K3 ST78K3 CC7831X
(Note 5)
pPD78P312AL IE-78310A-R EP-78310L — PA-78P312L RA78K3 ST78K3 CC7831X
(Note 5)
pPD78P312AR IE-78310A-R (Note 4) — PA-78P312GQ RA78K3 ST78K3 CC7831X
(Note 5)
pPD78320GJ-5BJ |E-78320-R EP-78320GJ-R — — RA78K3 ST78K3 €C7832X
(Note 7)
pPD78320L IE-78320-R EP-78320L-R — — RA78K3 ST78K3 €C7832X
pPD78322GJ-5BJ IE-78320-R EP-78320GJ-R  pPD78P322GJ PA-78P322GJ RA78K3 ST78K3 CC7832X
(Note 7) pPD78P322KD PA-78P322KD
WPD78322L IE-78320-R EP-78320L-R uPD78P322L PA-78P322L RA78K3 ST78K3 CC7832X
pPD78P322KC PA-78P322KC
pPD78P322GJ IE-78320-R EP-78320GJ-R — PA-78P322GJ RA78K3 ST78K3 CC7832X
(Note 7)
pPD78P322KC IE-78320-R EP-78320L-R — PA-78P322KC RA78K3 ST78K3 CC7832X
pPD783P322KD IE-78320-R EP-78320GJ-R — PA-78P322KD RA78K3 ST78K3 CC7832X
(Note 7)
pPD78P322L IE-78320-R EP-78320L-R — PA-78P322L RA78K3 ST78K3 CC7832X
uPD71P301GF-3BE IE-78320-R — — PA-71P301GF — — —
pPD71P301GQ-36 IE-78320-R — — PA-71P301GQ — -_ —
uPD71P301KA IE-78320-R —_ — PA-71P301KA — — —
(Note 8)
wPD71P301KB |E-78320-R — — PA-71P301KB —_ — —
(Note 9)
puPD71P301L IE-78320-R — — PA-71P301L — — —
pPD71P301RQ IE-78320-R — — PA-71P301GQ —_ — —

* Required Tools
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Notes:
(1) Packages:
- Package Description
cw 64-pin plastic shrink DIP
DW 64-pin ceramic shrink DIP with window
GF-3BE 64-pin plastic QFP (Resin Thickness: 2.7 mm)
GJ-5BJ 74-pin plastic QFP (20 mm x 20 mm)
GQ-36 64-pin plastic QUIP
KA 44-pin ceramic LCC with window
KB 64-pin ceramic LCC with window
KC 68-pin ceramic LCC with window
KD 74-pin ceramic LCC with window
L 44-pin PLCC (uPD71P301L)
68-pin PLCC (uPD78310A/312A/P312AL,
KPD78320/322L)
R 64-pin ceramic QUIP with window
RQ 64-pin ceramic QUIP with window

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

(3) The emulation probe for the 64-pin shrink DIP package (EP-
78310CW) is supplied with the IE.

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

(5) There are two C Compilers for the uPD7831X devices: CC7831X
from NEC Electronics and one from Lattice Corporation.

(6) The EP-78310GF emulation probe is shipped with one EV-
9200G-64, a 64-pin LCC socket with the footprint of the QFP

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

MS-DOS is a registered trademark of Microsoft Corporation.

VAX and VMS are registered trademarks of Digital Equipment Corporation.
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(7) The EP-78320GJ-R emulation probe is shipped with one EV-
..9200G-74, a 74-pin LCC socket with the footprint of the QFP
package. Additional sockets are available as replacement parts
in sets of five.

(8) Sockets for the uPD71P301KA (44-pin LCC package) are
available from Yamaichi, Inc. (1C61-0444-030).

(9) Sockets for the uPD71P301KB (64-pin LCC package) are
available from NEC Electronics (EV-9200G-64) in sets of five.

(10) The following evaluation boards are available for the pPD783XX

series:
Part Number Design/Development Boards Evaluation Boards
uPD7831XA  — DDK-78310A
uPD7832X EB-78320-PC —

(11) The following relocatable packages are available:

RA-78K3-D52 (Ms-DOS?®) Relocatable assembler
RA-78K3-VVT1 (VAX/VMS?) for 783XX series

(12) The ST78K8 structured assembler preprocessor is provided with
RA78K3.

(13) The following C Compiler packages are available:

CCMSD-I5DD-7831X (MS-DOS®) For uPD7831X series
CCMSD-I5DD-7832X (MS-DOS®) For uPD7832X series
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Socket Adapters and Adapter Modules

Socket Adapter Adapter Module Socket Adapter Adapter Module
Target Chip (Note 1) (Note 2) Target Chip (Note 1) (Note 2)
Standard 27XXX EPROM Devices uPD78XX Serles Devices
uPD27256 (125 V) — 027A Board uPD78CP14CW PA-78CP14CW 027A Board
uPD27256 (21 V) — 027A Board uPD78CP14DW PA-78CP14CW 027A Board
uPD27C256 — 027A Board uPD78CP14G PA-78CP14GQ 027A Board
UPD27C256A - 027A Board UPD78CP14GF PA-78CP14GF 027A Board
uPD27C512 — 027A Board uPD78CP14L PA-78CP14L 027A Board
uPD27C1000 — 027A Board HPD78CP14R PA-78CP14GQ 027A Board
prerGioot — 027A Board uPD78XXX Series Devices
pPD27C10124 - 027A Board WPD71PA0IGF PA71P301GF 027A Board
uPD75XX Series Devices uPD71P301GQ PA-71P301GQ 027A Board
uPD75P54CS PA-75P54CS 04A Board uPD71P301KA PA-71P301KA 027A Board
UPD75P54G PA-75P54CS 04A Board uPD71P301KB PA-71P301KB 027A Board
WPD75P56CS PA-75P54CS 04A Board UPD71P301L PA-71P301L 027A Board
PD75P56G PA-75P54CS 04A Board uPD78P214CW PA-78P214CW 027A Board
UPD75P64CS PA-75P54CS 04A Board HPD78P214GJ PA-78P214GJ 027A Board
WPD75P64G PA-75P54CS 04A Board uPD78P214GQ PA-78P214GQ 027A Board
uPD75P66CS PA-75P56CS 04A Board uPD78P214L PA-78P214L 027A Board
UPD75P66G PA-75P56CS 04A Board uPD78P224G) PA-78P224GJ 027A Board
WPD75XXX Serles Devices uPD78P224L PA-78P224L 027A Board
\PDT5P00BCU PAT5PO0RCU 04A Board uPD78P238GC PA-78P238GC 027A Board
WPDT5P008GB PA75P00BCU 1A Board uPD78P238GJ PA-78P238GJ 027A Board
uPD78P238KF PA-78P238KF 027A Board
UPD75P036CW PA-75P036CW 04A Board
PDT5PO36C PA75P035GC 04A Board uPD78P238LQ PA-78P238LQ 027A Board
pPDT5P108BCW PAT5P108CW 04A Baard HPD7EPS1ZACW PA78P3120W 027A Board
uPD78P312ADW PA-78P312CW 027A Board
UPD75P108CW PA-75P108CW 04A Board
uPD78P312AGF PA-78P312GF 027A Board
uPD75P108DW PA-75P108CW 04A Board
WPDT5P108BGF PAT5P108G 04A Board UPD78P312AGQ PA-78P312GQ 027A Board
PA-75P116GF 04A Board pPD78P312AL PA-78P312L 027A Board
uPD75P108G PA-75P108G 04A Board pPD78P312AR PA-78P312GQ 027A Board
PA-75P116GF 04A Board uPD78P322G) PA-78P322GJ 027A Board
pPPD75P116CW PA-75P108CW 04A Board pPD78P322KC PA-78P322KC 027A Board
WPD75P116GF PA-75P108G 04A Board pPD78P322KD PA-78P322KD 027A Board
PA-75P116GF 04A Board puPD78P322L PA-78P322L 027A Board
S TN e e D
LPOT5P306K DAT5P308K o4 Board uPD70P322K PA-70P322L 027A Board
WPD75P316GF PA-75P308GF 04A Board Digital Signal Processors
UPD75P316AGF PA-75P308GF 04A Board pPD77PSECR PA-77P56C 04A Board
WPD75P316AK PA-75P308K 04A Board pPD77PS6G PA-77P56C 04A Board
1PD75P328GC PA-75P328GC 04A Board pPD77P25C PA-77P25C 027A Board
uPD75P402C (Note 3) 027A Board pPD77P25D PA-77P25C 027A Board
WPD75P402CT PA-75P402CT 027A Board pPD77P230R PA-T7P230R 027A Board
uPD75P402GB PA-75P402GB 027A Board
UPD75P516GF PA-75P516GF 04A Board Notes:
uPD75P516K PA-75P516K 04A Board (1) All socket adapters must be purchased separately.

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

(3) The uPD75P402C does not require a programming socket
adapter. It can be plugged directly into the 027A board.
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V-Series
Microprocessors and Peripherals

CMOS Microprocessors

Device, Data Clock
kPD Features Blts (MHz) * Package Pins
70008A *Z80 microprocessor 8 8 DIP 40
QFP 44
. PLCC 44
70108 8088 compatible; enhanced 8/16 8or10 DIP 40
(v20) Ceramic DIP 40
QFP 52
PLCC 44
70116 8086 compatible; enhanced 16 8or10 DIP 40
(V30) Ceramic DIP 40
QFP 52
PLCC 44
70208 MS-DOS, V20 compatible CPU with peripherals 8/16 8or10 Ceramic PGA 68
(v40) PLCC 68
QFP 80
70216 MS-DOS, V30 compatible CPU with peripherals 16/16 8or10 PGA 68
(V50) PLCC 68
QFP 80
70616 32-bit; high-speed 16/32 16 PGA 68
(v60)
70632 32-bit; high-speed 32/32 20/25 PGA 132
(v70)
70832 32-bit; high-speed 32/32 25 Ceramic PGA 208
(V80)
70136 Hardwired, enhanced V30 16 12 0r 16 PGA 68
(v33) ' PLCC 68
70236 V33 core-based; high-integration; DMA, serial 1/0, 16 - Ceramic PGA 132
(V53) interrupt controller, etc. QFP 120
70320 MS-DOS compatible; high-integration; DMA, serial 1/0, 8/16 50r8 PLCC 84
(V25) interrupt controller, etc. QFP 94
70330 MS-DOS compatible; high-integration; DMA, serial 1/0, 16 8 PLCC 84
(V35) interrupt controller, etc. QFP 94
70325 MS-DOS compatible; high-integration; high-speed DMA 8/16 8or10 PLCC 84
(V25+) QFP 94
70335 MS-DOS compatible; high-integration; high-speed DMA 16 8or10 PLCC 84
(V35+) ) QFP 94
70327 MS-DOS compatible; high-integration; software protection 8/16 8 PLCC 84
(V25 Software Guard) QFP 94
70337 MS-DOS compatible; high-integration; software protection 16 8 PLCC 84
(V35 Software Guard) QFP 94
79011 MS-DOS compatible; high-integration; real-time operating system 8/16 8 PLCC 84
(V25 RTOS) ) QFP 94
79021 MS-DOS compatible; high-integration; real-time operating system 16 8 PLCC 84
(V35 RTOS) ‘ QFP 94
70322 MS-DOS compatible; high-integration; 16K-byte ROM 8/16 8 PLCC 84
(V25 ROM) QFP 94

# Plastic unless ceramic (or cerdip) is specified.
* For additional information, refer to 1987 Microcomputer Data Book.
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CMOS Microprocessors (cont)

Device, Data Clock :

uPD Features Bits (MHz) * Package Pins

70P322 MS-DOS compatible; high-integration; 16K-byte UVEPROM; 8/16 8 Ceramic LCC 84
V25 or V35 mode

70332 MS-DOS compatible; high-integration; 16K-byte ROM 16 8 PLCC 84

(V35 ROM) QFP 94

NMOS and HMOS Microprocessors

Device, Data Clock

uPD Features Bits (MHz) * Package Pins
8085A *8-bit microprocessor; NMOS or HMOS 8 5 DIP 40
8086 *16-bit microprocessor; HMOS 16 8 Cerdip 40
8088 *8-bit microprocessor; HMOS 8 8 Ceramic DIP 40

CMOS System Support Products

Device, Data Clock
uPD Name Bits (MHz) # Package Pins
71011 Clock Pulse Generator/Driver - 20 DIP 18
SOP 20
71037 Programmable DMA Controller 8 10 DIP 40
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
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CMOS System Support Products (cont)

Device, Data Clock
wPD Name Bits (MHz) * Package Pins
71088 System Bus Controller - 8/10 DIP 20
SOP 20
82C43 *Input/Output Expander - 5 DIP 24
Skinny DIP 24
NMOS System Support Products
Device, Data Clock
wPD Name Bits (MHz) # Package Pins
8155H *256 x 8 RAM; 1/0 ports and timer 8 3ors DIP 40
8156H *256 x 8 RAM; 1/0 ports and timer 8 3ors DIP 40
8237A *Programmable DMA Controller 8 5 DIP 40
8243 *Input/Output Expander - 5 DIP 24
8251A *Programmable Communications Interface 8 35 DIP 28
8253 *Programmable Internal Timer 8 5 DIP 24
8255A *Programmable Peripheral Interface 8 5 DIP 40
8257 *Programmable DMA Controller 8 5 DIP 40
8259A *Programmable Interrupt Controller 8 5 DIP 28
8279 *Programmable Keyboard/Display Interface = 5 DIP 40
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NEC Iintelligent
Peripheral Devices (IPD)

Communications Controllers

Device,
uPD Name Description Data Rate # Package Pins.
7201A Multiprotocol Serial Dual full-duplex serial channels; four DMA channels; 1 Mb/s DIP 40
Communications Controller programmable interrupt vectors; asychronous Ceramic DIP 40
COP and BOP support; NMOS
72001 CMOS, Advanced Multiprotocol Functional superset of 8530; 8086/V30 interface; two 25Mbls . DIP 40
Serial Communications full-duplex serial channels; two digital phase-locked QFp 52
Controller loops; two baud-rate generators per channel; loopback PLCC 52
test mode; short frame and mark idle detection
72002 CMOS, Advanced Multiprotocol Low-cost, single-channel version of 72001; software 2.5Mb/s DIP 40
Serial Communications Controller compatible; direct interface to 8237 DMA. QFpP 44
PLCC 44
Not included in 1989-1990 IPD Data Book; refer to 72002
data sheet.
72103 CMOS, HDLC Controller Single full-duplex serial channel; on-chip DMA Controller. 4 Mb/s DIP 64
PLCC 68
Not included in 1989-1990 IPD Data Book; refer to 72103
data sheet
Graphics Controllers
Device,
uPD Name Description Drawing Rate # Package Pins
7220A High-Performance General-purpose, high-integration controller; hardwired 500 ns/dot Ceramic DIP 40
Graphics Display support for lines, arc/circles, rectangles, and graphics ’
Controller - characters; 1024x1024 pixel display with four planes
72020 Graphics Display CMOS 7220A with 2M video memory; dual-port RAM control; 500 ns/dot DIP 40
Controller write-masking on any bit; enhanced external synch QFP 52
72120 Advanced Graphics High-speed graphics operations including paint, area fill, 500 ns/dot PLCC 84
Display Controller slant, arbitrary angle rotate, up to 16x enlargement and QFP - 94
reduction; dual-port RAM control; CMOS -
72123 Advanced Graphics Enhanced 72120; expanded command set; improved painting 400 ns/dot PLCC 84
Display Controller |1 performance; laser printer interface controls; CMOS . QFP R 94
Advanced Compression/Expansion Engine
Device,
wPD Name Description # Package Pins
72185 Advanced Compression/ High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test SDIP 64
Expansion Engine chart, 400 PPI x 400 LPI in urider 1 second); 32K-pixel line length; 32-megabyte PLCC 68

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

# Plastic unless ceramic (or cerdip) is specified.
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Floppy-Disk Controllers

Device, ) Transfer
uPD Name Description . Rate # Package Pins
765A/B Floppy-Disk Controller Industry-standard controller supporting IBM 3740 and 1BM 500 kb/s DIP 40

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

71065/66 Floppy-Disk Interface Compatible with 765-family controllers and others; supports 500 kb/s SOP 28

multiple data rates from 125 to 500 kb/s - SDIP 30
72064* Floppy-Disk Controller CMOS; Ali features of 72068 with complete AT register set. 500 kb/s PLCC 44
Pin compatible with WD 37C65/A/B but with higher QFP 52

performance DPLL and reliable multitasking operation
72065/65B  CMOS Floppy-Disk 100% 765A/B microcode compatible; compatible with 808x 500 kb/s DIP 40
Controller microprocessor families PLCC 44
QFP 52
72067 Floppy-Disk Controller CMOS; 765A/B microcode compatible; clock generation/ 500 kb/s DIP 48
switching circuitry; selectable write precompensation; QFP 52
digital phase-locked loop PLCC 52
72068 Floppy-Disk Controller All features of the 72067 plus |BM-PC, PC/XT, PC/AT, or 500 kb/s QFP 80
PS/2 style registers; 24-ma high-current drivers ; PLCC 84
72069 Floppy-Disk Controller All features of the 72067/68 with substitution of high- 1 Mb/s PLCC 84
performance analog phase-locked loop for digital PLL QFP - 100

Hard-Disk Controllers

Device, Read/Write )
uPD Name Description ) Clock #Package Pins
7261A/B Hard-Disk Controller Supports eight drives in SMD mode, four drives in ST506 23MHz . CeramicDIP 40
mode; error correction and detection
7262 Enhanced Small-Disk Serial-mode ESDI compatible; controls up to seven drives; 18 MHz Ceramic DIP 40
Interface (ESDI) Controller supports up to 80 heads; hard and soft-sector interfacing
72061 CMOS Hard-Disk Supports SMD/SMD-E and ST506/412 type drives 24 MHz DIP 40
Controller _ QFP 52
) PLCC 52
72111 Small Computer System Selectable 8/16 data bus width; 16 high-level commands 16 MHz SDIP 64
Interface (SCSI) Controller for reduced CPU load; single-command automatic QFP 74
execution; 5-Mb sync/async; CMOS PLCC 68

* Notincluded in 1989-90 IPD Data Book; refer to 72064 Data Sheet.
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Digital Signal Processors

Device, Instruction Instruction Data ROM Data RAM i
uPD Description Cycle (ns) ROM (Bits) (Bits) (Bits) # Package Pins
7720A 16-bit, fixed-point DSP; NMOS 244 512x23 510x 13 128x 16 DIP 28
PLCC 44
77C20A 16-bit, fixed-point DSP; CMOS 244 512x23 510x 13 128x 16 DIP 28
PLCC 28
PLCC 44
77P20 16-bit, fixed-point DSP; CMOS 244 512x 23 510x 13 128x 16 Cerdip 28
UVEPROM UVEPROM
77025 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256x 16 DIP 28
PLCC 44
SOP 32
77P25 16-bit, fixed-point DSP; CMOS 122 2048 x 24 1024 x 16 256x 16 DIP 28
OTPROM OTPROM PLCC 44
2048 x 24 1024 x 16 256x 16 Cerdip 28
UVEPROM UVEPROM
77220 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024 x 24 512x24 Ceramic PGA 68
PLCC 68
77P220R 24-bit, fixed-point DSP; CMOS 122 2048 x 32 1024 x 24 512x 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 nfa Ceramic PGA 68
standard library software
77P230R 32-bit, floating-point DSP; CMOS 150 2048 x 32 1024 x 32 1024 x 32 Ceramic PGA 68
UVEPROM UVEPROM
77810 16-bit fixed-point modem DSP; CMOS 181 2048 x 24 1024x 16 256x 16 Ceramic PGA 68
PLCC 68
7281 Image pipelined processor; NMOS 5-MHz clock nfa nfa 512x 18 Ceramic DIP 40
72181 Image pipelined processor; CMOS 10-MHz clock n/a nfa 512x18 DIP 40
QFP 68
9305 Support device for pnPD7281 10-MHz n/a n/a n/a Ceramic PGA 132
processors; CMOS clock
Speech Processors
Device, Clock Data ROM
pwPD Name Technology (MHz) (Bits) * Package Pins
7730 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28
77630 ADPCM Speech Encoder/Decoder NMOS 8 - DIP 28
PLCC 44
7755 ADPCM Speech Synthesizer CMOS 07 96K DIP 18
SOP 24
7756 ADPCM Speech Synthesizer CMOS 07 256K DIP 18
SOP 24
77P56 ADPCM Speech Synthesizer CMOS 07 256K DIP 20
OTPROM SOP 24
7757 ADPCM Speech Synthesizer CMOS 07 512K DIP 18
SOP 24
7759 ADPCM Speech Synthesizer CMOS 07 1024K DIP 40
external QFP 52

# Plastic unless ceramic (or cerdip) is specified.
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Part Full Relocatable
Number Full Emulator Mini-IE Mini-IE Evaluation EPROM/OTP Assembler C Compller
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 13) (Note 14)
uPD70136GJ-12  |E-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
pPD70136GJ-16  IE-70136-A016 EP-70136L-A  IE-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 2) (Note 2)
pPD70136L-16 |E-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
puPD70136L-12 IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
wPD70136R-12 IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
uPD70136R-16 IE-70136-A016 EP-70136L-A  |E-70136-PC EP-70136L-PC DDK-70136 - RA70136 CC70136
(Note 3) (Note 3)
pPD70208GF-8 IE-70208-A010 (Note 12) EB-V4OMINI-IE - EB-70208 - RA70116 CC70116
puPD70208GF-10 ~ |E-70208-A010 (Note 12) EB-VAOMINI-IE - EB-70208 - RA70116 CC70116
uPD70208L-8 |E-70208-A010 IE-70000-2958 EB-V4OMINI-IE ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC (Note 4)
puPD70208L-10 |E-70208-A010 IE-70000-2958 EB-V4OMINI-IE ADAPT68PGA EB-70208 - RA70116 CC70116
68PLCC (Note 4)
uPD70208R-8 |E-70208-A010 IE-70000-2959 EB-V4OMINI-IE (Note 4) EB-70208 - RA70116 CC70116
pPD70208R-10 |E-70208-A010 IE-70000-2959 EB-V4OMINI-IE (Note 4) EB-70208 - RA70116 CC70116
uPD70216GF-8 |E-70216-A010 (Note 12) EB-V50MINI-IE - EB70216 - RA70116 CC70116
pPD70216GF-10  IE-70216-A010 (Note 12) EB-VSOMINI-IE - EB70216 = RA70116 CC70116
pPD70216L-8 IE-70216-A010 |E-70000-2958 EB-VSOMINI-IE ADAPT68PGA EB70216 - RA70116 CC70116
68PLCC (Note 4)
pPD70216L-10 IE-70216-A010 |E-70000-2958 EB-VSOMINI-IE ADAPT68PGA EB70216 - RA70116 CC70116
68PLCC (Note 4)
uPD70216R-8 IE-70216-A010 IE-70000-2959 EB-VSOMINI-IE (Note 4) EB70216 - RA70116 CC70116
uPD70216R-10 |E-70216-A010 |E-70000-2959 EB-VSOMINI-IE (Note 4) EB70216 - RA70116 CC70116
pPD70320GJ |E-70320-A008 EP-70320GJ  EB-V25MINI-IE-P  EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
uPD70320GJ-8 |E-70320-A008 EP-70320GJ  EB-V25MINI-IE-P  EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
pnPD70320L IE-70320-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) DDK-70320 - RA70320 CC70116
uPD70320L-8 1E-70320-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) DDK-70320 - RA70320 CC70116
puPD70322GJ |E-70320-A008 EP-70320GJ  EB-V25MINI-IE-P  EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
pPD70322GJ-8 |E-70320-A008 EP-70320GJ  EB-V25MINI-IE-P  EP-70320GJ DDK-70320 - RA70320 CC70116
(Note 5) (Note 6)
uPD70322L IE-70320-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) DDK-70320 70P3212K RA70320 CC70116
(Note 10) .
pPD70322L-8 |E-70320-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) DDK-70320 70P322K RA70320 CC70116
(Note 10)
puPD70325GJ-8 IE-70325-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 5)
puPD70325GJ-10  |E-70325-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8) (Note 5)
pnPD70325L-8 IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
uPD70325L-10 IE-70325-A008 EP-70320L (Note 12) (Note 12) DDK-70325 - RA70320 CC70116
(Note 8)
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Part Full Relocatable '
Number Full Emulator Mini-IE Minl-IE Evaluation EPROM/OTP Assembler C Compiler
(Note 1) Emulator Probe Emulator Probe Boards Device (Note 10) (Note 11)
uPD70327GJ-8 |E-70320-A008 EP-70320GJ  EB-V25MINI-IE-P  EP-70320GJ - - RA70320 CC70116
(Note 9) (Note 5) (Note 6)
puPD70327L-8 IE-70230-A008 EP-70320L EB-V25MINI-IE-P  (Note 7) - - RA70320 CC70116
(Note 9) ) }
wPD70330GJ-8 IE-70330-A008 EP-70320GJ  EB-V35MINI-IE-P  EP-70320GJ DDK-70330 - RA70320 CC70116
(Note 5) (Note 6)
puPD70330L-8 |E-70330-A008 EP-70320L EB-V35MINI-IE-P  (Note 7) DDK-70330 - RA70320 CC70116
pPD70332GJ-8  IE-70330-A008 EP-70320GJ  EB-V35MINI-IE-P  EP-70320GJ DDK-70330 - RA70320 CC70116
. (Note 5) (Note 6)
uPD70332L-8 |E-70330-A008 EP-70320L EB-V35MINI-IE-P  (Note 7) DDK-70330 70P322K  RA70320 €C70116
(Note 10)
uPD70335GJ-8  IE-70335-A008 EP-70320GJ - (Note 12) (Note 12) DDK-70330 - RA70320 €C70116
(Note 5)
uPD70335GJ-10  |E-70335-A008 EP-70320GJ  (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
(Note 8) (Note 5)
uPD70335L-8 IE-70335-A008 EP-70320L (Note 12) (Note 12) DDK-70330 - RA70320 ' CC70116
uPD70335L-10 IE-70335-A008  EP-70320L (Note 12) (Note 12) DDK-70330 - RA70320 CC70116
(Note 8)
pPD70337GJ-8 IE-70330-A008 EP-70320GJ  EB-V35MINI-IE-P  EP-70320GJ - - RA70320 CC70116
(Note 9) (Note 5) (Note 6) )
pnPD70337L-8 |E-70330-A008 EP-70320L EB-V35MINI-IE-P  (Note 7) - - RA70320 CC70116
(Note 9)
uPD79011GJ-8 IE-70320-A008 EP-70320GJ  (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) (Note 5)
wuPD79011L-8 +|E-70320-RTOS  EP-70320L (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) )
uPD79021L-8 IE-70330-A008 EP-70320L (Note 12) (Note 12) - - RA70320 CC70116
(Note 11) +|E-70330-RTOS i
Notes: (5) The EP-70320GJ is an adapter to the EP-70320L, which converts
(1) Packages: o 84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts,
Package " Description both the PLCC probe and the adapter are needed.
-GF 80-pin plastic QFP
GJ 74-pin or 94-pin plastic QFP (6) The EP-70320GJ adapter can be used to convert the supplied
K -~ 84-pin ceramic LCC with window 84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P
L 68-pin or 84-pin plastic LCC to a 94-pin QFP.
R 68-pin PGA
(7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an
(2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pin 84-pin PLCC cable.

