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NEC

GENERAL INFORMATION

Introduction

The NEC microcomputer data book is issued in two
volumes.

e Volume 1: Single-Chip Products

e Volume 2: Microprocessors, Peripherals, and DSP
Products

NEC offers a wide variety of single-chip microcomputer
products for you to choose from. Volume 1 covers
4-bit, 8-bit, and 16-bit microcomputers plus LCD peri-
pheral products, both NMOS and CMOS, in an assort-
ment of packages. This extraordinary selection pro-
vides greater design alternatives with products that
truly fit your needs in data processing, communica-
tions, instrumentation, industrial, and consumer ap-
plications.

Volume 1 is divided into the following sections.

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

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

. 3. Four-Bit Single-Chip Microcomputers. This section
covers the 7500 Series, the 75000 Series; and the
cost-effective, low-end mini-microcomputers known
as 755x/756x.

4. Eight-Bit Single-Chip Microcomputers. The 8-bit
products include the popular 80xx/87xx and 80Cxx
Series together with the high-end 7800 and 78000
Series.

5. Sixteen-Bit Single-Chip Microcomputers. The 16-
bit microcomputers are CMOS products, type 70320/
70322.

6. LCD Peripherals. Peripherals include LCD control-
ler-driver products for alphanumeric, dot-addressable,
and large-area displays.

7. Development Tools. Acomprehensive line of develop-
ment hardware and software products support NEC's
single-chip microcomputer families.

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

Ordering Information

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

Part Numbering System
uP D 7810H CwW

[ Package type

Plastic DIP =C

Plastic shrink DIP = CS,
CT, CU, CW ‘

Cerdip=D

Shrink cerdip = DW

PlasticSO =G

Plastic miniflat=G-00, G-12,
G-22, G-R, G-F, G-1B

Plastic QUIP = G-36

Device identifier (alphanumeric)
Device type: D = Digital MOS

NEC monolithic silicon integrated circuit
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4-Bit, Single-Chip CMOS Microcomputer Selection Guide

Supply
Clock Voitage ROM RAM
Device Description [MHz) \] (X8} (X4) 170 Package Pins
uPD7500HG-36 Microcomputer 0.7 451055 External 256 46 Piastic QUIP 64
uPD7500H-EG-36 Microcomputer 0.2 451055 External 256 46 Plastic QUIP 64
uPD7501G-12 Microcomputer with 0.4 251t06.0 1K 96 24 Plastic Miniflat 64
LCD Controller/Driver
uPD7502G-12 Microcomputer with 04 2.7106.0 2K 128 23 Plastic Miniflat 64
LCD Controller/Driver
uPD7503G-12 Microcomputer with 0.4 27t06.0 4K 224 23 Plastic Miniflat 64
LCD Controler/Driver
uPD7506C Microcomputer 04 25106.0 1K 64 22 Plastic DIP 28
uPD7506CT Microcomputer 0.4 2516 6.0 1K 64 22 Plastic Shrink DIP 28
#PD7506G-00 Microcomputer 0.4 25106.0 1K 64 22 Plastic Miniflat 52
uPD7507C Microcomputer 0.4 25t06.0 2K 128 32 Plastic DIP 40
uPD7507CU Microcomputer 0.4 25106.0 2K 128 32 Plastic Shrink DIP 40
uPD7507G-00 Microcomputer 04 25t06.0 2K 128 32 Plastic Miniflat 52
uPD7507HC Microcomputer 4.19 271060 2K 128 32 Plastic DIP 40
uPD7507HCU Microcomputer 4.19 2.7106.0 2K . 128 32 Plastic Shrink DIP 40
uPD7507HG-22 Microcomputer 419 27t06.0 2K 128 32 Plastic Miniflat 44
uPD7507SC Microcomputer 04 22t06.0 2K 128 20 Plastic DIP 28
uPD7507SCT Microcomputer 0.4 221t06.0 2K 128 20 Plastic Shrink DIP 28
uPD7508C Microcomputer 0.4 251t06.0 4K 224 32 Plastic DIP 40
#PD7508CU Microcomputer 0.4 25t06.0 4K 224 32 Platic Shrink DIP 40
#PD7508G-00 Microcomputer 04 25106.0 4K 224 2 Plastic Miniflat 52
uPD75CGO8E Piggyback EPROM 0.4 451055 4K 224 32 Ceramic DIP 40
Microcomputer
uPD7508HC Microcomputer 4.19 27t06.0 4K 224 32 Plastic DIP 40
uPD7508HCU Microcomputer 4.19 2.7106.0 4K 224 2 Plastic Shrink DIP 40
uPD7508HG-22 Microcomputer 419 2.71t06.0 4K 224 32 Plastic Minifiat 44
uPD75CG0BHE Piggyback EPROM 4.19 451055 4K 224 32 Ceramic DIP 40
Microcomputer
uPD7508AC Microcomputer with 0.4 271055 4K 208 32 Plastic DIP 40
FIP Driver .
#PD7514G-12 Microcomputer with 0.5 27106.0 4K 256 31 Plastic Miniflat 80
LCD Controltier/Driver
uPD7516HG-12 Microcomputer with 6.55 25106.0 6K 256 53 Plastic Minifiat 64
FIP Controlier/Driver
uPD7516HG-36 Microcomputer with 6.55 25t06.0 6K 256 53 Plastic QUIP 64
FIP Controller/Driver
uPD7516HCW Microcomputer with 6.55 25t06.0 6K 256 53 Plastic Shrink DiP 64
FIP Controller/Driver
pPD75CG16HE Piggyback EPROM 6.55 451055 6K 256 53 Ceramic QUIP 64

Microcomputer with
FIP Controller/Driver




NEC GENERAL INFORMATION

4-Bit, Single-Chip CMOS Microcomputer Selection Guide (cont)

Supply
Clock Voltage ROM RAM

Device Description (MHz) \j] (X8) (X4} 170 Package Pins

uPD7519G-12 Microcomputer with 419 251060 4K 256 53 Plastic Miniflat 64
FIP Controller/Driver

1PD7519G-36 Microcomputer with 419 25106.0 4K 256 53 Plastic QUIP 64
FIP Controller/Driver

uPD7519CW Microcomputer with 419 25106.0 4K 256 53 Plastic Shrink DIP 64
FIP Controller/Driver

pPD75CG19E Piggyback EPROM 419 451055 4K 256 53 Ceramic DIP 64
Microcomputer with
FIP Controller/Driver

uPD7519HG-12 Microcomputer with 6.55 25106.0 4K 256 53 Plasti Miniflat 64
FIP Controller/Driver

pPD7519HG-36 Microcomputer with 6.55 25t06.0 4K 256 53 Plastic QUIP 64
FiP Controller/Driver

uPD7518HCW Microcomputer with 6.55 25t06.0 4K 256 53 Plastic Shrink DIP 64
FIP Controller/Driver

uPD75CG19HE Piggyback EPROM 6.55 45t055 4K 256 53 Ceramic DIP 64
Microcomputer with
FIP Controller/Driver

uPD7527AC Microcomputer with 0.6 2.7106.0 2K 128 35 Plastic DIP 42
FIP Display

pPD7527ACU Microcomputer with 0.6 27106.0 2K 128 35 Plastic Shrink DIP 42
FIP Display

uPD7528AC Microcomputer with 0.6 2.7t06.0 4K 160 35 Plastic DIP 42
FIP Display

1PD7528ACU Microcomputer with 0.6 2.7106.0 4K 160 35 Plastic Shrink DIP 42
FIP Display

uPD75CG28E Piggyback EPROM 05 451055 4K 160 35 Ceramic DIP 42
Microcomputer with
FIP Display

uPD7533C Microcomputer with 05 2.7t06.0 4K 160 34 Plastic DIP 42
A/D Converter

uPD7533CU Microcomputer with 0.5 27106.0 4K 160 34 Plastic Shrink DIP 42
A/D Converter

uPD7533G-22 Microcomputer with 05 27t06.0 4K 160 34 Plastic Minflat 44
A/D Converter

uPD75CG33E Piggyback EPROM 0.5 451055 4K 160 34 Ceramic DIP 42
Microcomputer with
A/D Converter

uPD7537AC Microcomputer with 0.6 2.7t06.0 2K 128 35 Plastic DIP 42
FiP Driver

uPD7537ACU Microcomputer with 0.6 27106.0 2K 128 35 Plastic Shrink DIP 42
FIP Driver

uPD7538AC Microcomputer with 0.6 2.7t06.0 4K 160 35 Plastic DIP 42
FIP Driver ’

uPD7538ACU Microcomputer with 0.6 2.7106.0 4K 160 35 Piastic Shrink DIP 42
FIP Driver
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4-Bit, Single-Chip CMOS Microcomputer Selection Guide (cont)

Supply
Clock Voltage ROM RAM

Device Description (MHz) ) (X8) (X4) 170 Package Pins

uPD75CG38E Piggyback EPROM 0.5 451055 4K 160 35 Ceramic DIP 42
Microcomputer with
FIP Driver

uPD7554CS Microcomputer with 0.7 251t06.0 1K 64 16 Plastic Shrink DIP 20
Serial 1/0

uPD7554G Microcomputer with 0.7 251t06.0 1K 64 16 Plastic SO 20
Serial 1/0

uPD7556CS Microcomputer with 07 25106.0 1K 64 20 Plastic Shrink DIP 24
Comparator

uPD7556G Microcomputer with 0.7 25106.0 1K 64 20 Plastic SO 24
Comparator

uPD7564CS Microcomputer with 0.7 2.7106.0 1K 64 C 15 Plastic Shrink DIP 20
Serial 110

uPD7564G Microcomputer with 0.7 2.7t06.0 1K 64 15 Plastic SO 20
Serial 1/0 )

uPD7566CS Microcomputer with 0.7 2.7t06.0 1K 64 19 Plastic Shrink DIP 24
Comparator

4PD7566G Microcomputer with 0.7 2.7t06.0 1K 64 19 Plastic SO 24
Comparator

uPD75104CW Microcomputer 419 251t06.0 4K 320 58 Platic Shrink DIP 64

uPD75104G-1B Microcomputer 4.19 25t06.0 4K 320 58 Plastic Miniflat 64

uPD75106CW Microcomputer 419 25106.0 (6016) 320 58 Plastic Shrink DIP 64

uPD75106G-1B Microcomputer 419 25106.0 (6016) 320 58 Plastic Miniflat 64

uPD75108CW Microcomputer 419 25106.0 8K 512 58 Plastic Shrink DIP 64

uPD75108G-1B Microcomputer 4.19 25106.0 8K 512 58 Plastic Miniflat 64

#PD75P108CW Microcomputer with 4.19 251t06.0 8K 512 58 Piastic Shrink DIP 64
0On-Chip OTPROM

uPD75P108DW Microcomputer with 419 25106.0 8K 512 58 Plastic Shrink DIP .64
On-Chip EPROM

uPD75P108G-1B Microcomputer with 419 25t06.0 8K 512 58 Piastic Minifiat 64
On-Chip OTPROM )
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GENERAL INFORMATION
8-Bit, Single-Chip Microcomputer Selection Guide
Supply
Clock Voltage ROM RAM

Device Description (MHz) V) (X8) (X8) 170 Package Pins

uPD78C05AG-36 CMOS Microcomputer 6.25 261t06.0 External 128 46 Plastic QUIP 64

PD78C06AG-12 CMOS Microcomputer 6.25 25t06.0 4K 128 46 Plastic Miniflat 64

uPD7807CW NMOS Microcomputer 12 451055 External 256 28 Plastic Shrink DIP 64
with Comparator

nPD7807G-36 NMOS Microcomputer 12 451055 External 256 28 Plastic QUIP 64
with Comparator

#PD7808CW NMOS Microcomputer 12 45t05.5 4K 256 40 Plastic Shrink DIP 64
with Comparator

uPD7808G-36 NMOS Microcomputer 12 45t055 4K 256 40 Plastic QUIP 64
with Comparator

uPD7809CW NMOS Microcomputer 12 45t055 8K 256 40 Plastic Shrink DIP 64
with Gomparator )

1PD7809G-36 NMOS Microcomputer 12 451055 8K 256 40 Plastic QUIP 64
with Comparator

uPD78PO9R NMOS Microcomputer 12 45t055 EPROM 256 40 Ceramic QUIP 64
with Comparator 8K with Window

uPD7810CW NMOS Microcomputer 12 45t055 External 256 32 Plastic Shrink DIP 64
with A/D Converter .

#PD7810G-36 NMOS Microcomputer 12 451055 External 256 32 Plastic QUIP 64
with A/D Converter

uPD78C10CW CMOS Microcomputer 12 451055 External 256 32 Plastic Shrink DIP 64
with A/D Converter

uPD78C10G-1B CMOS Microcomputer 12 451055 External 256 32 Plastic Miniflat 64
with A/D Converter

1PD78C10G-36 CMOS Microcomputer 12 451055 External 256 32 Plastic QUIP 64
with A/D Converter

uPD78C10L CMOS Microcomputer 12 451055 External 256 32 PLCC 68
with A/D Converter

uPD7810HCW NMOS Microcomputer 15 451055 External 256 32 Plastic Shrink DIP 64
with A/D Converter

uPD7810HG-36 NMOS Microcomputer 15 45t055 External 256 32 Plastic QUIP 64
with A/D Converter

uPFD7811CW NMOS Microcomputer 12 451055 4K 256 44 Plastic Shrink DIP 64
with A/D Converter

uPD7811G-36 NMOS Microcomputer 12 451055 4K 256 44 Plastic QUIP 64
with A/D Converter

uPD78C11CW CMOS Microcomputer 12 451055 4K 256 44 Plastic Shrink DIP 64
with A/D Converter

uPD78C11G-1B CMOS Microcomputer 12 451055 4K 256 44 Plastic Miniflat 64
with A/D Converter

uPD78C11G-36 CMOS Microcomputer 12 451055 4K 256 44 Plastic QUIP 64
with A/D Converter

uPD78C11L CMOS Microcomputer 12 451055 4K 256 44 PLCC 68
with A/D Converter
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GENERAL INFORMATION
8-Bit, Single-Chip Microcomputer Selection Guide (cont)
' Supply
Clock Voitage ROM RAM
Device Description [MHz) w) {X8) (X8) 1/0 Package Pins
uPD7811HG-36 NMOS Microcomputer 15 451055 4K 256 44 Plastic QUIP 64
with A/D Converter
uPD78PG1HE Piggy Back EPROM 12 451055 4K 256 44 Ceramic QUIP 64
NMOS Microcomputer.
with A/D Converter
uPD78C14CW CMOS Microcomputer 12 451055 16K 256 44 Plastic Shrink DIP 64
with A/D Converter
uPD78C14G-1B CMOS Microcomputer 12 45t055 External 256 44 Plastic Miniflat 64
with A/D Converter
uPD78C146G-36 CMOS Microcomputer 12 451055 External 256 44 Plastic QUIP 64
with A/D Converter .
uPD78C14L CMOS Microcomputer 12 451055 External 256 44 PLCC 68
with A/D Converter .
uPD78310CW CMOS Microcomputer 12 451055 External 256 28 Plastic Shrink DIP 64
uPD78310G-1B CMOS Microcomputer 12 45t055 External 256 28 Plastic Miniflat 64
uPD78310G-36 CMOS Microcomputer 12 45t055 External 256 28 Plastic QUIP 64
uPD78310L CMOS Microcomputer 12 451055 External 256 28 PLCC 68
uPD78312CW CMOS Microcomputer 12 451055 8K 256 40 Plastic Shrink DIP 64
uPD78312G-1B CMOS Microcomputer 12 451055 8K 256 40 Plastic Miniflat 64
uPD78312G-36 CMOS Microcomputer 12 451055 8K 256 40 Plastic QUIP 64
4#PD78312L CMOS Microcomputer 12 451055 8K 256 40 PLCC 68
uPD78P312G-36 EPROM Microcomputer 12 45t055 8K 256 40 Plastic QUIP 64
uPD8035HLC HMOS Microcomputer 6 451055 External 64 27 Plastic DIP 40
uPD80C35C CMOS Microcomputer 6 45t05.5 External 64 27 Plastic DIP 40
uPD803GHLC HMOS Microcomputer 1 451055 External 128 27 Piastic DIP 40
uPDBOC39HC CMOS Microcomputer 12 25t06 External 128 27 Plastic DIP 40
uPDBOCA0HC CMOS Microcomputer 12 25t06 External 256 27 Plastic DIP 40
uPD8041AHC NMOS Microcomputer 1 451055 1K 64 18 Plastic DIP 40
with Universal PP
uPD80C42C CMOS Microcomputer 12 451055 2K 128 18 Plastic DIP 40
with Universal PPl
uPD80C42G-22. CMOS Microcomputer 12 45105.5 2K 128 18 Plastic Miniflat 44
with Universal PPl
1PD8048HC HMOS Microcomputer 6 451055 1K 64 27 Plastic DIP 40
uPD80C48C CMOS Microcomputer 6 25106.0 1K 64 27 Plastic DIP 40
uPD80C48G-00 CMOS Microcomputer 6 25t06.0 1K 64 27 Plastic Miniflat 52
uPD48G-22 CMOS Microcomputer 6 25106.0 1K 64 27 Plastic Miniflat 44
1PD8049HC HMOS Microcomputer 1 451055 2K 128 27 Plastic DIP 40
uPDB0C49HC CMOS Microcomputer 12 25106.0 2K 128 27 Plastic DIP 40
1PD80C49G-00 CMOS Microcomputer 12 25t06.0 2K 128 27 Plastic Miniflat 52
uPD49HG-22 CMOS Microcomputer 12 25t06.0 2K 128 27 Plastic Miniflat 44
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8-Bit, Single-Chip Microcomputer Selection Guide (cont)

Supply
Clock Volage ROM RAM

Device Description (MHz) ) (X8} (X8) 170 Package Pins
uPD8OC50HC CMOS Microcomputer 12 2.51t06.0 4K 256 27 Plastic DIP 40
uPD50HG-22 CMOS Microcomputer 12 2510 6.0 4K 256 27 Plastic Miniflat 44
uPD8741AD NMOS Microcomputer 6 451055 1K 64 18 - Cerdip with 40

with Universal PP Window
uPD8748HC NMOS Microcomputer 1 451055 1K 64 27 Plastic DIP 40

with UV EPROM
uPD8748HD NMOS Microcomputer 1 451055 1K 64 27 Cerdip with 40

with UV EPROM Window
uPD8749HC HMOS Microcomputer 1 451055 2K 128 27 Piastic DIP 40
uPD8749HD HMOS Microcomputer 11 451055 2K 128 27 Cerdip with 40

Window
16-Bit, Single-Chip Microcomputer Selection Guide
Supply
Clock Voitage Rom RAM
Device Description [MHz) V) X8) (X8} 170 Package Pins
uPD70320G-12 CMOS Microcomputer 10 45t055V 16K 256 32 Plastic Miniflat 80
#PD70320L CMOS Microcomputer 10 45t055V 16K 256 2 PLCC 84
uPD70322G-12 CMOS Microcomputer 10 45t055V 16K 256 32 Plastic Miniflat 80
#PD70322L CMOS Microcomputer 10 451055V 16K 256 32 PLCC 84
CMOS LCD Peripheral Selection Guide
Supply Power Dissipation
No. of No. of Clock Voitage Active Standby .
Device Description Rows Golumn {MHz) ) [mA) [mA]} Package Pins
(PD6307G-F LCD Row Driver 32 — 2.5 45105.5 1 — Plastic Miniflat 54
uPD6307G-R LCD Row Driver 32 — 25 45t055 1 L= Plastic Miniflat 54
Reverse leads
1PD6308G-F LCD Column Driver — 40 2 451055 1.2 — Plastic Minifiat 54
pPD6308G-R LCD Column Driver — 40 2 45t05.5 1.2 — Plastic Miniflat 54
Reverse leads

uPD7225G-00 LCD Controller/Driver 4 32 02 271055 0.1 — Plastic Minifiat 52
uPD7227G-12 LGD Controlter/Driver 8 40 1 +5 0.2 — Plastic Minifiat 64
1PD7228G-12 LCD Controller/Driver 8/16 42/50 11 +5 0.2 0.02 Plastic Miniflat 80
uPD72030G-12 LCD Display Controller — — 6 +5 5 0.001 Plastic Minifiat 64

1-9
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#PD7500 Series Hardware Development Tool Selection Guide

Part Add-On Board System ) EPROM
Number Emulator (Required) Evaluation Board Device
uPD7501 EVAKIT-75008 - EV7514 SE-7514A .

©PD7502 EVAKIT-75008 EV7514 SE-7514A —

uPD7503 EVAKIT-75008 EV7514 SE-7514A —

uPD7506 EVAKIT-75008 - SE-7508 -

uPD7507 EVAKIT-75008 - — uPD75CGO8E
uPD7507H EVAKIT-7500B EV7508H - uPD75CGOBHE
uPD7507S EVAKIT-75008 - SE-7508 -

uPD7508 EVAKIT-75008 - — uPD75CGO8E
uPD7508A EVAKIT-75008 - SE-7508 -

uPD7508H EVAKIT-75008 EV7508H — uPD75CGOBHE
uPD7514 EVAKIT-75008 EV7514 SE-7514A —
uuPD7516H EVAKIT-75008 EV7500FIP — uPD75CG16HE
uPD7519 EVAKIT-75008 EV7500FIP —. uPD75CG19E
uPD7519H EVAKIT-75008 EV7500FIP — : uPD75CG19HE
uPD7527 EVAKIT-75008 EV7528 — #PD75CG28E
uPD7528 EVAKIT-7500B EV7528 - uPD75CG28E
uPD7533 EVAKIT-75008 EV7533 - u#PD75CG33E
uPD7537 EVAKIT-75008 EV7528 — (PD75CG38E
uPD7538 EVAKIT-75008B EV7528 - uPD75CG38E
uPD7554 EVAKIT-7500B EV7554A SE-7554A : -

uPD7556 EVAKIT-7500B EV7554A SE-7554A -

uPD7564 EVAKIT-7500B EV7554A SE-7554A —

uPD7566 EVAKIT-75008 EV7554A SE-7554A -

uPD75000 Series Hardware
Development Tool Selection Guide

Device Description
EV75108 Add-on board
EV75208 Add-on board
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GENERAL INFORMATION

uPD7800 Series Hardware Development Tool Selection Guide

Real-time System
Part Trace Add-on Evaluation EPROM
Number Emulator Board Board Board Device
uPD78C05A EVAKIT-87LC [Note 1] EV87LCRTT EV78C06A SE-78C06 —
uPD78C06A EVAKIT-87LC EVB7LCRTT EV78C06A SE-78C06 -
uPD7807 IE-7809-M — — — uPD78PO9R
uPD7808 |E-7809-M — — — uPD78P0O9R
1PD7809 |E-7809-M — — — uPD78PO9R
uPD7810 EVAKIT-87AD [Note 1] EVB7ADRTT — — —
IE-87AD-M — — — —
uPD7810H IE-7811H — — — —
uPD78C10 1E-78C11-M — — — —
uPD7811 EVAKIT-87AD [Note 1] EVB7ADRTT — — pPD78PG11E
IE-87AD-M — — — uPD78PGT1E
uPD7811H IE-7811H — - — uPD78PG11E [Note 2]
uPD78C11 IE-78C11-M — — — —
uPD78C14 IE-78C11-M — — — -
Notes:

(1) Addresses 0-0FFFH access memory on the Evakit only.
(2) Special selected parts.

uPD78000 Series Hardware
Development Tool Selection Guide

uPD8048 Series Hardware
Development Tool Selection Guide

Device Description

IE-310-R Stand-alone in-circuit emulator

uPD70320/322 Hardware Development
Tool Selection Guide

Device Description

IE-70322 Portable stand-alone in-circuit emulator

System

Part Evaluation EPROM
Number Emulator Board Device
1PDBO35H EVAKIT-84C-1 — —
PD8048H EVAKIT-84C-1 - uPDB748H*
uPDBO3GH EVAKIT-84C-1 — —
1PD8049H EVAKIT-84C-1 - uPD8749H*
uPDBOC39H EVAKIT-84C-1 — —
PD80C48 EVAKIT-84C-1 SE-80C50H —
uPDBOC35 EVAKIT-84C-1 - —

#PD80CA9H EVAKIT-84C-1 SE-80C50H -
uPDBOCA0H EVAKIT-84C-1 - -
1PDBOC50H EVAKIT-84C-1 SE-80C50H —
1PD80CA2 EVAKIT-80C42 - uPD8741A

*uPD8748H and uPD8749H are both available in erasable windowed
packages or in the economical one time programmable plastic
package.

Conversion Board Function

EV-9001-64 64-pin QUIP to 64-pin shrink DIP
EV-9002-42 42-pin standard DIP to 42-pin shrink DIP
EV-9002-40 40-pin standard DIP to 40-pin shrink DIP
EV-9002-28 28-pin standard DIP to 28-pin shrink DIP
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NEC

MD-086 Series Mii:rocomputer
Development System Selection Guide

Device Description

MD-086FD-10 MD-086 series, floppy-disk based system
MD-086HD-10 MD-086 series, floppy-hard-disk based system
MD-086DK Hard-disk upgrade for MD-086FD-10
MD-910TM Character display terminal

MD-910TM Character Display Terminal
Development System Selection Guide

Device

Description

MD-910TM

Character display terminal

PG1000 PROM Programmer
Selection Guide

Device Description
PG1003 Plug-in personality module
PG1005 Plug-in personality module
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Ordering Procedure for
ROM-Based Microcomputer Products

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

uPD70322 uPD7533 uPD78C11
uPD7501 uPD7537A uPD78C14
uPD7502 uPD7538A uPD78312
uPD7503 uPD7554 uPD8041AH
uPD7506 uPD7556 uPD80C42
uPD7507 uPD7564 uPD8048H
uPD7507H uPD7566 4PD80C48
uPD7507S uPD75104 uPD8049H
uPD7508 uPD75106 uPD80C49H
uPD7508H uPD75108 uPDBOCS50H
uPD7514 uPD75206 4PD8355
uPD7516H uPD75208

uPD7519 uPD78CO06A

uPD7519H uPD7809

uPD7527A uPD7811

uPD7528A uPD7811H

Please use the following ordering guidelines. Contact
your local sales representative for assistance and to
obtain the necessary forms.

A complete order must include:

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

] ROM code submission form (provided by your
local sales representative); see next three pages.

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

O Mask charge payment.

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

[0 Your purchase order.

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

Summary:

Step 1 [J Customer submits acomplete order, includ-
ing the items listed above.

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

Step 3 [0 Customer verifies code received from NEC
and returns verification form.

Step 4 [ NEC acknowledges customer order and
begins production.
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NEC " ROM CODE
NEC Electronics Inc. SUBMISSION

To: NEC Electronics Inc. Date
Corporate Headquarters
401 Ellis Street, P.O. Box 7241
Mountain View, CA 94039

Attn:  ROM Code Administrator

We are ready to place a purchase order for our , your ,and are
Customer Part Number NEC Part Number
submitting two copies of the ROM code on the following medium/media. (Please check all applicable boxes.)
O upPD2764 O uPD70P322 0O uPD78P09 O uPD8741A
0O uPD27128 [0 uPD75P108 [0 uPD78P312 0O uPD8748H
O uPD77P20 [0 uPD8749H
O xPD8755A

This device should be manufactured as follows: (Please check all applicable boxes.)
O To our engineering specification #
0O with special marking:
[ with the 1/0 port loading options (available only on the devices listed on this form).
[0 Lead type (if applicable) Bent _____ _____ Straight
O Application

NEC Electronics Inc. :
Please return the processed ROM code to the following individual for our verification.

Name

Company

Division

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

City State zP

Telephone Number

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

® Two copies of ROM code

® Engineering specification, if applicable. Not required if NEC has already reviewed the specification.
® Mask charge payment.

® Signed “ROM-Based Microprocessors Agreement”

® Purchase order

Form No. NEC-0000071 Rev. B 7/86 ©1986 NEC Electronics Inc.
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NEC

uPD7519, uPD7519H, uPD7516H

uPD7527A, uPD7528A, uPD7537A, uPD7538A

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

Pin 170 Port Loading Option Pin 1/0 Port Loading Optlion
Pull-down POg/INTO O Diréct connection (no O Zero-crossing
resistor to zero-crossing detector) detector

Open drain Vioan Pull-down

Sp [m} u] resistor to

21 g g Open drain Vioan

& O o P23-P24 o u]

3 P33-P3 o o

S4 fu] &) P43-P4g m} O

35 o ] P53'P50 [m] a

Sg o o

P8y m] o

§ o = P8; 0 o

Ta/Sg u] o P8y o g

Tg/Sg [m} m] P83 o o

T10/S10 a m}

T11/841 o a 2‘1’ S E

T12/892 [m] a P9, o o

T13/543 [m] - P33 O a

T14/514 [m] a P1

m] m]

T15/S45 [m] [m} P18‘1) o o

T o ] P10y =] [u]

T o o P103 ] [m}

Ty [m] [m}
P11g u] o

T3 o o P11; O u]

T4 [m] ] P"Z [m] m]

Ts fa) 5] P113 0] =]

Ts a [m}

T

’ = = uPD7554, uPD7564
Pin 1/0 Port Loading Option
Puli-up Pull-down No internal
resistor resistor resistor
POy O a] o
POy ul o O
) m} O 0
P03 m] o O

N-channel, CMOS, push-
open drain pull output

P8o o o
5312 g S N-channgl,
PBy* o O open-drain,
and putl-up
P10g u] [u} o
P104 [m} [m] [m]
P10, 0 8] o
P103 a m)
P11g ] o o
P11y (] m] a
P11 o D 0
P113 o u} O
Oscillator O R-oscillator O External clock (7554 only}
RESET O No internal resistor O Pull-down resistor

* 1t P83 is used for CL2, the N-channel open-drain option should be
selected. In this case, P83 cannot function as a port.

©1986 NEC Electronics Inc.
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NEC

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

uPD7556, uPD7566 uPD75104, uPD75106
Pin 1/0 Port Loading Option Pin 1/0 Port Loading Option
Pull-up Puil-down No internat Pull-up
resistor resistor resistor Open drain resistor
Pg 0 o o VRer P12g o o.
$g1 S O 0 8] P124 a)
d 0 O P12, o a
Comparator 2
PO3 0 o 0 input P23 o o
P1g 0O ] a u] P13 o o
Pl o o O O P134 u] ]
Pt m} [m] m} m] P13, O o
Pi3 [m} [n] o [m} P133 O [m]
N-channel,  CMOS, push-
open-drain  pull output E}:? S g
Ego g g P4y 0 o
PB; o o P143 0 a
P8g* [u] [n] Power-on reset flag 0 Yes O No
N-channel, Power-on reset generator ~ [C1Yes* O No
Pdy o 0 open-drain, < .
P9y ju] a and pull-up If power-on reset generator is selected, power-on reset flag must
P10y o o o be selected also.
,':]8; g o = PD80C48
m] =] M
P03 o o o Pin 1/0 Port Loading Option
P11 o g o CMOS  TTL-compatibie
P11 u} O [u} (=5 uh) (50 A}
Pity o o o Plg-Pl7 0 o
P13 a] m] [} Pg-P2 g o
Oscillator O R-oscillator O External clock (7556 only) P24-P2; [ 0
RESET O No internal resistor O Pull-down resistor
VRer 0O No internal bias O Internal bias PDBOCASH. uPDEOC50H
* 1 P83 is used for CL2, the N-channel open-drain option should be “ s
selected. In this case, P83 cannot function as a port. Pin 1/0 Port Loading Option
CMOS No pull-up  TTL-compatible
(-5 uh) resistor (—50 uA)
POg-PO7 u] [n) o
P1g-P17 [m] m} O
P24-P2; m] a [m]

©1986 NEC Electronics Inc.
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QUALITY AND RELIABILITY

Introduction

As large-scale integration reaches a higher level of
density, reliability of devices imposes a profound
impact on system reliability. And as device reliability
becomes a major factor, test methods to assure accept-
able reliability become more complicated. Simply
performing a reliability test according to a con-

ventional method cannot satisfy the demanding require-
ments for higher reliability. At these new, higher levels
of LSl density, it is increasingly difficult to activate all
the elements in the internal circuits. A different phi-
losophy and methodology is needed for reliability as-
surance. Moreover, as integration density increases,
the degradation of internal elementsin an LSl device is
seldom detected by measuring characteristics across
external terminals. :

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

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

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

Technology Description

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

Reliability Testing

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

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

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

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

Figure 1. Reliability Life (Bathtub) Curve
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Life Distribution

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

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

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

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

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

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

Failure Distribution at NEC

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

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

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

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

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

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

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

0.01 Failures
720K Device Hours

where FIT = Failure units per 109 device hours

— 13.888 x 10—9 Failures/Hour
or 13.8888 FiTs

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

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

Table 1. Monthly NEC Reliability Tests
MiL-ST0-883

Test Method Test Conditions

Life Test
High-temperature, 1005A, D Ta =100 to 125°C
operating for 1000 hours
High-temperature, 1008C Tp = 150°C for 1000 hours
storage
High-temperature, — Ta = 85°C at 85% RH
high-humidity test for 1000 hours
Pressure cooker test — Tp=125°C at 2.3 atm

for 168 hours

Environmental Test

Soldering heat test 2031 T=260°C for 10 s

(MIL-STD-750)  without flux
Temperature cycle 1010C T = —65 to +150°C for
10 cycles
Thermal shock 1011A T=010100°C for
15 cycles
Lead fatigue 200482 at 250 gm: 3 leads, 3 bends
Solderability 2003 T =230°C for 5 s with flux

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

R = R, exp(—E4/kT)

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

where

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

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

Table 2. Activation Energy and Detection of Failure

Mechanisms
Activation

Failure Mechanism Energy Detection
Oxide defect 0.3eV High-temperature operating
Silicon defect 0.3eV life test
lonic contamination  1.0-1.35eV
Electromigration 0.4-0.8 eV
Charge injection 13eV
Gold-aluminum 0.8eV
interface
Metal corrosion 0.7eV High-humidity operating

life test

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

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

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

Failure Rate Calculation and Prediction

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

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

The Arrhenius Model

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

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

F1=Fa exp[(Ea/k) X (1/T1 — 1/Tp)]

Where: Fy = Failure rate at T,
F1 = Failure rate at T4
Ea = Activation energy in eV

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

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

Acceleration Factor

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

A =F¢/Fa =exp[(Ea/K) x (1/T1 — 1/T2)]

where A‘ = Acceleration factor
Fo = Failure rate at To
Fy = Failure rate at T4

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

Ty=Ta + PqA;b)a

Ty = Junction temperature

Ta = Ambient temperature

Pyq = Power dissipation

A¢ = Air flow factor

6,4 = Package thermal resistance

where

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

Table 3. Derating Factors of Fallure Mechanisms

Activation
Failure Mechanisms Energy, eV Derating Factor
Oxide defect 0.3 0.1546
Silicon defect 0.3 0.1546
lonic contamination 1.0 0.001984
Electromigration 0.4 0.08307
Charge injection 13 0.0003067
Metal corrosion 0.7 0.01315
Gold-aluminum interface 0.8 0.006886

The acceleration of failure mechanisms in a high-
humidity and high-temperature environment must be
expressed as a function not only of temperature but
also of humidity.
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According to the reliability test statistics, the ac-

celeration factor in such an environment can best be

approximated with Peck’s model as follows.
A =exp[(Ea/k) x (1/T1 — 1/T3)] x (Ha/H4)4.5

Ea = Activation energy
k = Boltzmann’s constant
T = Junction temperature
H = Relative humidity

where

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

Failure Rate Calculation

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

Thus, the oxide failure rate is 0.11 percent per 1000
hours and the metalization failure rate is 0.11 percent
per 1000 hours. Therefore, the total failure rate at
125°C sums 10 0.22 percent per 1000 hours at 1K hours.

Failure Rate Prediction

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

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

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

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

The failure rate prediction takes different activation
energies into account whenever the causes of failures
are known through performing failure analysis. In
some cases, however, an activation energy is assumed
in order to accomplish a quick first-order approxi-
mation. Toyield a conservative estimate of failure rates,
NEC assumes an average activation energy of 0.7 eV
whenever the exact failure mechanism is not known.

Reliability Test Results

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

NEC’s Goals on Failure Rates

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

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

Table4. Infant Mortality and Long-Term Failure Rates
Failure Rate
Type . Percent/1000 Hours
Infant mortality 0.10 max
Long-term
1.2M device hours average 0.02 max
3.0M device hours average 0.01 max

Infant Mortality Failure Rate

The infant mortality goal for each product group is set
at 0.10 percent maximum. When a failure rate exceeds
this level, there is prompt remedial action.

Long-Term Failure Rate

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

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

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

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

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

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

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

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

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

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

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

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

High-Temperature Operating Life Test

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

Table 5. High-Temperaturé Operating Life Test

Number of Failures at

Number of

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

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

High-Temperature and High-Humidity Life Test

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

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

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

= 0.091% per 1K hrs

=0.003% per 1K hrs

High-Temperature Storage Life Test

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

Table 7. High-Temperature Storage Life Test

Number of Failures at

Number of

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

Failure rate at 1K hrs at 125°C =0.207% per 1K hrs

Projected failure rate at 1K hrs

at55°C =0.006% per 1K hrs

Pressure Cooker Test

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

Table 8. Pressure Cooker Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
1718 0 4 5 'No test performed
Total number of failures at 168 hrs =9

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

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

Life Test Data Summary

Table 9 summarizes the life test results and projected
failure rates in the normal operating environment. The
failure rate shows random distribution as opposedto a
decreasing failure rate. This is a result of infant
mortality screening.

Table 9. Life Test Data

Total
Number of Number of Failures at Number of

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

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

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

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

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

Figure 3. Plot of Life Test Results
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Thermal Stress Tests

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

Table 10. Thermal Stress Tests

‘Number of Number of
Test Item Samples Failures
Soldering heat test 1891 0
Ta =260°C for 10 seconds
Temperature cycle 1891 0
Ta =—651t0 +150°C, 10 cycles
Thermal shock test 1891 0

Ta =010 +100°C, 15 cycles

Mechanical Stress Tests

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

Table 11. Mechanical Stfess Tests

Number of Number of

Test ltem Samples Failures
Mechanical shock test 315 0

at 15 kg, 3 axis
Vibration test 315 0

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

at 20 kg, 3 axis
Lead fatigue test 538 0

at 240 grams
Solderability test 638 0

at 230°C for 5 seconds

Built-In Quality and Reliability

As large-scale integration reaches even higher levels
of density, simple quality inspections cannot assure
adequate levels of product quality and reliability. In
order to ensure the reliability of state-of-the-art VLSI,
NEC has adopted another approach. Highest reliability
and superior quality of a device can only be achieved
by building these characteristics into the product at
each process step. NEC, therefore, has introduced the
notion of total quality control (TQC) into its entire
semiconductor production line. Quality control is dis-
tributed into each process step and then summed to
form a consolidated system.
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Approaches to Total Quality Control

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

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

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

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

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

Implementation of Distributed Quality Control

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

Product development phase

Wafer processing

Chip mounting and packaging
Electrical testing and thermal aging
Incoming material inspection

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

Table 12. Wafer Processing Inspection

Process Inspection item

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

Mask

Photolithography Alignment and etching (100% inspection)

Cleaning

Diffusion and oxidation Oxide thickness, sheet resistivity (lot

sampling inspection)

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

Wafer sort and scribe Dc parameters (100% inspection)

Die sort 100% visual inspection

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

Table 13. Chip Mounting and Packaging Inspection

Process Inspection Item

Die Incoming material Inspection

Die attach Appearance (lot sampling inspection)
Wire bonding Bond strength, appearance (lot sampling)
Packaging 100% appearance inspection

Fine leak* Lot sampling

Gross leak* 100% inspection

*For ceramic package devices only.

Electrical Testing and Screening. Electrical testing and
infant mortality screening are performed at this stage.
A flowchart of the process is depicted in figure 4.

At the first electrical test, dc parameters are tested
according to the electrical specifications on 100% of
each lot. This is a prescreening prior to the infant
mortality test. At the second electrical test, ac function-
al tests as well as dc parameter tests are performed on
100% of the subjected lot. If the percentage of defective
units exceeds the limit, the lot is subjected to an
additional burn-in. During this time, the defective units
are undergoing a failure analysis, the results of which
are then fed back into the process for corrective action.

Figure 4. Electrical Testing and Screening
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Incoming Material Inspection. Prior to warehouse
storage, lots are subjected to an incoming inspection
according to the following sampling plan.

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

Reliability Assurance Test

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

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

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

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

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

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

With a companywide quality control program, NEC is
committed to building superior quality and highest
reliability into all its products. Through continuous
research and development activities, extensive failure
analysis, and process improvements, a higher standard
of quality and reliability will continuously be set and
maintained.
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uPD7500 SERIES
4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS

Description

The uPD7500 series of 4-bit, single-chip CMOS micro-
computers is a broad product line of devices designed
for a variety of applications; for example, electronic
games, home electronic products such as the VCR,
and electronic automotive devices. To this end, more
than 25 products based on the uPD7500 evaluation
chip have been designed with various combinations of
memory size, number of 1/0 ports, output drive cap-
ability, type of display driver/ controller (LCD or FIP®),
oscillators, package type (DIP, shrink DIP for ease of
handling, flat for high-density installations, QUIP), and
more. Because the yPD7500 series products have
hardware and software in common, systems are easily
upgraded.

The yuPD7500 series uses a low-power CMOS design.
As an example, the current consumption of the
uPD7508C operating at 5 V is typicaily 300 A (at 10 us,
200kHz). In standby mode at 3 V, current consumption
is reduced to 0.3 pA (typ). This feature is most suitable
for systems requiring battery backup or for battery-
powered devices that must operate for long periods.

The wide operating voltage range of the series allows
systems to be configured with normal operation at
5 V +£10% and battery backup operation at 3 V. In
particular, the uPD7507S can run at 2.2 V, and systems
using this device need only a single lithium battery,
thus reducing the overall system cost.

Although the normal operating temperature range is
—10 to +70°C, products in the yuPD7500 series can
operate from —40 to +85°C and —40 to +110°C in
accordance with the user’s request. This is useful in
automotive and outdoor applications.

Table 1 lists the uPD7500 series products and features,
and figure 1 shows the different development directions
of the series. Within each of these directions, the
memory sizes have been serialized. Forexample, in the
product group with built-in LCD controllers, the
uPD7501 has a 1K-byte ROM, the uPD7502 has a
2K-byte ROM, and the uPD7503 has a 4K-byte ROM.
(Note also that the pPD7502 and uPD7503 are pin
compatible; software developed on the uPD7502 can
be used without modification on the uPD7503. Except
LAMT instruction for uPD7502 only and LAMTL in-
struction for uPD7503 only.)

The many kinds of peripheral hardware (such as
display controllers/drivers) that are built into the
members of the series can significantly reduce the cost
of a system. One common hardware feature is an 8-bit
timer, which easily provides a clock function. With the
exception of the uPD7506/7556/7566, all products of
the series incorporate an 8-bit serial 1/0, so that
developing multiprocessor systems or connecting per-
ipheral devices is easier. The uPD7533 offers a 4-
channel, 8-bit A/D converter.

Piggyback products, such as the uPD75CGO08, are
available and can be used as a final check of functions
during system development, preproduction, and small
volume production.

The same support tools can be used for the entire
series, thus helping to reduce system development
cost.

Table 2 lists the package types applicable to each chip
in the uPD7500 series.