®)

),
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PLCC probe and an adapter which converts the 68-pin PLCC
probes to a 74-pin QFP footprinL

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

The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA
packages directly; the ADAPT68PGAG8PLCC adapter
converts the PGA-pinout on the MINI-IE to a PLCC footprint.
This adapter is supplied with the MINI-IE.

(®)

(©)

Atthe current time, the emulators for the uPD70325 and uPD70335
are specified to 8 MHz. Contact your local NEC Sales Office for the
latest information on 10 MHz emulation.

Development for the puPD70327 or uPD70337 can be done using
the appropriate uPD70320 or uPD70330 tools; however,
debugging the programs in the Software Guard mode is

not supported at this time.

(10) The uPD70P322K EPROM device can be used for both uPD70322

and uPD70332 emulation. The pPD70P322K EPROM device can
be programmed by using the PA-70P322L. Programming Adapter
and the PG-1500 EPROM Programmer.
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Notes (continued):

(11) For emulation of uPD79011 or pPD79021, the base emulator . " . .

(IE-70320 or IE-70330) plus Real-Time Operating System (14) The following C compilers are available:
ftw - - - - i ired.

software |E-70320-RTOS or |E-70330-RTOS) is required. CC70116-D52  For V20/V30/ (MS-DOS)
. " s CC70116-VVT1 V40/V50 and (VAX/VMS)

(12) This emulation option is not currently supported, but may be
available in the future. Contact your local NEC Sales Office for CC70116-VXT1  V25/V35 SII:\X/ UNIX 4.2 BSD of
further information. 1ix)

(13) The following relocatable assemblers are available: gg;g:xze\sﬁ_ 1 For V33 EQ/A:‘XIIDVOMS%)
RA70116-D52 For V20®/V30%  (MS-DOS®) CC70136-VXT1 ml:i):;UNIX 4.2BSDor
RA70116-VVT1 V40™/V50™ (VAX/VMS™)

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

RA70136-D52  For V33™ (MS-DOS)

RA70136-VVT1 (VAX/VMS)

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

RA70320-D52  For V25™ (MS-DOS)

RA70320-VVT1 and V35™ (VAX/VMS)

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

V20 and V30 are registered trademarks of NEC Corporation.

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

MS-DOS is a registered trademark of Microsoft Corporation.

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

UNIX is a trademark of AT&T Bell Laboratories.
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Part Number Evaluation Assembler Simulator EPROM/OTP Kgalfge
(Note 7) Emulator Board (Note 1) (Note 2) Device (Note 3)
WPD7720AC EVAKIT-7720B - ASM77 SIM77 uPD77P20D (Note 5)
uPD7720AL EVAKIT-7720B (Note 4) - ASM77 SIM77 - -
puPD77P20D EVAKIT-7720B - ASM77 SIM77 - -
pPD77C20AC EVAKIT-7720B - ASM77 SIM77 uPD77P20D (Note 5)
uPD77C20AL EVAKIT-7720B (Note 4) - ASM77 SIM77 - -
pPD77C20ALK EVAKIT-7720B (Note 4) - ASM77 SIM77 - -
uPD77220L EVAKIT-77220 - RA77230 SM77230 - -
pPD77220R EVAKIT-77220 - RA77230 SM77230 uPD77P220R PA-77P230R
uPD77P220R EVAKIT-77220 - RA77230 SM77230 - PA-77P230R
pPD77230AR EVAKIT-77230 DDK-77230 RA77230 SM77230 uPD77P230R PA-77P230R
puPD77P230R EVAKIT-77230 DDK-77230 RA77230 SM77230 - PA-77P230R
uPD77C25C EVAKIT-77C25 - RA77C25 - uPD77P25C/D PA-77P25C
pPD77G25L EVAKIT-77C25 (Note 4) - RA77C25 - pPD77P25L -
puPD77P25C EVAKIT-77C25 - RA77C25 - - PA-77P25C
pPD77P25D EVAKIT-77C25 - RA77G25 - - PA-77P25C
uPD77P25L EVAKIT-77G25 (Note 4) - RA77C25 - - -
uPD7755C NV-300 System EB-7759 - - uPD77P56CR PA-77P56C
uPD7755G NV-300 System EB-7759 (Note 6) - - uPD77P56G PA-77P56C
uPD7756C NV-300 System EB-7759 - - uPD77PS6CR PA-77P56C
pPD7756G NV-300 System EB-7759 (Note 6) -~ - . pPD77P56G PA-77P56C
uPD77P56CR NV-300 System EB-7759 - - - PA-77P56C
puPD77P56G NV-300 System EB-7759 (Note 6) - - - PA-77P56C
puPD7757C NV-300 System EB-7759 - - - -
pPD7757G NV-300 System EB-7750 (Note 6) — - - -
uPD7759C NV-300 System EB-7759 - - - -
pPD7759GC NV-300 System EB-7759 - - - -
pPD77810L IE-77810 - RA77810 - - -
wPD77810R |IE-77810 - RA77810 - - -
Notes:
(1)  The following assemblers are available: (3) By using the specified adapter, the NEC PG-1500 EPROM
Part Number Description programmer can be used to program the EPROM/OTP device.
ASM77-D52 Assembler for 7720 (MS-DOS?®)

(4) Please check with your NEC Sales Representative on the

RA77C25-D52 Assembler for 77C25 (MS-DOS) availability of a PLCC emulation probe.

RA77C25-VVT1  Assembler for 77C25 (VAX/VMS™)

RA77230-D52 Assembler for 77230 (MS-DOS) (5) The uPD77P20D can be programmed using the EVAKIT-7720B.
RA77230-VVT1 Assembler for 77230 (VAX/VMS) (6) The EB-7759 comes with an emulation probe for only the 18-pin
RA77230-VXT1 Assembler for 77230 (VAX/UNIX™ 4.2 DIP.
BSD or Ultrix™) (7) Packages:
(2)  The following simulators are available: Package Description
Part Number Description o] 18, 28, or 40-pin plastic DIP
SIM77-D52 Simulator for 7720 (MS-DOS) D 28-pin ceramic DIP
SM77230-VVT1 Simulator for 77230 (VAX/UNIX) G 24-pin plastic SOP
SM77230-VXT1 Simulator for 77230 (VAX/UNIX™ 4.2 GC 52-pin plastic QFP
BSD or Ultrix) L 44-or 68-pin PLCC
LK 28-pin PLCC
R 68-pin ceramic PGA

MS-DOS is a registered trademark of Microsoft Corporation.
VAX, VMS, and Ultrix are trademarks of Digital Equipment Corporation.
UNIX is a trademark of AT&T Bell Laboratories.
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Introduction

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

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

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

Built-In Quality and Reliability

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line for
implementing this philosophy. Rather than performing
only a few simple quality inspections, quality control is
distributed into each process step and then summed to
form a consolidated system. TQC involves workers, engi-
neers, quality control staffs, and all levels of manage-
ment in company-wide activities. Please see Figure 1 for
the quality control system flowchart. Through TQC, NEC
builds quality into the product and thus can assure high
reliability. Additionally, NEC hasintroduced a pre-screening
method into the production line for eliminating potentially
defective units. This combination of building quality in and
screening projected early failures out has resulted in
superior quality and excellent reliability.

Technology Description

Most large-scale integrated circuits utilize high density
MOS technology. State-of-the-art high performance has
been achieved by improving fine-line generation tech-
niques. By reducing physical parameters, circuit density
and performance increase while active circuit power dissi-
pationdecreases. The data presented here shows thatthis
advanced technology, combined with the practice of TQC,
yields products as reliable as those from previous tech-
nologies.

10002

Approaches to Total Quality Control

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

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

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

Third, thereis anongoing research and development effort
to set even higher standards of device quality and reliability.

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

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

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

* A group must have a target to pursue

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

* Each group must have a responsible person

* Each group is well supported

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

* Design of experiments
¢ Control charts

Variance, correlation, regression,

multivariance, etc. :

Variables and attributes data

(Normally, study is done on a
 monthly basis)

Process control sheets and other QC tools are used to
monitor various important parameters such as Cp, Cpk, X,

X, X-R, electrical parameters, pattern dimensions, bond
strength, test percentage defects, etc.

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

* Data analysis:

* Cp, Cpk study:

Implementation of Quality Control

Building quality into a product requires early detection of
possible causes of failure at each process step, then
immediate feedback to remove these causes. A fixed
station quality inspection is often lacking in immediate
feedback; it is therefore necessary to distribute quality
control functions to each process step—including the
conceptual stage. Following is a breakdown of the signifi-
cant steps at which NEC has implemented these func-
tions:

* Product development

* Incoming material inspection

* Wafer processing

* Chip mounting and packaging

* Electrical testing and thermal aging

* Qutgoing material inspection

* Reliability testing

* Process/product changes

New Product Development Phase. The product devel-
opment phase includes conception of a product, review of
the device proposal, physical element design and organi-
zation, engineering evaluation, and finally, transfer of the
product to manufacturing. Quality and reliability are con-

sidered at every step. The new product development flow
is shown in Figure 2.

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

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

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

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

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

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

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

* Vendor/material qualification system

* Purchasing specifications for materials

* Incoming materials inspection

® Inspection data feedback

® Quality meetings with vendor

* Vendor audits

If any parts or materials are rejected at incoming inspec-

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

2-6

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

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

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

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

Figure 3. Electrical Testing and Screening

DC Parameters
Electrical
First Zloctrical | (Full AC/DC Testing
if No 100% Burn-in)
100 Percent
uired
Lot Burnn *Whenever Require
Second Electrical DC Parameters,
Test AC Functional

Warehouse Finished

Goods Stored

Electrical,
Appearance, and
A '

Rellabllity Assurance
Test (RAT) Sampling

83vQ-6936A
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Outgoing Inspection. Prior to warehouse storage, lots
are subjected to an outgoing inspection according to the
following sampling plan.

® Electrical test: DC parameters LTPD 3%

Functional test LTPD 3%

® Appearance: Major LTPD 3%

Minor LTPD 7%

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

Reliability Testing

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

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

Discussion of reliability and failure can be approached in
two ways: with respect to systems or to individual devices.
Important considerations are the constant failure period,
the early failure (infant mortality) period, and overall relia-
bility level.

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

The accumulation of normal device failure rates constitutes
the expected failure rate of the system hardware: the
probability that no device failures will occur in a systemis
the product of each device's probability that it will not fail.
The failure rate of system hardware is then the sum of the
failure rates of the components used to construct the
system. ‘

Life Distribution

The fundamental principles of reliability engineering pre-
dict that the failure rate of a group of devices will follow the
well-known bathtub curve in Figure 4. The curve is divided
into three regions: infant mortality, random failures, and
wearout failures.

Figure 4. Reliabllity Life (Bathtub) Curve

Infant
Mortality
Perlod

Fallure Rate

) Wearout
Perlod
Random Fallure Period

Time ——»
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Infant mortality, as the name implies, represents the early-
life failures of devices. These failures are usually associ-
ated with one or more manufacwﬁng defects.

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

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

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

Failure Distribution at NEC

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

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

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

Infant Mortality Failure Screening

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

Correspondingly, the effectiveness of a screening condi-
tion—preferably at some stress level in order to shorten
the screening time—varies greatly with the failure mecha-
nism. For example, failures due to ionic contamination
have an activation energy of approximately 1.0 eV. There-
fore, a 15-hour stress at 125°C junction temperature would
be the equivalent of approximately 314 days of operation
at a junction temperature of 5§5°C. On the other hand,
failures due to oxide defects have an activation energy of
approximately 0.3 eV, and a 15-hour stress at 125°C
junction temperature would be the equivalent of approxi-
mately four day's operation at 55°C junction temperature.
As indicated by this situation, the conditions and duration
of infant mortality screening must be strongly dependent
onthe allowable component, hence system, failuresinthe
field, as well as the economic factors involved.

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

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

NEC believesitisimperative thatfailure modes associated
with infant mortality screens be understood andfixed atthe
manufacturing level. If such failures can be minimized or
eliminated, and countermeasures appropriately monitored,
then such screens can be eliminated.
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Long-Term Failure Rate

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

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

® A minimum of 3 million device hours at 125°C should be
accumulated to obtain the accuracy necessary for
predicting afailure rate of 0.01% per 1000 hours at 55°C
with a 60% confidence level.

Accelerated Reliability Testing

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

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

1% Failures =.0014 % Failures

720 Hours x 1000 Pcs. 1000 Hrs
or 14 FITs

To demonstrate this failure rate, note that 14 FITs corre-
spond to one failure in about 85 devices during an operat-
ing test of 10,000 hours. It is quickly apparent that a test
condition is required to accelerate the time-to-failure in a
predictable and understandable way. The implicit require-
ment for the accelerated stress testis that the relationship
between the accelerated stress testing condition and the
condition of actual use be known.

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

High-Temperature Operating Life Test. Thistestisused
to accelerate failure mechanisms by operating devices at
an elevated temperature of 125°C. The data obtained is
translated to a lower temperature by using the Arrhenius
relationship.
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Figure 5. Typical Reliability Test Results

HTB TH PCT Tc
Micro:!
NMOS 7119113 15/9315 0/11752 —
(15 FIT)
CMOos 3/11892 2/7293 8/9476 -
(5.4 FIT)
Memory: [HTOL]
DRAM? 10710052 0/9958 0/5880 1/2995
(19 FIT)
SRAM? 1/10421 2/8142 0/8768 —
1 MEG DRAM* 38/14300 0/3634 1/3060 1/1780
(115 FIT)
Asic:s )
CMOs 2/3506 11111 1/4764 4/2680
(33 FIT) : :
ECL 0/1080 —_ — 0141
(8.4 FIT)
BiCMOS 1/895 0/1073 0/935 0/1781
(18 FIT) ’
Information has been extracted from NEC Report Numbers:
! TRQ-89-05-0030 2TRQ-89-01-0021
3TRQ-88-09-0008 4TRQ-89-01-0020
5TRQ-89-04-0025

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

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

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

Failure Rate Calculation/Prediction

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

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

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

A= exp -E, (T, T,)
k(T,) (T,2)

A = Acceleration factor
E, = Activation energy

T,, = Junction temperature (in K)
atT,, =55°C

T,, = Junction temperature (in K}
atT,,=125°C

k = Boltzmann's constant
=8.62x 105 eV/K.

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

T, =T, + (Thermal Resistance) (Power Diss. at T,)

‘Inorderto estimate long term failure rate, the acceleration

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

X2 108
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)

T = # of equivalent device hours

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

.29
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*Since the failures of concern here are the random, not the
infant mortality failures (that is, the end of the downward
slope andthe middle-constant-section of the bathtub curve
in Figure 4), X2is determlned assummg aone-sided, fixed
time test.

Another method of expressing failures is in FITs (failures
intime). One FIT is equal to one failure in 10° hours. Since
L is already expressed as %/1000 hours (107 failure/hr),
an easy conversion from %/1000 hours to FIT would be to
multiply the value of L by 10

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

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

X10

ThenL = (%/1000 hour)

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

(4.048)  10° .
- = 0. 1
2(960) (1000) (34.6) ~ ° 0061 (%/1000 1y

Therefore, FIT = 0.0061 * (10*) = 61

Figure 6. NEC Quality and Reliability Targets

Product/Process Changes

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

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

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

Failure Analysis

At NEC, failure analysis is performed not only on field fail-
ures, but also routinely on products which exhibit defects
duringthe production process. Thisdatais closely checked
for correlation with the production process quality informa-
tion, inspection results, and reliability test data. Informa-
tion derived from these failure analyses is used to improve
product quality.

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

NEC's Goals on Failure Rates

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

lmm’:;;’;m‘c: f"“:;:;‘;,':(,m) Long Term Rellabllity (FIT) Infant Mortality (RT)
Memory HCOM Gate Arrays Memory ucom Gate Arrays Memory HCOM Gate Arrays
Year | ECLRAM | MOS BICMOS | ECL {CMOS | ECLRAM | MOS BICMOS ‘ECL CMOS | ECLRAM| MOS BICMOS | ECL{CMOS
1988 150 50 100 1000 300 300 100 50 100 1000 300 150 100 100 150 1000 300 400
1990 100 50 100 500 200 150 80 50 80 500 X 250 100 80 100- 150 500 250 800
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Summary and Conclusion

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

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

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

Through a companywide quality control program, continu-
ous research and development activities, extensive failure
analysis, and process improvements, this higher standard
of quality and reliability will continuously be set and main-
tained.

2-11
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Appendix 1
Typical QC Flow for CMOS Fabrication

o WAFER FABRICATION PROCESS QC FLOW (CMOS)
FLOW i

PROCESS MATERIAL IN-PROCESS INSPECTION/QUALITY MONITOR
Sliicon Wafer
) Incoming Reslstivity (sampling by lot)

Inspection Dimension (sampliing by lot)

- Visual (sampling by lot)

Wall '
Formation
Oxidation Oxide Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)

Layer Resistance (sampling by day)
fon Implantation

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

Oxidation
Gate
Formatlon
Deposition Deposit Thickness (sampling by lot)
Doping Layer Resistance (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Gate Electrode Width (sampling by lot)

() )
N\

) p/n SD Formation

Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Layer Resistance (sampling by lot)
lon Implantation
Anneal
Contact
Hole
Deposition Deposit Thickness (sampling by lot)

Photo Lithography Alignment and Etching Accuracy (sampling by lot)

Metallization

(D))
|\ N

Metal Deposition Metal Thickness (sampling by run)
Photo Lithography Alig| and Etching A y (sampling by lot)
Parametric Test (sampling by lot)

Alioy

Passlvation

(M
N

Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)

Watfer Sort

[]

Contact Hole and Metallization Steps are Repeated Twice
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Appendix 1
Typical QC Flow for PLCC Assembly/Test
The Check of Manufacturing Conditions The Check of Manufacturing Qualities
Process/Materials Check Checked |  Check Checked
ltems Frequency | Instrument By Yt Frequency | Instrument By
Sorted Wafers
Wafer Visual Wafer Visual 100% (Naked Eye) | Operator
Table Speed Every Indicators P.C. Sawing Before Microscope | Operator
Dicing DI Water Shift Gauges Dimensions | Running with Filter
Blade Height Eyepiece
Wafer Break Every Indicators P.C. Wafer Visual 100% (Naked Eye) | Operator
- § G 4
Break and Expand Conditions Shift auges
Wafer Expand
Conditions
Die Every Lot | Microscope | Operator
Die Visual Inspection Visual Sampling
(Or 100%)
Lead Frames ) Die Attached Every Indicators P.C. Die Visual Every (Naked Eye) | Operator
Conditions Shift Thermocouple, Epoxy Magazine
Potentiometer Coverage i )
Die Attached Temperature Every Shift | Microscope
Epoxy Cure Heat - | Every Indicators P.C. Shear Every | Dynamometer| Operator
(Not Done for Gold Temperature Shift Gauges Strength Shift
Die Attached product) N, Flow
Fine Wire Bonding Every Indicators P.C. Visual Every Microscope | Operator
Conditions Shift Magazine
Wire Bonding Temperature Every | Thermocouple P.C. Wire Pull Every Tension Operator
Week and Test Shift Gauge
Potentiometer
Pre-Seal Visual Die Every Lot | Microscope | Inspector
Inspection Visual Sampling
({or 100%)
Temperature Every | Thermocouple P.C.
Molding Compound of Pellet, shift
Expiration Date
Molding Temperature | Every Shift | Thermocouple,| P.C. Visual 100% (Naked Eye) | Operator
Profile of Potentiometer
Die Set
Preheat
Temperatue
Pressure
Cure Time
Mold Aging Temperature | Every Shift Indicator P.C.
Deflashing Deflashing | Every Shift | Indicators P.C. Visual Every Lot | (Naked Eye) | Operator
Conditions
Concentration |Every Week|  Titration Tech.
Density Every Week| Density Meter | Tech.
Water Jet
Pressure Every Day Gauge Tech.
Plating Every Day | Indicators P.C.
Plating Conditions
Concentration |Every Week|  Titration Tech.
83vQ-691408
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Appendix 1
Typical QC Flow for PLCC Assembly/Test (Cont.)
: The Check of Manufacturing Conditions The Check of Manufacturing Qualities
Process/Materials Check Checked |  Chack Checked
ltems Frequency | Instrument By ftom Frequency | Instrument By
Plating Inspection Visual Every Lot. | (Naked Eye) | Technician
Plating
Thickness Every Lot X-ray Technician
Composition | Every Lot X-ray Technician
Solderability | Once/Day | (Naked Eye) | Technician
Marking Ink Marking | Every Shift |  Indicators P.C. Visual Every Lot | (Naked Eye) | Operator
Conditions
Marking
Mark Cure Temperature Every Thermocouple P.C. Marking Twice/Shift |  Automatic Operator
Shift Permanency Tester
Dimensions | Every Shift Test Jig. Operator Visual Every Lot | (Naked Eye) | Operator
Lead Forming (Before Caliper
Running)
Final Assembly Inspection Visual Every Lot MaLgar::)‘()ing Operator

P.M.Check |Every Day P.M. Jig. Operator

1st Electrical Sorting Sample Before Test Operator | Electrical 100% IC Tester | Operator
. Check Testing Samples Characteristics
Burn-In Every Indicator P.C.
Burn-
urn-In (Whenever Necessary) Conditions Batch
Every Day P.M. Jig. Operator
1st Electrical Sorting : Before Test Operator | Electrical 100% IC Tester | Operator
Testing Samples Characteristics
Reliability Assurance Test S‘;im
Every Day P.M. Jig. Electrical Every Lot IC Tester | Inspector
Before Test Characteristics
E;—-l In-Warehouse Inspsction Testing Samples Visual (Major) | Every Lot (Nak:r:jEye) Inspector
Microscope
Visual (Minor) | Every Lot | (Naked Eye) | Inspector

Warehousing

8vQ-6941B
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Appendix 2
Typical Rellabllity Assurance Tests