FIP is the registered trademark for NEC's fluorescent indicator panel
(vacuum fluorescent display).
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Table 1. uPD7500 Series Product List

Product (uPD)  Features Clock Osc ROM [x8) RAM (x4) 170 Power Supply
7500H EVACHIP, high speed (2.86 us) RC 8K (External) 256 46 5V+10%
7500H-E EVACHIP RC 8K (External) 256 46 5V10%
7501 LCD controller/driver, 24-segment RC 1K 96 24 25t06.0V
7502 LCD controller/driver, 24-segment RC 2K 128 23 25t06.0V
7503 LCD controller/driver, 24-segment RC 4K 224 23 25t06.0V
7514 LCD controller/driver, 32-segment RC 4K 256 3 271t06.0V
75078 General purpose, low voltage RC 2K 128 20 22to6.0V
7507 General purpose RC 2K 128 32 25t06.0V
7508 General purpose RC 4K 224 32 25t06.0V
7507H General purpose, high speed (2.86 us) Xtal/Cer 2K 128 32 271060V
7508H General purpose, high speed (2.86 us) Xtal/Cer 4K 224 32 27t06.0V
7506 General purpose R 1K . 64 22 25t06.0V
7554 LED direct drive, mask option ports, serial |/0 R 1K 64 6 25t06.0V
7564 LED direct drive, mask option ports, serial 1/0 Ceramic 1K 64 15  25t060V
7556 LED direct drive, mask option ports, R 1K 64 20 25t06.0V
4-channel comparator
7566 LED direct drive, mask option ports, Ceramic 1K 64 19 25t06.0V
4-channel comparator
7527A P-ch, high-voltage output ports for FIP driver; RC 2K 128 35  27t060V
high speed (3.3 us)
7537A P-ch, high-voltage output ports for FIP driver; Ceramic 2K 128 3%  27t06.0V
high speed (3.3 us)
7528A P-ch, high-voltage output ports for FIP driver; RC 4K 160 3B 27t06.0V
high speed (3.3 us)
7538A P-ch, high-voltage output ports for FIP driver; Ceramic 4K 160 3 27t60V
high speed (3.3 us)
7508A P-ch, high-voltage output ports for FIP driver RC 4K 208 32 27t55V
7519 FIP controlier/driver Xtal 4K 256 53 25t06.0V
7519H FIP controller/driver; high speed (2.44 us) Xtal 4K 256 53 25t06.0V
7516H FIP controller/driver; high speed (2.44 us) Xtal 6K 256 53 25t060V
7533 LED driver; 4-channel A/D converter Ceramic 4K 160 30 30to60V
75CG08 Piggyback; for 7507/08 RC 4K 224 2 5V10%
75CG08H Piggyback; for 7507H/08H Xtal/Cer 4K 224 32  5VE10%
75CG19 Piggyback; for 7519 Xtal 4K 256 53 5Vx10%
75CG19H Piggyback; for 7519H Xtal 4K 256 53 5V +10%
75CG16H Piggyback; for 7516H Xtal 6K 256 53  5V£10%
75CG28 Piggyback; for 7527A/28A RC 4K 160 35 5VE10%
75CG38 Piggyback; for 7537A/38A Ceramic 4K 160 35 5V£10%
75CG33 Piggyback; for 7533 Ceramic 4K 160 36 5V+10%




NEC uPD7500

Figure 1. uPD7500 Series Product Classification

7556/7566 . 80 Pin LCD
7554/7564 7503 7514
7502
7501

Mini-

| [Piggyback]
[7s071 | 75CGosH
LcD 7508H 75CG08
microcomputer eneral 7507. I [:>

7500H

EVA-CHIP [Piggyback]

High Speed

G
N : 7506

High Speed 75CG16H
FIP
[7516H frscGion
7519 7519H 75CG19
—> 1
A/D
High voltage 7538A [3.3 ys] [Piggyback
output 7537A [3.3 us} 75CG33
7508A 7528A {3.3 us] 75CG38
7533 :> 7527A [3.3 us) 75CG28

49-0012278

Table 2. Applicability of Packages

Product (uPD) Package Product (PD) Package
7500H, 7500H-E 64 QUIP 7527A, 7528A 42 DIP or SDIP

7501 64 miniflat 75CG28 42 ceramic piggyback DIP
7502, 7503 64 miniflat 7533 ) 42 DIP, SDIP, or 44 miniflat
7506 28 DIP or SDIP; 52 miniflat 75CG33 42 ceramic piggyback DIP
7507, 7508 40 DIP or SDIP; 52 miniflat 7537A, 7538A 42 DIP or SDIP

75CG08 40 ceramic piggyback DIP 75CG38 42 ceramic piggyback DIP
7507H, 7508H 40 DiP or SDIP; 44 minifiat 7554, 7564 20 SDIP or SO package
75CG08H 40 ceramic piggyback DIP 7556, 7566 24 SDIP or SO package
7507S 28 DIP or SDIP Note:

7508A 40 DIP (1) For ordering information, including package codes, refer to the
7514 80 miniflat applicable data sheet.

7516H 64 miniflat, QUIP, or SDIP (2) Packages are plastic unless otherwise specified.
75CG16H 64 ceramic piggyback QUIP

7519, 7519H 64 minifiat, QUIP, or SDIP

75CG19, 75CG19H

64 ceramic piggyback QUIP

3-5
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Applications

7500 series products with a built-in LCD controller:

Electronic game

Automotive device (dashboard display)
Phone

VCR (timer)

Camera

Calculator

Electronic musical instrument
Measuring equipment

Medical device (blood pressure gauge)
Water, gas, or electric meter

Pager

PPC

Data terminal

7500 series general-purpose products:
s VCR :

e Phone

o Automobile

e ECR

e Record player

e Transceiver

e PPC

e Cassette

Block Diagram

7500 series products with built-in high-voltage outputs:
VCR

ECR

Microwave oven

Electronic game

Scanner

Trip computer

7500 series products with a built-in LED control-

ler/driver:

Electronic game
Deck controller
Refrigerator
Cooking appliance
Washing machine

Common Processor Portion

Peripheral

« Timer/Counter

« Serial Interface

« Interrupt Circuit

« Standby Circuit

« System Clock Circuit

RAM

« General /O Port

« Display Control Driver

49-0012528
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Functional Description

A uPD7500 series microcomputer consists of the fol-
lowing:

e Program counter (PC)

e Accumulator (A)

Program status word (PSW)

Arithmetic logic unit (ALU)

General-purpose registers (H, L, D, E)

Program memory (ROM)

Data memory (RAM)

The peripheral hardware includes the following:
Timer/counter

Serial interface

Interrupt circuit

Standby circuit

System clock oscillation circuit
General-purpose 1/0

Display controller/driver

Program Counter [PC]

The program counter (figure 2) is a binary counter that
generates a 12-bit address. The bit length of the PC will
vary depending on the ROM size for the particular
device. The uPD7516H and uPD7500H/H-E, which con-
tain more than 4K-bytes of memory, access upper
memory by setting bit 1 of the program status word
(BNK flag) to 1.

Figure 2. Program Counter Structure

Ipc“ |PC10| PCq l PCy l PC; I PCs IPC5 I PCs | PCs ]Pcz I [ I PCUI PC

49-001253A

When an instruction executes, the PC increments by
the number of bytes in the instruction.

When a jump instruction (JMP, JCP, JAM) executes,
either immediate data or the contents of the ac-
cumulator and data memory, which show a jump
destination, are loaded into some or all bits of the PC.

While a call instruction is executing (CALL, CALT) or
at an interrupt occurrence, the contents of the PC (the
return address already incremented to designate the
next instruction) are stored in stack memory. A proper
address is then loaded into the PC.

While a return instruction is executing (RT, RTS,
RTPSW), the contents of stack memory are loaded into
the PC.

The RESET instruction clears the PC to 0.

3-7
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Stack Pointer [SP]

The stack area for the uPD7500 series resides in data
memory. The stack depth can be as large as the
maximum size of RAM, since the stack pointer is user
programmable.

The stack pointer is an 8-bit register (SP7-SPg) that
stores the stack’s top address for the area in data
memory used as an LIFO stack. The SP decrements
when a call (CALL, CALT) or push (PSHDE, PSHHL)
instruction executes and at an interrupt generation. It
increments when a return (RT, RTS, RTPSW) or pop
(POPDE, POPHL) instruction executes.

To determine the stack area, the SP must be initialized
by the TAMSP instruction. However, when TAMSP
executes, 0 (zero) is unconditionally loaded into SPq.
Because the SP decrements before a stack instruction
executes, the top of the stack will always begin at an
odd memory location. Thus the initial value of the SP
should be set to the top of the stack (odd) plus one (set
to anevenvalue). To set the most significant address of
the stack area to FFH, the initial value of the SP should
be 00H.

Although TSPAM may read the SP at any time, it
cannot read the contents of SPg; 0 is unconditionally
stored in bit 0 of data memory. See figure 2 and table 3.

Table 3. Stack Memory Push/Pop Operation

Figure 3. Data Movement at Execution of TAMSP
and TSPAM

TAMSP Instruction| Ag I Ay l Aq l Ay (HL)3|(HL)2[(HU1I(HL)£|

ISP7| SPg [ SPs [ sw,_,l spgl SPy l SPy l spol

TSPAM Instruction { SP; | SPg l SPs I SP;[ SP3 l SPy l SP4 l SPg I

Y Y J
[2a] 2] A [ %0 FHL);[(NL)z](HLn](HLm]

49-001254A

Process CALL, CALT PSHDE, POPDE,
Order Interrupt RT, RTS RTPSW PSHHL POPHL
1 (SP — 1) < PCM PCH < (SP) PCH < (SP) (sp—1) < D/H E/L —(SP)
2 (SP —2) < PCL PCL «— (SP +2) PSW «— (SP + 1) (SP—2) < E/L D/H «— (SP+1)
3 (SP —3) < PSW PCM «— (SP + 3) PCL < (SP+2) SP «—SP—-2 SP «—SP+2
4 (SP —4) < PCH SP <« SP+4 PCM «— (SP + 3)
5 SP<—SP—4 SP <SP +4
Note:
(1) PCH=PC44-PCg
PCM = PC7-PCy4

PCL = PC3-PCy

3-8
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Program Memory [ROM]

Program memory is a mask-programmable ROM of
6144 words x 8 bits (maximum). It stores programs and
table data, and is addressed by the PC. (See figure 4.)
ROM address locations are from 000H to 17FFH.

Specific fixed address locations are allocated to

RESET and interrupt start addresses and the table
areas of the LHLT and CALT instructions. Consider-
ation of these locations in program memory should be
taken in preparing a program.

Figure 4. Program Memory Map

000H RESET Start Address
010H INTT Start Address
020H INTO/S Start Address
030H INT1 Start Address

Subroutine
Entry

0COH
Look-up Table of
LHLT Instruction
OCFH
ODOH

Look-up Table of CALT
Instruction (Call Address Table)
OFFH

7FFH

17FFH‘r

?
i

19-001228A

General-Purpose Registers

The four 4-bit general-purpose registers D, E, H, and L
either operate in units of 4 bits, or can form the 8-bit
pairregisters DE, DL, and HL (D or H is the upper-order
4 bits, and E or L is the lower-order 4 bits) to be used as
data pointers.

When pair register HL operates as adata pointer, itcan
perform automatic increment and decrement for the L
register only. (See figure 5.) The L register isalso used
to specify 1/0 ports and mode registers when the 1/0
instruction (OPL, IPL) is executed.

The uPD7501/06/27/28/33/37/38/54/64/56/66 do not
contain DE registers.

Figure 5. General-Purpose Register Configurations

3 0 3 0
D = E I
3 0 3 0

49-001229A
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Data Memory [RAM]

Data memory is a static RAM of 256 words x 4 bits
(maximum). It is used to store processing data and
display data. It also operates with the accumulator to
process data in 8-bit units.

There are three types of data memory addressing:

o Direct, performed by the second byte of the
instruction

o Register indirect, performed indirectly by the con-
tents of the pair register designated by an instruction

e Stack indirect, performed by the contents of the SP

Locations 00 to 3FH are used for display memory
devices uPD7516H/19H, so these locations cannot be
used for stack area. Locations 00 to 17H (1FH for the
nPD7514) are used for display memory devices
uPD7501/02/03/14, so these locations cannot be used
for stack area. See figure 6.

Valid stack area is used during execution of the
instructions CALL, CALT, RT, RTS, RTPSW, PSHDE,
PSHHL, POPDE, and POPHL. Atthe execution of a call
instruction or an interrupt occurrence, the contents of
the PC and PSW are stored in the stack area. At the
execution of a push instruction, the contents of DE or
HL are stored in the stack. See figure 7.

Figure 6. Data Memory Map

Data memory
[ (0) ooH
pPD7514 Display
Data Area 32x4
(31) 1FH
uPD7519/16 (32} 20H
Display Area 28x4
Direct/Regist 384
rect ister
Indirect Address PPGAreay (63) SPHISCH 4x4 256 x 4
Area (64) 40H
Stack Area
Stack Area 192x4
y (256) FFH
49-001230A
Figure 7. Stack Contents After Call, Interrupt, or
Push
Call Instruction,
interrupt Push Instruction
Stack Stack
SP-4| PCyy-PCq
SP-3 PSwW
sP-2| PC3-PCy sp-2| EorL
SP-1| PC;-PCy SP-1 DorH

49-001231A
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Accumulator [A]

The accumulator is .a 4-bit register that performs
various arithmetic/logical operations. Operating with
data memory addressed by pair register HL, data
processing may be done in 8-bit units (higher-order
bits in the accumulator and lower-order bits in data
memory). See figure 8.

Figure 8. Accumulator Configuration

[]n]a]n]s

49-001255A

Arithmetic Logic Unit [ALU]

The ALU is a 4-bit arithmetic logic circuit that performs
such processes as binary addition, arithmetic/logical
operation, comparison, and rotation.

Program Status Word [PSW]

The 4-bit PSW consists of two skip flags (SK1, SK0)
and a carry flag (C), as shown in figure 9.

Figure 9. Structure of Program Status Word

49-001256A

The contents of the PSW are automatically stored in
the stack area at an execution of a call instruction
(CALL, CALT) or at an interrupt occurrence, and are
restored by an RTPSW instruction. The BNK flag is
used in the uPD7500H/H-E and 7516H to access high
memory.

At RESET, SK1 and SKO are cleared to 0, and C is
undefined.
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Skip Flags [SK1, SKO0]. The skip flag is used to hold the
following skip states:

e String effect of an LAl instruction
e String effect of an LHLI or LHLT instruction

e Skip condition accomplished by instructions other
than string effect

The skip flag is automatically set and reset when an
instruction is executed.

Carry Flag [C]. This flag can be generated only by the
addition instruction (ACSC). If a carry is generated
from bit 3 of the ALU, the carry flagissetto 1. Ifacarry
is not generated, the carry flag is reset to 0.

The carry flag is setto 1 by the SC instruction and reset
to 0 by the RC instruction. Its contents are tested by
the SKC instruction. The carry bit is rotated into the
high bit of the accumulator by the rotation instruction
(RAR).

System Clock Generator

The system clock (CL) is generated by one of the five
types of oscillators listed in table 4. The CPU clock (¢)
is derived from CL by frequency division.

Table4. uPD7500 Series System Clock (CL)and CPU

Clock ()

¢/CL

Frequency Oscillator Stop Mode
Product (uPD}  Ratio Type Released by
7500H, 7500H-E 1/2 RC Interrupt or RESET
7501
7502
7503
7514
7507, 7507S
7508, 7508A
7527A
7528A
7506 1/2 R Interrupt or RESET
7554
7564
7556
7566
7507H 1/12 Crystal/ceramic  RESET (Note 1)
7508H 1.0 to 4.2 MHz
7519 1/320r 1/64 Crystal RESET
7519H 1/16 0r 1/64  4.19 to 6.55 MHz
7516H 1/16 0r 1/64 (7519 4.19 MHz max)
7537A 1/2 Ceramic RESET
7538A
7533
Note:

(1) RESET pulse width provides time for oscillation stabilization.
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RC Oscillator

The system clock generator (figure 10) consists of an
RC oscillator and a half-frequency divider. The RC
oscillator is controlled by an external resistor (R) and
capacitor (C) connected to CL1 and CL2.

An external clock can be input to the CL1 pin without
using an RC circuit. Pin CL2 should be left open. In this
case, the RC oscillator merely operates as an inverting
buffer.

The frequency of CL is the RC osciliation frequency of
the CL1 input clock frequency. The RC oscillator
output is frequency divided by 2 to become the CPU
clock (@), which is sent to the CPU and the serial
interface.

Using the standby circuit, the RC oscillator and the
half-frequency divider are stopped in the stop mode,
thereby stopping the output of CL and ¢. In halt mode,
only the half-frequency divider is stopped, so that ¢
stops but CL continues to be supplied.

Figure 10. System Clock Generator; RC Oscillator

Notshown in figure 10, the RC oscillator output (CL) is
sent to a clock control circuit, and then frequency
divided to become a count pulse (CP) for the timer/
event counter.

If an external clock is used, the CL1 input clock
becomes CL via an inverting buffer, so the supply of CL
does not stop even in stop mode. Thus, both stop mode
and hait mode stop only the half-frequency divider. In
both modes, only the output of ¢ is stopped.

Stop F/F

Q S

y Disable
Clock
C=33pF
_l:—{ CL1 O]
= RC
R Oscillator
cL2 00—

T
Halt F/F
£ =

R}—

HALT*

RESET (High)

4——— STANDBY RELEASE

Cli— RESET( {_)

l——————» & (to CPU)

Note: *indicates instruction execution.

CL {System Clock)

49-001233B
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R Oscillator

uwPD7500

In this circuit, the resistor is external and the capacitor
is internal. See figure 11.

Figure 11. System Clock Generator; R Oscillator

" StopF/F
P STOP*
Q s
R Halt F/F
_E—.]. Disable —Q S| HALT*
C Ciock
RESET (High)
CLt

R ’—
RC
R Oscillator 4 STANDBY RELEASE
o d— RESET( { )

,___:D_ % f——————3 b (toCPV)

CL (System Clock)
Note: * Indicates instruction execution.

49-0012348
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Crystal/Ceramic Oscillator

This clock generator provides stable high-speed oper-
ation. The circuit (figure 12) consists mainly of a
crystal oscillator circuit, severa! frequency dividers,
and a control circuit for standby (halt/stop) modes.

The crystal oscillator operates at the fundamental
crystal frequency, typically 4.19 MHz. Or, a ceramic
resonator (typically 4.0 MHz) may be connected
between the CL1 and CL2 pins. Or, an external clock

The standby mode control circuit is mainly composed
of a stop flip-flop and a halt flip-flop. See figures 12 and
13. ‘

The STOP instruction sets the stop flip-flop to the stop
mode, in which crystal oscillation and ali clock supplies
are stopped. A high input to RESET resets the stop
flip-flop, and crystal oscillation starts again. When
RESET goes low, the supply for each clock restarts.

Figure 13. Stop Mode Timing

may beinputat CL1, in which case the crystal oscillator
operates as an inverting buffer. . sz overung
Thefrequency divider generates several kinds of clocks —2 STOP Mode S =
by dividing the crystal/ceramic oscillation frequency r_Dm;mnﬁon_.I
(fcc) orthe external clock frequency (fc), where fog or e
fc = 4.19 MHz, as follows: Voo Vooor .
SRS
e System clock (CL): fcc/6 or fc/6 (698 kHz) S nacuton " —
RESET
e CPU clock (¢) and output clock (¢ouT): fcc/12 or J tos
fc/12 (349 kHz): -
49-0012368
e Timer/event counter clock: foc/8 or f/8 (524 kHz)
System clock CL is supplied to the timer/event counter,
the clock synchronizing the gate of the INT1 interrupt
input, etc.
Figure 12. System Clock Generator; Crystal/Ceramic Oscillator
(‘Sﬁ?gluz)e <|‘ 2
CLR
ﬂ “ o To Timer/Event Counter
4 (524 kHz)
r CLR
CL
f (698 kHz)
I—CUO———-«»
Crystal/ | 4 -
= Seramic = % % ’_D_ % bliocru)
cL20 CLR CLR CLR
gmz'e HALT F/F |
L | HALTY
G g G
HALT
( S ——-< E
STOP FIF
Q S| STOP*
R RESET

Note: * Indicates instruction execution.

49-001235¢
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The HALT instruction sets the halt flip-flop to halt
mode. In this mode, input from the half-frequency
divider that generates the CPU clock is inhibited and
the CPU clock is stopped. The halt flip-flop is reset
either by the RELEASE signal, which becomes active
when the interrupt request flag is set, or at the falling
edge of the RESET signal. The supply to the CPU clock
restarts.

Crystal Oscillator

This clock generator (figure 14), applicable to 7516H,
7519, and 7519H, consists of a crystal oscillator, a
frequency divider, and a standby (halt/stop) mode
control circuit. The crystal (for example, 6.55 MHz is
4.19 MHz) is connected to pins X1, X2. (The uPD7519is
4.19 MHz only).

It is also possible to operate with an external clock
input at X1. In this case, the crystal oscillator acts
merely as an inverting buffer.

Figure 14. System Clock Generator; Crystal Oscillator

The frequency divider divides the output of the crystal
oscillator (fxx for crystal oscillation, and fx for the
external clock) to the following values:

e 1/2 for pulse generator clock ¢ppg -
e 1/8 for system.clock CLH (uPD7519H/16H)
1/16 for system clock CLH (uPD7519)

1/32 for system clock CLL and FIP controller clock
OFiP

1/128 for the timer/event counter clock.

—&

RESET

STOP [Note 1]

R
x1 l Osciltation Stop Clear

’_ro_ STOPF/F

[=] ngtal fxx -
Oscillator orfx Frequency Divider
X2
% 1/8 [Note 2] Yaz thas
=  6.55MHz
419 MHz Q S HALT [Note 1]
EM2
CLy oLy

HALT RELEASE

IRESET( )

& {to CPU)

CL (System Clock)

—— to Timer/Event Counter

Note:

- (FIP (to FIP Controller)

[1] Indicates Instruction execution.
[2] uPD7519 uses 1/16, uPD7519H/16H uses 1/8.

» (PPG (to Pulse Generator)

438-0012578
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The 1/8 and 1/32 frequency-divided outputs are avail-
able as system clock sources. If expansion mode
register bit 2 (EM3) is 1, 1/8 is selected; if it is 0, 1/32 is
selected. (Note: For uPD7519, the divisor is 1/16
instead of 1/8.) In systems where high-speed proces-
sing is not required, or in part of a program that does
notrequire high-speed processing, power consumption
can be held to a minimum with the 1/32 frequency-
divided low-speed clock. It is necessary to use the
low-speed clock when using a supply voltage that is
too low to allow operation with a high-speed clock.

System clock selection via EM2 does not apply to ¢rp
(FIP controller clock) or ¢ppg (pulse generator ciock).

The ¢ jp clock is ailways 1/32 times the input frequency;
the ¢ppg clock is always half the input frequency.

The system clock is half-frequency divided to be a CPU
clock, ¢. Also, the system clock becomes an input of
the clock control circuit, which generates a count
pulse (CP) of the timer/event counter.

The standby mode control circuit consists mainly of
the stop and halt flip-flops. The STOP instruction sets
the stop flip-flop, which stops crystal oscillation and
clears the frequency divider circuit. All output from the
frequency divider circuit stops; the system is in stop
mode. A RESET input clears the stop flip-flop and
starts crystal oscillation and the frequency dividing
operation.

The HALT instruction sets the halt flip-flop. This
inhibits the input of the half-frequency divider from
generating a CPU clock ¢, thereby causing the CPU
clock to be halted (halt mode). The halt flip-flop is also
set when the STOP instruction executes and when
RESET is input, so that the flip-flop performs the same
operation as that in halt mode. The flip-flop is reset at
the falling edge of either the RELEASE signal (which
becomes active when any one interrupt flag is set) or
the internal reset (IRESET) signal (which is released
after a certain waiting time following the release of the
RESET input), thereby starting the supply of ¢. See
figure 15.

Figure 15. . Release of Stop Mode

Operating Operating
Mode Mode
Stop Mod Halt Mode—-—lﬂi
} Data i
Voo \
T YoDR tsrs|tRsH
E:'eg_ggn 1 wait (~ 625 ms/
4.19 MH2)
RESET J
48-001237A
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Ceramic Oscillator

This circuitry (figure 16) consists of a ceramic oscil-
lator, half-frequency divider, control circuit for standby
(halt) mode, etc. The oscillator frequency is set by a
ceramic resonator connected to pins CL1and CL2. Or,
an external clock may be input at CL1. In this case, the
oscillator operates as an inverting buffer. Output from
the oscillator is used as the system clock (CL), which is
divided into a CPU clock ¢ (1/2 CL).

The standby mode control circuit consists mainly of
the halt flip-flop. When this flip-flop is set, input of the
half-frequency divider is inhibited from generating the
CPU clock ¢, thereby causing the CPU clock to be
halted (halt mode). This flip-flop is reset either by the
RELEASE signal, which becomes active when one
interrupt request flag is set, or by the falling edge of the
RESET input. The supply of the ¢ clock then begins.

The halt flip-flop is also set when the RESET input is
active. At power-on reset, RESET goes high and then
the ceramic oscillator is driven. After a short time, the
oscillation output becomes stable. So that an unstable
clock does not cause the CPU to misoperate, the halt
flip-flop inhibits the CPU clock as long as RESET is
high level. Thus, the high-level pulse width for the
RESET input should be wide enough to cover the
required time for oscillator stabilization.

Count Clock Generator Circuit

This crystal oscillator (figure 17) is fed either by the
crystal connected to pins X1 and X2, or by an external
clock connected to X1 (in which case it operates as an
inverting buffer). The output X is sent to the clock
control circuit, either directly or after being frequency
divided, in order to become a count pulse (CP) for the
timer/event counter. The frequency of X is equivalent
to the crystal oscillation frequency or the X1 external
clock frequency. This circuit is not affected by standby
(halt/stop) mode.

The count clock oscillator generates frequencies
between 25 and 50 kHz. Figures 18 and 19 illustrate the
frequency error (ppm) vs. temperature and capaci-
tance.
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Figure 16. System Clock Generator; Ceramic Oscillator

uPD7500
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Figure 17. Count Clock Generator Figure 18. Temperature Dependence of Count Clock
Frequency
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170 Ports

Input and output buffers (figure 20) are classified as
types A through I. Table 5 shows the applicability of
each type to the 7500 series. For example, on the
uPDT7506, port PQg is a type B input buffer and POs is a
type A input buffer; POy and POz are not used. (Part
numbers in table 5 are abbreviated; thus, uPD7506
becomes “06”.)

Table 5. PD7500 Series I/O Buffer Configurations

Table 5. uPD7500 Series I/0 Buffer Configurations

07/078/07H/08/08H/
Port 00H/00HE 06  02/03 01/14/19/191/16H
PGy A B - B
P04 F — F F
PO, E — E E
PO3 B A B B
00H/O0HE/06/07/07H/08/
Port 01 02/03 08H/14/19/19H/16H
P1y B B E
P14 A A E
P1y A A E
P13 A A E
00H/00HE/06/07/07S/07H/
Port 08/08H/14/19/19H/16H
P2¢-P23 D
00H/00HE/01/02/03/07/078/
Port 07H/08/08H/14/19/19H/16H
P3y-P3 D
00H/00HE/01/02/03/06/07/
Port 078/07H/08/08H/14/19/19H/16H
P4q-Pa3 E
00H/00HE/01/02/03/06/07/07S/
Port 08/08H/14/19/18H/16H
P5p-P3 E

3-18

(cont)
00H/00HE/01/02/03/06/07/07H/
Port - 08/08H/14/19/19H/16H
P6g-P63 E
Port 00H/00HE/07/07H/08/08H/14
P7¢-P73 E
01/02/03/07/07S/07H/
Port 00H/00HE 06 08/08H/14/19/19H/16H
INTO B B B
INT1 B - B
INT2 B - -
RESET B B B
Port 07H/08 19/19H/16H
EVENT B B
dout C —
Port 19/19H/16H
PPO D
Port 01/02/03/14
COMg-COM3 G
Sp-So3 H
Port 14
S24-S31 H
Port 19/19H/16H
Sg-S7 |
Tg/Sg-T15/S15 |
To-T7 |
Port 00H/0CHE
BUSg, BUSq C
BUS(-BUS7 E
BUS+1p-BUS+3 E
DouT c
ALE c
PSEN ¢
LCDCL C
CSouT c
STB c
TEST A
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Figure 20. Interface at Input/Output Ports
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System Development

TheuPD7500H/H-E evaluation chip has all the function-
ality of the entire uPD7500 series, and must be used
with the EVAKIT-7500 to emulate the target product.
During development, pay careful attention to the two
precautions below to prevent fatal errors in mask ROM
products.

Setting the Stack Pointer

The uPD7500 series microcomputers are without stack
registers; a stack pointer specifies the stack area in
memory. The value of the stack pointer becomes
undefined when RESET is input, so it is necessary to
specify an initial value at the start of the program. If a
value is not specified or specified incorrectly, thereisa
danger the stack pointer could point to a location
where data memory does not exist. In that case,
unpredictable operation will result. Since evaluation
chip uPD7500H/H-E has the largest RAM size in the
series, there is a possibility it will operate properly even
though the stack pointer setting is incorrect and the
error is not detected. For these reasons, take care in
setting the stack pointer. See table 6.

Table 6. Setting the Stack Pointer

Instruction Set Selection

The instructions for the uPD7500 series have been
divided into set A and set B according to the size of
the mask ROM product to be implemented. As shown
in figure 21, set B is adopted for products with a 1K~
byte ROM and set A is for products with a ROM size of
2K-bytes or more. The actual instruction sets employed
in the mask ROM products are subsets of set A and set
B.

During system development, make sure the instructions
being used actually exist in the product for which
development is being performed. Also, if your program
includes a jump to an address outside the current bank
(address above 4K-bytes), either the set A or the set B
assembler can be used effectively. When making the
ordering tape for the mask ROM, however, be sure to
assemble with the dedicated assembler for the product
and confirm that the program fits in the mask ROM.

Figure 21. Instruction Sets A and B vs ROM size

uPD7500, Set A
uPD7500, Set B

1K ROM instruction set
2K ROM or more instruction set

438-001251A

Product (uPD]} Stack Area SP Max Value
7501 ‘ 18H to 5FH 60H
7502 18H to 7FH 80H
7503 18H to DFH EOH
7514 20H to FFH ‘ 00H
7506 00H to 3FH 40H
7507/07S/07H 00H to 7FH 80H
7508/08H 00H to DFH EOH
7508A 00H to CFH DOH
7527A/37A 00H to 7FH 80H
7528A/38A 00H to 9FH AQH
7519/19H 40H to FFH 00H
7516H 40H to FFH 00H
7533 00H to 9FH AOH
7554/64 00H to 3FH 40H
7556/66 00H to 3FH 40H
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The Instruction Set

The instruction set of each product is a subset of the
uPD7500 instruction set A or B. In the columns at the
right side of the instruction set table, “X” identifies the
members of the seven subsets: A1 through A4 and B1
through B3.

Table 7 shows the applicability of subsets to the 7500
series products. Evaluation chips uPD7500H/H-E can
execute all instructions in set A (subset A1) and set B
(subset B1). The same assembler can be used for all
products in the series.

Table 8 gives the meanings of symbols used in the
Operand column. Operands are defined in detail by the
assembler specification.

Symbols in the Operation column of the instruction set
table are explained in table 9. The table 8 symbols also
appear in this column.

Several of the parallel /0 instructions (IPLand IP, OPL
and OP, ANP and ORP) select a port or register by
immediate data or by data in the L register. Tables 10,
11, and 12 provide the required data.

Instructions SPBL and RPBL, respectively, set and
reset one bit of a port defined by the contents of the L
register. Table 13 provides the four bits to be loaded
into the L register, by an LLI instruction for example.

Machine codes are not included in the instruction set
table but they are in the User’s Manuals.

Table 7. Applicability of Instruction Subsets

Subset Products thai Execute the Subset

Al 7500H, 7500H-E (Instruction set A)

A2 7516H, 7519, 7519H

A3 7502, 7503, 7507, 7507H, 7507S, 7508, 7508A, 7508H, 7514

A4 7527A, 7528A, 7537A, 7538A, 7533

B1 7500H, 7500H-E (Instruction set B)

B2 7501, 7506

B3 7554, 7556, 7564, 7566

Table 8. Symbols in the Operand Column of the
Instruction Set

Symbol Meaning

addr 13-bit immediate data or label

addr1 12-bit immediate data or label

addr2 11-bit immediate data or fabel

addr3 10-bit immediate data or label

addr4 1to FH immediate data or labe!

addrd 0, 1, or 4 to BH immediate data or label

addré 2 to BH immediate data or label

addr7 4-bit immediate data or label

cadr 11-bit immediate data or label

caddr1 0100H to 0107H, 0140H to 0147H, 0180H to 0187H,

01COH to 01C7H immediate data or label

taddr 00CO to 00CFH immediate data or label

taddr1 00D0 to 00FFH immediate data or label

mem 8-bit immediate data or label

byte 8-bit immediate data or label

n5 5-bit immediate data or fabel

n4 4-bit immediate data or label

n3 3-bit immediate data or label

bit 2-bit immediate data or label

pr DL, DE, HL—, HL+, HL

prl HL—, HL+, HL
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Table 9. Other Symbols in the Instruction Set Table 10. Port or Register Selection; Instructions
Symbal . ~ Meaning IPL and IP
A Accumulator L or addrd Port or Register
D D register 0 Port 0
E E register 1 Port 1
H H register 4 Port 4
L L register 5 Port5
DE Pair register (DE) 6 Port 6
DL Pair register (DL) 7 Port7
HL Pair register (HL) 8 7500, 7516H, 7519/19H: Expansion port (8243 port 4)
or Pair register (DL, DE, HL—, HL+, HL) 7533: SA register lower 4 bits :
SA T e
PC Program counter AH 7500, 7516H, 7519/19H: Expansion port (8243 port 6)
cT Count register 7533 EOC flag bit 2
BNK Bank flag BH 7500, 7516H, 7519/19H: Expansion port (8243 port 7)
c Carry flag
PSW Program status word Table 11. Port or Register Selection; Instructions
SI0 Shift register OPL and OP
MOD Modulo register L or addr4 Port or Register
IE Interrupt enable register 1 Port1
IME Interrupt master enable FF 2 Port 2
In byte, n5, n4, n3 type immediate data 3 Port 3
Pn addr, addr1, addr2, addr3, addr7, caddr, taddr, 4 Port4

taddr1 type immediate data 5 Port5
Dn addrd, addr5, addr6, mem type immediate data 6 Port6
Bn bit type immediate data 7 Port7
R pr, pri type immediate data 8 7500, 7516H, 7519/19H: Expansion port (8243 port 4)
(xx) Contents of memory addressed by xx 9 7500, 7516H, 7519/19H: Expansion port (8243 port 5)
xxH Hexadecimal data AH 7500, 7516H, 7519/19H: Expansion port (8243 port 6)
- Transfer direction, result 7533 ADM register
A Logical product (logical AND) BH 7500, 7516H, 7519/19H: Expansion port (8243 port 7)
v Logical sum (logical OR) CH Clock made register
¥ Exclusive OR DH Interrupt mode register
_ Complement (overbar) EH Port 6 mode register

FH Shift mode register
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Table 12. Port Selection; Instructions ANP and ORP

addr6 Port

2 Port 2

3 Port 3

4 Port 4

5 Port5

6 Port 6

7 Port 7

8 7500, 7516H, 7519/19H: Expansion port (8243 port 4)
9 7500, 7516H, 7519/19H: Expansion port (8243 port 5)
AH 7500, 7516H, 7519/19H: Expansion port (8243 port 6)
BH 7500, 7516H, 7519/19H: Expansion port (8243 port 7)

Table 13. Port and Bit Selection; Instructions RPBL

and SPBL
Product Port Select Bit Setect Ly, Ly
(PD} (Lg, L2) 00 01 10 n
7500H/H-E, 00 Zh) P44 P4y P43
7516H, 01 PSo P54 PS5 P53
7519, 7519H 10 P6o P64 P6o P63
(Note 1) 1 P7y P74 P7, P73
7527A/28A, 00 P8y P84 P8, P83
7537A/38A 01 P9y P94 P9y P93
10 P10g P104 P10, P103
1 P11g P114 P11 P113
7554/64 00 P8y P84 P8, P83
01 Use inhibited
10 P10y P104 P10y P103
1 P11g P114 P11 P113
7556/66 00 P8y P84 P8 P83
01 P9y P94 Use inhibited
10 P10y P104 P10o P103
1 P11y P11y P11 P113

Note:
(1) Ports P4, P5, P6 and P7 are on uPD8243.
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Instruction Set

uPD7500 Series Instruction Subset (Note 1)

Mnemonic  Operand Operation Skip Condition At A2 A3 A4 Bi B2 B3
o Load Instructions
LAI nd4 A<«n4 String effect LAl X X X X X X X
LDI n4 D<«n4 X X X
LEI n4 E<«-n4 X X X
LHI n4 H <« n4 X X X
LHI n3 H <« 0l5l4lp . X X2 X
LLI n4 L<nd X X X
LAM pr A «—(pr) L=0(HLH) X X X X
pr =DL, DE, HL—, HL+, HL L = FH (HL—)
LAM pr A «— (pr1) L =0 (HL+) X X X
pr1 = HL—, HL+, HL L =FH (HL-)
LADR mem A <— (mem) X X X X X X
LDEI byte DE <« byte
LHLI byte HL < byte String effect LHLI, LHLT X X X X
LHLI nd HL <= 000 i4l3l9l4lp String effect LHLI . X X X
LHLT taddr H <— TABLE (000001100P3PoP1Pg)y String effect LHLT, LHLI X X X X
L «— TABLE (000001100P3P2P1Pg)
LAMT (3) A < TABLE (BNK, PC44-PCg, 0, C, X X (4) X X
Ag-Aoln
(HL) <— TABLE (BNK, PC41-PCg, 0, C,
Az-Agl
LAMTL (3) A < TABLE (BNK, PC11-PCg, Az-Ay, X X X4 X X
(HL)3-(HL)o)u
(HL) «<— TABLE (BNK, PC11-PCg, A3-Ag,
(HL)g-(HL)g)L
o Store Instructions
ST (HL) < A X X X X X X X X
STl n4 (HL) < I3lal4lg X X X

L—L+1

Note:

(1) X means the instruction is part of the subset.

(2) uPD7508/54/64/56/66 operation is H «<— 00l4lg.

(3) BNK is used only for the uPD7516 and Set A (A1). PC1q, PCy4 use varies depending on ROM capacity.

(4) LAMT is used only in uPD7502. LAMTL is not used in the uPD7502 but is used by other devices in the A3 group.
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Instruction Set (cont)

uPD7500 Series Instruction Subset (Note 1)

Mnemonic  Operand Operation Skip Condition Al A2 A3 . M B1 B2 B3

o Transfer Instructions

TAD DA X X X

TAE E<—A X X X

TAH HeA X X X

TAL LA X X X

TDA A<D X X X

TEA A<—E X X X

THA A<«H X X X

TLA A<L X X X

o Exchange instructions

XAD A<——D X X X

XAE A<«—E X X X

XAH A<—H X X X X X

XAL Ae——L X X X X X X X

XAM pr A~ (pr) L =0 (HL+), X X X X
pr=DL, DE, HL—, HL+, HL L=FH (HL-)

XAM pri A «— (pr1) L =0 (HL+), X X X
pr1=HL—, HL+, HL L=FH (HL-)

XADR mem A «—> (mem) X X X

XHDR mem H <—— (mem) X

XLDR mem L «<—> (mem) X X X X

o Arithmetic Instructions

AISC nd4 A<-A+n4 carry X X X X

ASC A<—A+(HY) carry X X X X X

ACSC A C—A+(HL+C carry X X X

ADSC A<—A+D carry X X

AESC A<« A+E carry X X

AHSC A<—A+H carry X X

ALSC A<—A+L carry X X

SDSB A«—A-D borrow X X

SESB A< A-E borrow X X

SHSB A<—A-H borrow X X

SLSB A—A-L borrow X X

o Logical Instructions

EXL A <= A V(HL) X X X X X X

ANL A<—AA(HL) X X X X X

ORL A<« AV(HL) X X X X X X
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Instruction Set (cont)

[an7500 Series Instruction Subset (Note 1)

Mnemonic ~ Operand Operation Skip Condition Al A2 A3 A4 B1 B2 B3
® Accumulator Instructions
CMA A—A X X X X X
RAR C—Ap A3<—0C Aj<—Aj41 X X X X
RAL C—Ag Ag<—0C, Ajg<—Aq_1y X X X
® Program Status Word Instructions
RC C«0 X X X X X
SC C—1 X X X X X X
o Increment and Decrement Instructions
IES  E<—E+1 =0 X X X X
ILS Le—L+1 =0 X X X X X X X
IDE DE «— DE +1 X X
IHL HL «<—HL +1 X X
IDRS mem (mem) «— (mem) + 1 (mem) =0 X X X X X X X
DES E<—E-1 E=FH X X X X
DLS LeL-1 L=FH X X X X X X
DDE DE < DE —1 X X
DHL HL < HL -1 . X X
DDRS mem (mem) «— (mem) — 1 (mem) =FH X X X X X X X
o Bit Manipulation Instructions
RMB (HL) bit <0 X X X X X
SMB (HL) bit «— 1 X X X X X
o Branch Instructions
JMP addr1 PC41-PCq < P11-Pg X X  X(6) X X (10) X (10)
JMP addr2 PCy1-PCp <= P1p-Pg X7 X8 X
JMPL addr BNK <— P33; PCy4-PCp «<— P14-Pg X X9 X
JCP addr1 PC5-PCq «— P5-Pg X X X X
JAM addr7 PC11-PCg «— P3-Py; PC;-PC4 «— Az-Ag; X X X

PC3-PCy «— (HL)
Note:

(5) Only for uPD7503/08/08A/08H.
(6) Only for uPD7528A/38A.

(7) Only for uPD7502/07/07S/07H.
(8) Only for uPD7527A/37A.

(9) Only for uPD7516H.

(10) Operation: PCg-PCq « Pg-Pgy
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Instruction Set (cont)

uPD7500 Series Instruction Subset {Note 1)

Mnemonic  Operand Operation Skip Condition Al A2 A3 A Bl B2 B3
o Conditional Skip Instructions

SKC Skipif C=1 C=1 X X X X X X X
SKABT bit Skip if A bit =1 Abit=1 X X X X X X X
SKMBT bit Skip if (HL) bit=1 (HL) bit=1 X X X X X X X
SKMBF bit Skip if (HL) bit="0 (HL) bit=0 X X X X X X X
SKAEM Skip if A= (HL) A=(HL) X X X X X X X
SKAE! n4 Skip it A=nd A=nd4 X X X X X X X
SKDEI n4 Skip if D=n4 D=n4 X X X

SKEEI n4 Skip if E=n4 E=n4 X X X

SKHE! n4 Skip it H=n4 H=n4 X X X

SKLE! n4 Skip if L = n4 L=n4 X X X X X

SKMEI n4 Skip if (HL) = n4 (HL) =nd X X X X

o Serial Interface Instructions

TAMSIO SI0y «— A; SI0. < (HL) X X X X X(12) X(13)
TSIOAM A < SI0y; (HL) <—SI0. X X X X X X(12) X(13)
Slo Start SI0 X X X X X X(12) X(13)
o Timer/Event Counter Instructions

TAMMOD MODy «— A;  MOD_ <~ (HL) X X X X X

TIMER CT7CTy <0 X X X X X
TCNTAM A «—CT7-CT4; (HL) < CT3-CTg X X X X X

o Interrupt Control Instructions

El n4 Enable interrupt X X X X

DI n4 Disable interrupt X X X X

SK! n4 Skip if interrupt X X X X X X X
Note:

(12) S10 is not used in the uPD7506.
(13) S10 is not used in the uPD7556/66.
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Instruction Set (cont)

1PD7500 Series Instruction Subset (Note 1)

Mnemonic  Operand Operation Skip Condition Al A2 A3 AM Bl - B2 B3
o Stack Instructions
CALL (11)  caddr (SP — 1) (SP — 2) (SP — 4) <— PC44-PCy; X X X X X X X X
(SP — 3) «<— PSW; SP <« SP—4;
BNK «<—0; PC44-PCy <0, P1g-Pg
CAL (11) caddr1 (SP — 1) (SP —2) (SP — 4) < PC41-PCp; X X X
(SP —3) «— PSW; SP«—SP—¢;
BNK «— 0;
PC41-PCq <— 0001P4P3000P2P+1Pg
CALT (11)  taddr1 (SP — 1) (SP — 2) (SP — 4) <— PC4-PCy; X X X X
(SP —3) «<— PSW; SP<«—SP—4;
BNK <— 0, PC41, PCyg, PCg, PC5 <—0:
PCg-PCy7, PC4-PCqy «—
TABLE (0000011P5P4P3P2P1Pg)
RT (11) PC11-PCo < (SP) (SP + 2) (SP + 3); X X X X X X X
BNK «— (SP + 1)y, SP<«—SP+4
RTS (11) PC11-PCo <— (SP) (SP + 2) (SP + 3); X X X X X X X
BNK «— (SP + 1)¢;
SP «— SP + 4, then skip unconditionally
RTPSW (11) PC14-PCy <— (SP) (SP +2) (SP + 3); X X X X
PSW «— (SP+1); SP<«—SP+4
PSHDE (SP—1)«<—H; (SP—2)«—E; X X X
SP «—SP -2
PSHHL (SP—1)«—H;, (SP—2) «L; X X X
SP«—SP—-2
POPDE D« (SP+1); E<—(SP); X X X
SP«—SP+2
POPHL H<«—(SP+1); L <« (SP); X X X
SP «— SP+2
TAMSP SP7-SPy <— A; SP3-SP{ «— X X X X X X X
(HL)3-(HL){; SPg <0
TSPAM A <—SP7-SP4;  (HL)3-(HL){, < X X X X X
SP3-SPy; (HL)g <0
Note:

(11) BNK is used only for uPD7516H and Set A. The use of PCyg and PC4 varies depending on the ROM capacity.
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Instruction Set (cont)

uPD7500 Series Instruction Subset (Note 1)

Mnemonic  Operand Operation Skip Condition A A2 A3 M Bl B2 B3
o Parallel 1/0 Instructions

IPL A < PORT (L) X X X X X X X
IP addr5 A < PORT (addr5) X X X X X X

1P1 A < PORTH X X X(14) X X X(15)
1P54 A <— PORT5; (HL) «<— PORT4 X X X X X X

OPL PORT/MODE REG (L) <— A X X X X X X X
0P addr4 PORT/MODE REG (addrd) < A X X X X X X

0P3 PORT3 «— A X X X X X X(16)

0P54 PORTS «— A; PORT4 <« (HL) X X X X X X

ANP addr6,n4  PORT (addr6) <— PORT (addr6) A n4 X X X X7

ORP addr6, n4  PORT (addr6) «<— PORT (addr6) V n4 X X X X7

RPBL Port bit (L) «<— 0 X X(18 X X
SPBL Port bit (L) <1 X X(18 X X
HALT Set Halt mode X X X X X X X
STOP Set Stop mode X X X X X X
NOP No operation X X X X X X X
Note:

(14) IP1is not used in the uPD7507S.