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

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

MIL-STD-883C
TestItem Symbol Method Condition Remarks
High Temperature HTB 1005 T, =125°C, V,,, specified per device type. (Note 1)
Bias Life
High Temperature HTSL 1008 T, = 150°C. (Note 1)
Storage Life
High Temperature/ TH T,=85%, RH =85%, V=55V, (Note 1)
High Humidity
High Humidity HHSL T, = 85°C, RH = 85%. (Note 1)
Storage Life
Pressure Cooker PCT - T,=125°C,P =23 atm. (Note 1)
Temperature Cycling Tc 1010 - 65°C to 150°C, 1 hr/cycle. (Note 1)
Lead Fatigue C3 2004 90° bends. 3 bends without breaking. (Note 2)
Solderabllity C4 2003 230°C, 5 sec, Rosin Base Flux. (Note 3)
Soldering Heat/ Cé (Note 4) 260°C, 10 sec, Rosin Base Flux/ (Note 1)
Temperature Cycle/ 1010 10-1 hr cycles, -65°C o 150°C/
Thermal Shock 1011 15-10 min cycles, 0°C to 100°C
Notes:

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

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

(3) Less than 95% coverage is considered to be a reject.
(4) MIL-STD-750A, method 2031.
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Appendix 3
New Product / Process Change Tests
Newly
Developed  Shrink New
Test item Test Conditions Sample Size Product Die Package Wafer Assembly
High Temp. See Appendix 2, 1000H 20 to 50 pes 0 0 0 0 0
Operating Life X1to3lots
High Temp. T=150°C (Plastic), 10 to 20 pcs 0 0 0 0 0
Storage Life 175°C (Ceramic), 1000H X1to3lots
High Temp. and See Appendix 2, 1000H 20 o 50 pcs 0 0 0 0 0
Humidity Bias Life X 1103 lots
(Plastic Device)
Pressure cooker See Appendix 2, 288H 10to 20 pcs 0 0 0 0 0
(Plastic Device) X 1to3lots
Thermal See Appendix 2 10 to 20 pcs 0 X 0 X 0
Environmental X1to3lots
Mechanical 20G, 10 to 2000 Hz 10t0 20 pcs
Environmental 1500G, 0.5 ms X1to3lots 0 X 0 X 0
(Ceramic Device) 20000G, 1 min
Lead Fatigue See Appendix 2 5pcs X - X - X
X110 3lots
Solderability See Appendix 2 5pcs X — X — X
X 1to3lots
ESD (1)C=200pF, R=0Q 20 pes 0 0 X 0 X
(2)C=100pF, R=15KQ X 1to3lots
Long Term T/C See Appendix 2, 1000 cy 1010 50 pcs 0 0 0 0 0
X 1to 3lots

0-Performed X - Perform if Necessary — — Not Performed
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Appendix 4
Fallure Analysis Flowchart
Fallures
je——— INFORMATION
Fallure mode:
Situation, When Fallure
NEC Appeared: etc.
Analysis of
Information
External
Inspection
Electrical DC/Function Testing
Characteristics by Tester Curvetracer
No Stress
F“"/ Test

Yes

Fallure | Test correlation

Non-destructive
Analysis

Report | May be Needed

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

D , Internal Visual

Seml-D
Analysis

Check, Electrical Measurement,
Circuit Analysi:

Fallure
Report

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

Estimation of Causes
Countermeasures
Corrective Action

83vQ-6938A
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4-Bit, CMOS Microcomputers
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Section 3
#PD7500 Series:
4-Bit, CMOS Microcomputers

uPD7502/03
4-Bit, Single-Chip CMOS Microcomputers
With LCD Controller/Driver

pPD7507/08
4-Bit, Single-Chip CMOS Microcomputers

3-19

uPD7507H/08H/75CGOSHE
4-Bit, Single-Chip CMOS Microcomputers

3-39

pPD7527A/28A/75CG28E
4-Bit, Single-Chip CMOS Microcomputers
With FIP Driver

3-53

pPD7533/75CG33E
4-Bit, Single-Chip CMOS Microcomputers
With A/D Converter

3-65

uPD7537A/38A/75CG38E
4-Bit, Single-Chip CMOS Microcomputers
With FIP Driver

3-85

pPD7554/54A/64/64A
4-Bit, Single-Chip CMOS Microcomputers
With Serial I/O

3-99

uPD75P54/P64
4-Bit, Single-Chip, One-Time Programmable
(OTP) CMOS Microcomputers With Serial 1/0

3-121

pPD7556/56A/66/66A
4-Bit, Single-Chip CMOS Microcomputers
With Comparator

3-141

uPD75P56/P66

4-Bit, Single-Chip, One-Time Programmable
(OTP) CMOS Microcomputers With
Comparator

3-163
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uPD7302/03

4-Bit, Single-Chip

CMOS Microcomputers
With LCD Controller/Driver

Description

The uPD7502 and uPD7503 4-bit, single-chip CMOS
microcomputers have advanced fourth-generation archi-
tecture with the functional blocks necessary for a
single-chip controller, including an 8-bit timer/event
counter, an 8-bit serial 1/0, and an LCD controller/
driver.

The instruction set includes the following types of
instructions: addressing, table look-up, bit manipu-
lation, vectored jump, auto increment or decrement
data pointer, and conditional skip. These instructions
maximize use of fixed program memory space.

Both devices are manufactured with the CMOS process
and have a maximum power consumption of 900 yA at
5 V and 300 pA at 3 V. Halt and stop modes further
reduce power consumption.

These devices are ideal for a wide range of solar- and
battery-powered applications.

[0 92 powerful instructions
O Program ROM
— uPD7502: 2048 x 8-bit
— pPD7503: 4096 x 8-bit
[1 Data RAM
— uPD7502: 128 x 4-bit
— puPD5703: 224 x 4-bit
O Interrupts
— External: INTO, INT1
— Internal: INTT (timer/event counter)
INTS (serial interface)
[ 8-bit timer/event counter
— Based on crystal oscillation
— External event counter (prescale option by 64)
[0 Serial interface
[0 LCD controller/driver
— Programmable multiplexing mode: triplex,
quadruplex, or pseudo-static
— 4 common lines (COMp-COM3)
— 24 segment lines (Sg-Sa3)
[0 Standby modes: stop, halt
0O Data retention mode
[ 1/0 ports
— 3-bit input port
— 4-bit input port
— 4-bit output port
— Two 4-bit I/0 ports with 8-bit capability
— 4-bit I/0 port with each bit configurable as an
input or output

50270 (NECEL-538)

O RC oscillation clock

[0 Crystal oscillation clock

[ 2.5 to 6.0 V operating voltage
0O CMOS technology

Ordering Information

Max Frequency

Part No. Package Type of Operation
pPD7502GF-12 64-pin plastic QFP 410 kHz
uPD7503GF-12 64-pin plastic QFP 410 kHz
Pin Configuration
g 5
o, W -
$i:if£3838Esa0
onnnooonnnnnon
¢” 64 63 62 61 60 59 58 57 56 55 54 53 52
Nc[]1 51[]s3
P32 2 50 [,
P31[3 O 49[]ss
P3o[] 4 48[
Po3/SI [ 5 a7[sy
P02/sO [} 6 46[1ss
P04/SCK[] 7 45[1sg
P63} s 44810
P62} 9 431814
P61 ] 10 4uPD7502/03 42 gsﬂ
Peg [] 11 41|83
P53 [] 12 40184
P52 ] 13 39845
P51 14 38[]S16
Psg ] 15 37 sz
P43[] 16 36148
Pax [} 17 35[]sq9
Pai[]18 348y
Pag ] 19 333821
\ 20 21 22 23 24 25 26 27 28 29 30 31 32J
2322752735
X X » 000
©385°8888°
83-003420A
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Pin Identification

Status of Unused Pins

3-4

No. ' ’ Symbol Function Name “Pin Connection
1 NC No connection CL2 Open
2-4,64 P33-P3p 4-bit output port 3 X1 Vss
57 P03/l 3-b!t input' port 0, or X2 Open
mﬂ%{ serial /0 interface :g; ;ggl—( Vss or Vpp
8-11 P63-P6g 4-bit1/0 port 6 P03/SI
12-15 P53-P5 4-bit 1/0 port 5 P1o/INTO Vss
16-19 P43-P4g 4-bit 1/0 port 4 P14-P13 Vss or Vpp
20,21 X2, X1 Crystal clock/external event P3¢-P33 Open ‘
, input port X Pag-Pl Input mode: Vg or Vpp
22 Vss Ground P50-P53 Output mode: Open
2325 Vicpa-Vicnt LCD bias supply inputs P6o-P6 ‘
26, 58 Vpp Positive power supply INT1 i VSS
27-30 COM3-COMo LCD backplane driver outputs gg,‘ag?cwa Open
31-54 S23-Sp - LCD segment driver outputs Vicn1-Vicns
55 INT1 External interrupt
.56 RESET RESET input
57,59 CL1, CL2 System clock input
60-63 - P13-P1y, 4-bit input port 1, or
P1p/INTO external interrupt INTO
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Pin Functions

P03/Sl, P02/SO, P04/SCK [Port 0 or Serial
Interface]

This port can be configured as a 4-bit parallel input
port O or as the 8-bit serial I/O interface under control
of the serial mode select register. The serial interface
consists of the serial input (Sl), the serial output (SO),
and the serial clock (SCK), which synchronizes data
transfer.

P13-P14, P1¢/INTO [Port 1 or Interrupt]

4-bit input port 1. Line P1g is shared with external
interrupt INTO, which is a rising edge-triggered inter-
rupt.

P33-P3g [Port 3]
4-bit, latched three-state output port 3.

P43-P4g [Port 4]

4-bit input or latched three-state output port 4. Can
perform 8-bit I/0 in conjunction with port 5.

P53-P5¢ [Port 5]

4-bit input or latched three-state output port 5. Can
perform 8-bit I/0 in conjunction with port 4.

P63-P6g [Port 6]

4-bitinput or latched three-state output port 6. The port
6 mode select register configures individual lines as
inputs or outputs.

COM3-COMq [LCD Backplane Driver Outputs]
LCD backplane driver outputs.

S$23-Sg [LCD Segment Driver Outputs]
LCD segment driver outputs.

INT1 [Interrupt]

This external interrupt is a rising edge-triggered
interrupt latched by CL.

RESET

A high-level input to this pin initializes the uPD7502/
7503.

X2, X1 [Crystal Clock/External Event Input Port X}

For crystal clock operation, connect a crystal oscillator
circuit to input X1 and output X2. For external event
counting, input external event pulses to X1 and leave
X2 open.

CL1, CL2 [System Clock Input]

Connect an 82-kQ resistor across CL1and CL2, and a
33-pF capacitor from CL1 to Vgs. Or, connect an
external clock source to CL1 and leave CL2 open.

Vicp3-Vicp1 [LCD Bias Voltage Inputs]

LCD bias voltage supply inputs to the LCD voltage
controller. Apply appropriate voltages from a voltage
ladder connected across Vpp.

Voo

Positive power supply. For proper operation, apply a
single voltage from 2.5t0 6.0 V.

Vss
Ground.
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Block Diagram
SCKIPO1 SI/P03
X1 X2 INT1 INTO/P1p SO/PO2

X cp ] P01-PO3

g?:;: Clock Ti INTT Interrupt INTS Serial Port 0

Generator r Control Counter > Control * Interface Buffer
cL LcDCL Plo-P13

. Port 1

R - Buffer

Port 3

Program Counter ALU ¢ I I A I ;fu::;‘r
[11] 7502, [12] 7503 General Registers

D (4] E[4) Pdo-P43
: Port 4
<:> Latch

o

H[4] L[4]

:‘l : Buffer @
Stack Pointer [8]
v P50-P53
| Port 5
Latch
z:;:gr:maumefgg&] Buffer
x 8 Bits . i
4046 x 8 Bits [7503] N\ lngéruocélon
v coder Data Memory P6o-P63
128 x 4 Bits [7502) Port 6
224 x 4 Bits [7503] I;;:'c:r 4

”f i wasy )

System Standby LCD Controller/Driver
Clock Control :
Generator
b oo Y1
cL1 cL2 Vpp Vss RESET . So-S23 COMo-COM3 VLCI‘)II‘ Vicb2,
: LcD3

83-0034308

See figures 1 through 8 for additional block diagram
details.

Figure Title

Data Memory Map

Program Memory Map
Interface at Input/Output Ports
Clock Control

Timer/Event Counter

Interrupt Control

Serial Interface

LCD Controller/Driver

ONOOUTHAWN =

3-6
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Figure 1. Data Memory Map Figure 2. Program Memory Map
Address Address Address Address
{Decimal] [Hex] [Decimal] [Hex]
0 00H MsB LsB
LCD Segment Data RESET Pulse Vectors Program
Storage Area of7[6fs5faf3[2[1[0joooH [ ion to Address 00H
23 17H
24 18H INTT [Internal Timer/Event
16 010H  Counter interrupt] Vectors
Execution to 010H
INTO/S [External Interrupt or
32 020H  serial Interface Interrupt]
Vectors Execution to 020H
INT1 [External Interrupt 1]
§ a8 930H  yectors Execution to 030H
14
uPD7502 g g
4
o &
127 7FH L 5 192 0COH
128 80H - LHLT Instruction
§ 9 207 OCFH Ret Table
& 208 ODOH  CALT Instruction
Reference Table
255 OFFH
1023 3FFH
1024 400H
Last Address for
uPD7503 2047 7FFH  CALL Instruction
2048 800H Entry [uPD7503]
223 DFH
83-003432A R 4095 FFFH
83-003431A
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Figure 3. Interface at Input/Output Ports

Type A
P14, P12, P13

Voo

P-ch

_ﬁjﬂ.m.
:

N-ch

Vss

Type B
INT1, PO3/SI, P1o/INTO, RESET

_D— —O Input
Type D
P3¢-P33
Voo
P-ch
Data —-—:D)_I
Output
Output
Disable
N-ch
Vss

Type E
P02/SO, P4o-P43, P50-P53, P60-P63
Voo

P-ch

Input/
2 Output
Output
Disable

Vi

N-ch
DD Vss
P-ch
In D
ﬁ-ch
ss

Vi

Type F
P01/SCK
Voo
P-ch
Data -—:Do__'
Input/
Output
Output
Disable
N-ch
Vss
in 1T

83-003859C
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Figure 4. Clock Control

l Internal Bus 43
2 j——— *OP, OPL
*Command execution
CcM1 cMo Clock Mode Register
MPX
Prescaler 1
cL > (114
Prescaler 2 Lo cL
(1/64) (LCD Controller/Driver)
X
Clock Mode Register
CM1 | CMO Count Pulse LCD Clock MPX‘
1 1
0 0 CL x 256 CL x 256
1 1 cp
0 1 X x 4 Xx &4 (Timer/Event Counter)
1
1 0 X CL x 256
1
1 1 X X x 64
83-0033218
Figure 5. Timer/Event Counter
& Internal Bus \
8 TAMMOD*
*TCNTAM
8-Bit Modulo Register
8
8
" INTT
&-Bit Comparator (To Interrupt Circuit)
' ]
Count Hold X i
CP ———»] Circuit 8-Bit Count Register
CLR
Timer-Out TOUT
FIF (To Serial Interface)
CLR J T
*Command Execution 3
*TIMER
RESET
830033228
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Figure 6. Interrupt Control

g i Internal Bus /

INT Enable —
Test Control Register E:abl;
T 0/s 1 F/F
Serial MSR Bit 3 I-——- J
ClL
Sync
INT10; Edge s |
Multiplexer
INTS Detect j > |R RQF I
. Nonsync
s Edge {s Intors | ! >—
P10/INTO O—— _ Detect a ROQF priority [\ Vector
Control |/ Address
Generator
S10*: Nonsync .
i S| —
INTT Detect R RQF
Timer‘—]
T\ y
*Command Execution S EE— R A Release

83-003433B

Figure 7. Serial Interface

{ Internal Bus ‘ j

8 “TAMSIO o
e *TSIOAM - 8
“IPL 3

1_:I' = | | !
N . ! - . .
PO3/SI 1 8-Bit Shift Register F— Shift Mode Register
LSB } '1 '| MSB
P02/SO o {} SM3
l 1
' ] E | ) ai8it Count =
v L

P0{/SCK 0———¢

RS FIF

INTS
(To Interrupt Circuit)

* Command Execution
System Clock
é Syste o L—@_ Q s je———————s10

83-0038058
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Figure 8. LCD Controller/Driver

[ Internal Bus 5
OP, OPL (Command Execution)

Disptay MSR

1 1 1
Data 23H 22H 01H 00H
Timing Controller j«— LCD CL

Memory | 3 2 1 9 [3 21 0 321 0[3 210 | | |
3 2103 210 32 10f3 2102
Multiplexer b
d

Segment Driver LCD Bias Voltages Common Driver

So

S23 S22 Sq ViLcD3 Vicp2 VLCD1 COM3 COM2 COMy COMg

Muitiplexer COMo-COM3 Outputs (Tybe G)

3 2 1 0 -J.—
: 7

P-ch

+—oouT

LCD Voltage Ladder Connections

Voo —‘— N.ch

L
<
R >
T ¢ So-S23 Outputs (Type H)
Vicot 1 —
> P-ch
bS
RS . ?
Vicp2 I l—' ¢———oouT
<
RS i
1 ¢ N-ch
Vicos ——
L
Rx ::/'
Vss
Vs
83-003325C
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Absolute Maximum Ratings Capacitance
Tao=25°C Ta=25°C;Vpp=0V
Power supply voltage, Vpp —03to+7.0V Limits Test
All input and output voltages —03VtoVpp+03V Parameter ~ Symbol Typ Max  Unit Conditions
Output current high, gy Input Cy 15 pF  fc=1MHz
Per pin —17mA  capacitance Unmeasured
Total, output ports —20 mA Output Co 15 oF sms returned to
Output cuirrent low, lgL capacitance S§
Per pin 17 mA
1/0 Cio 15 pF
thal, output ports 55mA | capacitance
Operating temperature, Topt —10 to +70°C
Storage temperature, Tg7g —65 to +150°C
Comment: Exposing the device to stresses above those listed;in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
DC Charactéristics 1
For Vpp = 2.5 to 3.3 Volts
Ta=—10t0 +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViHi 0.8 Vpp Vpp Vv Except CL1, X1
ViH2 Vpp— 0.3 Vpp v CL1, X1
VIHDR 0.9 Vpppr Vpopr + 0.2 v RESET, data retention mode
Input voltage, low ViL1 0 0.2 Vpp v Except CL1, X1
VL2 0 0.3 v CL1, X1
Output voltage, high VoH Vpp — 0.5 v loy =—80 A
Output voltage, low VoL 0.5 v loL = 350 wA
Input leakage current, high I 41 3 LA Except CL1, X1; Viy = Vpp
ILiH2 10 A CL1, X1; Vin=Vpp
Input leakage current, low Lt -3 A Except CL1, X1; Vijy=0V
ILie —10 uA CL1, X1, Viy=0V
Output leakage current, high [ oy 3 uA Vo=Vpp
Output leakage current, low . I g -3 A Vo=0V
Supply voltage VppDR 2.0 \ Data retention mode
Supply current Iop1 50 250 LA Normal operation, Vpp =3V =+ 10%;
R = 240 kQ +2%, C = 33 pF +5%
35 230 uA Normal operation, Vpp =25V,
R = 240 kQ +2%, C = 33 pF +5%
Ipp2 0.3 10 A Stop mode, X1 =0V; Vpp =3V £10%
0.2 10 pA Stop mode, X1 =0V; Vpp=25V
IppoR 0.2 10 uA Data retention mode, Vpppg = 2.0 V

3-12
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DC Characteristics 2
For Vpp = 2.7 to 6.0 Volts
Ta=—10to0 +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vpp v Except CL1, X1
ViH2 Vpp—05 Vpp v CL1, X1
ViHDR 0.9 VpppR Vpppr +0.2 RESET, data retention mode
Input voltage, low ViLy 0 0.3 Vpp v Except CL1, X1
ViLz 0 0.5 v CL1, X1
Output voltage, high VoH Vpp—1.0 v loh=—1.0mA Vpp=45t06.0V
Vpp — 0.5 \ loL = —100 wA
Output voltage, low VoL 0.4 \ loL=1.6mA,Vpp=45t06.0V
0.5 v loL = 400 wA
Input leakage current, high ¢ 3 uA Except CL1, X1; V| = Vpp
ILIH2 10 A CL1, X1
Input leakage current, low Lt -3 pA Except CL1, X1; Vj=0V
P -10 uA CL1, X1
Output leakage current, high i oy 3 LA Vo =Vpp
Output leakage current, low o -3 A Vo=0V
Output impedance (1) Rcom 3 5 kQ COMq-COM3; Vpp=4.5106.0V
5 15 kQ COMg-COM3
Rs 15 20 kQ  Sp-Sp3; Vpp=451t06.0V
20 60 kQ Sp-Sp3
Supply voltage . Vpppr 20 6.0 v Data retention mode
Supply current Ipp1 300 900 pA Normal operation, Vpp =5V £ 10%;
R =282 kQ =+ 2%, C=33 pF £ 5%
70 300 pA Normal operation, Vpp =3 V £ 10%;
R =160 kQ + 2%, C = 33 pF + 5%
Ipp2 1.0 20 7 Stop mode, X1=0V; Vpp=5V + 10%
0.3 10 MA Stop mode, X1=0V; Vpp=3V = 10%
|bbDR 0.2 10 HA Data retention mode, Vpppr =2.0V ‘
Note:

(1) Vicp=27VtoVpp
Viept1 =Vop — (1/3) Vicp
Vico2 =Vpp — (2/3) Vicp
Vicos =Vop — Vicp

3-13
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AC Characteristics 1

For Vpp = 2.7 to 6.0 Volts
Ta=—10t0+70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 150 200 240 kHz  Vpp =5V £10%; R = 82 kQ +2% (Note 1)
75 100 120 kHz  Vpp =3V £10%; R = 160 kQ +2% (Note 1)
75 135 kHz ~ R =160 kQ +2% (Note 1)
fc 10 410 kHz  CL1, external clock, 50% duty; Vpp = 4.5 to
6.0V
10 125 kHz  CL1, external clock, 50% duty; Vpp=2.7V
System clock rise and fall tcr toF 0.2 us CL1, external clock
time
System clock pulse width ton toL 12 50 us CL1, external clock; Vpp =4.5t06.0V
4.0 50 us CL1, external clock; Vpp=2.7V
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 410 kHz X1, external pulse input, 50% duty;
Vpp=45t06.0V
0 125 kHz X1, external pulse input, 50% duty;
Vpp=27V
Counter clock rise and fall txR, txF 0.2 us X1, external pulse input
time
Counter clock pulse width txHs tXL 1.2 s X1, external pulse input; Vpp =4.5t0 6.0V
40 us X1, external pulse input; Vpp =2.7V
SCK cycle time tkoy 30 us  SCKasinput;Vpp=45t06.0V
8.0 us  SCKasinput
49 us SCK as output; Vpp=45t06.0V
16.0 us  SCK as output
SCK pulse width tkH, tL 13 us  SCKas input; Vpp=4.5106.0V
40 us  SCKas input
22 us  SCK as output; Vpp =45t06.0 V
8.0 us  SCK as output
Sl setup time to SCK tsik 300 ns
Sl hold time after SCK tks| 450 ns
S0 delay time after SCK | tkso 850 ns  Vpp=45Vt06.0V
1200 ns
INTO pulse width tioH, tioL 10 s
INT1 pulse width tH, L (Note 2) us
RESET pulse width trRsH: tRSL 10 us
RESET setup time tsrs 0 ns
RESET hold time tHRs 0 ns
Notes:

(1) RC network at CL1 and CL2; C = 33 pF +5%,| AC/°C|= 60 ppm.
(2) 2 x 108 + fgc or fg in kHz.
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AC Characteristics 2
For Vpp = 2.5 to 3.3 Volts
Ta=—10to +70°C
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
System clock frequency foo 50 80 kHz R =240 kQ +2% (Note 1)

50 64 7 kHz Vpp =2.5V; R =240 kQ +2% (Note 1)

fc 10 80 kHz CL1, external clock, 50% duty
System clock rise and fall ter, teoF 0.2 us CL1, external clock
time
System clock pulse width tews toL 6.25 50 us CL1, external clock
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
_ fx 0 80 kHz X1, external pulse input, 50% duty

Counter clock rise and fall xR, txF 0.2 us X1, external pulse input
time
Counter clock pulse width txHs XL 6.25 us X1, external pulse input
SCK cycle time tyoy 125 us SCK as input

25 us SCK as output
SCK pulse width tkH tkL 6.25 us SCK as input

15 us SCK as output
Sl setup time to SCK 1 tsik 1 us
Sl hold time after SCK 1 tks| 1 us
S0 delay time after SCK } tkso 2 us
INTO pulse width tio, tioL 30 us
INT1 pulse width tH, i (Note 2) [s
RESET pulse width tRsH, tRSL 30 us
Notes:

(1) RC network at CL1 and CL2; C = 33 pF +5%,] AC/°C|= 60 ppm.