(15) IP1 is not used in the uPD7554/64.

(16) OP3 is not used in the uPD7506.

(17) ANP and ORP are used only in the uPD7533.
(18) SPBL and RPBL are not used in the uPD7533.
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NEC 4PD7500H/H-E
4-BIT, SINGLE-CHIP

, CMOS MICROCOMPUTERS

NEC Electronics Inc. FOR ,PD7500-SERIES EVALUATION

Description Pin Configuration
The uPD7500H and uPD7500H-E are single-chip micro-
computers created as ROM-less evaluation chips for ;‘H::E 1 e :': :?s
4-bitsingle-chip microcomputers in the uPD7500 series. w= d. oy = aus,
They are used with the appropriate Evakit development BUSs ] 4 61 — BUSS
tool to emulate device operation of the uPD7500 series. BUSs (s 6|1 BUSs
The uPD7500H and uPD7500H-E incorporate a 4-bit BUS10 6 59 1 BUS3
parallel ALU, a data memory (RAM), a bus interface, :L’:l :E : - 3: :::
I/O ports, an 8-bit serial interface, an 8-bit pro- S ol suse
grammable timer/event counter, and vectored interrupt Pag —— 10 55 —1P1s
functions integrated into a single-chip design. [ 2V = T saf1 P12
Pd2 112 53PNy
External memory may be a 2764 or any other type that YRS P 201 Pl
interfaces an 8085-type bus. PoC—Ju4 | 51| _1STB
P51 15 5 50 csouT
Features P52 —] 18 é w[—teoct
P53 117 o a1 PSEN
O uPD7500 series evaluation chip oot § 47 ] P2/PSTE
0 4-bit microcomputer :: » o :_'___I::;’"WT
O Two instruction sets: Pes a1 wh P2
— Set A: 110 instructions Pro— 22 43 |1 Poysi
— Set B: 70 instructions P a2 2h  Poyso
O Instruction cycles: Pla—J 2 a1 [ PO/SCK
— uPD7500H: RC oscillator = 5 us/400 kHz s ‘:f » » 5'__| e
External clock = 2.86 us/700 kHz e P s ALE
— uPD7500H-E: RC oscillator = 10 us/200 kHz INT2 —] 28 a7 | bouT
External clock = 10 us/200 kHz RESET  []20 s Pxa
[0 External program memory: 8192 words x 8 bits CL21 30 35 [ 1P3
O Internal data memory (RAM): 256 words X 4 bits :;; |:E - “p ::;
[ Three vectored interrupts (INTO, INT1, INT2) R

O Two internal interrupts (INTS, INTT)

O 8-bit interval timer/event counter

0O 8-bit serial interface

O Three types of serial clocks

[ 8243 I/0O expander interface

0O Power-down functions using standby
(STOP/HALT) mode

O Built-in RC oscillator for system clock (external
drive also possible)

O Built-in crystal oscillator for count clock (external
drive also possible)

0 LCD regulating clock output (LCD CL)

3 Low power consumption CMOS

0 Single +5 V £10% power supply

Ordering Information

Maximum Frequency

Part Number Package Type of Operation
uPD7500HG-36 64-pin plastic QUIP 700 kHz
#PD7500H-EG-36 64-pin plastic QUIP 410 kHz

3-31



yPD7500H/H-E

NEC

Pin Identification

No. Symbol Function
1,2 X2, X1 Crystal clock/external event input port n
3 TEST Factory test pin (connect to Vgg)
4-9,5-63 BUS)-BUS13  External data bus connected to external
program memory
10-13 P4y-P43 4-bit input/latched three-state output
port 4
14-17 P5q-P53 4-bit input/latched three-state output
port5
18-21 P6y-P63 4-bit input/latched three-state output
port 6
22-25 P74-P73 4-bit input/latched three-state output
port7
26 INT1 External interrupt INT1
27 INTO External interrupt INTO
28 INT2 External interrupt INT2
29 RESET RESET input
30, 31 CL1, CL2 System clock input
32 Voo Positive power supply
33-36 P3¢-P33 4-bit input/latched three-state output
port 3
37 DOUT . Data output
38 ALE Address latch enable
39 NC No connection
40-43 POy _ 4-bit input port 0, serial 1/0 interface
P04/SCK
P0,/SO
PO3/SI
44-47 P2,/PSTB 4-bit latched three-state output port 2
P24/PTOUT
P2;, P23
48 PSEN Program store enable
49 LCD CL Display timing pulse
50 CSouT Chip select output
51 §TB Strobe output
52-55 P1g-P13 4-bit input/three-state output port 1
64 Vss Ground
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Pin Functions

BUS(-BUS 13 [Data Bus]

External data bus connected to external program
memory.

PO, P01/SCK, P02/SO, P03/SI [Port 0/Serial
Interface]

4-bit input port 0/serial I/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 (synchronizes data transfer)
make up the 8-bit serial 1/0 interface.

P1o-P13 [Port 1]

4-bit input/three-state output port 1. Data output from
port 1 is strobed in synchronization with a P2¢/PSTB
pulse.

P2o/PSTB, P24/PTOUT, P2, P23 [Port 2]

4-bit latched three-state output port 2 . Line P2 is
shared with PSTB, the port 1 output strobe pulse. Line
P24 is shared with PTOUT, the timer-out F/F signal .

P3¢-P33 [Port 3]
4-bit input/latched three-state output port 3.

P4g-P4; [Port 4]

4-bit input/latched three-state output port 4. Also
performs 8-bit parallel 1/0 with port 5.

P5¢-P53 [Port 5]

4-bit input/latched three-state output port 5. Also
performs 8-bit parallel I/0 with port 4.

P6¢-P63 [Port 6]

4-bitinput/latched three-state output port 6. Individual
lines can be configured as inputs or outputs under
control of the port 6 mode select register.

P7¢-P73 [Port 7]
4-bit input/latched three-state output port 7.

INTO [Interrupt 0]

External interrupt INTO. This isarising edge-triggered
interrupt.
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uPD7500H/H-E

INT1 [Iinterrupt 1]

External interruptINT1. This is a rising edge-triggered
interrupt.

INT2 [interrupt 2]

Externalinterrupt INT2. Thisis a rising edge-triggered
interrupt.

CL1, CL2 [Clock Inputs]

System clock input. Connect 62-kQ resistor across
CL1and CL2, and connect 33-pF capacitor from CL1to
Vgs. Alternatively, you may connect an external clock
source to CL1 and leave CL2 open.

X2, X1 [Crystal Inputs]

Crystal clock/external event input port n. A crystal
oscillator circuit is connected to input X1 and output
X2 for crystal clock operation. Alternatively, external
event pulses are connected to input X1and output X2is
left open.

DOUT [Data Output]
Data output.

ALE [Address Latch Enable]
Address latch enable .

PSEN [Program Store Enable]

Program store enable.

LCD CL [Display Timing]

Display timing pulse .

CSOUT [Chip Select Output]

Chip select output. Connected to uPD82C43.

STB [Strobe Output]

Strobe output. Connected to uPD82C43.
TEST [Test Pin]

Factory test pin (connect to Vgg).

RESET [Reset]

RESET input. RC circuit or pulse initializes uPD7500H
after power up.

NC [No Connection]

No connection.

Vpp [Power Supply]

Positive power supply. Apply single voltage in the
range 4.5 to 6.0 V for proper operation.

Vgs [Ground]

Ground.

Evaluation Chip Selection for Emulation

Table 1 lists which evaluation chip should be used with
the Evakits to emulate the appropriate speed of each
device in the uPD7500 series.

Table 1. Evaluation Chip Selection
PD7500H uPD7500H-E
wuPD7507H pPD7501
#PD7508H uPD7502
uPD7514 uPD7503
uPD7516H (Note 1) uPD7506
uPD7519H (Note 1) uPD7507
uPD7527A #PD7507S
uPD7528A uPD7508
uPD7533 uPD7508A
uPD7537A uPD7519
uPD7538A

uPD7554

uPD7556

uPD7564

uPD7566

Note:

(1) Up to 5.5 MHz during emulation.
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Block Diagram

P0Yy/SCK  PO3/SI
X1 X2 LeocL TouT INT2 INT1 INTO P°2*’s°
l T [—. INTT INTS T
Count X Clock crl
Coor (o) comor (Tf Tt | et o servo | g
Generator |—-> Circuit —
1 or
cL <> s Q <> <: Butfer POg-PO3
K o K5 o
ToUuT
12-Bit Port 2 P20/PSTB
aank. | Program Counter Latch j> P21/PTOUT
Buffer P2y, P23
' General Registers §=|-EB.
ALE «— D (4] 1 E [4) :_> Port 3 :lJ>
— Latch P3¢-P33
PSEN «—— AddressBus  |— DIsI Hia | L <:> Buffer )
DOUT «—— Interface Set Stack Pointer [8]
Instruction Port4
:3:2; :> Decoder Data Memory <1-_—> <> Latch <§>P40-P43
[~ Register T “Break 256 x 4-Bit RAM [PD7500] Buffer
Dump | Controller
Port5 :
e o0 sT8’ <:> Latch <E> P50-P53
T r Buffer
170 Expansion |
Scy::::‘ Standby Controller Q t:::: <§> P6o-P63
Generator Control Buffer
I l l Port 7
oL cee RESET Voo Vs csout  §78 ___<:|> ot <{>P7"'P73
83-003404B
See figures 1 through 7 for additional block dlagram Figure 1. Data Memory Map
details.
Figure Title 0] 00H
1 Data Memory Map
2 Program Memory Map 256 Words x 4 Bits
3 Timer/Event Counter
4 Serial Interface (255) FFH
5 Interrupt Control
6 Clock Control £5-0054054
7 Interface at Input/Output Ports
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Figure 2. Program Memory Map

0000H 0000H RESET Vector
256x8
O00FFH 0010H INTT Vector
0100H
0020H INTO/S Vector
0030H INT1 Vector
T 3840x 8 =
0040H INT2 Vector
OFFFH 1 ]
1000H T b
00COH
Reference Table [16 x 8]
for LHLT Instruction
00CEH [Set A Only]
00DCH
1 1 Reference Table [48 x 8]
7 4096 x8 T for CALT Instruction
[Set A Only]
00FFH

1FFFH

83-003406A
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Figure 3. Timer/Event Counter

S internal Bus 3
N 8 TAMMOD*
“TCNTAM
8-Bit Modulo Register
8
8
' [C i Signal]
8-Bit Comparator INTT
8
cp Cogzzmrld 8-Bit Count Register
CLR
TOUT
TimerOut [To PTOUT Terminal
and Serial Interface]
CLR t T
*Command Execution
Timer
RESET*
830034078
Figure 4. Serial Interface
{ Internal Bus j
8 *TAMSIO 8:;_'
e “TSI0AM 8 4
“IPL 4
1 T |
N U | ! N
P03/SI O 1P 8-Bit Shift Register — Shift Mode Register
LSB | I 1 MSB
P02/SO O {} SM3
m P
aiB“ Coun}l -
| i
P04/SCK 0———e
TOoUuT
]
PO O—D—‘
° R INTS
* Command Execution RS FIF
¢ System Clock _¢_ a s .s10
83-003468B
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Figure 5. Interrupt Control

S Internal Bus ]

pau

'm'n Model INT Enable Reg INT
i Mastt
Register Test Control E: :b?;
2 0/S T 1 F/F
I l | I— —
Sync
INT10- Edge Is INT1 l
CL— Detect R RQF
Nonsync
INTT Edge S INTT ﬂ
SM3 Detect r ROF
Timer RESET- —J [ D I_“J Priority Vector
INTS Control [\ Address
Nonsync /1 Generator
Edge S INTO/S —D—
INTOO———— Detect R ROF
Sync
INT20- Edge
cL Detect D
Standby
Release
*Command Signal

83-0034088
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Figure 6. Clock Control

& Internal Bus . /

Prescaler
o [1/4)
Prescaler Prescaler
[1/8) /8] LeocL
Multiplexer
X
cP
[To the Timer/Event Counter]

INT2

83-0034098
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uPD7500H/H-E
Figure 7. Interface at Input/Output Ports
Type A Type D
TEST, POo P30-P33, P29/PSTB, P21/PTOUT, P22, P23
Voo
Voo
P-ch P-ch
| "D
- Input Outpu!
Output
Disable
Nech N-ch
Vss
Vss
Type B Type E .-

INTO, INT1, INT2, RESET, P03/S|

Type C
BUSs, BUSg DOUT, ALE, PSEN, LCD CL, CSOUT, STB

Voo

P-ch

J‘_-I O Output

N-ch

Vss

BUS0-BUS7, BUS10-BUS13, P4¢-P43, P50-P53,
P60-P63, P70-P73, P02/SO, P1o-P13

Data

Type D In/Out
Output
Disable
o Type A|
Type F
P01/SCK
Data
Type D In/Qut
Output
Disabte
ol Type B

83-003410C
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Absolute Maximum Ratings

Ta=25°C
Operating temperature, Topt
uPD7500H 0 to +40°C
pPD7500H-E ~10to +70°C
Storage temperature, Tgrg —65 to +150°C
Power supply voltage, Vpp —0.31t0+7.0V

All input and output voltages

—03toVpp +03V

Output current (total, all output ports)
loH
loL

—20 mA
50 mA

Comment: Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any
other conditions above those indicated in the operational sections of

this specification is not implied. Exposure t

0 absolute maximum

rating conditions for extended periods may affect device reliability.

DC Characteristics
uPD7500H: Ta = 0 to +40°C, Vpp = 5.V +5%

uPD7500H-E: Tp = —10t0 +70°C, Vpp =5V £10%
Limits
pPD7500H pPD7500H-E
Parameter Symbol Min Typ Max Min Typ Max  Unit Test Conditions
Input high voltage ViHi 0.7 Vpp Vop 0.7 Vpp Vpp V All inputs other than CL1, X1
Vite Vpp — 0.5 Vop Vpp—05 Vop v CL1, X1
Input low voltage ViL1 0 0.3 Vpp 0 03Vpp V Allinputs other than CL1, X1
Vi 0 0.5 0 0.5 v CL1, X1
Input leakage current, high ILiH1 3 3 A Al inputs other than CL1, X1
ILiH2 10 10 HA CL1, X1
input leakage current, low Ly -3 -3 uA All inputs other than CL1, X1
e —-10 -10-  uA CL1, X1
Output voltage, high VoH Vpp— 1.0 Vpp— 1.0 \ loy=10mA
Output voltage, low VoL 04 0.4 loL=16mA
Output leakage current, high ILon 3 3 A Vo=Vpp
Output leakage current, low ILoL -3 -3 uA Vo=0V
Supply current Ipp1 4 3 mA  Normal operation, all cutput pins
open, no BUS conflicts
Ipp2 2 20 2 20 pA Stop mode, X1 =0V
Capacitance
Ta =25°C, Vpp =0V, f=1MHz.
Limits
uPD7500H pPDT500H-E
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions
Input capacitance C 15 15 pF Unmeasured pins returned to Vsg
Output capacitance Co 15 15 pF
1/0 capacitance Cio 15 15 pF
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AC Characteristics
uPD7500H: Tp = 010 40°C, Vpp =5 V +5%
uPD7500H-E: Tp = —10 to +70°C, Vpp =5 V £10%

Limits
uPD7500H uPD7500H-E
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions
Clock Operation
System clock oscillation frequency fp 300 400 500 160 200 250 kHz C =33 pF £5%;
PD7500H: R = 33 kQ +2%;
#PD7500H-E: R = 62 kQ +2%
10 700 10 410 kHz CL1=external clock
CL1 input rise time tcR 0.2 0.2 us
CL1 input fall time tor 0.2 02  us
CL1 input clock width (high) toH 0.7 1.2 us
CL1 input clock width (low) toL 0.7 1.2 us
Count clock oscillation frequency (X1, X2)  fxx 25 32 50 25 R 50 kHz Crystal oscillation
Count clock input frequency (X1) fx 0 700 0 410 kHz
X1 input rise time fxr 0.2 0.2 us
X1 input fall time fxr 0.2 0.2 s
X1 input clock width (high) tXH 0.7 12 us
X1 input clock width (low) txL 0.7 12 us
Bus 1/0 Operation
ALE pulse width (high) tLH 400 600 ns
Address setup time to ALE } taL 100 200 ns
Address hold time to ALE | tA 80 80 ns
Output data setup time to DOUT 1 tppo 200 200 ns
Output data hold time after DOUT 1 tpop 80 80 ns
DOUT pulse width (fow) tpoL 400 600 ns
ALE — data input valid time Loy 600 700 ns
Address — data input valid time tapy 700 900 ns
PSEN pulse width (low) tpsL 700 1000 ns
PSEN — data input valid time tpspy 300 600  ns
PSEN — data float tpSDF 0 0 ns
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AC Characteristics (cont)

Limits
1PD7500H PDT500H-E

Parameter Symbol Min Typ Max Min Typ Max  Unit Test Conditions
Port 170 Operation
Port 1 output setup time to STB1 tpsT 200 200 ns Port output mode
Port 1 output hold time after STBT tsTp 80 80 ns ’
STB pulse width (low) tsTLY 400 600 ns
Output data setup time to STB1 psT 300 300 ns 1/0 expander mode
Output data hold time after STB1 tsTp 80 80 ns
STBI— input data valid time tsTov 850 80  ns
STBI— input data float time tSTDF 0 0 ns
Control setup time to STB} tesT 200 200 ns
Control hold time after STB! tsTc 80 80 ns
STB pulse width (low) tsTL2 700 1000 ns
CSOUT setup time to STBI tcssT 200 200 ns
CSOUT hold time after STB! tsTCS 80 80 ns
Serial Interface Operation
SCK cycle time tkey 25 30 s Input

2.86 49 us Output
SCK pulse width, high tkH 1.1 13 us  Input

13 2.2 us Output
SCK pulse width, low tkL 11 13 us  Input

1.3 22 us Output
Sl setup time to SCK? tsiK 300 300 ns
Sl hold time after SCK! tks| 450 450 ns
S0 output delay after SCKt tsko 500 80 ns
Other Operations
INTO puise width, high tioH 10 10 us
INTO pulse width, low tioL 10 10 s
INT1 pulse width, high K 2/1g 211y us
INT1 pulse width, low L 2/tg 2/1g us
INT2 pulse width, high tioH 21y 21y us
INT2 pulse width, low tioL 2ty 2 us
RESET pulse width, high tRSH 10 10 us
RESET pulse width, low tRsL 10 10 us
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Timing Waveforms

AC Test Input Strobe Output Timing
0.7 Vpp 0.7 Vpp y \
0.3 Vpp 0.3 Vpp Plo-P13 - Output Data
83-003411A
tpST: STP
Clock Timing
—
STB \
1/ic K. A
toL. CH [ tsTL1—*]
83-003414A
CL1 Input \ Z \
K—
tcrR—+ F— —= [—tcF
1/1x:
X1 Input \( Z y;
IXR—] |e— —>| fe—ixF
83-003412A

Bus I/0 Timing

ALE N /—_

l———taL——

letLas]

pt

BUS10-BUS13

BUS(-BUS?, —._( Address

4 \
i Data Out
BUSg - ]
1 |
DDO 'DOD
BouT \
|+——tL.ov—] 7
tADV le——tpoL——]
PSEN \ /]
tpsL.
pSDV —
BUS(-BUS7, »,
BUS10-BUS13 Data In e

83-003413B
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Timing Waveforms (cont)

Port 1 1/0 Expander Port Timing

¢ L 9’4
Port Output ! Port Control z Output Data >___—__
tosT le—~tsTD—
IE:SSI';:‘:;:: —'—‘_—iz Port Control ; ; Input Data ’E
tsTDV tSTDF
[—tsTC—>
I tesT tsTL2

sT8B f

[e—tsTCS+
tessT
csouT \ /
7
83-003415B
Serial Interface Timing Interrupt Input Timing
e tioL tioH
tKL 1 tKH

=\ INTO 4 -\
S§CK [Rising Edge Triggered] \
K

INT1 \ L p

[Rising Edge Triggered] \_

so Output Data X: R N
11H’ (1R

83-003416A INT1 [—-—!S /_

[Falling Edge Triggered] X ‘
RESET Input Timing
fat: tiam
tRsL 4 tRSH .
INT2 ] Z \-
RESET [Rising Edge Triggered]
83-003318A 83-003417A
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NEC Electronics Inc.

uPD7501

4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTER

WITH LCD CONTROLLER/DRIVER

Description Pin Configuration
The uPD7501 4-bit, single-chip CMOS microcomputer e -
has advanced fourth-generation architecture with the S
functional blocks necessary for a single-chip controller, EEZLEL0>028 858
including an 8-bit timer/event counter, an 8-bit serial
I/0, and an-LCD display controller/driver. NC 153
. . P32 (184
The uPD7501 contains two 4-bit general-purpose P3y H ss
registers outside of RAM. The uPD7501 executes a P3g O Se
subset of the uPD7500 series B instruction set with a POg/SI P st
10-ps instruction cycle time. Po2iS0 H se
. P04/SCK [1s¢
Maximum power consumption is 900 pA at 5 V-and P63 H sio
300uA at3V. The HALT and STOP instructions further redo JPOT501 ehor
reduce power consumption. P60 ™
P53 [1514
Features Psz O] 13 30 1815
P51 S16
0 1024 x 8-bit program ROM PSo gsn
[0 96 x 4-bit data RAM Pa3 ] 16 38 [Is1s
O Interrupts Paz H St
—External: INTO, INT1 ., wpe
—Internal: INTT (timer/event counter), INTS 20 23 26 29 32
(serial interface) i e L
O 8-bit timer/event counter RXSBBESEEEERS
—Based on crystal oscillation x> ©0°09% —
—External event counter (prescale option by 64)
O Serial interface , . .
O LCD controller/driver Pin Identification
—Programmable multiplexing mode: triplex or No. Symbol Function
guadruplexl (COMo-COMy) 1 NC No connection
—4 common lines Mg-COM3
—24 segment lines (Sg-Sa) 2-4,64 P33-P3y Output port 3
0 Standby modes: stop, halt 5-7,55 P03/SI Input port 0, serial I/0 interface,
O Data retention mode P0,/SO external interrupt
P04/SCK
= '/2 ports PO/INT1
—3 input por
. Ou‘ipufgotft 811 P63-P6y 110 port6
—3 1/0 ports 12-15 P53-P5¢ 1/0 port 5
O RC oscillation clock 16-19 P43-P4y 1/0 port 4
U Crystal oscillation clock 20,21 X2, X1 Crystal clock/external event input
0J 2.5 to 6.0 V operating voltages » v Ground
O CMOS technology S8
: 23-25 Vicns-Vicod LCD bias voltage inputs
Ordering Information 26, 58 Vo Positive power supply
Max Frequency 27-30 COMg-COM3 LCD backplane driver outputs
Part No. Package Type of Operation 31-54 S53-Sg LCD segment driver outputs
uPD7501G-12 64-pin plastic miniflat 410 kHz 56 RESET Reset input
57, 59 CL1, CL2 System clock input
60-63 P13-P14 Input port 1, external interrupt
P1o/INTO
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: Pin Functions
 P03-POg [Input Port 0]; SI, SO, SCK [Serial
. 1/0 Interface]; and INT1 [External Interrupt]

~ This port can be configured as a 4-bit parallel input
 portor as'the 8-bit serial 1/0 interface under control of
. the serial mode select register. The ser .| input S,

serial.output S0, and the serial clock SCK (active low)
- used for syrichronizing data transfer make up the 8-bit
- serial 17O interface. Line PO is always shared with
. externalinterrupt INT1. If POg/INT1 is unused, it should

be connected to Vgs. If P04/SCK, P0,/SO, or P03/Si are
. unused, connect them to Vgg or Vpp.