(2) 2x 108 + ¢ or fg in kHz.

Recommended R and C Values for System

Clock Oscillation Circuit
Tp=—10t0 +70°C

Recommended

Supply Voltage Range Values (Note 1) Frequency Range
45t06.0V R=82kQ +2% 150 to 250 kHz,

200 kHz typical
271033V R =160 kQ +2% 75 to 120 kHz,

100 kHz typical
27t06.0V R =160 kQ+ 2% 750 135 kHz
25t033V R =240 kQ £2% 50 to 80 kHz
25t06.0V R=240kQ +2 % 50 to 85 kHz
Note:

(1) C = 33 pF +5%, | AC/°C|< 60 ppm.
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Timing Waveforms

Timing Measurement Points

External Interrupts

tioL | tioH
INTO \ u L\

e thH
INT1
R
83-003317A
Reset
tRSL tRSH
RESET ﬁ
7 .
83-003318A
Data Retention Mode
|e——Data Retention Mode—{
T fetsnse] P—T
\ /
\/
RESET \ — —/A ViH1
VIHDR Vit
83-003319A

VpD = 2.7t0 6.0V
0.7 Voo Test Points 07 Voo
0.3 Vpp 0.3 Vpp
Vpp=25t033V

>< 0.8 Vpp 0.8 Vpp

0.2 Vp Test Points 02 vﬂx
83-003314A
Clock Timing
11
tcL e——1CH
cL
Input W
) A
| tcr [+ tCcF
1t
XL tXH
XL ]
Input
~
tXR [*— txXF
83.002017A
Serial Interface

= _\( KL Z KH |

le—tsik tks!
Valid
st Input Data
le—tkso
SO Valid Output Data X:

83-003316A
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Operating Characteristics

Ta= 25°C
fcc vs Vbp
500
o
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\
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83-003139A
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Operating Characteristics (cont)

Ipp1vsicc
500 | [
g [TA=25°C)]
o 400 — ]
8 cu cL2 /
3
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300 (— R
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s /
O 200 o
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= 100 ]
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° 2
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<
3
5 400
o
o
H
i 200 — —_—
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O 200 —
H 33pF R
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a Vop=3V,R=160kQ |3
8
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—25 0 25 50 75
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Operating Temperature Tp [°C]

High-Level Output Current IoH [mA]

Low-Level Output Current loL. [mA]

I0H vs VOH
—6
[Ta=25°C)
-5
Vpp=6V Vpp=5V
Vpp =4V
—_a /
-3
// | et VDD =3 V.
-2 —
/ | —— Vpp=25V
-1 1
0
1 2 3 L)
High-Level Output Voltage VoH [V]
loL vs VoL
20
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/ / /Inp =4V
15 4
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’__————d Vpp=3V
10 = —
/———-—— Vpp=25V
5 ~
0
[] 1 2 3 4

Low-Level Output Voltage VoL {V]
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NEC Electronics Inc.

uPD7507/08
4-Bit, Single-Chip
CMOS Microcomputers

Description

The uPD7507 and uPD7508 4-bit, single-chip CMOS
microcomputers have the uPD7500 series architecture.
The subroutine stack is implemented in RAM for
greater nesting depth and flexibility.

Thirty-two I/O lines are organized into eight 4-bit
ports: input port/serial interface port 0, output ports 2
and 3,and I/O ports 1, 4, 5,6, and 7.

The uPD7507 and uPD7508 execute 92 instructions of
the uPD7500 series A instruction set with a 5-us
instruction cycle time.

Maximum power consumption is 900 uA at5V, less in
the HALT and STOP low-power modes.

The uPD75CGO8E is a piggyback EPROM prototyping
chip thatis pin-compatible with uPD7507 and uPD7508.
A 2716 inserted into the top of the uPD75CGO8E
emulates the uPD7507's ROM. A 2732 emulates the
uPD7508’'s ROM. When emulating the uPD7507, the
user must take care to use only the first 128 RAM
locations. Although the uPD7507 and uPD7508 can

Features

O Single chip microcomputer
O Program ROM
— uPD7507: 2048 x 8-bit
— uPD7508: 4096 x 8-bit
— uPD75CG08: piggyback EPROM
O Data RAM
— uPD7507: 128 x 4-bit
— uPD7508: 224 x 4-bit
— uPD75CGO08: 224 x 4-bit
O 8-bit timer/event counter
O Four 4-bit general purpose registers
O Four vectored, prioritized interrupts
O Executes 92 instructions of uPD7500 series A
instruction set
O 5 us instruction cycle/400 kHz external clock
O Two standby modes
0 321/0 lines
O Low-power HALT and STOP modes

Ordering Information

Max Frequency

operate over a range of 2.5 to 6.0 V, uPD75CGO8E  *Part Number Package Type of Operation
operation is limited to 5 V +10%. APDT507C 40-pin plastic DIP _ 410 KHz
Table 1 summarizes the differences among uPD7507,  ,pp7507CU 40-pin plastic shrink DIP 410 kHz
#PD7508 and uPD75CGO8E. 4PDT507GC00  52-pin plastic QFP 40 kHz
Table 1. Features Comparison uPD7508C 40-pin plastic DIP 410 kHz
LPUTSCGOBE 4POT507/7508 uPD7508CU 40-an plastfc shrink DIP 410 kHz
Program memory 2K x 8 EPROM (2716) 2K x 8 masked ROM (7507)  APD7508GC-00  52-pin plastic QFP 410 kiz
4K x 8 EPROM (2732) 4K x 8 masked ROM (7508) uPD75CGO8E 40-pin ceramic piggyback DIP 410 kHz
Data memory 224x4 128 x 4 (7507) * A 3-digit mask identification code is added to the part number by
224 x 4 (7508) NEC at the time of code verification.
Data retention No Yes
mode
Power supply 5V +10% 27t06.0V
Package types 40-pin ceramic 40-pin plastic DIP
piggyback DIP 40-pin plastic shrink DIP
52-pin plastic QFP

50271 (NECEL-542)
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Pin Configurations

40-Pin Plastic DIP and Plastic Shrink DIP 52-Pin Plastic QFP
wh FESEfEfgsfidy
o H Vs HHAHHHHAHAA
Pd3 r5251504948l746454443424140
P4 NC [1T]1 39 [1T7 P23
P4y P73 (1] 2 38 [1T] P22
P4g RESET [T 3 O 37 [TT) P24/PTOUT
P53 NC (1] 4 36 [TT7 P20/PSTB
PS2 cu1 O s 35 [T1] NC
§ P51 Ne [T 6 34 [T X2
2 PSo vop O] 7 LPD7507/08 33 E Vop
g Pé3 NC O 8 32 x1
P62 cL2 CIrf e 31 [I0) Vss
P61 INT1 CIT] 10 30 [110 P43
P6o POg/INTO [TT] 11 20 0 NC
POg/SI P0y/SCK (L] 12 28 [107 P42
P0/SO Ne OO0 13 27 {111 N
P04/SCK (14 15 16 17 18 19 20 21 22 23 24 25 26
o EEEEEEEEEEEELE
cL2 g%gfggffﬁfffi
ge ’
83-003454A 83-003455A
40-Pin Ceramic Piggyback DIP Pin Identification
x2 {1 e 40 3 x1 40-Pin DIP, Shrink DIP and Piggyback DIP .
P2¢/PSTB [] 2 WPD75CGOSE 39[1vss No. Symbal Fanction
P24/PTOUT [] 3 H Pag
P22 4 [1P42 1,40 X2, X1 Crystal clock/external event input port
:f’ gs 1 P41 25 P2,/PSTB, Output port 2/output strobe pulse,
oge H Péo P24/PTOUT,  timer out F/F signal
P11Q7 [1Ps3 P2, P2.
Pi2[]s s 2743
P13[]o [1psy 6-9 P1g-P13 170 port 1
P39 ] 10 1 Pso R N
psr 11 .y 10-13 P3¢-P33 Output port 3
P3; [ 12 sy 14-17 P7¢-P73 1/0 port 7
P Lj13 H Po1 18 RESET RESET input
P70 ] 14 [1Pso
P71 ] 15 [ Pog/si 19, 21 CL1, CL2 System clock inputs
P72 []16 [ P02/SO —
prsd 17 - poy /50K 20 VDD Positive power supply
RESET [] 18 [1 POg/INTO 22 INT1 External interrupt
cLigie H INTH 2326 PO/INTO, Input port 0/external interrupt, serial
Voo [} 20 HoL2 P04/SCK, 1/0 interface
83.003779A P02/S0,
PO3/SI
27-30 P6¢-P63 1/0 port 6
31-34 P5p-P53 1/0 port 5
35-38 P43-P4q 1/0 port 4
39 Vss Ground
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Pin Identification (cont)

28-Pin EPROM Socket on Piggyback DIP

No. Symbol Function

1,2 NC Not connected

310 A7-Ay Address bits 7-0

1113 lo-l2 Data bits 0-2

14,22 Vss Ground

15-19 I3-l7 Data bits 3-7

20 CE " Chip enable

21,23 Aqg-Aqq Address bits 10, 11

24,25 Ag, Ag Address bits 9, 8

26, 28 Vpp Positive power supply

27 MSEL Memory select

52-Pin QFP

No. Symbol Function

1,4,6,8,13, NC Not connected

14, 27,29,

35, 40, 45

2, 50-52 P7¢-P73 1/0 port 7

3 RESET RESET input

59 CL1, CL2 System clock inputs

7 Vpp Positive power supply

10 INT1 External interrupt

1,12, P0g/INTO, Input port 0/external

15, 16 P04/SCK, interrupt, serial 1/0
P0,/S0, interface
PO3/SI

17-20 P6¢-P63 1/0 port 6

21-24 P5q-P53 1/0 port 5

25,26 P43-P4g 1/0 port 4

28,30

31 Vss Ground

32,34 X1, X2 Crystal clock/external

event input

33 Vop Positive power supply

36-39 P2,/PSTB, 4-bit output port 2/output
P24/PTOUT, strobe pulse, timer out
P2y, P23 F/F signal

41-44 P1p-P13 1/0 port 1

46-49 P3¢-P33 Output port 3

Pin Functions

P0g/INTO, P01/SCK, P02/SO, P03/SlI [Port 0/
External Interrupt, Serial Interface]

4-bit input port/serial 1/0 interface. This port can be
configured as a 4-bit parallel input port or as the 8-bit
serial 1/0 interface under control of the serial mode
select register. The serial input Sl, serial output SO
(active low), and the serial clock SCK (active low), used
for synchronizing data transfer, make up the 8-bit
serial 1/0 interface. Line PQg is always shared with
external interrupt INTO, a rising edge-triggered inter-
rupt. If POg/INTO is unused, it should be connected to
Vgs. I P04/SCK, P0o/SO, or P03/Sl are unused, connect
them to Vgg or Vpp.

P1g-P13 [Port 1]

4-bitinput/three-state output port. Data output to port 1
is strobed in synchronization with a P2¢/PSTB pulse.
Connect unused pins to Vgg or Vpp.

P2¢/PSTB, P21/PTOUT, P22, P23 [Port 2]

4-bit latched three-state output port. Line P2 is shared
with PSTB, the port 1 output strobe pulse. Line P24 is
shared with PTOUT, the timer out F/F signal. Leave
unused pins open.

P30-P33 [Port 3]

4-bit latched three-state output port. Leave unused pins
open.

P4q-P4g [Port 4]

4-bit latched three-state output port. Can also perform
8-bit parallel 1/0 with port 5. In input mode, connect
unused pins to Vpp or GND. In output mode, leave
unused pins open.

P53-P5q [Port 5]

4-bit input/latched three-state output port. This port
also performs 8-bit parallel 1/0 with port 4. In input
mode, connect unused pins to Vgg or Vpp. In output
mode, leave unused pins open.

P63-P6g [Port 6]

4-bit input/latched three-state output port. The port 6
mode select register configures individual lines as
inputs or outputs. In input mode, connect unused pins
to Vgg or Vpp. In output mode, leave unused pins open.
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P70-P73 [Port 7]

4-bit input/latched three state output port. In input
mode, connect unused pins to Vgg or Vpp. In output

RESET [Reset]

A high level input to this pin initializes the uPD7507/08
after power up.

mode, leave unused pins open.
INT1 [Interrupt 1]

External rising edge-triggered interrupt. Connect to
Vgs if unused.

X2, X1 [Crystal Clock/External Event Input]

Connect a crystal oscillator circuit to input X1 and
output X2 for crystal clock operation. Alternatively,
connect external event pulses to input X1 and leave
output X2 open for external event counting. If X1 is not
used, connect it to ground. If X2 is not used, leave it
open.

Vpp [Power Supply]
Positive power supply. Apply a single voltage in the
range 2.7 to 6.0 V for proper operation.

CL1, CL2 [System Clock Input] Vss [Ground]

. Ground.
Connect a 82 kQ resistor across CL1 and CL2, and
connect a 33 pF capacitor from CL1 to Vgg. Alter-
natively, connect an external clock source to CL1 and
leave CL2 open.
Block Diagram
PO3/SI
P02/SO
P01/SCK
X1 X2 INT1 INTO/POg
1 NTT 1 ¥ INTS ]
Count _— Clock Timer/Event Interrupt Serial 1/0
Gk F Conr puviel S Rl S R
0L,7ou‘r <> <> Port 0
CcL Buffer
P0o-PO3

Port1

Buffer PloP13

Program Counter

N

Port2
Latch 4
Buffer

P29-P23

e

P2¢/PSTB
P21/PTOUT

General Registers
D [4] E [4]
H[4] L4
Stack Pointer [8]

o

Port 3
Latch
Buffer

P30-P33

Program Memory

2048 x 8-Bit ROM [uPD7507]
4096 x 8-Bit ROM [uPD7508]

Port4
Latch
Buffer

Decoder Data Memory

128 x 4-Bit ROM [uPD7507] P4o-Pd3
224 x 4-Bit ROM [uPD7508]

S b

S OO UL O

CL @ Port5
Latch 4 ) P59-PS3
Buffer
System
cock | Corer Ports
Generator Latch P60-P63
Butfer
Port7
Latch 4 > P79-P73
CL1  cL2 RESET Vop Vss L__ Buffer

83-003470C
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Memory Map

Figure 1 shows the ROM memory map of the
uPD7507/08.

Figure 1. ROM Map
Address Address
[Decimal] [Hex]
M LSB

RESET Pulse Vectors Program
7[6]5[4a[3][2]1]0}oooH to Ad: 00H

INTT [Internal Timer/Event
010H  Counter Interrupt] Vectors
Execution to 010H
INTO0/S [External Interrupt 0/
Serial Interface Interrupt]
Vectors Execution to 020H

32 020H

INT1 [External Interrupt 1]

a8 - 030H

On-Chip uPD7507 —— ]
> o

Clock Control Circuit

The clock control circuit consists of a 4-bit clock mode
register (bits CM1 and CMy), prescalers 1,2, and 3, and
a multiplexer. It takes the output of the system clock
generator (CL) and count clock generator circuit (X). It
also selects the clock source and divides the signal
according to the setting in the clock mode register. It
outputs the count pulse (CP) to the timer/event counter.
Figure 2 shows the clock control circuit.

Table 2 lists the codes set in the clock mode register by
the OP or OPL instruction to specify the count pulse
frequency.

Vectors Executlon 1o 030H Table 2. Selecting the Count Pulse Frequency
g M, oMy CMg Frequency Selected
3 192 oan} LHLT Instruction 0 0 0 - CL/256
‘.:? § 3; OCFH Reference Table 0 0 1 X/64
5 °°°"} CALT Instruction
255 oFFH | Reference Table 0 1 0 X
0 1 1 X
1023 3FFH 1 0 0 CL/32
1024 400H
1 0 1 X/8
2047 IEEH il neuction 1 1 0 Not used
2048 entry for uPD7507
Last address for ) L 1 Not used
- 4095 FFFH  CALL instruction
entry for uPD7508
58 q0sasen CM3 TOUT Signal
0 Disabled
1 _Enabled
Figure 2. Clock Control Circuit
L Internal Bus 7

OP, OPL

[orlom] ow

System Clock
Oscillator

cL1

< Prescaler 1
< (1/4]
cL2

To Timer

Clock Mode Register

MPX
Prescaler 2 Prescaler 3
/I [1/8] {1/8]

e
= {
Hwwx
Crystal Clock Oscillator/ |
Event Counter Input

cp
(Timer/Event Counter)

83-0034578
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Timer/Event Counter

The timer/event counter consists of an 8-bit counter,
an 8-bit modulo register, an 8-bit comparator, and a
timer out flip-flop as shown in figure 3.

The 8-bit count register is a binary 8-bit up-counter
which is incremented each time a count pulse is input.
The TIMER instruction, a RESET signal, or an INTT
coincidence signal clears it to 00H.

The 8-bit modulo register determines the number of
counts the count register holds. The TAMMOD in-
struction loads the contents of the modulo register.
RESET sets the modulo register to FFH.

The 8-bit comparator compares the contents of the
count register and the modulo register and outputs an
INTT when they are equal.

Figure 3. - Timer/Event Counter

( Intemal Bus ?
A 8 TAMMOD*
TCNTAM* 8-Bit Modulo Register|
8
8
INTT
8-Bit Comparator > (Coincidence
Signal)
8
cP c"(‘:‘i':c 5:’“ 8-Bit Count Register
CLR TOUT
(to Serial
m ™ interface
and Port 2)
CLR
TIMER*
RESET
Note:
1) CP is count pulse selected by the clock mode register.
2) *Execution of instruction.
83-003600A
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Serial Interface

The 8-bit serial interface allows the uPD7507/08 to
communicate with peripheral devices such as the
uPD7001 A/D converter, the uPD7227 dot matrix LCD
controller/driver, and other microprocessors or micro-
computers. Figure 4 shows the serial interface.

The serial interface consists of an 8-bit shift register, a
3-bit SCK pulse counter, the Sl input port, the SO

output port, the SCK serial clock I/0O port, and a 4-bit.

serial mode select register (MSR). The MSR selects
serial 1/0 or port 0 operation.

Figure 4. Serial Interface

* Command Execution
@ System Clock

(To Interrupt Circuit)

S f[¢e——sio

\ Internal Bus S
op*
8 “TAMSIO
e oPL*
g 4 wsnomﬁ J t 3 J 4 t A
' T ! ! ! | I I
POgISI —P 8-Bit Shift Register - Shift Mode Register
158 I mss L1
P0,ISO <t SM3
{To Interrupt
. T T C 1
! [ |
E I } 3.Bit Count | —
——l > | |
| ]
P04/5CK 0—tg
1 —— Tout
. [}
POQ/INTO O >—> INTO RS PP
R INTS

83-0030148
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Interrupts

The uPD7507/08 has four vectored, prioritized inter-
rupts. Two of these interrupts, INTT and INTS, are
internally generated from the timer/event counter and
serial interface, respectively. INTO and INT1 are
externally generated. Table 3 is a summary of the four
interrupts. Figure 5 is the block diagram.

Table 3. uPD7507/08 Interrupts )
Source Function Location Priority ROM Vector Address

INTT Coincidence in timer/event counter Internal 1 10H
INTS Transfer complete signal from serial interface Internal 2 20H
INTO INTO pin External 2 20H
INT1 INT1 pin External 3 30H

Figure 5. Interrupt Block Diagram

L Internal Bus
p—y —[1F
INT Enable o
Test Control Register Enable
T /s 1 FIF
Serial MSR Bit 3 |__.. _] I
ClL
Sync
INT10- Multiplexer ::'gz' —s it | _D—
INTS —| R_RQF
Nonsync
Edge S INTo/S ——D—
P10/INT0 0—— Detect a RQF Priority Vector
.| Control Address
Generator
sio* Nonsync
Edge 1S iNTT D—
INTT Detect R ROF I I
Timer*
m— R y
*Command Execution S———— Release
83-0034338
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System Clock and Timing Circuitry

Timing for the uPD7507/08 is internally generated
except for a frequency reference, which can be an RC
circuit or an external clock source. Connect the
frequency reference to the on-chip oscillator for the
feedback phase shift required for oscillation. Figure 6
shows the connection for an RC circuit. Figure 7 shows
the connection for an external clock source.

The internal oscillator generates a frequency in the
range 60 kHz to 300 kHz depending on the frequency
reference. For example, at Vpp =5V, an 82-kQ resistor

Figure 6. RC Circuit Connection

Vsso—| }{ cL1
cL2

83-002994A

Figure 7. External Clock Source Connection

and a 33-pF capacitor generate a frequency of 200 kHz.
The oscillation frequency is fed to the clock control External oL
. . . . o . . . Source
circuit. It is divided by two and the resulting signal is
fed to the CPU and serial interface as shown in figure 8.
Table 4 shows the operating status of the various logic o2
blocks under the three power down-modes.
83-002995A
Figure 8. System Clock Circuitry
X O ok Clock Control Til /Event
Oscil ntrol imer/Event
x2 m(::In:::‘il Count Counter * INTT
Pulse
[CP]
System
CL1 ——» Clock ¢ Serial
System Clock Inl::ll:ce [ INTS
Oscillator
CL2 «— r —_
External SCK Source
Q Q
STOPF/F HALTF/F
R S R S
l—G_l OHALT &, ccution
—o STOP Execution
Standby Release
83-0034608
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Table 4. Power-Down Operating Status

Power-Down Mode

Logic Block HALT sTOP Data Retention Mode
System clock (Note 1) Disabled Disabled

X2 ) Normal Normal Disabled

CPU Disabled Disabled Disabled
RAM Data retained Data retained Data retained
Internal registers Data retained Data retained Data retained
Timer/event counter Normal (Note 3) Disabled
Serial interface (Note 2) (Note 2) Disabled
INTO Normal Normal Disabled

INT1 Normal ' Disabled Disabled
RESET Normal Normal (Note 4)
Note:

(1) Supplied to timer/event counter but not to CPU or serial interface.
(2) Can function normally if the serial MSR is set to get the SCK signal externally or from the TOUT signal.
(3) Can function normally if the clock MSR is set to use X1 as the source for the count pulse.

(4) Toenterthedataretention mode, raise RESET while Vpp is lowered. To end the data retention mode, raise RESET when Vpp is raised, then
lower it. INTT, INTO, INTS or RESET releases the STOP mode. RESET or any interrupt releases the HALT mode.
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uPD7507/08

Figure 9 shows the internal circuit configurations at the
1/0 ports.

Figure 9. Interface at Input/Output Ports

Type A Type E
P02/S0, P49-P43, P50-P53, P60-P63, P10-P13, P70-P73
Vbb Vop
P-ch
3 Input/
2 Gutput
-y Input .
) Output
Disable
=
N-ch Vop Vss
P-ch
Vss I—‘
Type B fn )
PO0o/INTO, P03/SI, RESET, INT1 |_|
N-ch
_D— 0O Input ¢
Vss
ssrape D pE‘Q'?EcFK
P30-P33, P29/PSTB, P21/PTOUT, P22-P23
Vbp
Voo
pch P-ch
Input/
Output M Output
Output .
I?':;F:I‘; Disable
I
N-ch N-ch
Vss Vss
In
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Absolute Maximum Ratings Capacitance
Ta=25°C TA=25°C, Vpp=0V
Operating temperature, Topt —10to +70°C Limits Test
Storage temperature, Tgtg —65 to +150°C Parameter Symbol Typ Max Unit Conditions
Power supply voltage, Vpp —03to+7.0V Input capacitance C 15  pF f=1MHz
: — - unmeasured pins
All input and output voltages 0.3to Vpp +0.3V Output capacitance ~ Cg 15 F returned to Vss
Output current high, lgy
One pin =17 mA 110 capacitance Cio 15  pF
All pins, total —30 mA
Output current low, lg.
One pin 17 mA
Ports 1,2,3,7 25 mA
Ports 4,5, 6 25 mA
Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
DC Characteristics 1
For Vpp = 2.5 to 3.3 V (7507, 7508 only)
Tao=—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.8 Vpp ') v Except CL1, X1
ViH2 Vpp — 0.3 Vpp v CL1, X1
VIHDR 0.9 Vpppr Vpppr + 0.2 v RESET, data retention mode
Input voltage, low VL1 0 0.2 Vpp ' Except CL1, X1
ViLz 0 0.3 v CL1, X1
Output voltage, high VoH Vpp—05 v lop = —80 wA
Output voltage, low VoL 0.5 v lop = 350 wA
Input leakage current, high ILIH1 3 wA  Except CL1,X1; Vi =Vpp
VLK 10 wA  CL1, X1
Input leakage current, low It -3 A Except CL1,X1; V=0V
Vi -10 A CL1, X1
Output leakage current, high 'LOH 3 LA Vo=Vpp
Output leakage current, low ILoL -3 pA Vo=0V
Supply voltage VbppR 20 \ Data retention mode
Supply current Ipp1 50 250 uA Normal operation, Vpp =3 V +10%;
R =240 kQ +2%, C = 33 pF £5%
35 230 uA Normal operation, Vpp =2.5V;
R =240 kQ +2%, C = 33 pF £5%
lpp2 0.3 10 uA Stop mode, X1=0V; Vpp =3V £10%
0.2 10 uA Stop mode, X1=0V; Vpp=25V
IppDR 0.2 10 uA Data retention mode, Vpppr =2.0 V
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DC Characteristics 2
For Vpp =2.7 10 6.0 V (75CGO8E, 5 V +10%)
Ta =—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vop V  Except CL1,X1
Vin2 Vpp — 05 Vpp vV CL., X1
ViHDR 0.9 Vpppr Vpppr +0.2 V  RESET, data retention mode, 7507/08 only
Input voltage, low VL1 0 0.3 Vpp V  Except CL1, X1
ViL2 0 0.5 vV CL,xt
Output voltage, high Vox Vpp—1.0 V  lpy=—1.0mA; Vpp=451t06.0V, 7507/08 only
Vpp — 05 V gy =—100 wA, 7507/08 only
VoH1 Vpp—1.0 V  lgy=—1.0 mA, 75CGO8E only
Vo2 Vpp —0.75 V  lgy=—5.0 mA, 75CGOSE only
Output voltage, low VoL 0.4 V. loL=1.6mA; Vpp =4.5t0 6.0 V, 7507/08 only
05 V. lgL =400 A, 7507/08 only
0.4 V  lgL=—1.6 mA, 75CGO8E only
Input current, high m 300 pA  75CGO8E only, V) = Vpp, MSEL
Input current, low I —200 uA  75CGOSE only, V=0V, lg-l
Input leakage current, high ILIH1 3 pA  Except CL1, X1; V) = Vpp
ILiH2 10 pA  CL1, X1
Input leakage current, low TR -3 pA  Except CL1, X1; Vi=0V
I -10 pA  CL1, X1
Output leakage current, high ILoH 3 uA  Vo=Vpp
Output leakage current, low ILoL -3 pA Vo=0V
Supply voltage VbpDR 20 V  Data retention mode, 7507/08 only
Supply current IpD1 300 900 #A  Normal operation, Vpp =5V +10%;
R =82 kQ +2%, C = 33 pF +5%
70 300 pA  Normal operation, Vpp =3 V £10%;
R = 160 kQ +2%, C = 33 pF +5%, 7507/08 only
Ipp2 1.0 20 pA  Stop mode, X1 =0V; Vpp =5V +10%, 7507/08 only
0.3 10 A Stop mode, X1=0V; Vpp =3 V +10%, 7507/08 only
2 20 pA  Stop mode, X1=10V; Vpp =5V £10%, 75CGO8E only
IppDR 0.2 10 pA  Data retention mode Vpppg = 2.0 V, 7507/08 only
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AC Characteristics 1

For Vpp = 2.7 0 6.0 V (75CG08, 5 V £10%)
T =—10 to +70°C

Limits

Parameter Symbol Min Typ Max Unit Cnnmfituns
System clock frequency fce 150 200 240 kHz  Vpp=5.0 V +10%; R = 82 kQ +2% (Note 1)
75 100 120 kHz  Vpp = 3.0 £10%; R = 160 kQ +2% (Note 1), 7507/08 only
75 135 kHz"  Vpp = 3.0 £10%; R = 160 kQ +2% (Note 1), 7507/08 only
fc 10 410 kHz CL1, external clock, 50% duty;
Vpp =4.5 0 6.0 V, 7507/08 only, Vpp = 5 V £5%, 75CGO8E only
10 125 kHz  CL1, external clock, 50% duty; Vpp = 2.7 V, 7507/08 only
10 300 kHz  CL1, external clock, 50% duty; 75CGO8E only
System clock rise and fall  tgg, toF 0.2 us  CL1, external clock
times
System clock pulse width tons toL 1.2 50 ps  CL1, external clock; Vpp = 4.5 to 6.0 V, 7507/08 only
40 50 ps  CL1, external clock; Vpp = 2.7 V, 7507/08 only
15 50 us  CL1, external clock, 75CGO8E only
1.2 50 ps  CL1, external clock; Vpp =5 V £5%, 75CGO8E only
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 410 kHz X1, external pulse input; 50% duty;
Vpp =4.5t0 6.0 V, 7507/08 only
0 125 kHz X1, external pulse input, 50% duty;
Vpp =2.7 V, 7507/08 only
300 ~ kHz X1, external pulse input; 50% duty, 75CG08 only
410 kHz X1, external pulse input; 50% duty;
Vpp = 5V £5%, 75CGO8E only
Counter clock rise and fall  tyg, txp 0.2 us X1, external pulse input
times
Counter clock pulse width  txy, tx_ 1.2 us X1, external pulse input; Vpp = 4.5 to 6.0 V, 7507/08 only
40 us X1, external pulse input; Vpp = 2.7 V, 7507/08 only
15 ps X1, external pulse input, 75CGOSE only
’ 1.2 us X1, external pulse input; Vpp =5 V £5%, 75CGO8E only
SCK cycle time tkoy 30 us  SCK as input; Vpp = 4.5 10 6.0 V, 7507/08 only
Vpp =5V 5%, 75CGO8E only
8.0 us  SCK as input, 7507/08 only
49 us  SCK as output; Vpp=4.5106.0V, 7507/08 only
Vpp =5V 5%, 75CGO8E only
16.0 us  SCK as output, 7507/08 only
40 us  SCK as input, 75CGOSE only
6.7 us  SCK as output, 75CGO8E only
SCK pulse width tkH, kL 1.3 us  SCK as input; Vpp = 4.5 to 6.0 V, 7507/08 only
Vpp =5 V £5%, 75CGO8E only
4.0 us  SCKas input
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AC Characteristics 1 (cont)

For Vpp = 2.7 {0 6.0 V (75CG08, 5 V +10%)
Ta=—10to +70°C

Limits

Parameter Symbol Min Typ  Max Unit cunm:lluns
SCK pulse width tkH, tkL 22 us SCK as output, Vpp=4.5t06.0V, 7507/08 only
Vpp =5V £10%, 75CG08 only
8.0 us SCK as output, 7507/08 only
18 us SCK input, 75CGOSE only
30 us SCK as output, 75CGOSE only
Sl setup time to SCK tsiK 300 ns
Sl hold time after SCK tys| 450 ns
SO delay time after SCK tkso 850 ns Vpp =4.510 6.0 V, 7507/08 only
Vpp = 5 V £10%, 75CGO8E only
1200 ns 7507/08 only
Port 1 output setup time to PSTB T tpgt (Note 2) us Vpp =4.510 6.0 V, 7507/08 only
Vpp = 5V £10%, 75CGOSE only
(Note 3) us 7507/08 only
Port 1 output setup time to pPSTB 1 tsTp 100 ns Vpp =4.510 6.0 V, 7507/08 only
Vpp = 5 V £10%, 75CGOSE only
100 ns 7507/08 only
PSTB pulse width tsTL (Note 2) us Vpp =4.5106.0 V, 7507/08 only
Vpp =5 V £10%, 75CGO8E only
(Note 3) us 7507/08 only
INTO pulse width tions tioL 10 us
INT1 pulse width tns L 2/f¢e us
or 2/fg
RESET pulse width tRSH» tRSL 10 us
RESET setup time tsRs 0 ns 7507/08 only
RESET hold time tHRs 0 ns 7007/08 only

Note:

(1) RC network at CL1 and CL2; C = 33 pF +5%,|AC/°C|< 60 ppm.
(2) (108) = 2(fcg or f in kHz) — 0.8 us.

(3) (103) + 2(fcg or f in kHz) — 2.0 us.

3-33



uPD7507/08

NEC

AC Characteristics 2

For Vpp = 2.5 to 3.3 V (7507, 7508 only)

Ta=—10t0 +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 50 80 kHz  R=240 kQ +2% (Note 1)
50 64 77 kHz  Vpp=2.5V; R =240 kQ +2% (Note 1)
fc 10 80 kHz  CL1, external clock, 50% duty
System clock rise and fall tor, toF 0.2 us  CL1, external clock
time
System clock pulse width teH, toL 6.25 50 us  CL1, external clock
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 80 kHz X1, external pulse input, 50% duty
Counter clock rise and fall txR, txF 0.2 us X1, external pulse input
time
Counter clock pulse width txH, txL 6.25 us X1, external pulse input
SCK cycle time tkoy 125 us  SCKas input
25.0 us  SCKas output
SCK pulse width tkHs kL 6.25 us  SCKas input
15 us  SCK as output
Sl setup time to SCK tgik 1 us
S! hold time after SCK 1 tksi 1 us
S0 delay time after SCK | tkso 2 us
Port 1 output setup time to PSTB 1 tpg7 (Note 2) us
Port 1 output hold time after PSTB 1 tgrp 100 ns
PSTB pulse width tsTL (Note 2) us
INTO pulse width tioH, tioL 30 us
INT1 pulse width tms (Note 3) us
RESET pulse width trsH, tRsL 30 us
RESET setup time tsrs 0 ns
RESET hold time tHRs 0 ns
Notes:

(1) RC network at CL1and CL2; C = 33 pF £5%,|AC/°C|< 60 ppm.

(2) 108+ 2 (fcg or f in kHz) — 2.0.

(3) 108 + 2 (feg or fg in kHz).
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Timing Waveforms

Timing Measurement Points

External Interrupts
tioL | tioH
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K /
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. 83-003318A
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83-003319A
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0.7 V, .
8 oo Test Points o7 vix
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83-003314A
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Serial Interface
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83-003316A
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Operating Characteristics
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System Clock Oscillation Frequency fcc [kHz]

System Clock Frequency fc [kHz]

Supply Current Ipp [#A]
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Operating Characteristics (cont)
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NEC Electronics Inc.

uPD7507H/08H/75CGOSHE
4-Bit, Single-Chip
CMOS Microcomputers

Description

The uPD7507H, uPD7508H, and uPD75CGO8HE are
pin-compatible, high-speed (4.19 MHz), 4-bit, single-
chip CMOS microcomputers with the uPD7500 series
architecture. The subroutine stack is implemented in
RAM for greater nesting depth and flexibility.

Thirty-two I/O lines are organized into eight 4-bit
ports: input port/serial interface port 0, output ports 2
and 3, and I/O ports 1, 4,5, 6,and 7.

The uPD7507H and uPD7508H execute 92 instructions
of the uPD7500 series A instruction set with a 2.86-us
instruction cycle time.

Maximum power consumptionis3mAat5Vandlessin
the HALT and STOP low-power modes.

The 75CGO8HE is a piggyback EPROM prototyping
chip that is pin-compatible with 7507H and 7508H. A
2716 plugged into the top of the 75CG08HE emulates
the ROM of a 7507H. A 2732 emulates the ROM of
7508H. When emulating the 7507H, the user must take
care to use only the first 128 RAM locations. Although
7507H and 7508H can operate over a range of 2.7 to
6.0 V, 75CGO8HE is limited to 5 V +10%. Table 1
summarizes the differences among 7507H, 7508H, and
75CGO8HE.

Features

O Single-chip microcomputer
0O Program ROM :
— uPD7507H: 2048 x 8-bit
— uPD7508H: 4096 x 8-bit
— uPD75CGO8HE: piggyback EPROM
[0 Data RAM
— uPD7507H: 128 x 4-bit
— puPD7508H: 224 x 4-bit
— uPD75CGO8HE: 224 x 4-bit
0O 8-bit timer/event counter
O Four 4-bit general purpose registers
O Four vectored, prioritized interrupts
O Executes 92 instructions of 7500 series A
instruction set
[ 2.86-us instruction cycle/4.19-MHz external clock
O Two standby modes
O 32 1/0 lines
[0 LED direct drive (ports 2-5; 16 lines)
0 Low power HALT and STOP modes

50274 (NECEL-543)

Ordering Information

Max Frequency
Part No. Package Type of Operation
uPD7507HC 40-pin plastic DIP 4.19 MHz
uPD7507HCU 40-pin plastic shrink DIP 4.19 MHz
uPD7507HGB-22 44-pin plastic QFP 4.19 MHz
uPD7508HC 40-pin plastic DIP 4.19 MHz
uPD7508HCU 40-pin plastic shrink DIP 4.19 MHz
uPD7508HGB-22 44-pin plastic QFP 4.19 MHz

uPD75CGO8HE 40-pin ceramic piggyback DIP 4.19 MHz

Pin Configurations

40-Pin Plastic DIP and Plastic Shrink DIP

oout (] 1 40 [ 1 EVENT
P2o/PSTB [] 2 39 |1 Vss

P21/PTOUT [} 3 38 [1Pag
P22 4 37 [ Paz
P23 []s 36 [1 P4y
P1o e 35 1 Pag
P17 34 [1 P53
P28 r 33[PS2
P13 9 & 32[1ps
P10 £ sifirs
P31 [] 11 § 30 O Pes
P32[J12 & 20[1P62
P33 [] 13 28 |1 P61

P70 [] 14 27 [ P60

P11 15 26 | PO3/St

P72 [] 16 25 [ P02/SO

P13 [} 17 24 [1P04/SCK
RESET [ 18 23 |11 Pog/INTO

cL1 19 22 [1INT1

Voo [ 20 21 []cL2

83-003434A
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Pin Configurations (cont) Pin Identification
40-Pin Ceramic Piggyback DIP 40-Pin DIP, Shrink DIP, and Piggyback DIP
No. Symbol Function
%out 1 ~ 40 [ EVENT
P29/PSTB [] 2 UPD75CGOSHE 39 [ vss 1 pout fcc/12 square wave _
P24/PTOUT [] 3 [ P43 2-5 P2y/PSTB Output port 2/output strobe pulse,
ros  N°Q! (] P4a2 P24/PTOUT, timer out F/F signal
paf]s  N°H? [1Pay P25, P23
Pocfs S Pl 69 P1g-P1 1/0 port 1
e LA (] Ps, - 03 por
pojs  s4° [ Ps, 10-13 P3p-P33 Output port 3
L= R H "ot 1417 P1o-P7 10 port 7
pao0 A3H7 [ pso 0’3 po
pay T 11 ‘:E : b pes 18 RESET RESET input
2077 s e 19,21 CLI,CL2__ System clock inputs
P70 14 :°E [1P6o 20 Vop Positive power supply
P7 1 [1 Poy/si -
Ph' E :: 1200 H P0: /50 22 INT1 External interrupt
prai7 Vss H [1P01/SCK 23-26 POg/INTO, Input port 0/external interrupt, serial
RESET []18 [] POo/INTO P04/SCK, 1/0 interface
cLi]1e 22 FINT1 ) P02/SO
Vvop [] 20 21 [1cL2 PO3/SI
83-003761A 27-30 P6g-P63 1/0 port 6
31-34 P5q-P53 1/0 port 5
44-Pin Plastic QFP
35-38 P4y-P43 1/0 port 4
5o 39 Vss Ground
E |§ " 40 EVENT External event input port
o N - N o o -
erfdd8aviad
THERH A 44:pin O
T s = 8 =2 s No. Symbol Function
P1o CT 1 D ™ o D)
e O Ps 1-4 P1p-P13 110 port 1
P12 CTT 3 31 [T TPs2 58 P3q-P33 Port 3 output
Pi3 T 1} [T 1T1P5
P3g T 15 20 [T P5g 9, 10, P7¢-P73 110 port7
P31 1] uPD7507H/08H 11 1P63 13,14
P31 7 27 [CT7177 P62 -
gp— I 1112 NC Not connected
P7o CT 19 25 [T 1 Pey 15 RESET RESET input
P7¢ 11T T 11 POa/sI s
e o I == e 16, 18 CL1, CL2 System clock inputs
T 17 Vop Positive power supply
H H H H H H H H H H H 19 INT1 External interrupt 1
gee E 3 >g 3 ;é- E |§ % 20 POOIINJJ Port 0 input/Interrupt 0
€ §° §' g 21 P04/SCK Port 0 input/Serial clock 1/0
83-003762A 22 P0,/S0 Port 0 input/Serial output
23 NC Not connected
24 P03/SI Port 0 input/Serial output
25-28 P6y-P63 1/0 port 6
29-32 P5g-P53 1/0 port 5
33-36 P4y-P43 1/0 port 4
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Pin Identification (cont)

44-Pin QFP (cont)

No. Symbol Function

37 Vss Ground

38 EVENT External event input

39 douT fcc/12 square wave

40 P20/PS_TB Port 2 output/Output strobe pulse
41 P24/PTOUT Port 2 output/Timer out F/F signal
42,43 P2;, P23 Port 2 output

44 NC Not connected

28-Pin EPROM Socket on Piggyback DIP

No. Symbol Function
1,2 NC Not connected
3-10 A7-Ay Address bits 7-0
11-13 lo-lo Data bits 0-2

14,22 Vss Ground

15-19 I3-l7 Data bits 3-7

20 CE Chip enable

21,23 A10, A11 Address bits 10, 11
24,25 A9, A8 Address bits 9, 8
26,28 Vpp Positive power supply
27 MSEL Memory select

Pin Functions

P0g/INTO, P04/SCK, [Port 0/External Interrupt,
Serial Interfacé] P02/SO, P03/SI

4-bit input port/serial 1/0 interface. This port can be
configured as a 4-bit parallel input port or as the 8-bit
serial 1/0 interface under control of the serial mode
select register. The serial input Sl, serial output SO,
and the serial clock SCK (active low) used for
synchronizing data transfer make up the 8-bit serial I/0
interface. Line PQg is always shared with external
interrupt INTO, a rising edge-triggered interrupt. If
POo/INTO is unused, it should be connected to Vgg. If
P04/SCK, P0,/S0O, or P0,/Sl are unused, connect them
to Vgs or Vpp.

P19-P13 [Port 1]

4-bit input/three-state output port. Data output to port
1is strobed in synchronization with a P2o/PSTB pulse.
Connect unused pins to Vgg or Vpp.

P2¢/PSTB, P21/PTOUT, P22, P23 [Port 2]

4-bit latched three-state output port. Line P2y is shared
with PSTB, the port 1 output strobe pulse. Line P24 is
shared with PTOUT, the timer out F/F signal. Leave
unused pins open.

P3¢-P33 [Port 3]

4-bit latched three-state output port. Leave unused
pins open. :

P4g-P43 [Port 4]

4-bit latched three-state output port. Can also perform
8-bit parallel 1/0 with port 5. In input mode, connect
unused pins to Vpp or GND. In output mode, leave
unused pins open.

P53-P5¢ [Port 5]

4-bit input/latched three-state output port. This port
also performs 8-bit parallel I/0O with port 4. In input
mode, connect unused pins to Vgg or Vpp. In output
mode, leave unused pins open.

P63-P6g [Port 6]

4-bit input/latched three-state output port. The port 6
mode select register configures individual lines as
inputs or outputs. In input mode, connect unused pins
to Vgg or Vpp. In output mode, leave unused pins open.

P7¢-P73 [Port 7]

4-bit input/latched three-state output port. In input
mode, connect unused pins to Vgg or Vpp. In output
mode, leave unused pins open.

douT [Clock Out]
Outputs a square wave with frequency fcc/12.

EVENT [External Event Input]

Pulses on this line are counted by the timer/event
counter and an interrupt is generated when a pre-
determined count is reached.

CL1, CL2 [System Clock Input]

The system clock can be generated by connecting a
crystal ora ceramic resonatoracross CL1and CL2 and
capacitors from each side of the crystal to ground.
Alternatively a clock signal can be input to CL1 and its
invert to CL2. See figure 1.
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RESET [Reset] Table 1. Features Comparison
A high level input to this pin initializes the uPOT5CG08H #PDT507H/T508H
uPD7507H/08H after power up. Program memory 2K x 8 EPROM (2716) 2K x 8 masked ROM (7507H)
. 4K x 8 EPROM (2732) 4K x 8 masked ROM (7508H)
INT1 [Interrupt 1] Data memory 224x4 128 x 4 (7507H)
. 224 x 4 (7508H
External rising edge-triggered interrupt. Connect to - x4 )
Vee if unused Data retention Use more current Yes
ss : mode than 7507H, 7508H

Vpp [Power Supply] Power supply 5V £10% 271060V

- . . Package types 40-pin ceramic 40-pin plastic DIP
Positive power supply. Apply a S|r!gle voltage in the piggyback DIP 40-pin plastic shrink DIP
range 2.7 to 6.0 V for proper operation. 44-pin plastic QFP
Vss [Ground]
Ground.
Block Diagram

P03/SI
P02/SO
P04/SCK
EVENT INT1 INTlI/POo
INTT 1 ¢ INTS
1/8 foo ——ad Clock imer/Even Ty ri
I conne L of et L f et L) sy
Ohe & G K
r
Port1 L7 4\ p1g-p1g

Program Memory

[12-Bits uPD7508H)
[11-Bits uPD7507H]

N

Buffer

General Registers

Port 2
Latch | 4 »P20-P23
Buffer (on/P_“sm )

P21/PTout

D [4] E [4]

Program Counter

Port3
Latch 4 >P3¢-P33
Buffer

H (4] L (4]

Stack Pointer [8]

4096 x 8-Bit ROM [LPD7508H]
2048 x 8-Bit ROM [uPD7507H] |

Decoder

Port4
Latch Pag-Pa3
Buffer

Data Memory
224 x 4-Bit RAM [uPD7508H] <:>
128 x 4-Bit RAM [4PD7507H]

CL ¢ Bfge

!

System
Clock
Generator

Standby

#our Control

CLi  cL2 RESET  Vpp Vss

Port 5
Latch <:§> P50-P53
Buffer
Port 6
Latch ¢> P60-P63
Buffer

Port7
Latch 4
Buffer

SRR CEVRVIRVAE S

P70-P73

83-003435B
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Figure 1. System Clock Options
A. Ceramic Oscillator
R ded
rI—cu

Voo Freq Range [Note 1]

30 pF 451060V 091042MHz  4.0MHz
= 381060V 09t025MHz 2.0 MHz

271060V 09t01.1MHz _ 1.0MHz

Oscillator stabilization time tos = 20 ms [Note 2]

30 pF-[—I—‘CL2
B. Crystal Oscillator
|CL1
10 pF | |
r] —
=20 pLI_ cL2

C. External Clock

cL1
cLi1 Vop Freq Range  tcRand tcr
45t06.0V  0.1t04.2 MHz 110ns
27t06.0V  0.1t0 1.8 MHz 900 ns
74HCO00 Notes:
[1] Due to ceramic oscillator tolerance, operation at
the maximum frequency is not recommended.
CL2 (2] A crystal frequency of 4.194308 MHz will yield a

Y
divider.

Vbp Freq Range Typical Freq
45t06.0V 3.5t04.2MHz 4.19 MHz
Oscillator stabilization time tos = 25 ms [Note 2]

83-003763A

Memory Map

Figure 2 shows the ROM program map of the
7507H/7508H.

Figure 2. ROM Map

Clock Control Circuit

The clock control circuit consists of a 4-bit clock mode
register (bits CMg-CM3), prescalers 1, 2, and 3, and a
multiplexer. It takes the output of the system clock
generator (CL) and external EVENT input. It also
selects the clock source and divides the signal
according to the setting in the clock mode register. It
outputs the count pulse (CP) to the timer/event
counter. Figure 3 shows the clock control circuit.

Table 2 lists the codes set in the clock mode register by
the OP or OPL instruction to specify the count pulse
frequency. Bit CMg3 controls the timer out F/F; it is
disabled when the bit is 0 and output when the bitis 1.