. P13-P1g [Input Port 1] and INTO
[External Interrupt]

- Four-bit input port. Line P1g is shared with external
interrupt INTO, a rising edge-triggered interrupt. If
P1o/INTO is unused, connect it to Vgg. If P13-P14 are

" - unused, connect them to Vgg or Vpp.

» P33-P3¢ [Output Port 3}

Four-bit latched three-state output port 3. Leave unused
pins open.

P43-P4y [1/0 Port 4]

" Four-bit input/latched three-state output port. This
port also performs 8-bit parallel I/O with port 5. In
input mode, connect unused pins to Vgg or Vpp. In
output mode, leave unused pins open.

P53-P5¢ [1/0 Port 5]

Four-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.

P64-P6g [1/0 Port 6]

Four-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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COM3-COMg [LCD Backplane Driver Outputs]

Leave unused pins open.

S23-Sg [LCD Segment Driver Outputs]

Leave unused pins open.

Vicps-Vicp1 [LCD Bias Voltage Inputs]

LCD bias voltage supply to the LCD voltage controlier.
Apply appropriate voltages from a voltage ladder
connected across Vpp. Leave unused pins open.

X2, X1 [Crystal Clock/External Event Input]

Forcrystal clock operation, connect a crystal oscillator
circuit to input X1 and output X2. For external event
counting, input event pulses to X1 and leave X2 open. If
X1isnotused, leaveitopen. If X2is not used, connect it
to Vgs.

CL1, CL2 [System Clock Input]

Connect an 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.

RESET [Reset Input]

A high-level input to the RESET pin initializes the
uPD7501 after power-up.

Vpp [Positive Power Supply]

Apply a single voltage in the range +2.7 to +6.0 volts
for proper operation.
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Block Diagram

SCKIPO1  SIIPO3
X1 X2 INTO/P1g INT1/POg S0/P0O2
] POg-PO;
Count X CcP . N . 093
Clock Clock Ti Test Serial Port 0
Generator ,_. Control Counter Control Interface Buffer
CL LcocL P1g-P13
Port 1
Buffer
P3¢-P33
Port 3
] Latch 4
| Program Counter (10) J ALU c A Buffer
P4g-P43
Port 4
H(4) l L4) Latch
Buffer
Stack Pointer (8)
P5¢-P53
Port 5
Latch
Program Memory Buffer
1024 x 8 Bits —N Instruction
/] Decoder P60-P63
Data Memory Port 6
96 x 4 Bits Latch
Buffer
? CTL eocL j U
System Standby LCD Controller/Driver
Clock Control
Generator
b < L
cLt cL2 Vbb Vss RESET So-S23 COMg-COM3 Viepy, Vico2
Vicos
83-0033138

Details of some blocks on the diagram are illustrated
in figures 1 through 6 as listed below.

Figure Title

Interface at Input/Output Ports
Clock Control

Timer/Event Counter

Test Control

Serial Interface

LCD Controller/Driver

DU A WN =

3-47



yPD7501 NE C

Figure 1. Interface at Input/Output Ports

Type A Type E
P11, P12, P13 P02/SO, P4g-P43, P5¢-P53, P60-P63
Voo Vob
P-ch
3 Input/
— Onuﬁput
-—y Input
Output
Disable
H N-ch
N-ch Voo Vss
P-ch
Vss I"'I
: Type B "
POO/INT1, P03/SI, P1o/INTO, RESET
/‘ N-ch
_D_ —O Input
N Vss
Type F
Type D
P30-P33 P04/SCK
Voo veo
Pch P.ch
Input/
Output Output
lg)lm'l):lln Ig:;?)l::
isable
Nech N-ch
Vss
Vss A/I
in \ﬂ’l
83-003320C
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Figure 2. Clock Control

Internal Bus

2 [¢——— OP, OPL

*Command Execution

cmi Ccmo Clock Mode Register
MPX
Prescaler 1
cL > (1/4)
Prescaler 2 LCD CL
{1/64) {LCD Controller/Driver)
X
Clock Mode Register
CM1 |CMO| Count Pulse LCD Clock MPX
1 1
"] 0 CL x “256 CL x 256
1 1 CcP
0 1 X x 54 X x e (Timer/Event Counter)
1
1 0 X CL x 256
1
1 1 X X x 84
83-0033218
Figure 3. Timer/Event Counter
s internal Bus
PN 8 TAMMOD*
“TCNTAM
8-Bit Modulo Register
8
8
" INTT
8-Bit Comparator (To Interrupt Circuit)
8
Count Hold Y .
CP ———— ] Circuit 8-Bit Count Register

CLR

FIF

Timer-Out

TOUT

F

*Timer
RESET

(To Serial Interface)

83-0033228
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E

Figure 4. Test Control

INT1

POg/INT1 O >

* Command Execution
¢ System Clock

Test RQF
,Control
*SKI ———
g Internal Bus ‘(
y s Q
INTT Edge
Detect R ‘:g:
. SM3 TIMER*
INTS
Standb;
Nonsync s Q a'_' R‘eaI:awy
Edge INTO/S
Detect RQF
INTO R
CcL
1 SI10*
Sync INT1 a
INT1 O~ Edge RQF
Detect R
*Instruction Execution
83.0033238
Figure 5. Serial Interface
S Internal Bus 1
- op*
“p 8 TAMSIO opL
“PL . *TSIOAM 8
1 1 | I
o 63t Shift Rogiste
PO3/SI 1> 8-Bit Shift Register 7 Shift Mode Register
LSB 1 1 l MSB
P02/SO ©- /.} SM3
Lo
3:Bit Count
{ |
1 1
P04/§CK 0— g
—— TOUT
¢ RS FIF

INTS
(To Interrupt Circuit)

—@_‘Q s fe——n——+s10

83-003324B
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Figure 6. LCD Controller/Driver

d Internal Bus \
OP, OPL (Command Execution)
Display MSR
| I I
Data 234 22H . O 00H
LCD cL
Memory | 3 2 1 0|3 21 0 321 013210 | | |
3 210[3 210 321032102
Muitiplexer 2
M
Segment Driver LCD Bias Voltages Common Driver
S23 S22 Sq So Vicos VicD2 VLCD1  COM3 COM2 COM; COMp
Multiplexer
3 2 1 0
. COMp-COM3 Outputs (Type G)
b T—.Jf—TP-ch
c
d
ﬁLTP-ch
—I_- N-ch
¢+———oOouT
TJT:rP-ch
LCD Voltage Ladder Connections T N-ch
Voo
< M-
R< c —I— N-ch
1
Vico {—
R ;E So-S23 Outputs (Type H)
w c
Vico2 | L P-ch
R ! L
¢ ¢ $———0 OUT
Vics I—
Re 37 .L_L[_
x/:, —I... N-ch
Vss
7
83-003325C
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DC Characteristics

For Vpp = 2.7 to 6.0 Volis
Ta=—1010 +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voitage, high Vint 0.7 Vpp Voo v Except CL1, X1
ViH2 Vpp — 0.5 ‘ Voo vV CL1, X1
VIHDR 0.9 Vpppr VpppRr + 0.2 v RESET, data retention mode
Input voltage, low ViLt 0 0.3 Vpp v Except CL1, X1
Vit2 0 05 v CL1, X1
Output voltage, high VoH Vpp—1.0 v log=—-1.0mA; Vpp=4.51t06.0V
Vpp — 0.5 v loL = —100 uA
Output voltage, low VoL 0.4 v lop=16mA; Vpp=451t06.0V
0.5 v loL = 400 wA
Input leakage current, high LK1 3 pA Except CL1, X1, V| = Vpp
ILiH2 10 uA CL1, X1; Vy=Vpp
Input leakage current, low uut -3 A Except CL1, X1; V=0V
e —10 A CL1, X1, V=0V
Output leakage current, high ILoH 3 uA Vo=Vpp
Output leakage current, low ILoL -3 pA Vo=0V
Output impedance (Note 1) Rcom 3 5 kQ COMg-COM3; Vpp =4.5106.0V
5 15 kQ COMg-COM3
Rs : 15 20 kQ Sg-Sp3; Vpp =4.5106.0V
20 60 kQ So-So3
Supply voltage VoDDR 2.0 6.0 v Data retention mode
Supply current Ipp1 300 900 A Normal operation, Vpp =5V £10%;
R =82 k2 £2%, C = 33 pF £5%
70 300 MA Normal operation, Vpp =3 V £10%;
R =160 kQ +2%, C = 33 pF +5%
Ipp2 1.0 20 A Stop mode, X1 =0V; Vpp =5V £10%
0.3 10 uA Stop mode, X1 =0V; Vpp =3 V £10%
IppDR 0.2 10 uA Data retention mode, Vpppg =2.0V
Note:

(1) VLep=27VtoVpp
Viep1 =Vpp — (1/3) Viep .
Vicpz = Vop — (2/3) Viecp
Vicps = Vpp — Vico
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DC Characteristics (cont)
For Vpp = 2.5 to 3.3 Volts
Ta=—1010 +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViK1 0.8 Vpp Vpp v Except CL1, X1
ViHz Vpp — 0.3 Vpp v CL1, X1
VIHDR 0.9 VpppR Vpppr + 0.2 v RESET, data retention mode
Input voltage, low ViLt i 0 0.2 Vpp v Except CL1, X1
ViL2 0 0.3 v CL1, X1
Output voltage, high Voy Vpp — 0.5 v lon = —80 A
Output voltage, low VoL 0.5 v loL = 350 wA
Output leakage current, high fLon 3 LA Vo= Vpp
Output leakage current, low ILoL -3 uA Vog=0V
Supply voltage VbDDR 2.0 v Data retention mode
Supply current Ibp1 50 250 uA Normal operation, Vpp =3 V £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 uA Stop mode, X1 =0V;Vpp =25V
IbpbR 0.2 10 pA Data retention mode, Vpppg =2.0V
Absolute Maximum Ratings Capacitance
Operating temperature, Topt —10to +70°C Ta=25°C,Vpp =0V
Storage temperature, Tgrg —65 to +150°C Limits Test
Parameter Symhbol Typ Max Unit Conditions
Power supply voitage, Vpp —03t0o+7.0V ~
Al inoutand outoatvolt VoV T Input capacitance Cy 15  pF f=1MHz
input and output voltages -03Vto +0. i
p P 9 oo Output capacitance  Cp 15  pF unmeasured pins
Output current high, lgy returned to Vgg
Per pin —17 mA -
Total, output ports —20maA /0 capacitance Cio 15 pF
Output current low, Ig
Per pin 17 mA
Total, output ports 55 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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AC Characteristics

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 k2 +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)
fo 10 410 kHz  CL1, external clock, 50% duty; Vpp = 4.5 to
60V
10 125 kHz CL1, external clock, 50% duty; Vpp =27V
System clock rise and fall toR, teF 0.2 us CL1, external clock
time
System clock pulse width ton. toL 1.2 50 s CL1, external clock; Vpp =4.5t0 6.0V
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=45t060V
0 125 kHz X1, external pulse input, 50% duty;
Vpp=27V
Counter clock rise and fall xR, tXF 0.2 us X1, external pulse input
time
Counter clock pulse width txu, txL 1.2 us X1, external pulse input; Vpp =4.5t0 6.0V
40 us X1, external pulse input; Vpp =2.7 V
SCK cycle time tkoy 30 us  SCKasinput;Vpp=45t06.0V .
8.0 us  SCKasinput
49 us  SCKas output; Vpp=45t0 6.0V
16.0 us 5CK as output
SCK pulse width tku» tkL 1.3 us  SCKasinput;Vpp=45t06.0V
40 us SCK as input
22 us  SCKasoutput;Vpp=45t06.0V
80 us  SCK as output
Sl setup time to SCK 1 tsiK 300 ns
S hold time after SCK 1 tks| 450 ns
S0 delay time after SCK | tkso 850 ns  Vpp=45Vi06.0V
1200 ns
INTO pulse width o, tioL 10 us
INT1 pulse width 11K, L 21y uS
RESET pulse width trsH, tRSL 10 us
RESET setup time tsRs 0 ns
RESET hold time thRs 0 ns
Note:

(1) RC network at CL1 and CL2; C = 33 pF :t5%,|AC/°C|§ 60 ppm.
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AC Characteristics (cont)
For Vpp =2.51t0 3.3 Volts
Ta=—10t0 +70°C
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 50 80 kHz Vpp = 5V +£10%; R = 240 kQ £2% (Note 1)

50 64 7 kHz  Vpp=25V; R =240 kQ +2% (Note 1)

fo 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 ton, 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 IxH, txL 6.25 us X1, external pulse input
SCK cycle time tkoy 125 us  SCKas input

25.0 us SCK as output
SCK pulse width tKh. tkL 6.25 us  SCKas input

115 us  SCK as output
Sl setup time to SCK 1 tsiK 1 us
Sl hold time after SCK 1 tksi 1 us
S0 delay time after SCK tkso 2 us
INTO pulse width tion, tioL 30 uS
INT1 pulse width tH, 1L 211y us
RESET pulse width trsH, tRSL 30 us
RESET setup time tsRs 0 ns
RESET hold time tHRS 0 ns

Note:

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

Recommended Rand C Values for System

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

Recommended

Supply Voltage Range Values (Note 1)

Frequency Range

45t06.0V R=282kQ +2% 150 to 240 kHz,

200 kHz typical
271033V R =160 kQ 2% 75 t0 120 kHz,

100 kHz typical
271060V R =160 kQ + 2% 7510 135 kHz
251033V R =240 kQ +2% 50 to 80 kHz
25V R =240 kQ +2 % 50 to 77 kHz
Note:

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

AC Test Points

External Interrupts

Vpp = 27t0 60V

0.7 Vpn
0.3 Vpp

Test Points

0.7 Vpp
0.3 Vpp

VDD = 25t0 2.7 V

0.8 Vpp Test Poi 0.8 Vpp
0.2 Vop est Points 0.2 Vpp
83-003314A
Clocks
- 1ife
teL fe——tcH
le—1tcF - tcr
Vi
ol Z 1H2
K. ViLz
I 1ife
t } x|
W T txe i
Xt Vin2
ALz
83-003315A
Serial Interface
tkey
KL KH
SR\ /
. A K
sO Valid Output Data X
83-003316A
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t tioL 1 tioH
'NT"_\L—H
f e | thH
83-003317A
Reset
tRSL. tRSH
RESET
83-003318A
Data Retention
|e——Data Retention Mode—
—_—
SRS+ tHRS
Voo \ VDDDR / v
RESET L——————JVIHDR ity
83-003319A
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Operating Characteristics
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Operatihg Characteristics (cont)

Ipp1 vs fcc
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High-Level Output Voltage VoH [V]

Supply Current Operating Mode Ipp+1 [uA]}

Low-Level Output Current loL {mA]

Ipp1vs TA
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NEC /PD7502/03
4-BIT, SINGLE-CHIP

: CMOS MICROCOMPUTERS

NEC Electronics Inc. WITH LCD CONTROLLER/DRIVER

Description O RC oscillation clock

o ) O Crystal oscillation clock
The uPD7502 and uPD7503 4-bit, single-chip CMOS 0 2.7 to 6.0 V operating voltage
microcomputers have advanced fourth-generation archi- O CMOS technology
tecture with the functional blocks necessary for a
single-chip controller, including an 8-bit timer/event Ordering Information

counter, an 8-bit serial 1/0, and an LCD controller/

f Max Frequency
driver. Part No. Package Type of Operation
The instruction set includes the following types of ,pp75006-12 64-pin plastic miniflat 410 kHz

instructions: addressing, table look-up, bit manipu-

lation, vectored dump, auto increment or decrement ¥ PD75036-12 64-pin plastic miniflat 0 kHz
data pointer, and conditional skip. These instructions . ) N
maximize use of fixed program memory space. Pin Configuration
Both devices are manufactured with the CMOS process e
and have a maximum power consumption of 900 uA at - S b c
5V and 300 A at 3 V. Halt and stop modes further ﬁéﬁl % |§| ?'I ;"g "n_':‘1 H l:_z?l [g:l‘ [@‘L
reduce power consumption' 4 64 63 62 61 60 59 58 57 56 55 54 53 52 N
These devices are ideal for a wide range of solar- and = N iy
battery-powered applications. s O spss
P3[4 48[7sp
Features POy/sI[] 5 a7fs;
P02/SO ] 6 46 ES;
[0 92 powerful instructions POy/SCK ] 7 asfsy
O Program ROM PsaE 8 4“4Dsw
. . _hi Pe2[]9 4311811
uPD7502: 2048 x 8-bit = J— p ESH
— uPD7503: 4096 X 8-bit o b ahen
[0 Data RAM P53 ] 12 401844
— uPD7502: 128 x 4-bit P52 [ 13 39 [s1s
— uPD5703: 224 x 4-bit ps1 ] 14 38 s1e
O Interrupts Pso [} 15 37 0s47
36
— External: INTO, INT1 g wber
— Internal: INTT (timer/event counter) Pay ] 18 34 085
INTS (serial interface) Pag[] 19 33)3521
O 8-bit timer/event counter N\_20 21 22 23 24 25 26 27 28 20 30 31 32
S gugignpugsgugnEuEEEuRsRuEE]
— Based on crystal oscillation NE8B8BE8FSE5 S8
— External event counter (prescale option by 64) >453>8888
O Serial interface 83-003429A

O LCD controller/driver
-— Programmable multiplexing mode: triplex or
quadruplex
— 4 common lines (COMg-COM3)
— 24 segment lines (Sp-Sa3)
[0 Standby modes: stop, halt
O Data retention mode
O 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
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Pin Identification

Status of Unused Pins

Neo. Symbo! Function Name Pin Connection
1 NC No connection CcL2 Open
24,64 P33-P3y 4-bit output port 3 X1 Vsg
57 PO3/SI 3-b_it input‘ port 0, or X2 Open
I;g%g_%( serial 1/0 interface PO1/SCK Vss of Voo
_ P0,/S0
8-11 P63-P6g " 4-bit 1/0 port 6 PO4/SI
12-15 P53-P5g 4-bit1/0 port 5 P13/INTO Vsg
16-19 Pd3-Pdg 4-bit 1/0 port 4 P14-P13 Vgg or Vpp
20, 21 X2, X1 " Crystal clock/external event P3g-P33 Open
input port X P4g-P43 Input mode: Vgg or Vpp
22 Vss Ground P5¢-P53 Output mode: Open
23-25 Vicpa-Vicn LCD bias supply inputs Pbo P63
26, 58 Voo Positive power supply INT1 Vss
27-30 COM3-COMg LCD backplane driver outputs gg’\sdf)?CUMg Open
31-54 $23-Sp LCD segment driver outputs Viep1-Vicns
55 INT1 External interrupt
56 RESET RESET input
57,59 CL1, CL2 System clock input
60-63 P13-P14, 4-bit input port 1, or
P1g/INTO external interrupt INTO
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Pin Functions

PO03/Sl, P02/SO, P0¢/SCK [Port 0 or Serial
Interface]

This port can be configured as a 4-bit parallel input
port 0 or as the 8-bit serial I/0 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 P1p is shared with external
interrupt INTO, which is a rising edge-triggered inter-
rupt.

P33-P3¢ [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/0O 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-COM [LCD Backplane Driver Outputs]
LCD backplane driver outputs.

S23-Sg [LCD Segment Driver Outputs]
LCD segment driver outputs.

INT1 [Interrupt]

This external interrupt is a rising edge-triggered
interrupt.

RESET

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

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

Forcrystal 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.

Vbp
Positive power supply. For proper operation, apply a

single voltage from 2.7t0 6.0 V.