Table 2. Selecting the Count Pulse Frequency

CM; CM, CMp Frequency Selected

0 0 0 foc/1536 (or CL/256)

0 0 1 foo/512 = (fcc/8) (1/64)
0 1 0 EVENT input

0 1 1 Not used

1 0 0 foe/192 (or CL/32)

1 0 1 /64 = (fog/8) (1/8)

1 1 0 Not used

1 1 1 Not used

Address Address
[Decimal] [Hex]
MSB LsB
RESET Pulse Vectors Program
4 2 H
opr l s l 5 l l 3 l I 1 l 0 ool Execution to Address 000H
INTT [Internal Timer/Event
16 010H Counter Interrupt] Vectors
Execution to 010H
INTO/S [External interrupt 0/
32 020H Serial Interface Interrupt]
Vectors Execution to 020H
INT1 [External Interrupt 1]
’g 98 930H " Vectors Execution to 030H
n
F B
I
a e
a £
:_ o 192 0COH LHLT Instruction
;5 S 207 ocFH | Reference Table
: 208 0DOH
& ; CALT Instruction
255 OFFH Table
1023 3FFH
1024 400H
Y 2047 7FFH Last Address for CALL Instruction Entry
2048 800H  ,PD7507H
Last Address for CALL Instruction Entry
4095 FFFH  PD7508H
83-003436B
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Figure 3. Clock Control Circuit

( Internal Bus /
OP*, OPL*
CM3 ! CM2| CMy
To Timer/
Event Counter:
W8 tcc Multiplexer
Prescaler 2 Prescaler 3
[1/8] (1/8]
cL I Pres;:/:ler 1 I
(16 tecl L |

EVENT

*Instruction execution

Multiplexer

cP
Count Pulse to
Timer/Event Counter

83-0034698

Timer/Event Counter

The timer/event counter consists of an 8-bit counter,
an 8-bit modulo register, an 8-bit comparator, and a
timer out flip flop as shown in figure 4.

The 8-bit count register is a binary 8-bit up counter,
which is incremented each time a count pulse is input.
The TIMER instruction, a RESET signal, or an INTT
coincidence signal clears it to 00H.

The 8-bit modulo register determines the number of
counts the count register holds. The TAMMOD in-
struction loads the contents of the modulo register.
RESET sets the modulo register to FFH.

The 8-bit comparator compares the contents of the
count register and the modulo register and outputs an
INTT one clock pulse after they are equal.

Table 3. pPD7507H/08H Interrupts

Serial Interface

The 8-bit serial interface allows the uPD7507H/08H to
communicate with peripheral devices such as the
uPD7001 A/D converter, the uPD7227 dot matrix LCD
controller/driver, and other microprocessors or
microcomputers.

The serial interface consists of an 8-bit shift register, a
3-bit SCK pulse_counter, the Sl input port, the SO
output port, the SCK serial clock I/0 port, and a 4-bit
serial mode select register (MSR). The MSR selects
serial 1/0 or port 0 operation.

Interrupts

The uPD7507H/08H has four vectored, prioritized inter-
rupts. Two of these interrupts, INTT and INTS, are
internally generated from the timer/event counter and
serial interface, respectively. INTO and INT1 are
externally generated. Table 3 is a summary of the four
interrupts.

Source Function Location Priority ROM Vector Address
INTT Coincidence in timer/event counter Internal 1 10H
INTS Transfer complete signal from serial interface Internal 2 20H
INTO INTO pin External 2 20H
INT1 INT1 pin External 3 30H
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Figure 4. Timer/Event Counter

& Internal Bus ?
1/ 7 8 |«— TAMMOD*
TCNTAM* 8-Bit Modulo Register
8 E
INTT
(Coinci
Signal)
Count Hold B N
cP Circuit 8-Bit Count Register
TOUT
CLR Timer |_,. (toSerial
Out F/F Interface
and Port 2)
CLR
TIMER*
RESET
Note:
1) CP is count pulse selected by the clock mode register.
2) *Execution of instruction.
83-003600A
Figure 5. System Clock Circuitry
$OUT 1/2
[349 kHz] CLR
1/4 Clock for Timer/Event Counter
CLR [524 kHz]
CL
1 (698 kHz]
CL1 O—f
Crystal | fcc 1/2 13 1/2 ¢
Oscillator | fc CLR CLR CLR (349 kHz]
CL2 00—
Disable l \ Halt F/F L—‘
P Halt Release
—a
" _C(: Reset [\_]
( =
s
Stop F/F
Q s Stop *
R Reset
*Command Instruction

83-003438B
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System Clock and Timing Circuitry

There are four time bases available for the
uPD7507H/08H. Table 4 shows these bases and the
frequencies generated.

The CPU clock is used by the CPU and serial interface.
The system clock is used by the timer/event counter
and the INT1 signal.

1/0 Port Interfaces

Figure 6 shows the internal circuit configurations atthe
1/0 ports.

Figure 6. Interface at Input/Output Ports

Table 4. uPD7507H/08H Time Bases

Base Symbol Frequency Derivation
System clock CL 698 kHz foo/6 (4.19 MHz/6)
CPU clock ¢ 349kHz  fgp/12 (4.19 MHz/12)
External clock PouT 349kHz  foc/12 (4.19 MHz/12)
Timer/event - 524 kHz foc/8 (4.19 MHz/8)
counter clock

Type B
POo/INTO, INT1, P03/SI, RESET, EVENT

_D_ 0 Input
Type C
Pout
Voo
P-ch
Output
N-ch
Vss
Type D
P20/PSTB, P21/PTOUT, P22, P23, P30-P33
Voo
P-ch
Data :D)__l
Output
Ombul
Disable
N-ch
Vss

Note: Upon RESET, both transistors are turned off.

Type E
P10-P13, P02/SO, P40-P43, P50-P53, P60-P63, P70-P73
Voo
P-ch
. Input/
Output
Output
Disable
N-ch
Vpp Vss
tj?-ch
In B
ﬁ«:h
Vss
Type F
P04/SCK
Voo
. P-ch
Input/
Output
Output
Disable
N-ch
Vss
In T
83-003439C
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Absolute Maximum Ratings
Ta=25°C

Capacitance
TA = 25°C, VDD =0V

Operating temperature, Topt —10 to 70°C Limits Test
Storage temperature, TsTg —65 to 150°C Parameter Symbol Typ Max Unit Conditions
Power supply voltage, Vpp —03to+7.0V Input capacitance C 15 pF f=1MHz

- _ - unmeasured pins
All input and output voltages 0.3to Vpp +0.3V Output capacitance  Cg 15 F returned to Vgg.
Output current, high, loy -

One pin —5mA 1/0 capacitance Cio 15  pF

All pins, total —20 mA
Output current, low, lgp.

One pin 17 mA

Ports 6, 7 20 mA

Total ports 200 mA

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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DC Characteristics R
Ta=—101t0 +70°C; Vpp =2.7 10 6.0 V (5 V +10% for 75CGO8HE)
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Voo v Except CL1, CL2
Vi Vpp—05 Vpp v CL1, CL2 )
ViHDR 0.9 Vpppr Vpppr + 0.2 v RE'SET, data retention mode, xPD7507H/08H
only
Input voltage, low Vi 0 0.3 Vpp v Except CL1, CL2
Vi 0 0.5 v CL1, CL2
Output voltage, high VoH Vpp —1.0 v lop = —1.0 mA; Vpp = 4.5 10 6.0 V; except
Aq1/Vpp, for uPD75CGOBHE
Vpp— 0.5 v loL =—100 A
Vpp — 0.75 v A41/Vpp; loy = —5 mA (uPD75CGOBHE only)
Output voltage, low VoL 0.5 15 \ loL =12 mA; Vpp = 4.510 6.0 V; Ports 2-5
04 ' loL = 1.6 mA; Vpp =4.510 6.0 V; Ports 6-7
0.5 v loL = 400 wA
High level input current (MSEL) iy Vin=Vpp 300 LA uPD75CGO8HE only
Low level input current (Ip-l7) Iy Vin=0V —200 7. uPD75CGOBHE only
Input leakage current, high LK1 3 A Except CL1, CL2; V| = Vpp
ILH2 20 A CL1, CL2; V)= Vpp
Input leakage current, low L -3 uA Except CL1, CL2; V=0V
ILi2 -20 LA CL1,CL2, V=0V
Output leakage current, high ILoH 3 pA Vo= Vpp
Output leakage current, low lLoL -3 A Vo=0V
Supply voltage VbobR 2.0 6.0 v Data retention mode, «PD7507H/08H only
Supply current Ipp1 ’ 900 (1) 3000 (1) uA Normal operation, Vpp =4.5t06.0 V;
1000 (2) 3000 (2) uA fog =4.19 MHz
150 (2) 700 (2) A Normal operation, Vpp =2.7t0 3.3 V;
feo = 1 MHz, uPD7507H/08H only
Ipp2 350 (1) 800 (1) pA HALT mode, X1=0V; Vpp=4.5106.0V;
500 (2) 1100 (2) 7. foc =4.19 MHz
70 (2) 180 (2) uA HALT mode, X1=0V; Vpp=2.7103.3V;
foo = 1 MHz, xPD7507H/08H only
Ipp3 0.1 10 pA STOP mode, xPD7507H/08H only
0.5 50 uA STOP mode, PD75CGOBHE only
Notes:

(1) Crystal oscillation; C1 = C2 = 10 pF.
(2) Ceramic oscillation; C1 = C2 = 30 pF.
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AC Characteristics

Ta=—10to +70°C; Vpp = 2.7 t0 6.0 V (5 V £10% for 75CGO8HE)

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System cycle time toy 2.86 120 us Vpp=45t06.0V
1 120 us
EVENT input frequency fe 0 700 kHz Vpp=45t06.0V
0 150 kHz
EVENT input high tey 0.7 us Vpp=45t06.0V
EVENT input low teL 33 us )
SCK cycle time tkey 25 us  SCKasinput; Vpp=45106.0V
10 us  SCK as input
2.86 us  SCKas output; Vpp=4.5t06.0V
1 us  SCK as output
SCK pulse width tKH tkL 1.1 us SCK as input; Vpp=4.5t06.0V
45 us  SCKas input
13 us  SCK as output; Vpp=4.5t0 6.0V
, 5.0 us  SCKas output
Sl setup time to SCK ! tsik 300 ns
Sl hold time after SCK 1 tksi 450 ns
SO delay time atfter SCK | tkso 850 ns  Vpp=45t06.0V
1200 ns
Port 1 output setup time to tpsT (Note 1) ns Vpp=45t06.0V
PSTB ! (Note 2) ns
Port 1 output hold time after tsTp 80 ns
PSTB 1
PSTE pulse width tswL (Note 1) ns Vop=45t06.0V
(Note 2) ns
INTO pulse width tio, tioL 10 s
INT1 pulse width tiwhs tywe 1 (Note 3) toy
RESET pulse width tRsH, tRsL 10 us
RESET setup time tsRs 0 ns
Clock stabilization time tos 25 ms Vpp=45V

Notes:

(1) (8 +fcg or fg) — 350.
(2) (3 + fcg or fg) — 1000.
(3) tcy=12+fgcorfc.
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Timing Waveforms

Clocks External Interrupts
1, tioL Y tioH C
I tcL tcH
= ~
INTO
CL1 Input / \ ‘6:['22
83-003440A the | thH 1 .
) INT1 \ l}' k
Timing Measurement Points )
83-003317A
0.7 Vpp 0.7 Vpp
0.3 Vpp 0.3 Vpp Reset
83-003411A
tRSL I tRSH |
Serial Interface RESET  \ ZI l\
K
) : 83-003318A
KL tKH |
§CK / k STOP Mode
A S
le—tsIK tKs| ‘ STOP Mode le_HALT |
Valid I Data
si Input Data i
le—tkso ‘ Voo VDDDR j
£-10) } Valid Output Data X: o \

83-003316A

EVENT Input

RESET

e\

tEL

83-003441A
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Operating Characteristics (cont)
Ta=25°C

Oscillator Frequency vs Supply Voltage

N owaa
1

CL1

0

0.5
04

Oscillation Frequency, fcc [MHz]
-

CL2lc2 <20 pF

0 pF

0.3 c1 ;7_ /I c2 | |
0.2
0.1 L L
) 1 2 3 4 5 6 7
Supply Voltage, Vpp [V]
Clock Frequency vs Supply Voltage
100
~ =
3 =
A
9 —
)
c
3
g uPD74HCO0
I |
s
= 1
=
F
o
k
o 01
)
T
3
Q
[$]
0.01
0 1 2 3 4 5 6 7
Supply Voltage, Vpp [V]
Supply Current vs Supply Voltage
e
— l J T Oper MoH
[ leu  cl2 ’I tcc = 4.19 MHz
= }:u:ni : ég—l‘—wcmms
s £ c1 c2 —==—="1cC = 4.19 MHz ]
'ﬂ. — ;; ;; = L4 fcc=1MHz ]
< C1=C2=30pF -
g 102 =
H ]
o -
> =HALT Mode
-3
=y
3
@ 101
|- Ta=25°C
100
0 1 2 3 a 5 6 7

Supply Voltage, Vpp [V]

83-003443A

83-003445A

83-003447A

Event Input Frequency, fg [MHz]

Supply Current, Ipp [1A]

Oscillator Frequency vs Supply Voltage

1 T I ]
— )|
— |cu cu|c1=cz=ao...=
N i 4.2MHz,
S |
‘3' 3 D —2.5MHz
ct c2
< 2
I
g 1.1 MHz
g 1 f
o
H
g
2
g 3
0.2 §
0.1 2
[ 1 2 3 4 5 6 7
Supply Voltage, Vpp [V]
Event Frequency vs Supply Voltage
1
01
0.01
—_—
g
3
8
0.001 2
) 1 2 3 4 5 6 7
Supply Voltage, Vpp (V]
Oscillator Frequency vs Supply Voltage
T
Ta =25°C
1400 [— o
cL1__ cL2 Vop =5V~
1200 |- e
D Operating Mode
C1 C2
wr 33
7 T /
800 C1=C2=230p
600
400 e
| ——"THALT Mode
s
200 — $
8
0 2
[ 1 2, 3 4 5

Oscillation Frequency, fcc [MHz]
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Operating Characteristics (cont)

Ta=25°C
Clock Frequency vs Supply Voltage VoL vs. loL [Ports 2-7]
20
1400 Ta=25°C
TA=25°C
Vop=5V Vbp =6V,
1200 oo _
Vpp=5V
< 15
2 1000 <
o 100 Ve E
% / z Vpp=4V /—-VDD=3V
< 800 - £ ]
§ Operating Mode 3 10 v
g so0 i
[-3
g s
@ 400 7 5
< <
200 d HALT Mode i ¢ g
3 3
/ /__/T : :
o L S 4 0 8
[ 1 2 3 4 5 o 1 2 3 4 5
Counter Clock Frequency, fc [MHz] Output Voltage - V
VOH vs. IoH
-7
TA=25°C
-6
E Vpp =6V, Vpp =5
z 4 ]
E Vop=4
o -3
.a / / Vpp=3V
3
o —2
/ <
-1 S
2
2
° 8
0 1 2 3 4 5

Output Voltage - V
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uPD7527A/28A/75CG28E
4-Bit, Single-Chip

CMOS Microcomputers
With FIP® Driver

Description

The uPD7527A, uPD7528A, and uPD75CG28E are 4-bit,
single-chip CMOS microcomputers with the uPD7500
architecture and FIP direct-drive capability.

The uPD7527A contains a 2048 x 8-bitROM and a 128 x
4-bit RAM. The uPD7528A contains a 4096 x 8-bit ROM
and 160 x 4-bit RAM.

The uPD7527A/28A contains two 4-bit general purpose
registers located outside RAM. The subroutine stack is
implemented in RAM for greater depth and flexibility.
The uPD7527A/28A typically executes 67 instructions
with a 5 us instruction cycle time.

The uPD7527A/28A has one external and two internal
edge-triggered hardware-vectored interrupts. It also
contains an 8-bit timer/event counter and an 8-bit serial
interface to help reduce software requirements.

Thirty-one high-voltage lines are organized into the 3-bit
output port 2, the 4-bit output ports 3,8,and 9, and the 4-
bit 1/0 ports 4, 5,10, and 11.

The low power consumption CMOS process allows the
use of a power supply between 2.7 and 6.0 V. Current
consumption is less than 3.0 mA maximum, and can be
further reduced in the halt and stop power-down modes.

The uPD75CG28E is a piggyback EPROM version of the
uPD7527A/28A. Pin-compatible and function-
compatible with the final, masked versions of the
uPD7527A/28A, the uPD75CG28E is used for prototyp-
ing and for aiding in program development.

Features

O 67 instructions

O Instruction cycle:

— Internal clock: 3.3us/600kHz, 5V

— External clock: 3.3 us/600 kHz, 5V

Upwardly compatible with the uPD7500 series
product family

4,096 x 8-bit ROM (uPD7528A /75CG28E)

2,048 x 8-bit ROM (uPD7527A)

160 X 4-bit RAM (uPD7528A/75CG28E)

128 x 4-bit RAM (uPD7527A)

351/0lines

31high-voltage output lines that can directly drive a
vacuum fluorescent display (FIP)

Can select either a pull-down resistor or open-drain
output per 31 high-voltage outputs (mask optional)

FIP is the registered trademark for NEC’s fluorescent indicator panel (vacuum
fluorescent display).

O oo o o o

50275 (NECEL-509)

Vectored interrupts: one external, two internal

8-bit timer/event counter

8-bit serial interface

Standby function (HALT, STOP)

Data retention mode

Zero-cross detector on POg/INTO input (mask
optional)

System clock (uPD7527A/7528A/75CG28E): on-chip
RC oscillator

CMOS technology

Low power consumption

Single power supply

—uPD7527A/7528A: 2.7 t0 6.0V

—uPD75CG28E: 5.0V

oo0oo0 O goooooo

Ordering Information

Part Max Frequency
Number Package Type of Operation
uPD7527AC/ 28AC 42-pin plastic DIP 610kHz
uPD7527ACU /28ACU  42-pin plastic shrink DIP 610 kHz
uPD75CG28E 42-pin ceramic piggyback DIP 500 kHz
Pin Configurations
uPD7527A/28A, 42-Pin Plastic DIP or Shrink DIP
RESET] 1 \JJ 42[dvss
cuid 2 41 |1 Pog/INTO
cL2] 3 40 [J P0y/SCK
Vere [ 4 39 [J P0,/SO
Vioaod 5 38 [1 Pog/sI
&qs 37 O P3y
P5; ] 7 36 [ P34
P58 35 [1P3;
Pso ] 9 34 [1P3;3
P23 ] 10 § 33 [I P4
Pon §  w[ey
P2,/PTOUT [ 12 E 31 [ Pay
P10 ] 13 *  30[AP4
P10z O} 14 29 [J Pgg
P10 [] 15 28 [ P8y
P10g ] 16 27 g 2]
P13 [ 17 26 [1Pey
P11} 18 25 1 P9y
P14 19 24 [ P9y
Pi1g ] 20 23[1pe,
Vop O 21 221 P93
49-001078A
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Pin Configurations (cont)

uPD75CG28E, 42-Pin Ceramic Piggyback DIP

RESET [] 1 \J 42 1 Vss
cur] 2 uPD75CG28E 41 |0 POy/INTO
c2] 3 40 [ POy/SCK
Vere O 4 39 [J P02/SO
ned s VopO 1 280 Vpp 38 |1 Pogrsi
Psy E 6 NC O 2 27O MSEL a7 |1 P3g
N A7 S 35D vop
5, [ 7 & 4 250 Ag 36 [J P34y
P51 ] 8 :° 6 ] 35 [1 P3,
Pso] o A5 524029 34 [1P3s
pa 0 MQEBQA 3 H g
P2, O 11 A30Q 7 220 Vss 22 Py pay
pogprout 1, 298 2QA0 . Hes,
Pz e MO R
e VAL G S SP
10011 1801 0
P10y [} 15 |° 12 1701 28 [0 P8y
1 '5
P10y O 16 Lo 16(')l4 27 [1P8;
P, Y0151 26 [1 P83
P11, [] 18 SSQ e 25 A P9
P11, ] 19 24 [1 P9y
Prig 20 EPROM:2732 23 b o,
Voo O 21 22 [1 P93
49-001079A
Pin ldentification
uPD7527A/28A and uPD75CG28E
No. Symbol Function
1 RESET Reset input
2,3 CL1, CL2 Clock pins
4 VpRe High-voitage predriver supply
5 Vioap High-voltage option resistor supply
7527A/ 28A only
6-9 P5g-P53 High-voltage | /0 port 5
10, 12 P23, P25 High-voltage output port 2, and output
P24/ PTOUT port from timer / event counter (PTOUT)
13-16 P10g—P103 High-current, high-voltage | /0 port 10
17-20 P11p-P1i3 High-voltage, high-current /0 port 11
21 Voo Positive power supply
22-25 P9g-P93 High-voltage, high-current output port 9
26-29 P8(-P83 High-voltage, high-current output port 8
30-33 P4g-P43 High-voltage | /0 port 4
34-37 P3¢-P33 High-voltage output port 3
38 P03/SI 4-bit input of port 0; or serial data input
39 P0,/S0_ (S1), serial data output (SO), serial clock
40 P04/ SCK 1/0 (SCK), and external interrupt input
4 POg / INTO (INTO) or zero-cross detect input (POp).
42 Vss Ground

3-54

- uPD75CG28E EPROM
No. Symbol Function
1 Vo Connection to pin 21 of uPD75CG28E
2 NC No connection
3-10, 21, Ag-Ap EPROM address output
24,25
11-13,15-19  Ig-l7 Data read input from the EPROM
14 Vss Connection to EPROM GND pin
20 CE Chip enable output
22 Vsg Supplies EPROM OE signal
23 » Aqq Program counter MSB output
26 Vpp Supplies Vg to the EPROM
27 MSEL Mode select input
28 Vop Supplies high-level signal to MSEL
Note:

(1) Output drivers on ports 2-5 and 8-11 are mask-optional. Accordingly,
either an open-drain output or a pull-down resistor can be selected.
VLoApD is suitable for an output driver with a pull-down resistor.

(2) Ports 2-5 are suitable as FIP segment signal outputs, and ports 8~11
are suitable for FIP digit signal outputs. ’

(3) Ports 8-11 have high-current drive capability and can drive an LED
directly.

Pin Functions, (PD7527A/28A and
uPD75CG28E

RESET
System reset (input).
CL1,CL2

Connection to the RC oscillator. CL1 is the external
clock input.

VPRE

Negative power supply for high-voltage output pre-
drivers (for ports 2-5, 8-11).

V0LoAD

Negative power supply for optional load resistors (pull-
down resistors) of high-voltage output drivers (for ports
2-5, 8-11). This pin is only on the uPD7527A/28A.

P53-P5g

4-bit, high-voltage 1/O port 5.
P21-P23

3-bit, high-voltage output port 2.
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PTOUT
Output port from the timer/event counter.

P103-P10g

4-bit, high-voltage, high-current I/O port 10. Capable of
bit set/reset by SPBL/RPBL instructions.

P113-P11g

4-bit, high-voltage, high-current 1/0 port 11. Capable of
bit set/reset by SPBL/RPBL instructions.

Vbp
Positive power supply.
P93-P9g

4-bit, high-voltage, high-current output port 9. Capable
of bit set/reset by SPBL/RPBL instructions.

P83-P8g

4-bit, high-voltage, high-current output port 8. Capable
of bit set/reset by SPBL/RPBL instructions.

P43-P4g

4-bit, high-voltage 1/0 port 4.
P33-P3p

4-bit, high-voltage output port 3.

P0g-P0O3

4-bit input port 0. POy is also used as the zero-cross de-

tection input.

Si
Serial data input.

SO

Serial data output.
SCK

1/0 serial clock.

INTO
External interrupt input.

Vss
Ground.

Pin Functions, uPD75CG28E EPROM
MSEL

Changes the addressing area of the external EPROM
and the on-chip RAM (with a pull-down resistor). Con-
necting a jumper between socket pins 27 (MSEL) and 28
(Vpp) selects uPD7527 A mode (2-Kbyte EPROM, 128 x 4-
bit RAM). Leaving MSEL open selects uPD7528A mode
(4-Kbyte EPROM, 160 x 4-bit RAM).

Ag-A10

Output the low-order 11 bits of the program counter
(PCo-PC1p). Used as EPROM address signals.

A1

When MSEL is high level, A11 outputs high-level signals.
When MSEL is open, A¢1 outputs the MSB of the PC,
which is used as the most significant address signal of
the 4-Kbyte EPROM 2732.

lo-17

Input data read from the EPROM.

CE

Outputs the chip enable signal to the EPROM.

Vbb

Pin 26 is electrically equivalent to the bottom Vpp pin
and is used to supply Vgc to the EPROM. Pin 28 is elec-
trically equivalent to the bottom Vpp pin and is used to
supply the high level signal to MSEL. Pin 1 connects to
pin 21 of uPD75CG28E.

Vss

Pin 14 is electrically equivalent to the bottom Vgg pin in
voltage, and is connected to the EPROM GND pin. Pin
22is electrically equivalent to the bottom Vgg pin and is
used to supply the OE signal to the EPROM.