Vss
Ground.
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Block Diagram

SCKIPO4 SI/PO3
X1 X2 INT1 INTO/POg $0/PO2
] P04-PO3
Count X cP
Clock T Tost Serial :: Port 0
G.?::;': or Control _1 Counter > Contro! * Interface Buffer
cL LeocL Plg-P13
Port 1
L Butter
P3g-P33
Port 3
Program Counter ALU c I [ N I !l-::‘i:ehr :
-[11] 7502, [12] 7508 General Registers
D 4] E (4] P4g-Pag
Port 4
H (4] L[4 Latch
Buffer
Stack Pointer [8]
P5p-P53
! Port 5
Latch
Program Memory Buffer
2048 x 8 Bits [7502]
4046 x 8 Bits [7503) 3 '";lru%lim
ecoder Data Memory P6o-PB3
128 x 4 Bits [7502] Port 6
224 x 4 Bits [7503] Latch
Buffer
ik P—
System LCD Controller/Driver
B Pk
Generator °
IR O
cl1 cL2 VoD Vss RESET So-S23 COMo-COM3 Vicot, Vicp2,
Vicos
83-0034308

See figures 1 through 8 for additional biock 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

O ~NOOOT A WN
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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 H  RESET Pulse Vectors Program
Storage Area 0 7l6|5l4[3‘2I1|° 000l 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]
§ @ 030H  Vectors Execution to 030H
2
Q
uPD7502 g g
s 3
127 7FH L 5 102 oCoH
128 80H s & LHLT Instruction
§ 9 a7 OCFH Reference Table
c'=, 208 ODOH  CALT Instruction
Reference Table
255 OFFH
1023 3FFH
1024 400H
Last Address for
4PD7503 2047 7FFH  CALL Instruction
2048 800H  Entry [uPD7503]
223 DFH
83-003432A X 4095 FFFH
83-003431A
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Figure 3. Interface at Input/Output Ports

Type A - Type E
P14, P12, P13 P02/SO, P40-P43, P50-P53, P60-P63
Voo ’ Vop

P-ch Data

P-ch
o Input/
Output
Input
Output
Disable
N-ch
Vbp Vss
P-ch
Vss l
In
N-ch
Vss

Type B
INT4, PO3/Sl, P1o/INTO, RESET

_D_ ~0 Input
Type F
Type D e T
P3g-P33 P04/SCK
Vop Vop
Pch P-ch
Input/
Output ™= Output
Output
:::‘l;‘l‘; Disable
Ll
N-ch N-ch
Vi
Vss ss
in

83-003859C
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Figure 4. Clock Control

> Internal Bus )

2 |«——— OP, OPL

cmi CMo Clock Mode Register
MPX
Prescaler 1
cL * (114)
Prescaler 2 LCD 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 cpP
0 1 X x 64 X x 64 (Timer/Event Counter)
1
1 0 X CL x 256
11 X Xx -
64
83-0033218
Figure 5. Timer/Event Counter
S : Internal Bus \
{X 8 TAMMOD*
*TCNTAM
8-Bit Modulo Register
8
8
" INTT
8-Bit Comparator (To Interrupt Circuit)
8
Count Hold . Bi
cpP Cireuit 8-Bit Count Register
CLR
Timer-Out TOUT
FiF (To Serial Interface)
CLR i T
*Command Execution
*Timer
RESET
830033228
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Figure 6. Interrupt Control
g; Internal Bus /
Y
INT Enable MIaNsllrer
Test Control Register Enable
T /s 1 F/F
Serial MSR Bit 3 L_ F_J
1
Sync
INT10— Edge —5 Nt |
Multiplexer
INTS Detect 9 > |R RQF I’
Nonsync
Edge S INTO/S
P10/INTO 0—— Detect a ROF Priority Vector
Control Address
Generator
S10* Nonsync
Edge 5w | ! )-
INTT Detect n ROF
Timer*
*Command Execution —]_/ Release
83-0034338

Figure 7. Serial Interface

{

internal Bus

3

*IP
*IPL

3

opP*
oPL*

*TSIOAM ‘——{GT
T

=

{s}__ws.o
Y~
[}

¢ System Clock

1 |
POa/SI {\f 8-Bit smv: Reqlsloir Shift Mode Register
LSB { | i MSB
P02ISO - <t SM3
1 |
q 1 ]
3:Bit Count
i >°—__———‘D | |
L -
P0¢/SCK 00— —ur—g
L ——— TOUT
™~
¢ RS FIF
R INTS
(To Interrupt Circuit)
*Command Execution

S‘ | ¢————— "SI0

83-0038058
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Figure 8. LCD Controller/Driver

{ Internal Bus \
OP, OPL (Command Execution)
Display MSR
Data 23H 22H o1H 00H ! ! T Lob oL
Memory | 3 2 1 0|3 210 3 21 0(3 210 | { |
3 2103 210 32 10[32 10 a}
Multiplexer ¢
ak
Segment Driver LCD Bias Voltages Common Driver
S23 S22 $1 So Vicos Vicp2 VLCD1  COM3 COM2 COM{ COMgo
Multiplexer COMp-COM3 Outputs (Type G)
3 2 1 0
TTTP-ch
b
c .I:lr-rP-ch
d I ! l
—-I— N-ch
+—Oo oUT
T_-f]:rp.m
T N-ch
LCD Voltage Ladder Connections _LLL_
N-ch
Voo I
RS
T ¢ So-S23 Outputs (Type H)
vieot —— |
2 T
R :, c
Vicnz — - out
‘b
RS
<
c N-ch
Vicos 4—
<>
Rx/::/'
Vss
77
83-003325C
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Absolute Maximum Ratings
Ta=25°C , ,

Capacitance
Ta=25°C;Vpp=0V

—0.3t0+7.0V

Power supply voltage, Vpp Limits Test
All input and output voitages —03VtoVpp+03V Parameter  Symbol Min  Typ Max Unit Conditions
Output current high, loy Input G 15 pF fc=1MHz
Per pin =17 mA capacitance Unmeasured
Total, output ports —20 mA Output Co 15 oF snns returned to
Output current low, lg capacitance SS
Per pin 17 mA
110 Cio 15 pF
Total, output ports 55 mA capacitance
Operating temperature, Topt —10to +70°C
Storage temperature, Tgtg —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 Characteristics
For Vpp = 2.5 to 3.3 Volis
Ta=-—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high Vi1 0.8 Vpp Vop v Except CL1, X1
Vinz Vpp — 0.3 Vop v CL1, Xt
ViHoR 0.9 VpppR VpopR + 0.2 v RESET, data retention mode
Input voltage, low Vied 0 0.2 Vpp v Except CL1, X1
Vie 0 03 v CL1, X1
Output voltage, high Von Vpp — 0.5 v loy = —80 A
Qutput voltage, low VoL 0.5 v lor = 350 wA
Input leakage current, high I n1 3 A Except CL1, X1; Viy = Vpp
I 10 #A CL1, X1; Vin=Vpp
Input leakage current, low uu -3 pA Except CL1, X1, Viy =0V
L2 —10 uA CLL, X1, Viy=0V
Output leakage current, high 1) gy 3 A Vo =Vpp
Output leakage current, low 1oL -3 LA Vo=0V
Supply voltage VDDDR 20 \ Data retention mode
Supply current Ibp1 50 250 LA 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%
lop2 0.3 10 pA Stop mode, X1=0V; Vpp =3V £10%
0.2 10 uA Stop mode, X1=0V; Vpp =25V
IpDDR 0.2 10 A Data retention mode, Vpppg =20V
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DC Characteristics (cont)
For Vpp == 2.7 to 6.0 Volts
Ta=-—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high Vini 0.7 Vpp Vop v Except CL1, X1
Vi Vpp — 0.5 Voo v CL1, X1
VIHDR 0.9 Vpppr Vpopr + 0.2 RESET, data retention mode
Input voltage, low ViL1 0 0.3Vpp v Except CL1, X1
ViLe 0 0.5 v CL1, X1
Output voltage, high VoH Vpp— 1.0 v lon=-1.0mA,Vpp=451t06.0V
Vpp — 0.5 v lop = —100 pA
Output voltage, low VoL 0.4 v lor=16mA, Vpp=4.5t06.0V
0.5 v loL = 400 1A
Input leakage current, high Iy 3 HA Except CL1, X1; Vi = Vpp
ILiH2 10 uA CL1, X1
Input leakage current, low It -3 LA Except CL1, X1, V| =0V
I -10 LA CL1, X1
Output leakage current, high I oy 3 LA Vo=Vpp
Output leakage current, low I gp -3 A Vog=0V
Output impedance (1) Room 3 5 kQ COMg-COM3; Vpp=4.5t0 6.0V
5 15 kQ COMg-COM3
Rs 15 20 kQ Sg-Sz3; Vpp =4.5t0 6.0V
20 60 kQ Sg-So3
Supply voitage VbooR 2.0 6.0 v Data retention mode
Supply current Ibp1 300 900 pA Normal operation, Vpp =5 V + 10%;
R =82 kQ £ 2%, C = 33 pF = 5%
70 300 LA Normal operation, Vpp =3 V + 10%;
R =160 kQ + 2%, C =33 pF + 5%
Ipp2 1.0 20 uA Stop mode, X1 =0V; Vpp =5V £+ 10%
0.3 10 pA Stop mode, X1 =0V; Vpp =3V + 10%
IpDDR 0.2 10 uA Data retention mode, Vpppgr =2.0V
Note:

(1) VLcp=27VtoVpp
Vicpt1 = Vpp — (1/3) Viep
Vicp2 = Vpp — (2/3) Vicp
Vieps =Vop ~ Vicp
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AC Characteristics

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

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency foo 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 =4.5to
6.0V
10 125 kHz  CL1, external clock, 50% duty; Vpp =27 V
?ystem clock rise and fall toR, toF 0.2 ps CL1, externai clock
ime
System clock pulse width tohs toL 12 50 us CL1, external clock; Vpp =4.5t06.0V
4.0 50 us CL1, external clock; Vpp =2.7 V
Counter clock frequency fxx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 410 kHz X1, external pulse input, 50% duty;
Vpp=451t06.0V
0 125 kHz X1, external puise input, 50% duty;
Vpp=27V
?ounter clock rise and fall xR, txF 0.2 us X1, external pulse input
ime
Counter clock pulse width txH, txL 12 us X1, external pulse input; Vpp =4.51t06.0 V
40 us X1, external puise input; Vpp =2.7V
SCK cycle time txcy 30 us  SCKas input, Vpp=45t06.0V
8.0 us . SCKas input
49 us  SCKas output; Vpp =45t06.0V
16.0 us  SCK as output
SCK pulse width tkH, tL 13 us  SCKasinput; Vpp=4.5t06.0V
» 40 us  SCKas input
22 us  SCKas output; Vpp=4.5t0 6.0V
8.0 s SCKas output
Sl setup time to SCK 1 tsi 300 ns
Sl hold time after SCK 1 tks! 450 ns
S0 delay time after SCK | tkso 850 ns  Vpp=45Vi06.0V
1200 ns
INTO pulse width tion tioL 10 us
INT1 pulse width t11H, 1L 211y s
RESET puise width tRSH, tRSL 10 S
RESET setup time tsRs 0 ns
RESET hold time tHRS 0 ns
Note:

(1) RC network at CL1 and CL2; C = 33 pF :i:5%,|AC/°C|§ 60 ppm.
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AC Characteristics (cont)
For Vpp = 2.7 to 5.5 Volits
Ta=-—10to +70°C
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
System clock frequency feo 50 80 kHz Vpp =5V £10%; 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 tcR, toF 0.2 s CL1, external clock
time
System clock pulse width ten, teL 6.25 50 us CL1, external clock
Counter clock frequency xx 25 32 50 kHz X1, X2, crystal oscillator
fx 0 80 kHz X1, external pulse input, 50% duty

Counter clock rise and fali xR, tXF 0.2 us X1, external pulse input
time
Counter clock pulse width txH, XL 6.25 us X1, external pulse input
SCK cycle time tkey 125 us 5CK as input

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

115 us SCK as output
St setup time to SCK 1 tsi 1 us
Sl hold time after SCK 1 tkst 1 us
SO delay time after SCK | tkso 2 us
INTO pulse width tio, tioL 30 us
INT1 pulse width Y, i 2/fy us
RESET pulse width trRsH- tRSL 30 us
Note:

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

Recommended R and C Values for System

Clock Oscillation Circuit

Ta=—10t0 +70°C

Recommended

Supply Voltage Range Values (Note 1} Frequency Range
45t06.0V R =82 kQ +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% 75 to 135 kHz
251033V R =240 kQ +2% 50 to 80 kHz
25t06.0V R=240kQ £2% 50 to 85 kHz
Note:

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

Timing Measurement Points

External Interrupts

tioL tion
INTO
LI tn
INT1
¥,
83-003317A
Reset
j#————1tRSL | tRSH |
RESET \ ‘} \
83-003318A

Data Retention Mode

|e——Data Retention Mode—

SRS ( tHRS
Vpp \ j
Vi
\ 2008 J| ViH1

RESET VIHDR Vin

NDD = 27to 6.0 V
0.7V 0.7 V|
oo Test Points oo
0.3 Vpp 0.3 Vpp /-
VDD = 25to 2.7V .
0.8 Vpp Tost P 0.8 Vpp
0.2 Vp est Points 0.2 VoD
83-003314A
Clocks
f Wt
CL tCH
t=—1ICF tcr [
4 — Y
cu Z Vin2
K ViL2
I+ 114,
t txu o txH
XF xR~
X1 Vin2
Vit2
83-003315A
Serial Interface
.n A
kL tKH
sk \ V)
—— S
le—tsIK tKs|
Valid
st Input Data
r—tkso
SO Valid Output Data X
83-003316A
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Operating Characteristics

Ta=25°C
fccvs Vobp fc vs VDD
500 i 1000 T T
w [Ta=25°C)
£ 400 - [Ta = 25°C] - "l 2
= 400 * —
8 ~ cLt /
L 300 [—: z ]
> cLt cL2 X
o
£ 250 L 0 u>tztc=1 fudl
E e e e e = ol 2ty
$ 200 — A — —— R=82k0 € Defined
"g' 33 pF /37_ e o e 2 f<tufe= 1 Operating Voltage
2 150 — & 24
s x
2 I E——— 3
3 e —— R =160 kQ S 10
¥ 10 e £
K] — 2
H E———— < & <
Kt R=240kQ— 3
|4 (3 @
& == g g
50 — 2 1 2
2 3 a H 6 7 [ 1 2 3 4 5 6 7
Supply Voltage Vpp [V] Supply Voltage Vpp [V]
fccvs R fx vs Vpp
500 T 1000 T T
— _ Ta=25°C}
N Ta=25°C]—1 m t1 t2 (Ta=
I i (Ta ! T 400 -] s
Q Vop =5 Vg x
o I N = X1 /
) Iy
g 200 — AN § 100 n>tf=1 /[
3 24, 4
-4 g 2
14 Vob =3V IS Defined
t cu cL2 op=3 5 t<tatx=_1 Operating Voltage
S 100 — 3 24
K] N <
= NN o
] —— 33pF R 8
§ [—F°F I Vop =25V NN g 1
g so— b
F3 [
(5] g <
: : 8
2 g 3
) 2 ; :
fae"y 50 100 200 500 [} 1 2 3 4 5 6 7
Resistance R [kQ] Supply Voitage Vpp [V]
fccvs Ta Ipp vs VDD
om0 Voo =5V, 1000 i T T (82 k)
E R =82kQ 500 —[TA=25°C] [160 kQ2] —
x —— ——
x 1 [240 kO]
8 200 oL oL /? HALT (82 k]
b 100 J Z HALT [160 kQ) __|
3 —_——t———— —_— < — HALT [240 kQ]
4 33 L W™ I
g 2 s T R f
[~ P = P
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) ——— —— — 3
5 ——— 3
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£ C=33pF R =240 k0 g pfl;{; ; PF 5
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[J 3 0.1 3
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Operating Characteristics (cont)

lop1 vs fce
500 I T
< [Ta=25°C)
2 A
a 400
2 cLl cLz /
$
3
® 300 %— 33 p;; R /
'
3
S 200 /
H Vop=5V
5
5} 7
-E 100 - " 3
g
. 2
[ 50 100 150 200 250 300
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Ipp1vs Ta
500
<
3
5 400
=]
o
h-]
2 ———
e 300 —
£ e
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S 200 |—
§ 33 pF R
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_E 100 $
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Operating Temperature T [°C]

High-Level Output Current oy [mA]

Low-Leve! Output Current lgL {mA]

-6

=5

-4

-3

loH vs VOH

[Ta =25°C)

Vop=6V

Vop=5V /
/ Vpp =4V

/

| e Vpp =3V

//____,.J_._—— Vpp=25V
[
1 2 3
High-Level Output Voltage Voi [V]
loL vs VoL
20
Vpp=6V (Ta=25°C]
[/ ﬁnp =4V
15
~rVpp=5V
—_’——’—J Vpp=3V
10 //
/— Vpp =25V
5 =
o0 1 2 3

Low-Level Output Voltage Vo, [V]
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NEC Electronics Inc.

uPD7506
4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTER

Description

The uPD7506 CMOS 4-bit single chip microcomputer
has the uPD7500 series architecture. Twenty-two 1/0
lines are organized into the 2-bit input port 0, the 4-bit
output port 2, and the 4-bit {/O ports 1, 4,5,and 6. The
device executes 58 of the uPD7500 Set B instructions,
and has a 5-us instruction cycle time. The subroutine
stack isimplemented in RAM for greater nesting depth
and flexibility.

Due to the CMOS process, the device has a maximurﬁ
power consumption of 600 uA at 5 V, and this is further
reduced in halt and stop modes.

Features

1 1024 x 8-bit program ROM

0 64 x 4-bit data RAM

O 8-bit timer/event counter

0O Two 4-bit general-purpose registers

O Two testable interrupts

O 5-us instruction cycie/400 kHz external clock
[0 600 uA max current consumption

O 2 standby modes

0 22 1/0 lines

Ordering Information

Max Freguency

Part No. Package Type of Operation
uPD7506C 28-pin plastic DIP 410 kHz
uPD7506CT 28-pin plastic shrink DIP 410 kHz
1PD7506G-00 52-pin plastic miniflat 410 kHz

Pin Configurations

28-Pin Plastic DIPs

Pag bvss

x2 [1 P4z

PO3/X1 [1 P4y

P29/PSTB [ P4y
P24/PTOUT [1 POg/INTO

P22
P23
Péo
P61
P62
Pé3
cL
cL2
Voo

[ P53
1 P52
[ P54
[ PSo
[1P13
[ P12
[0 P11
[Py
[ RESET

83-003461A

52-Pin Plastic Minifiat

5w
2k .
e e x
2o ffgfeffsfey
AHHAARAAHAAAAAE
rsz S1 50 49 48 47 46 45 44 43 42 41 40
NC 1 39 [TT1 NC
Ncgz 38 [T NC
cL1[IT] 3 O a7 [ Ne
NC [IT] 4 36 [T x2
cL2[IT]5 35 [TTINC
NC 6 34 [TT] Pas
Voo 7 uPD7506 33 113 Voo
RESET [[T]8 32 [TTINC
P1o (I] 9 31 [11] Vss
P11 [IT] 10 30 [ 17 P42
P12 T 11 20 1T P4y
NC [T} 12 28 I'TT} NC
NC 1T} 13 27 {TTINC
\141516171019202122232425@
HEHEHEHHHEBHEEHE
e fE2effEEL e
]

83-003462A
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Pin Identification

28-Pin Plastic DIPs

No. Symbot Function

1, 25-27 P43-P4y 4-bit 1/0 port 4

2 X2 External event input

3 PO3/X1 Input port 0/Clock input

4 PZOIP—ST—E Output port 2/0utput strobe

5 P24/PTOUT Output port 2/Timer out F/F signal
6-7 P2,-P23 Output port 2

811 P6q-P63 4-bit 1/0 port 6

12, 13 CL1, CL2 System clock input

14 Voo Positive power supply

15 RESET RESET input

16-19 P1p-P14 4-bit 1/0 port 1

20-23 P5q-P53 4-bit 1/0 port 5

24 POg/INTO Input port 0/External Interrupt
28 Vss Ground

52-Pin Plastic Miniflat

No. Symbol Function

3 5 CL1, CL2 System clock input

7, 3 Voo Positive power supply

8 RESET RESET input

9-11, 16 P1p-P14 4-bit 1/0 port 1

16-18, 21 P5¢-P53 4-bit 1/0 port 5

23 POo/INTO input port 0/External interrupt
24, 29, 30, P4q-P4g 4-bit 1/0 port 4

34

31 Vss Ground

36 X2 External event input

41 P03/ X1 Input port 0/Clock input

42 P2y/ PSTB Output port 2/0utput strobe
43 P24/PTOUT Qutput port 2/Timer out F/F signal
44, 45 P2o-P23 Output port 2

47-50 P6g-P63 4-bit 1/0 port 6

1, 2, 4, 6, NC No connection

12-15, 19,

20, 25-28,

32, 35, 37-40,

46, 51, 52

3-76

Pin Functions
P0g/INTO, P03/X1 [Port 0]

2-bit input port 0. Line P0Qqg is shared with external
interrupt INTO. Line P05 is shared with crystal clock/
external event input X1. Ground any unused pins.

P1g-P13 [Port 1]

4-bit input port or three-state output port. Output is
strobed in synchronization with the PSTB pulse. Con-
nect unused pins to Vgg or Vpp.

P2¢/PSTB, P24/PTOUT, P2, P23 [Port 2, Strobe,
Timer F/F Qutput]

4-bit latched, three-state output port. Line P2j is
shared with the port 1 output strobe pulse PSTB. Line
P24 is shared with the timer outflip flop signal PTOUT.
Leave unused pins open.

P43-P4g [Port 4]

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

P53-P5 [Port 5]

4-bit input or latched three-state output port. Can
perform 8-bit parallel I/O in conjunction with port 4. In
input mode, connect unused pins to Vgg or Vpp. In
output mode, leave unused pins open.

P63-P6y [Port 6]

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

CL1, CL2 [System Clock Input]

Connect a 120-kQ resistor across CL1 and CL2,and a
33-pF capacitor from CL1 to Vgg. Or, connect an
external clock source to CL1 and leave CL2 open.

X2, X1 [Crystal Clock/External Event Input]

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

RESET
A high level input to this pin initializes the uPD7506.
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Vpo

Positive power supply. For proper operation, apply a
single voltage from 2.7 t0 6.0 V.

Vss
Ground.

Block Diagram

PO3/X1 X2 POg/INTO
POg/INTO,
PO3/X1
CP
g?::; X Clock Ti | | Interrupt Port 0
Generator Control Counter Controller Buffer
cL LQOUT Plo-P13
Port 1
Buffer
P29-P23
Port 2 :>
N Latch 4
l Program Counter (10} ] ALY c 4——‘ A4) —V Buffer
[{General Registers] P4o-Pag
Port 4
H@4) L@ Latch
Buffer
Stack Pointer (6)
P5¢-P53
Port 5
Latch 4
Program Memory Buffer
1024 x 8 Bits Instruction
Decoder P69-P63
Data Memory Port 6
64 x 4 Bits Latch
Butfer
] cL
Systemn
A
Generator ro
cL1 CL2 Vpp Vss RESET
83-003463C
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Clock Control Circuit Table 1. Selecting the Count Puise Frequency

This circuit consists of a 4-bit clock mode register ] CMo Fraquency Selected
(CMR), prescalers 1 and 2, and a multiplexer, as shown CL/256
infigure 1. The circuit selects the clock source, accepts /64
output from the system clock oscillator (CL) and count

clock generator circuit (X), divides the signal according X

to the setting in the CMR, and outputs the count pulse X
(CP) to the timer/event counter.