Instruction Set

Refer to the User’s Manual. The instruction set appears
also as subset A4 in the data sheet for the uPD7500 se-
ries of single-chip microcomputers.
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Block Diagram, uPD7527AI28A

POo/INTO POy/SCK  POy/SI
INTO P0,/SO
¢ T VPRE VLOAD
POg’ v
Zero- 0 cpP " INTT INTS| i
Clock Timer/Event Interrupt Serial .
Dg{g;f,, Control Counter > Control < Interface

Port 0

Buffer @ POg-P03
Port 2

e [ Bsedn,
Buffer PTOU 1

[ | {3 Lo {3 | {3
O S

Port 3
Program Counter (11/12) ALU c A@) : Latch | 4 > P3p-P33
Buffer
Q Port 4
Latch P4g-Pag
General Registers Buffer
. HE) [ L@ Port 5
ram Memoi Latch P50~P5;
2048 rxog Bits PD7?27A) . ‘Buffer %P3
4096 x 8 Bits (uPD7528A) Instruction Stack Pointer (8)
Decoder
Port8
Latch | 4 P8g-P83
Buffer
cL & Port9
Latch | 4 P9—P93
} * Data Memory Buffer
ey
x £
Syste
ook Standby Port 10
Generator Control Latch P10g-P103
Buffer
Port11
Latch P11p-P113
cL1  cL2 Vop Vss RESET L Buffer

49-0010678
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Block Diagram, uPD75CG28E

POo/INTO P04/SCK  PO3/SI
INTO P0,/SO
i I 1 i
POy
Zero- Clock CP | Timer/Event |[INTT Interrupt  [INTS Serial
D(e:tr::tir |_> Control > Counter > Control < Interface
Port 0
K : POy—PO.
cL L TouT Buffer -3
I |
pon2 :3 > P2;-P2;
a 8 <> Buffer PTOUT/P2,
T 5
% 5 Port 3
Ao-Awe 11 [ @ 8 c A@) Latch |4 > P3o-P3;
2 £ ALY Butfer
3 5
< & Port 4
X <:> Latch @ P4g-P43
l General Registers Buffer
At<—]  add HE@) L@ ——
MSEL —» Control [—>DP7C <:> Latch <E:> P50-P53
Stack Pointer (8)
:ﬂ ingtncton N T e
} Buffer
Address Decoder oS
'Ol
cL ¢ :> Latch I> Po-P;
b} 4 <:> Buffer
Data Memory
System 160 x 4 Bits
CE Standby Port 10
. Gecnl:rca':or Control <:> Latch <§> P10p-P103
Buffer
Port11
<> Latch a ) Pi1p-Plig
cL1 cL2 Vpp Vec Vss Vss RESET L Buffer
49-001068B
Absolute Maximum Ratings
Ta=25°C
Power supply voltage, Vpp -0.3t0o +7V Output current high, ports 3, 4, 8, 9 total, lgy —55mA
Power supply voltage, Vi gap (uPD7527A / 28A) Vpp—40VtoVpp +0.3V Output current high, ports 2, 5, 10, 11total, Igy —55mA
Power supply voltage, Vpre Vpp—12Vto Vpp +0.3V Output current low, per pin, lo. 15mA
Input voltage, except ports 4, 5, 10, 11, V| —-0.3VtoVpp +0.3V Output current low, all ports total, Ig_ 15mA

Input voltage, ports 4, 5, 10, 11, Viy

Vpp—40VtoVpp +0.3V

Operating temperature, Topt —10°C to +70°C

Output voltage, except ports 2-5, 8-11, Vg

—-0.3VtoVpp +0.3V

Storage temperature, Tsyg —65°Cto +150°C

Output voltage, ports 2-5, 8-11, Vg

Vpp—40VtoVpp +0.3V

Output current high, per pin: P04, POg; lgy

-15mA

Output current high, per pin: ports 2-5, 8-11; lgy

—30mA

Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.
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DC Characteristics

uPD7527A/28A
Ta=—10°C to +70°C, Vpp = +2.7V10 6.0V
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input voltage, V4 0 0.3Vpp V  Port0, RESET Output leakage I o(1 -3 uA Vp=0V; POy, POy
low Ve 0 05 Vv cu current, low 05 10 pA Vo=Vpp-35V;
Vis Vop-35  03Vpp V  Ports4, 5 10,11 ports 2-5, 811
Output leakage  IioH1 3 uA  Vg=Vpp; except
::gl‘:' voltage, \\;'“‘ 3‘7\/”3 - zDD v E"" 0, RESET current, high ports 4, 5, 10, 11
L bb v o ILoH2 80  wA Vg=Vpp; ports 4,
Viiz  0.7Vpp Vpp V. Ports 4,5, 10, 11; 5,10, 1
45V<Vpp<
6.0V oo Supply current, Ippi 1.0 3.0 mA Vpp=5Vx10%,
normal operation R=39kQ
Vpp-0.5 Vpp V. Ports4,5,10,11;
2.7V< Vpp < 04 1.0 mA  Vpp=3V,
4.5V R=82kQ
Output voltage, Vi 0.4 V POy, POy 4.5V Supply current, Ipp2 200 600 uA  Vpp=5V=10%,
0oL Vo< 6.0V HALT mode R=39k (Note 4)
loL=1.6mA (Note 6) 60 200 A Vpp=3V,
0.5 ] P01, Poz; R=82kQ (Note 4)
loL =400 uA 210 640 pA  Vpp=5V10%,
Output voltage, Vo4 Vpp—2.0 vV Ports 2-5, R=39k (Note 5)
high loy=—-4mA 67 230 wA Vpp=3V,
(Note 1) R=82kQ (Note 5)
Vpp—-2.0 vV Ports 8-11, Supply current, Ipp3 0.1 10 uA  Vpp=3V (Note 4)
loy=—10mA STOP mode
d 10 40 pA Vpp=5V10%
(Note 1) (Note 6) (Note 5)
Vop-20 v r:’:tf A 730 @A Vpp=3V(Note5)
(Note 2) On-chippull- R 80 140 220 kQ Vpp-Vipap=35V
Vpp—2.0 V_ Ports 8-11 down resistance
loy=-5mA Note:
(Note 2) (1) Vpre=Vpp—9Vx1V.The circuitin figure 5 is recommended.
Vpp-1.0 V. POy, POy; (2) VpRE=0V.Vpp=45V1t06.0V.
loy=~1mA (3) Vpp=45V106.0V.
(Note 3) DD=* e
Vpp—-0.5 V. POy, POy (4) Without zero-cross detector.
loy=—100 uA (5) With zero-cross detector.
Input leakage Iy -3 uA  Viy=0V; POg-PO3 (6) Ports 4, 5,10, 11 are low level output or low level input.
current, low (Note 4)
L2 -40 A Viy=0V; POy
(Note 5)
s -10 A Viy=0V;CL1
I =10 pA Viy=Vpp-35V
ports 4, 5, 10, 11
Input leakage I jHy 3 vA  Vin=Vpp;
current, high P0g-POg (Note 4)
ILim2 40 uA Viy=Vpp; POy
(Note 5)
ILIH3 10 wA  Viy=Vpp; CL1
ILIH4 80 A Viy=Vpp; ports 4,
5,10, 11
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DC Characteristics (cont)
uPD75CG28E Limits Yost
Ta=—10°Cto +70°C, Vpp = +5V=10% Parameter  Symbol Min Typ Max Unit Conditions
Limits Tost Input leakage .4 ' =3 uA Viy=0V;P0y-PO3
Parameter Symbol Min Typ Max Unit Conditions current, low
Input voltage, V)4 0 0.3Vpp V  Port0, RESET L2 -40 pA  Viy=0V; PO
low Viz 0 05 Vv cu s —10  pA Vy=0V;CL
Vis Vpp—35 0.3Vpp V Ports4,5,10, 11 e =10  pA ViN=Vpp-35Y;
- ports 4, 5, 10, 11
Input voltage, Vi1 0.7Vpp Voo V  Port 0, RESET — | 3 TR
high _ nput leakage I jH1 IN=VpD;
Vi XDDV 0.5 xno z gc'.-‘ — current, high P0g-PO3
V N ris 4, 5, 10, .
Output volt lea = oDE vV POy, PO L2 9 uh V=Yoo P
utput voltage, Vo . , POo; v
low l0L=1.6mA lUH3 10 I‘A V|N VDD, CL1 3
; ILIH4 80  pA  ViN=VNpp; ports 4,
0.5 V POy, POg; 5,10, 11
loL =400 A - v’ :
Outputvoitage, Vor _ Vpp—2.0 V. Ports 2-5, Quinut leakage Lowt =3 wA Vo=0Vi POy, PO,
high loH=—4mA (1) ' lLoL2 -0 pA Vo=Vpp-35V;
Vop-2.0 V Ports 811, ports 2-5, 811
lon=—10mA(1) Output leakage ILoH1 3 pA  Vo=Vpp; except
Vpp-2.0 V_ Ports 2-5, current, high ports 4, 5, 10, 11
lon=-2mA(2) ILoH2 80  uA Vp=Vpp; ports 4,
Vpp—2.0 V  Ports 8-11, 5,10, 11
loh=—-5mA(2) Supply current, Ippy 1.0 3.0 mA R=39kQ
Vpp—1.0 V. POy, POy; normal operation
‘ lon=-1mA Supply current, Ipp2 20 630 A R=39kQ
Input current, Iy -200 pA V=0V HALT mode(3)
low (lp-17) Supply current, Ipp3 0 50 uA
Inputcurrent, Iy 300 pA ViN=Vpp STOP mode(3)
Note:

high (MSEL)

Figure1. Recommended Circuit, uPD7527A/7528A

() Vpre=Vpp—9V+1V.The circuit in figure 6 is recommended.

() Vppe=0V

(3) Ports 4, 5,10, 11 are output off or low input.

Figure 2. Recommended Circuit, uPD75CG28E

wPD’
!

Voo

I"+

7527 VpRe
7528

RD9.1EL

68 k()

-30V

Vioap

Vss

[ —

49-001052A

1PD75CG28

Voo

VPRE

Vss

+ e

33uF

RDS.1EL

68 k(2

-30V

49-001054A
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Zero-Cross Detection Characteristics AC Characteristics
uPD7527A/28A: Tp = —10°C to +70°C, Vpp =4.5V106.0V
pPD?SCG28E: Ta= —10°Cto +70°C,Vpp = +5V +10% uPD7527A/28A
Limits Tost Ta= —10°Cto +70°C, Vpp = +2.7V106.0V
Parameter Symbol m Unit Conditions Limits Test
Zero-cross Vzx(P-P) 1 3 Vp.p AC coupled, Parameter Symbol Min - Typ Max Unit Conditions
“°I‘t°°"°" input C=0.14F Cycletme  toy 33 200 s Vpp=45Vto
votage (Note 1) 6.0V
Zero-cross Vazx : +100 mV  50Hzto 60Hz sine 6.9 200 us
accuracy wave
PO event input  fpg 0 610  kHz Vpp=4.5Vto
Zero-cross fzx 45 1000 Hz frequency - 6.0V
detection input
frequency 0 290  kHz
POginputrise  tpor . 0.1 us
. time
Zero-Cross Detection Waveform
- POpinputfall  tpor 0.1 us
time
| /{7 ———>] -
POginput pulse tpgp  1.63 us
/\ /\ T width, low
AN \ T Vazx vy . POg input pulse 0.72 s Vpp=4.5Vto
AC Input ZX(P-P) ] POH I DD
: :‘ 7 1 \I\ 7 L Vazx l width, high 6.0V
'| | ! L SCKcycletime tgy 3.0 us  Input; Vpp=4.5V
l ! ! | t06.0V
I I | | .
;i I | | 3.3 us  Output;
" || | | Vpp=4.5Vto
Zero Cross || : 6.0V
Detection
Signal J |_ I._ 6.9 us  Input
Note: In the above waveforms, both 0-to-1and 1-to-0 transitions of the zero-cross 8.0 us  Output
on signal delay from the low-to-high and high-to-low transitions of the AC =
::::t T'snal, fomsoertiv itisp that the i SCK pulse kL 3.35 us Input
s low-to-| and/or high-to-low transition(s) of the AC input signal. width, low
49-001055A 3.9 us  Output
SCK pulse kn 1.4 us Input; Vpp=4.5V
Capacltance width, high t06.0V
Ta=25°C, Vpp =0V, f =1.0 MHz, Unmeasured pins returned to GND 1.55 us  Output;
Vpp=4.5Vto
Limits Test 6.0V
Parameter Symbol Min Typ Max Unit Conditions Sisetuptime  tgk 300 s
Input C 15 pF PO, P03 (to rising-edge
capacitance of SCK) ‘
Output Co 15 pF  Port2 Sl hold time tks| 450 ns
capacitance F  Port (after rising-
S . % pF %0 s:' 89 edge of SCK)
::goacitance 0 L P 1. PO SO output delay tysg 850 ns Vpp=4.5Vto
P 35  pF Ports4,5,10, 1 time (after 6.0V
falling-edge of
SCK) 1200 ns
INTO pulse tioH: 10 us
width, high, low t,g_
RESET puise  tpsH, 10 us
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AC Characteristics (cont)

Oscillation Characteristics

uPD75CG28E wPD7527A/28A
Ta=—10°Cto +70°C,Vpp = +5V=10% Ta = -10°Cto +70°C, Vpp = 27 Vto 6.0V
Limits Test Parameter Symbol Min Typ Max Unit Conditons
Parameter Symbol Min Typ Max Unit Conditions System clock foc 300 400 500 kHz R = 39 kQ +2%
Cycle time toy 4.0 200 pus oscillation Vpp = 45V to
(Note 1) f:quency 60V
ote 1
POg event input  fpg 0 500 kHz ( ) 150 200 250 kHz R = 82kd x2%
frequency System clock 1o 10 610 kHz Vpp = 45Vto
POginputrise  tpor 02 s fCU input 60V
time requency
- (Note 2) 10 290 kHz
POginputfall  tpor 0.2 us
time CL1inputrise  tgR 0.1
- time (Note 2)
POg input pulse tpoy, 0.8 us
width, high, low tpgi CL1inputfall  tcp 0.1
—_— - time (Note 2)
SCK cycle time  tkoy 3.0 us  Input
CL1 input toL 0.7 50 ps
4.0 us  Output pulse width,
SCK pulse tkL 1.8 ps  Output low (Note 2)
width, low CL1 input 1ol 1.63 50
H . ps Vpp =45Vto
SCK pulse tkH 1.3 us  Input pulse width, 60V
width, high high (Note 2)
Slset-uptime tgk 300 ns
(to rising-edge uPD75CG28E
of SCK) Ta= —10°Gto +70°C, Vpp =5V £10%
Sl holdlti.me tks1 450 ns Limits
(after rising- - - - Test
edge of SCK) Parameter Symbol Min Typ Max Unit Conditions
S0 output delay tkso 850 s Systemclock foc 300 400 500 kHz R=39kQ=2%
time (after osciliation 1M 150 190 KHz R=T10kQ=2%
falling-edge of frequency
SCK) (Note 1)
INTO pulse ton. 10 us System clock  f¢ 10 500 kHz
width, high, low tjg CL1input
frequency
RESET pulse  tgsy, 10 us (Note 2)
width, high, low 1
- g RSL CL1inputrise  tcRr 0.2 us
Data input delay tacc 700 ns time (Note 2)
time from -
address Cliinputfall  tcr 02 ps
Data input delay t 700 time (Hote 2
ata input dela ns
et G CLiinputpuise tom, 0.8 50 s
width, high, low tg
Input hold time  tyy 0 ns
after address Note: i
Nor (1) R, C(see figure 3). (2) External clock (see figure 4),
ote:

() tgy=2/fcgor2/fc

AC Waveform Measurement Points (Except CL1)

Figure 3. Recommended RC Oscillator Circuit

0.7Vpp Test 0.7 Vpp
03 Vpp ~— Points <. 0.3 Vpp,

49-001056A

C =33pF £5%  |AC| = 60 ppm/°C

49-001059A
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Figure 4. Recommended External Clock Circuit

Data Retention Mode Timing

CMOS

49-001060A

Stop Mode Low Voltage Data Retention

Characteristics
uPD7527A/28A
Ta= —10°Cto +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Dataretention  Vpppr 2.0 60 V
supply voltage
Data retention  IpppR 0.3 10 uA  Vpppr=2V °
supply current (Note 1)

7 30 uA  Vpppr=2V
(Note 2)

Data retention  Viypr 0.9 Vpppr Voopr V
RESET input +0.2
voltage high
RESET set-up  tsps 0 us
time
RESET hold time tyrs 0 us
uPD75CG28E
Ta= —10°Cto +70°C

Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
Data retention  Vpppr 2.0 5.5 \
supply voltage
Data retention  IpppR 7 30 uA  Vpppr=2V
supply current
Data retention ~ Viupr 0.9 VpppRr Vpopr V
RESET input +0.2
voltage high
RESET set-up  tsps 0 us
time
RESET hold time tygs 0 us
Note:

(1) Without zero-cross detector
(2) With zero-cross detector
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Mod :
STOP Mode Operating
{<—Data Retention Mode —>| Mode
Voo '
Execution of @ @ ) @
STOP Instruction
® ®
RESET L—
tsRs +— ——‘ tHRS [«+—|
®Ovooor @ Vi @Vior @ Vi
Note: In data retention mode, all inputs should be made lower level than Vpppg. -
49-001077A

uPD75CG28E EPROM Interface

A 4-Kbyte EPROM (2732) plugs into socket pins on top of
the uPD75CG28E. A high input to MSEL selects
uPD7527A mode and fixes the A1 output high level in or-
derto access the upper 2-Kbytes of the 4-Kbyte EPROM.
When MSEL is open, uPD7528A mode is selected. All
EPROM addresses can be accessed because A1 func-
tions as the MSB of the address. Figure 5 shows the ad-
dress control unit. Figures 6 and 7 show the
uPD75CG28E connected with the 2732,

Figure 8 shows the EPROM read timing. Data is read
into the instruction buffer at the end of the T4 state. The
chip enable (CE) signal is made active during 2 states
(T3, T4) in order to decrease the power consumption of
the EPROM.

Figure 5. Address Control Unit

MSB of A
Address Buffer
Vop (28)
to Address Decoder MSEL l
of Data Memory —o0——o0 sw
On-chip
pull-down

resistor

Vss
SW on: uPD7527A Mode
SW off: \PD7528A Mode

49-001069A
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Figure 6. Connection with the 2732 (uPD7527A Mode)

Figure 7. Connection with the 2732 (uPD7528A Mode)

uPD75CG28E 2732 uPD75CG28E 2732
Vpp (26) Vee
Vop (26) Vee
el
MSEL Vpp (28) ——(open)
Aq1(high) At MSEL (open)
Ao-A1o J Ag-A1o Ag-Aqq A Ao-A1y
CE CE CE CE
Vss(22) OE Vss(22) OE
/————A
lo-12 K 0p-07 lo-l7 0p-07
Vss (14) GND Vs (14) GND
49-001070A 49-001071A
Figure 8. EPROM Read Timing
l 1 Cycle l
T
(External)
Ap—Aqq x Address X
CE / \ / .
lo-l7 >— ——————————— —( Read Data )— _——— —
49-001072A
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Timing Waveforms

EPROM (uPD75CG28E only)

Serial Interface

s !
Ag-A1q 9 1(
e Jz
tcE fe— —=f j—tiH
X
I
49-001075A
Clock
I /e
toL ten
CL1Input
K—
tcr le—tcF
1itpg
[—tpoL— tPOH—>]
POg Input 5‘ 7 SK
tpoR—= —=i f—tpor
49-001073A
Differences Among the
uPD7527A/28AICG28E
uPD75CG28E uPD7527A uPD7528A
Program memory 4 Kbyte EPROM  On-chip 2Kbyte  On-chip 4 Kbyte
(2732) ROM ROM
connectable
on top
Data memory 160x4 128x4 160x 4
(RAM)
High-voltage All open-drain On-chip load capacitor or open drain
output lines outputs output (bit by bit, mask optional)
Vioap pin No
Zero-cross Yes Mask optional
detection
Package 42-pin ceramic 42-pin plastic DIP
piggyback DIP 42-pin plastic
bottom pin shrink DIP
compatible with
uPD7527A/ 28A
Power supply 5V 2.7Vt06.0V
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SCK \

2 p
sl —( InputData E———

—»itksoje—

v ) C
SO Output Data

49-001074A

Interrupt Input
4
RESET
49-001169A
Reset Input

oL HOH—
INTO \

49-001168A
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NEC Electronics Inc.

uPD7533/75CG33E
4-Bit, Single-Chip
CMOS Microcomputers
With A/D Converter

Description

The uPD7533 is a 4-bit, single-chip CMOS micro-
computer with a 4-channel, 8-bit A/D converter, 8-bit
timer/event counter, and an 8-bit serial interface. The
uPD7533 has 30 I/0 lines, 8 of which can be used to
directly drive LEDs. The uPD7533 executes 67 instruc-
tions of the uPD7500 series “A” instruction set.

The A/D converter has various temperature monitoring
applications that can be used with household electrical
appliances, such as air conditioners and electric
ovens. Other applications include health monitoring
equipment and cameras.

The uPD75CG33E consists of a 28-pin socket “piggy-
backed” on the lower 42-pin ceramic DIP. This socket
is configured to hold either a 2732A or 2764 EPROM.
For engineering purposes, programs can be tried and
debugged before ROM code submission.

Features

O 4-bit single chip microcomputer
[0 67 instructions (subset of uPD7500 series set A)
O Instruction cycle
— 5 us at 5V, 400-kHz clock at ceramic oscillation,
DIVSEL = high
— 10 us at 5 V, 400-kHz clock at ceramic
oscillation, DIVSEL = low
O Program memory (ROM): 4096 words x 8 bits
— External in the uPD75CG33E
O Data memory (RAM): 160 words x 4 bits
O 8 high current output lines for LED direct drive
O Input/output ports
— Two 4-bit input ports
— One 2-bit output port
— One 4-bit output port
— Three 4-bit input/output ports (two of these
can function in 8-bit units)
— One 4-bit input/output port usable at bit level
O Interrupts: two internal and one external
O 8-bit serial interface
O Standby operation
— STOP mode
— HALT mode
O On-chip system clock oscillator
— Ceramic resonator
— Full or 1/2 oscillation frequency
O CMOS technology
O Low power consumption
O Single power supply

50276 (NECEL-460)

Ordering Information

Maximum
Part Package Frequency
Number Type of Operation
uPD7533C 42-pin plastic DIP 510 kHz
uPD7533CU 42-pin plastic shrink DIP 510 kHz
uPD7533G-22 44-pin plastic QFP 510 kHz
uPD75CG33E 42-pin ceramic piggyback DIP 510 kHz
Pin Configurations
42-Pin Plastic DIP or Plastic Shrink DIP
pas 1 S a2|dvss
Pap [ 2 41 [ P5p
P43 40 [ P54
Pag [ 4 39 [ P52
P05 38 [ P53
P2y/PTOUT [ 6 37 [ cL2
pr37 36 [1 cL1
P20 s 35 [ DIVSEL
pr1do 34 [ RESET
ProCj10 & 337 POo/INTO/EVENT
P33 11§ 32 [JP0y/SCK
P12 % 31 [JPoyso
P31 13 30 [1 Poa/si
P3g ] 14 29 [1P1g
Avss [ 15 28 P14
Ausa 16 27 P12
AN2 [] 17 26 [ P13
AN1[] 18 25 [ P6p
ANO [] 19 24 [ P6q
Varer [ 20 23 [1ps2
vpp [ 21 22 [ P63
83-002631A
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Pin Configurations (cont)

42-Pin Ceramic Piggyback DIP

\J

P43 [ 1 421 vss
P2 2 UPDT5CGIIE 411 Pso
P43 40 [1 P54
Pag ] 4 39[1 P52
P22[]s 381 P53
P2y/PTOUT ] 6 37[dcL2
Prsl]7 36 [JcL1
P20 8 35 [ DIVSEL
200w K] 34 [ RESET
P70 ] 33 [] POO/INTO/EVENT
P33 [] 32 [] P01/SCK
P32 [] 31 [ P02/SO
P31 30 [J PO3/SI
P3g [] 29[ P1g
Avss [ 28 [ P14
AN3 [ 27 P12
AN2 [ 261 P13
AN1 ] 251 P6g
ANO [ 24 [ Py
Varer O 231 P62
Voo OJ 221 P63

83-002633A

44-Pin Plastic QFP

P2¢4/PTOUT (T

[T _T1P4y

T T1vVss

T psy
[ T—T1pss

P73 (1T
P72 [T T
P71 0T
P70 (1T—T5
P33 [TT}
P32 (T—T7
P34 [T
P3p (I—T9
AVss [T__T
AN3 [T 11

w

@Y T—T1 P2,
T P4y

O

2 [ T—T1 P4y

a0 [ T—T1Pag
38 [T TIPS

uPD7533

36 [T—T1p5;

ST TICL2

BYT_TINC
[T_T11CL1

31 [T T DIVSEL
[ T_—T1RESET
2 BT
[T P01/SCK
27 [T T P02/SO
T 11P03/SI
25T TPl

[T TJP14

[T "T1P12

23
8/

P13 (T

83-002632A
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Pin Identification

42-Pin DIP, Shrink DIP, and Piggyback DIP

No. Symbol Function

1-4 P43-P4g 1/0 port 4

5,6 P2;, P24/PTOUT Port 2 output

7-10 P73-P7 110 port 7

11-14 P33-P3p Port 3 output

15 Ayss A/D converter ground

16-19 AN3-ANO Analog input

20 VAREF A/D reference voltage input
21 Vop Positive power supply

22-25 P63-P6g 1/0 port 6

26-29 P13-P1g Port 1 input

30 PO3/S! Port 0 input/Serial input

3 P02/S0 Port 0 input/Serial output

32 P04/SCK Port 0 input/(1/0) Serial clock
3 POo/INTO/EVENT Port 0 input/Interrupt 0/Event

input

34 RESET RESET input

35 DIVSEL System clock selection input
36, 37 CL1, CL2 " External clock input/System
) clock terminal

38-41 P53-P5¢ 1/0 port 5

42 Vss Ground
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Pin Identification (cont)

44-Pin QFP

No. Symbol Function

1,44 P21/PTOUT, P2, Port 2 output

2-5 P73-P7q 1/0 port 7

6-9 P33-P3y Port 3 output

10 Ayss A/D converter ground

11-14 AN3-ANO Analog input

15 VAREF A/D reference voltage input
17 Vbp Positive power supply

18-21 P63-P6g 1/0 port 6

2225 P13-P1y Port 1 input

26 P03/SI Port 0 input/Serial input

27 P0,/S0 Port 0 input/Serial output

28 P04/SCK Port 0 input/(1/0) Serial clock
29 P0q/INTO/EVENT Port 0 input/Interrupt 0/Event

input

30 RESET RESET input

31 DIVSEL System clock selection input

32,34 CL1, CL2 External clock input/System
clock

35-38 P53-P5 1/0 port 5

39 Vss Ground

40-43 P43-P4g 1/0 port 4

16, 33 NC No connect

28-Pin EPROM Socket on 42-pin Piggyback DIP

No. Symbol Function

1,26-28 Vpp Positive power supply
2,14, 22 Vss Ground

20 CE Chip enable output
3-10, 21, Ag-A1q Address bus

23-25

11-13, lo-l7 Data bus

15-19

Pin Functions
P0g-PO03 [Port 0]

P0y-PO3 function as port 0. POy also functions as a
count pulse input pin for the timer/event counter
(EVENT) orasinterrupt 0 (INTO). PO4 also functions as
a serial clock input/output pin (SCK) for the serial
interface. PO functions as a serial data output pin (SO)
and pins P03 as a serial data input pin (Sl). The P0,/SCK
and P0o/SO pins are three-state input/output.

The shift mode register (SMp-SM3) determines the
operation mode of the port 0 input/output pins; how-
ever, the data on P0y-PO3 can be loaded into the
accumulator at any time by executing a port input
instruction (IP/IPL). This is possible even when P04-
P03 are functioning as the serial interface.

After a RESET, P0y-PO3 become input ports (high
impedance).

P1¢-P13 [Port 1]

P1¢-P13 function as port 1. Execution of an IP or IPL
instruction reads data present on P1p-P13 into the
accumulator. Tieany unused lines of P1p-P13to Vpp or

Vss.

P21-P23 [Port 2]

P24-P2, function as port 2 with an output latch. When
an output instruction (OP/OPL) to port 2 is executed,
the middle 2 bits (A1 and Ap) of the accumulator are
latched by the output latch and, at the same time,
output to P24-P2,.

After being written once, the output latch contents
remain until they are rewritten by an output instruction
or a reset. The status of the corresponding output
signal also remains. After a reset, the output latch
contents become undefined, all output signals are
disabled, and the output drivers are turned off.

P2, is also used as an output pin (PTOUT) for the
timer-out F/F signal (PTOUT). Bit 3 (CM3) of the clock
mode register controls the PTOUT output. When CM3
is 1, TOUT is ORed with the P24 output latch contents
and sent to the output driver. Therefore, to output the
P2, output latch contents, reset CM3 to 0 to inhibit the
TOUT signal.

Note that soon after the RESET signal is asserted, CM3
is reset and TOUT is inhibited. However, since the
output latch contents are undefined after a reset, to
output the TOUT signal, first write 0 in the P24 output
latch and then set CM3 to 1 to output TOUT.
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P3¢-P33 [Port 3]

P3p-P33 function as port 3 with an output latch. When
an output instruction to port 3 is executed, the accu-
mulator contents are latched and output.

Once datais written in the output latch, the data is held
until the next output instruction to port 3 is.executed or
RESET is asserted. After a reset, the output latch
contents become undefined and the output driver is
turned off.

P4g-P43 [Port 4]
P5¢-P53 [Port 5]

P4y-P4; function as port 4 and P5o-P53 function as port
5. When an input instruction is executed, the data on
these pins is read into the accumulator. When an
output instruction is executed, the accumulator
contents are latched and output. After the data is
written into the latch, it is held until the next output
instruction to ports 4 or 5 is executed, or RESET is
asserted.

Ports 4 and 5 can work as a pair enabling data (input
with the IP54 instruction and output with the OP54
instruction) in 8-bit units. The high four bits of data are
from the accumulator and the low four bits are from
memory (addressed by HL).

Ports 4 and 5 automatically set in the input mode (high
impedance output) after a reset or when the ‘input
instructions to these ports are executed. After a reset,
the output latch contents become undefined. Both
ports 4 and 5 can drive LEDs directly.

Note that after the port changes from output mode to
input mode, the data on the line is unstable when the
input instruction that changes the mode is first exe-
cuted. It is strongly recommended that you re-execute
the input instruction considering the input/output
mode switching time. This will insure reading stable
data.

The bit manipulation instruction affects the specified
bit only. So when the output latch contents are un-
defined, (immediately after a reset), initialize' the output
latch contents with an output instruction before the bit
manipulation instruction is executed.
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P6o-P63 [Port 6]

P6y-P63 function as the 4-bit input latched, three-state
output port. The individual lines can be programmed
as either inputs or outputs.

In input mode, data present at this port is read into the
accumulator by the execution of an IP or IPL instruc-
tion. Accumulator data written to this port by the
execution of an OP, OPL, ANP, or ORP instruction is
statically latched, and remains unchanged until re-
written. This data, however, is not output since the
output buffer is disabled and placed in the high
impedance state.

In output mode, accumulator data written to the
specified port line by the execution of the OP, OPL,
ANP, or ORP instruction is statically latched and
output to the P6,, pin. Data present at P6,, is read into
the accumulator by the execution of the IP or IPL
instruction, making it possible to read the contents of
the P6,, output latch.

All lines of port 6 are initialized to the high impedance
state at Reset. Leave any unused lines open (if outputs)
or tied to Vpp or Vgg (if inputs).

The port 6 mode select register (MSR) controls the
function of the individual port 6 lines. The execution of
the OP or OPL instruction loads the port 6 MSR with
the accumulator contents. The 4-bit immediate data
operand or the contents of the L register must be set to
OEH. Figure 1 shows the format of the port 6 MSR.

Figure 1. Port 6 MSR Format

IPM3 ‘ PM2 l PMq , PMg l

P6o
P61
P62
P63

PMp Port 6 Selection

0 P6p, input [output buffer high-impedance]

1 P6n, output [output buffer on]
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P7¢-P73 [Port 7]

Port7is a4-bitinput or latched three-state output port.
The execution of an IP or IPL instruction execution
reads data present at this port into the accumulator.
Accumulator data written to this port by the execution
of an OP, OPL, ANP, or ORP instruction is statically
latched and remains unchanged until rewritten. -

Upon reset, all lines are initialized to the high-
impedance state. Leave any unused lines open (if
outputs) or tied to Vpp or Vgg (if inputs).

ANO-ANS3 [A/D Input Terminal]

ANO-AN3 are the 4-channel A/D converter input ter-
minals. The A/D converter uses a successive approxi-
mation method. i

VAREF [A/D Converter Positive Reference]

The voltage on Varer determines the full scale analog
voltage.

Ayss [A/D Converter Ground]

Avyss is the ground for the A/D circuit.

CL1, CL2 [Clock]

CL1 and CL2 connect external oscillator elements to
the system clock. Connect a ceramic resonator to
these pins. If an external clock is used, place a buffer
between the clock source and the CL1 and CL2 pins.

When connecting the oscillation parts to the CL1 and
CL2 pins, use the shortest wiring possible. Ground the
capacitor as close to the Vgg pin as possible.
DIVSEL [System Clock Divider Selection Input]

DIVSEL selects whether the system clock runs at
ceramic oscillation frequency, or at one-half the ceramic
oscillation frequency. If a logic 0 (Vss) is connected to
DIVSEL, the system clock is one-fourth the ceramic
oscillation. If DIVSEL is high, then the system clock will
be one-half of the ceramic oscillation.

RESET [Reset]

A high on RESET activates this input.

Vpp [Power Supply]
Vpp is the positive power supply pin.

Vgs [Ground]
Vss is the ground pin.

Pin Functions, \PD75CG33 EPROM
Ag-A11 [EPROM Address]

Ag-A11 output the contents of the EPROM program
address counter. A reset leaves Ag-A1¢ undefined.
lg-17 [Data Bus]

lo-17 input the contents of the EPROM data bus.

CE [Chip Enable]

CE outputs the EPROM chip enable signal. (Active
low.)

Vpp [Power Supply], Vss [Ground]

Vpp is the positive power supply pin with the same
voltage as the lower portion pin 21. Vgg is the ground
pin with the same voltage as the lower portion pin 42.
The following voltages are supplied to the 2764 or
2732A pins from Vpp or Vgs.

Pin Number
2764 2732R Symbol Voltage
1 20 Vpp Vpp pin21=+5V
28 24 Voo Vpp pin21=+5V
2 20 0E Vgs pin42=0V
2 - Ag Vpp pin21=+5V
14 12 Vss Vgg pind2=0V

3-69



uPD7533/75CG33E

NEC

Block Diagram

INTO/EVENT/POg

2

INTO

!

SCK/P0y SO/P0;  SI/PO3

S

EVENT L

]

Clock ip, Timer/Event INTT Interrupt INTS Serial
Control Counter Control Interface
I ] g K rooeen
* @ LTOUT @ @
] s K v
U :> Port2 _—2_‘4> P24/PTOUT
v c Al4] Buffer P22
Program Counter[12] ALU | I
General Registers Port3 ’
), Latch 4 > P30-P33
U H[4] L[4] Buffer
Stack Pointer(8]
Port4
<:> Latch <Z> Pag-Pd3
Program Memory :> Instruction U Buffer
4096 x 8 Bits Decorder
Port5
Data Momory <:> Latch 4 ) P5g-PS3
Buffer
cL ¢
T T Port 6
System AD <:> <:> Laten <I> P60-PE3
Standb: uffer .
a eCnl:'cal;or C'::IrJ Converter
Port7
T r <:> Latch <::> P70-PT3
l l l l l l l _ Bu"er
CL1 CL2 Vpbp Vss RESET ANo-AN3  VAREF Avgg
83-0026358
Absolute Maximum Ratings Capacitance
Tpo=25°C TA=25°C,Vpp =0V
Power supply voltage, Vpp —03t0+7.0V Limits Test
Input voltage, V; —03VtoVpp+03V  Parameter Symbol Min Max Unit Conditions
Output voltage, Vg —03VtoVpp+03Vv  Input Cin 5 pF f=1MHz
High level output current, | —17 mA (1 pin) capacttance Unmeasured
9 P +OH P Output Cour 15  pF pins are 0 V.
—20 mA (all output ports) capacitance
Low level output current, lg, 17mA(1pin) 10 Cio 15 pF
- capacitance
80 mA ports 2,3,4,7 (total pins)
80 mA ports 0,5,6
Operating temperature, Topt —10 to +70°C
Storage temperature, Tgtg —65 to +150°C
A/D Vgs, Ayss —03t0 +03V
A/D reference, VARer —0.3Vto Vpp

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.
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DC Characteristics DC Characteristics
Ta=—10to +70°C, Vpp =2.7t0 6.0 V, DIVSEL = 1 Ta=-—10to +70°C, Vpp =2.7t0 6.0V, DIVSEL = 1
_lells— Test _UT"_S_ Test
Parameter Symbol  Min Max  Unit Conditions Parameter Symbol  Min Max Unit Conditions
High level ViH1 07Vpp  Vpp V  Conditions Supply current Ippy 10(typ) 3.0 mA Operating mode:
input voltage specified by fec = 500 kHz
(other than oscillation 0 "
. DD2 250 (typ) 750 pA  HALT mode:
C!J, CL2) characteristics foe = 500 kHz
!'llgh level Viz  Vpp—05 Vpp v 300 (typ) 900 uh (750633:
input voltage o .
(L1, CL2) Vpp=45-6.0V;
’ fog = 500 kHz)
Low level ViL1 0 03Vvpp V
input voltage Ipp3 0.1(typ) 10 pA  STOP mode
(other than 25(typ) 200  wA (75CG33:
CL1,CL2) Vpp=45-6.0V)
!.ow level ViLe 0 0.5 v
"é{‘;‘ ‘(’;t';age AC Characteristics
(CL1, CL2) , v Ta=—1010+70°C, Vpp = 2.7 t0 6.0V
digh level Voy Vpp—10 V.  Vpp=45-60V i Limits
output voltage g loy=—-1mA — Test
except P63 Parameter Symbel Min Max  Unit Conditions
Vpp — 0.5 V. loy=—100pA Cycle time toy 392 200 ws Vpp=45-60V
Vpp—05Vpp—02 V  Vpp=45-60V 952 200 ps
loh =—2mA EVENT input fe 0 510 kHz Vpp=45-60V
(P63 only) frequency 0 210 kHz
Low level Vo 06(typ) 20 V. Vpp=45-60V  EVENTinput  tgy 08 | us  Vpp=45-6.0V
output voltage lor=15mA high duration )
0.7 (typ) 25 V  (75CG33: EVENT input teL 22 us
Vpp=45-6.0V) low duration AR
0.4 V Iy =16mA SCK cycle tkey 40 us  Input
Ty |°L o time ‘ Vpp = 45-6.0V
- oL="" 4 3.92 us  Output
High level LK1 3 pA  ViN=Vpp Vpp=4.5-6.0V
input leakage
current (other 100 #s__ Input
than CL1, CL2) 9.52 us  Output
i = SCK high, tkH, 18 us - Input
High level i 20 WA Vin=Vo low level e Vpp=45-60V
input leakage duration
current (CL1, 1.76 us  Output
CL2) Vpp=4.5-60V
Low level L -3 pA V=0V 48 us Input
input leakage 46 us  Output
current (other Sisetup oK 300 ns
than CL1, CL2) time (SCK high)
!.OW level I -20 pA  ViN=0V Sl hold tks) 450 ns
clrront (0L, tims (SCK high)
CcL2) ' ‘ %Cg(:ow tkso 850 ns Vpp=45-6.0V
Highlevel  Iion 3 A Vour=Vop output delay 1200
output leakage time )
current IINTO hig?, oy, 10 us
Low level ILoi -3 wA Vour=0V ow leve tioL
output leakage duration
current RESET high, tRSH: 10 us
low level tRsL
duration
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'Data Memory, STOP Mode Data Retention

Characteristics
Ta =—10to +70°C

Limits

- - Test

Parameter Symbol Min  Typ Max Unit Conditions

Data Voppr 2.0 60 V

retention

supply voltage

Data retention  IpppR 01 10 wA Vpppr=20V

supply current

RESET setup tsRs 0 us

time

Oscillation tos 20 ms  Ceramic

stabilizing resonator:

time when Vpp
greater than
45V

Data Retention Timing

STOP Mode

- Operating

HALT Mode

Mode
Data
n ion Mode -
—
Voo T \ VDDDR /
sToP 'SRSJ
Instruction

Execution /

—»| los |*+—

RESET

83-002636A

Oscillator Characteristics
Ta=—10t0+70°C, Vpp =2.7 t0 6.0 V, DIVSEL = 1

A/D Converter Characteristics
Ta =—10t0 +70°C, Vpp = +5.0 V £5%,
Vss = Ayss =0V, Varer = Vpp — 0.5 Vto Vpp

Limits

- - Test
Parameter Symbol Min Typ Max Unit Conditions
Resolution 8 Bits
Absolute +15 LSB
accuracy
Conversion tconv 9 teye* Vop— 0.5
time < VaRer < Vpp
Sampling tsamp 1 teve”
time
Analog input Vian  Avss Varer V
voltage
Analog input Ran 1000 MQ
impedance
VARer current lagep 04 1 2 mA

*toye = f—z— (DIVSEL = 1)
cC

Limits Test
Oscillation Configuration Parameter Min  Typ Max Unit Conditions
Ceramic See figure 3 Oscillation frequency (fcc) 390 500 510 kHz Vpp=45t06.0V
390 500 510 kHz Vpp=4.0t06.0V
390 500 510 kHz Vpp=3.0t0o6.0V
DIVSEL =0
390 400 410 kHz Vpp=27t06.0V
DIVSEL =10
Stabilization time 20 ms Vpp greater than 4.5V
External clock See figure 3 CL1 input frequency 10 510 kHz Vop=45t06.0V
10 210 kHz
CL1 input high, low level duration (tcy.tc) 1.0 5 ws Vpp=45t06.0V
1.0 50 uws
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Timing Waveforms

AC Timing Measuring Points (Except CL1)

Serial Transfer Timing

0.7 Vpp 0.7Vpp
XD.I) Voo > Measuring Points < 03 VDLX
83-002637A
Clock Timing
1/1c
tcL tCH——>]
-| Vikz
cu1 \ / \ v
. 83-002638A
EVENT Timing
1/tg
[e——tEL—»| |@e———1tEH——>
EVENT Z S
e
83-002639A

ey

KL AKH ——

|e—tsik—>je-tksi»

Input Data

——»{1KSO [¢—

0 %

Output Data

X

83-002640A

Interrupt Input Timing

|e——tioL—»| [@——tioH—]

INTO Z

N

83-002641A

RESET Input Timing

tRsL: tRSH—|

RESET _—\

N

83-002642A
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Functional Description
System Clock Generator

The ceramic oscillator circuit generates the system
clock for the uPD7533. Figure 2 shows that the oscillator
circuit for the uPD7533 includes a ceramic oscillator,
two divide-by-two circuits, the DIVSEL input, and
control circuitry for the standby modes, HALT and
STOP.

Figure 3 shows that the ceramic oscillator requires that
a ceramic resonator be connected to the CL1 and CL2
pins. An external clock can also be inputat CL1. In this
case, the oscillator operates as an inverted buffer.

Figure 2 shows that the output frequency from the
ceramic oscillator connects either directly to the clock
selector or via a divide-by-two circuit. The selector is
controlled by the DIVSEL line. If DIVSEL is low, the
divide-by-two frequency is selected. This option is
used during a low power operating mode. If DIVSEL is
high, then the direct frequency is chosen. The output
of the selector is used as system clock (CL), and is also
divided by two to supply the CPU clock (¢).

Table 1 shows how DIVSEL selects. the system and
CPU clocks, and machine cycle timing.

Table 1. Clock Selectioh

Standby Control

The HALT F/F and the STOP F/F comprise the control
circuitry for standby mode (figure 2). The STOP F/F is
set by the STOP instruction. When the STOP F/F is set,
the ceramic oscillator stops. The rising edge of the
RESET input resets the STOP F/F.

The HALT instruction sets the HALT F/F and inhibits
the input of the half-frequency divider which generates
the CPU clock. As a result, only the CPU clock is
stopped in HALT mode. The RELEASE signal resets
the HALT F/F. RELEASE becomes active when any
interrupt request flag is set, or at the falling edge of the

RESET input.

While RESET is active, the HALT F/F is set, and the
chip goes into the HALT mode. At.a power-on Reset,
the ceramic oscillation is driven when the RESET input
signal becomes high.

Figure 3. Clock Driver Configuration

30 pF
1L ° °
1} cL S —P>o cL1
Ceramic cmos

Resonator

Inverter
30 pF
+— ) CL2 b cL2

System Clock CPU Clock Vd

DIVSEL (CL) (#) Machine Cycle 83-002644A
Low 200 kHz 100 kHz 10 us

High 400 kHz 200 kHz 5us

Figure 2. System Clock Generator

STOP F/F
Q o e STOP
HALTF/F
R —Qa s HALT
RESET
y Release
Oscillator R G——— RESET ~\_
Stop RESET _/~
CL1 O—|
Ceramic fec | 172 _D_ el sCPU
Oscillator
Clock
cL2o Selector CL To Timer/Event Counter
DIVSEL O
83-002643B
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Ittakes a short period of time for the oscillator output to

Figure 5. Format of Clock Mode Register

become stable. To prevent errors due to an unstable
clock, the HALT F/F is set to inhibit the CPU clock o
. . . R N 3 | CM2 | CMy | CMg
while the RESET input is high. Therefore, the high- I I
level pulse width for the RESET input should be wide
enough to cover the required time for the ceramic CM2 | CM1 | CMo |  CP Count Pulse
resonator oscillation to stabilize. o | o o cLx #
Clock Control A EVENTxgg
Figure 4 shows that the clock controller contains a | A EVENT
4-bit clock mode register (CM0-CM3), prescalers 1-3, o | 1 1 EVENT
and multiplexers. The clock controller selects the )
clock sources and prescalers, and supplies the count i k)
pulses (CP) to the timer/event counter. The clock 1 o | 1 EVENTx3
sources are the system clock generator output (CL) or 7
the EVENT pulse. ' S A oxa
The OP 12 or OPL (L = 12) instruction sets codes in the I EVENT
clock mode register. CM3 designates the output of the
timer-out signals. If CM3 = 1, the output of the timer- po - Py
out F/F (TOUT) is available at the PTOUT (P21) pin. : kil
PTOUT inhibited

Figure 5 shows the format of the clock mode register. ’ e

1 PTOUT output enabled

83-002646A
Figure 4. Clock Controller Block Diagram
/ . Internal Bus /
| «—— OP, OPL Instruction Execution
rcua I CM2 l CMy [ CMo —I
Timer/Event Counter L
Mux
Prescaler 2 Prescaler 3

Prescaler 1
[1/4)

CL —»§

[1/8]

[1/8]

EVENT [POg/INTO] O- DC {
o

Timer/Event Counter
CP

83-0026458
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Timer/Event Counter

Figure 6 shows the timer/event counter has an 8-bit
count register, 8-bit modulo register, an 8-bit com-
parator, and a timer-out flip flop.

Timer Operation

After the TAMMOD instruction sets acountvaluein the
modulo register and the TIMER instruction clears the
contents of the count register, the timer starts counting
count pulses (CP). If an external clock is used, the
count pulses are synchronized with the rising edge of
CL1 or the PQg input.

When the value of the modulo register equals the value
of the count register, the comparator generates a
coincidence signal (INTT) to set an interrupt request
flag. Then it clears the count register to repeat the
counting. In this manner, the timer functions as an
interval timer whose interval is set by the modulo
register.

Regardless of any instructions, the count pulses are
always input into the count register, updating the
count value. If the contents of the count register are
equal to those of the modulo register, the INTT request
flag is then set. For this reason, inhibit INTT interrupts
when not using the timer.

Figure 6. Block Diagram of Timer/Event Counter

Event Counter Operation

To use the timer/event counter as an event counter,
input the external event pulse into the POg pin, and
select POy’ as the count pulse (CP) for the clock
controller. The count register counts the external event
pulses input at the POg pin, either as they are, or
frequency divided.

As a result, the timer/event counter operates as an
event counter that generates interrupts after observing
the number of counts (events) specified by the modulo
register. The TCNTAM instruction can read the current
count at any time.

Set the modulo register with the number of count
pulses minus one. If set to 0, no counting will occur
because the counter register is held at 0 (both the
detection of coincidence and zero-clearing are simul-
taneously made).

8 TAMMOD
Instruction Execution
TCNTAM
Execution | v
8-Bit Modulo Reg.
8 8
8-Bit C INTT
8
Count Hold
CP —] Circuit for 8-Bit Count Reg.
TCNTAM Execution
CLR
N TOUT
:I:T:;; ——= Serial Interface
and Port 2

Timer Reset
Instruction Execution

83-002647B
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Serial Interface

As figure 7 shows, the serial interface includes an 8-bit
shift register, a 4-bit shift mode register, and a 3-bit
counter.

The serial clock controls serial data 1/0. At the falling
edge of the serial clock (SCK), the SO line outputs the
most significant bit (7) of the shift register. The
contents of the shift register are shifted by one bitat the
rising edge of the next serial clock (n <=0 n+1). At the
sa