The OP or OPL instruction sets the CMR as defined by
table 1. Before loading the CMR, itis necessary to clear CM3 TOUT Signal
bit 2 of the accumulator (A2) to zero. 0 Disabled

1 Enabled

mlaulolo
el R Il =]

Figure 1. Clock Control Circuit

3 Internal Bus 5

2 {+——— OP, OPL

cM3 CM2 cm CcMo Clock Mode Register

To Timer I
Event Counter
System Clock
Oscillator

cu
S CL Prescaler 1
< 1 (118}

CL2
o Prescaler 2

/J; (1/64)

MPX

AAA

cpP

l_j._ X1 (Timer/Event Counter)
X

[,

Crystal Clock Oscillator/
Event Counter Input

83-0039228
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Timer/Event Counter

The timer/event counter consists of an 8-bit count
register, an 8-bit modulo register, an 8-bit comparator,
and a timer out flip flop, as shown in figure 2.

The count register is a binary up-counter that in-
crements each time a count pulse is input. The TIMER
instruction, a RESET signal, or an INTT coincidence
signal clears it to 00H. When an overflow occurs, the
counter is reset from FFH to 00H.

Figure 2, Timer/Event Counter

The modulo register determines the number in the
count register. The TAMMOD instruction sets the
contents of the modulo register. On reset, its contents
are FFH.

The comparator compares the contents of the count
register and the modulo register; when equal, the
comparator outputs INTT.

TAMMOD
Instruction Execution

I 8-Bit Modulo Register l
@
| 8-Bit Comparator J INTT [C 1
8
Counter Pulse

[from Clock Control Circui(]\.[

8-Bit Counter Register I

Timer
OutF/F

1

TIMER
Instruction
Execution or
RESET Pulse

T
ICLR  Clock MSR \_—D_, PTOUT
Bit3 {to P24/PTOUT Pin]

83-003464B
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Interrupts Table 2. Stop and Halt Modes
The uPD7506 has two interrupts, INTT and INTO. INTT ~ Mode oL ® X CPU  Timer
is internally generated by the timer/event counter. Stop X X 0 X A
INTO is externally generated. See figure 3. Halt o X o . o
System Clock and Timing Circuitry o: operates

x: stops
Timing for the uPD7506 is internally generated except A: external clock source: operates
for a frequency reference, which can be an RC circuit internal clock source: stops

or an external clock source. Connect the frequency
reference to the on-chip oscillator for the feedback
phase-shift required for oscillation. Figure 4 shows the
connection for an RC circuit. Figure 5 shows the
connection for an external clock source.

Table 2 compares stop and halt modes. The main
difference is that stop mode stops the system clock;
halt does not.

Figure 3. uPD7506 Interrupts

i internal Bus —7

l«—oP~, oPL" j E ki
l sM3 I

Test RQF
Contro!

S
Nonsync INTT
Edge Gate R RQF

INTT

Timer*

Nonsy s W g ") D Sandey
Edge Gate R RQF

*Instruction Execution

INTO

83-0034658

Figure 4. RC Circuit Connection Figure 5. External Clock Source Connection
Vsso—| cL1 E;;z:::l_. oL
©PD7506 uPD7506
CcL2 Open «—— CL2
83-003780A 83-003781A
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1/0 Pin Configurations

Figure 6 shows the different input and output con-
figurations.

Figure 6. Interface at Input/Output Ports

Type A
P03/X1

Voo

—0 Input

N-ch

Vss

Type B
PO0o/INTO, RESET

_D_ —oO Input

Data

Output
Disable

Type D
P20/PTSB, P21/PTOUT, P22, P23

Voo
P.ch
Output
N-ch
Vss ‘

Type E

P60-P63, P50-P53, P40-P43, P10-P13

Data ——————

Output
Disable

bw
4

83-003466C
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Absolute Maximum Ratings

Capacitance

Tao=25°C Ta=25°C; Vpp=0V
Operating temperature, Topy —10t0 70°C Limits Test
Storage temperature, Tgrg —6510 150°C Parameter Symbol  Typ Max Unit Conditions
Power supply voltage, Vpp -03to+7.0V Input capacitance G 15 pF  fo=1MHz
Total, input and output voltages 03t Vpp+03V  Output capacitance Cg 15 pF i’:mizzu{g‘:/géns
Output current high, lgy 1/0 capacitance Cio 15 pF
Per pin —17 mA
Ports 2,6 —17mA
Ports 1,4,5 ~20 mA
Output current fow, lg
Per pin 17 mA
Ports 2, 6; P43 25 mA
Ports 1, 5; P4y-P4y 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
ForVpp=2.7t06.0V
Tp=—10to +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— 0.5 Vpp v CL1, X1
ViHDR 0.9 Vppor Vpppr + 0.2 v RESET, data retention mode
Input voltage, low Vit 0 0.3 Vpp v Except CL1, X1
Vi 0 0.5 v CL1, X1
Output voltage, high VoH Vpp— 1.0 v loy=—1.0mA; Vpp=4.5t06.0V
Vpp — 05 v loL = —100 wA
Output voltage, low VoL 0.4 v lor=16mA;Vpp=4.5t060V
0.5 v loL = 400 £A
Input leakage current, high ILIH1 3 uA Except CL1, X1; V} = Vpp
L2 10 pA CL1, X1, Vi=Vpp
Input leakage current, low lud -3 A Except CL1, X1; V=10V
’ Iy -10 pA CL1, X1, Vi=10V
Output leakage current, high ILoH 3 pA Vo=Vpp
Output leakage current, low lLoL -3 uA Vo=0V
Supply voltage VbppR 20 v Data retention mode
Supply current lppy 200 600 . Normal operation, Vpp =5V £10%; R = 120
kQ £2%, C = 33 pF +5%
50 180 uA Normal operation, Vpp = 3 V £10%; R = 240
k2 £2%, C = 33 pF +5%
Ipp2 1.0 10 uA Stop mode, X1=0V; Vpp =5V +£10%
0.3 5 uA Stop mode, X1 =0V; Vpp =3V £10%
IbDDR 0.2 5 uA Data retention mode, Vpppr = 2.0V
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DC Characteristics (cont)
ForVpp=25t03.3V
Ta=—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViHi 0.8 Vpp Vpp v Except CL1, X1
Vine Vpp — 0.3 Vop v CL1, X1
ViHDR 0.9 Vpppr Vpppr + 0.2 \ RESET, data retention mode
Input voltage, low Vit 0 0.2 Vpp v Except CL1, X1
ViL2 0 03 Vv CL1, X1
Output voltage, high Vox Vpp — 0.5 ) loy = —80 wA
Output voltage, low VoL 0.5 v lgL = 350 A
Input leakage current, high Vit 3 uA Except CL1, X1; V; = Vpp
V0im2 10 7. CL1, X1; V) =Vpp
Input leakage current, low Vi -3 uA Except CL1, X1, V=0V
Ve —10 pA CLL, X1, V=0V
Output leakage current, high ILoH 3 uA Vo=Vpp
Output leakage current, low ILoL -3 pA Vo=0V
Supply voltage VpopR 2.0 v Data retention mode
Supply current Ipp1 35 150 uA Normal operation, Vpp = 3 V £10%;
R =390 kQ +2%, C = 33 pF £5%
25 130 uA Normal operation, Vpp =2.5V;
R = 390 kQ +2%, C = 33 pF £5%
Ipp2 0.3 5 pA Stop mede, X1 =0V, Vpp =23V £10%
0.2 5 pA Stop made, X1=0V;Vpp=25V
looDR 0.2 5 pA Data retention mode, Vpppr =2.0 V
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AC Characteristics

ForVpp=271t06.0V
Ta=—10to +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fec 150 200 240 kHz  Vpp =5V £10%; R = 120 kQ +2% (Note 1)
75 100 120 kHz Vpp =3 V £10%; R = 240 kQ 2% (Note 1)
75 135 kHz R =240 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 ter. toF 0.2 us CL1, external clock
time
System clock pulse width tons toL 1.2 50 s 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 xR, IXF 0.2 us X1, external pulse input
time
Counter clock pulse width xH, XL 12 s X1, external pulse input; Vpp =4.5t0 6.0V
40 us X1, external pulse input; Vpp =2.7V
Port 1 output set-up time to tpsT 1/(2f4 — 800) ns Vpp=45t06.0V
PTB! 1/(@fec — 20) ns
Port 1 output hold time after tsTP 100 ns Vpp=45t06.0V
PSTB 0 s
PSTB pulse width tswi 1/(21 5 — 800) ns  Vpp=45t06.0V
1/(2fcc — 2.0) ns
INTO pulse width tioH: tio 10 us
RESET puise width tRsH tRSL 10 us
RESET setup time tsRs 0 ns
RESET hold time tHRs 0 ns
Note:

(1) RC network at CL1 and CL2; C = 33 pF +5%,|AC/°C|< 60 ppm.
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AC Characteristics (cont)
ForVpp=27t03.3V
Ta=—10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency foc 50 80 kHz R =310 kQ 2% (Note 1)
50 64 77 kHz Vpp =2.5V; R =310 kQ +2% (Note 1)

fc 10 80 kHz  CL1, external clock
System clock rise and fall tcR, toF 0.2 s CL1, external clock
time :
System clock pulse width tow oL 6.25 50 us CL1, external clock
Counter clock frequency Txx 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 txH, XL 6.25 us X1, external pulse input
Port 1 output set-up time to tpsT 1/(2fgc — 2) ns
PSTB !
Port 1 output hold time after tsTp 100 ns
pSTB !
PSTB pulse width tswi 1/(2fcc —2) ns
INTO pulse width tions tioL 30 us
RESET pulse width trsH. tRSL 30 us
RESET setup time tsRs 0 ns
RESET hold time tHRs 0 ns
Note:

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

Recommended R and C Values for System
Clock Oscillation Circuit

Ta=—10t0 +70°C

Supply Recommended
Voltage Range Values Frequency Range
45t06.0V R =120 kQ +2% 150 to 250 kHz,
200 kHz typical
271033V R =240 kQ +2% 75 10 120 kHz,
100 kHz typical
271060V R =240 kQ+ 2% 75 to 135 kHz
251033V R =390 kQ +2% 50 to 80 kHz
25t06.0V R=330kQ+2% 50 to 85 kHz
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Timing Waveforms

Timing Test Points External Interrupt
Vpp = 27to 6.0V - tioL- { tioH
0.7 Vpp 0.7 Vop \ L i
jﬁm Test Points 0.3 VDDX INTO
83-003467A
VDD = 25t 27V Reset
0.8 Vpp 0.8 Vpp
)( 0.2 Vpp Test Points 0.2 Vpp >< p tRSL p tRSH -
83-003314A RESET i i
c’ccks 83-003318A
Data Retention Mode
ViH2 |+~——Data Retention Mode—
AL (Snsd‘ tHRS
Vpp \ VDDDR A Vit
RESET VIHDR Viu
Vik2 . 83-003319A
\ Vit2 a

83-003315A
Output Strobe
P1g-P1 _gr Output Dat )E_

| utpu ata
0-P13 P )

je——tpsT sTP
— c
PST8

b /

tSTLY

83-003414A

3-86



uPD7506

Operating Characteristics
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Operating Characteristics (cont)
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NEC 4-BIT, SINGLE.CHIP

NEC Electronics Inc. CMOS MICROCOMPUTERS

Description Features

The pPD7507 and uPD7508 4-bit, single-chip CMOS O Single chip microcomputer
microcomputers have the uPD7500 series architecture. [0 Program ROM

The subroutine stack is implemented in RAM for — uPD7507: 2048 x 8-bit
greater nesting depth and flexibility. — uPD7508: 4096 x 8-bit
Thirty-two 1/0 lines are organized into eight 4-bit 0O B—altlaF’gZ\iACGO& piggyback EPROM

ports: input port/serial interface port 0, output ports 2

and 3, and I/O ports 1, 4, 5, 6, and 7. — #PD7507: 128 x 4-bit

— uPD7508: 224 x 4-bit

The uPD7507 and uPD7508 execute 92 instructions of — uPD75CG08: 224 x 4-bit
the uPD7500 series A instruction set with a 5-us [ 8-bit timer/event counter
instruction cycle time. O Four 4-bit general purpose registers

. L . O Four vectored, prioritized interrupts
Maximum power consumption is 900 #A at 5V, less in 0O Executes 92 instructions of uPD7500 series A

the HALT and STOP low-power modes. instruction set

The uPD75CGO08 is a piggyback EPROM prototyping [ 5 us instruction cycle/400 kHz external clock
chip thatis pin-compatible with u4PD7507 and uPD7508. O Two standby modes

A 2716 inserted into the top of the uPD75CG08 emulates 0O 32 1/0 lines

the uPD7507’s ROM. A 2732 emulates the uPD7508's [0 Low-power HALT and STOP modes

ROM. When emulating the yPD7507, the user must

take care to use only the first 128 RAM locations. Ordering Information

Although the uPD7507 and uPD7508 can operate over Max Frequency
arangeof2.5t05.5V, uPD75CG08 operation is limited *Part Number Package Type of Operation
0,

. to 5V £10%. uPD7507C 40-pin plastic DIP 410 kHz
Table 1 summarizes the differences among yPD7507, 4PD7507CU 40-pin plastic shrink DIP 410 kHz
#PD7508 and uPD75CGO08. 4PD7507G-00  52-pin plastic miniflat 40 kHz
Table 1. Features Comparison #PD7508C 40-pin plastic DIP 410 kHz

LPDT5CE08 LPDT507/T508 uPD7508CU 40.an plastrc sh'n.nk DIP 410 kHz

Program memory 2K x 8 EPROM (2716) 2K x 8 masked ROM (507) ~ “PD7S08G-00  52-pin plastic minifiat 410 kiz

4K x 8 EPROM (2732) 4K x 8 masked ROM (7508) uPD75CGO8E 40-pin ceramic piggyback DIP 410 kHz
Data memory 224x 4 128 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% 271060V
Package types 40-pin ceramic 40-pin plastic DIP

piggyback DIP 40-pin plastic shrink DIP

52-pin plastic miniflat
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Pin Configurations

40-Pin Plastic DIP and Plastic Shrink DIP

52-Pin Plastic Miniflat

et  apx
P2¢/PSTB [] 2 39 [ vgs
P2y/PTOUT [] 3 38 [1 Pag
P22 4 37 [ Pay
P23 [s 36 [ P4y
Plg s 35 [1 Pag
P17 34 [1 P53
P12 []s 33 [3 P52
P13 (e 8 a2[rs
Po]10 5 31[3Pso
picf11 & s0[1Pes
P32 12 T 20[1 P62
P33 13 28 [1 P61
P70 ] 14 27 [1 Péo
P15 26 [J PoOa/s!
P72 (] 16 25 [ P02/SO
P73 17 24 [1 P0y/SCK
RESET [] 18 23 [ POQ/INTO
CL1 (119 22 [1 INT?
Voo [] 20 21[] CL2

83-003454A
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211 P74
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S {1I1P33
&{dOr3:

SOOI P34
& 101 P30
&[0 Ne
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smie;

SO Ph

b msmi g
s[TTINC

NC 1171 39 [T1] P23
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cu1 (I s 35 [TT1 NC
NC [T 6 34 [T11 X2
voo (I3 7 4PD7507/08 33 [T Voo
NC [1I] 8 32 11 x1
cL2 (1] 9 31 [0 Vss
INT1 (1T 10 30 [111 P43
PO/INTO [TT] 11 29 [1T1 NC
P0y/SCK [1I] 12 28 [T1] P42
ne Dr‘\“w 1516 17 18 19 20 21 22 23 24 25 2827 Fo e
HEBEEEHHEEEHHE
88 FEFFLELELE
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40-Pin Ceramic Piggyback DIP

x2 1 T a0 [x1
P20/PSTB ] 2 uPD75CG08 39 [ Vsg
R T O
p2as NC ]2 273MSEL363P4|
pods  ATH® 2PVop b,
P17 Aslds  25PAs 5, 1 P53
pads  A5HS  2PA 3 Hes,
pizre AHe BPAn 5
P10 A3 Q7  22pvss 4 [1psg
pucfn A28 2PAn0 4 hpg,
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piadis 2P Pv B,
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Vpp [ 20 21 [JcL2
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Pin Identification

3-90

40-Pin DIP, Shrink DIP and Piggyback DIP

No. Symbol Function

1,40 X2, X1 Crystal clock/external event input port

25 P2¢/PSTB, Output port 2/output strobe pulse,
P24/PTOUT, timer out F/F signal
P2;, P23

6-9 P1g-P13 1/0 port 1

10-13 P3¢-P33 Output port 3

14-17 P7¢-P73 1/0 port 7

18 RESET RESET input

19,21 CL1, CL2 System clock inputs

20 Voo Positive power supply

22 INT1 External interrupt

23-26 POg/INTG, Input port G/external interrupt, serial
P04/SCK, 1/0 interface
P0,/S0,
PO3/SI

27-30 P6g-P63 1/0 port 6

31-34 P5¢-P53 1/0 port 5

35-38 P43-P4y 110 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
3-10 A7-Ag Address bits 7-0
11-13 lo-l2 Data bits 0-2
14,22 Vss Ground

15-19 I3-l7 Data bits 3-7

20 CE Chip Enable

21,23 Aq0-A1q Address bits 10, 11
24,25 Ag, Ag Address bits 9, 8
26, 28 Vop Positive power supply
27 MSEL Memory select

52-Pin Miniflat

No. Symbol Function

1,4,6,13, NC Not connected

14, 27, 29,

35, 40, 45

2,50-52 P7o-P73 1/0 port 7

3 RESET RESET input

59 CL1, CL2 System clock inputs

7 Vop Positive power supply

10 INT1 External interrupt

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

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

17-20 P6g-P63 1/0 port 6

2124 P5¢-P53 110 port5

25,26 P43-P4g 1/0 port 4

28,30

31 Vsg Ground

32,34 X1, X2 Crystal clock/external

event input

33 Vpp Positive power supply

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

41-44 P1p-P13 110 port 1

46-49 P3y-P33 Output port 3

Pin Functions

P0o/INTO, P01/SCK, P02/SO, P03/SI [Port 0/
External Interrupt, Serial Interface]

4-bit input port/serial I/O interface. This port can be
configured as a 4-bit parallel input port or as the 8-bit
serial I/0 interface under control of the serial mode
select register. The serial input SI, serial output SO
(active low), and the serial clock SCK (active low), used
for synchronizing data transfer, make up the 8-bit
serial 1/O interface. Line POg is always shared with
external interrupt INTO, a rising edge-triggered inter-
rupt. If POg/INTO is unused, it should be connected to
Vgs. If P01/SCK, P0,/SO, or PO3/S| are unused, connect
them to Vgg or Vpp.

P1g-P13 [Port 1]

4-bitinput/three-state output port. Data outputto port 1
is strobed in synchronization with a P25/PSTB puise.
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.

P4qg-P43 [Port 4]

4-bit latched three-state output port. Can also perform
8-bit parallel 1/0O 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/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 Vggor 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
mode, leave unused pins open.

X2, X1 [Crystal Clock/External Event Input]

For crystal clock operation, connecta crystal oscillator
circuit to input X1 and output X2. For external event
counting, input external event pulses to input X1 while
leaving output X2 open. If X1 is not used, leave it open.
If X2 is not used, connect it to ground.

CL1, CL2 [System Clock Input]
Connect a 120 kQ resistor across CL1 and CL2, and

RESET [Reset]

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

INT1 [Interrupt 1]

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

Vpp [Power Supply]

Positive power supply. Apply a single voltage in the
range 2.7 to 6.0 V for proper operation.

Vgs [Ground]

. Ground.
connect a 33 pF capacitor from CL1 to Vgg. Alter-
natively, connect an external clock source to CL1 and
leave CL2 open. If CL1 is unused, connect it to Vggs.
Block Diagram
PO3/SI
P02/SO
P01/5CK
X1 x2 INT1 INTO/POY
| | !
Count L | Clock Timer/Event Interrupt Serial /0
Gecr::cva';or %?:L';:I > Counter > Controlier Interface
- 1
I——»TOUY Port 0
CcL Butfer
P0g-PO3
Port 1
<> <_‘J> Butfer <E>P10-P13
Program Counter : Port 2
Latch 4 P2¢-P23
Buffer JES—
v General Registers ( P29/PSTB )
P24/PTOUT
D [4] E (4] :> Port 3
tatch 4 > P3-P33
. " H (4] L[4} <:> Buffer
rogram Memory N
2048 x 8-Bit ROM [1PD7507] i Stack Pointer (8]
4096 x 8-Bit ROM [uPD7508] Decoder Data Memory Port 4
128 x 4-Bit ROM [uPD7507] <:> Latch 4 ) Pag-Pa3
224 x 4-Bit ROM [uPD7508] Buffer
cL ¢ Port 5
T T <:> Latch <€>P50-P53
Buffer
System
Generator _ Latch P6g-P63
Butfer
Port7
| <:> Latch [ 4 > pro-p73
cL1  cL2 RESET VpD Vss 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]
i Lse RESET Pulse Veciors Program
TIs[s[a]3]2]7]0] ooon to Address 0DH

INTT [Internal Timer/Event
010H  Counter Interrupt] Vectors

Execution to 0104

INTO/S [External Interrupt 0/
020H  Serial Interface Interrupt]

Vectors Execution to 020H

INT1 [External Interrupt 1]

On-Chip uPD7507 —
8 3 °

Clock Control Circuit

The clock control circuit consists of a 4-bit clock mode
register (bits CM4and CMy,), prescalers 1,2,and 3, and
a multiplexer. It takes the output of the system clock
generator (CL) and count clock generator circuit (1). 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. Be sure to clear the high-order bits of the
accumulator (Ag, Ap) to zero before loading the clock
mode register.

a8 030H  yectors Execution to 030H
g Table 2. Selecting the Count Pulse Frequency
2
a
a M
3 192 oco"} LHLT Instruction CM; CM, CMp Frequency Selected
& 207 OCFH Reference Table 1] 0 0 CL/256
oé 208 ODOH] CALT Instruction 0 0 1 X /64
255 OFFH Table
0 1 0 X
1023 3FFH 0 1 1 X
02:
1024 400H 1 0 0 CL/32
Last addi fi
2007 : TEFH L neiaction I 0 ! x/8
2048 entry for uPD7507 1 1 0 Not used
Last address fol
A 4095 FFFH  GALL insiruction ! 1 1 Not used
entry for uPD7508
83-003456A
CM3 TOUT Signal
0 Disabled
1 Enabled
Figure 2. Clock Control Circuit
T Internal Bus 7
OP, OPL
System Clock mm CcM1 m Clock Mode Register
Oscillator
To Timer
CL1
S N [1/4)
- L2 Prescaler 2 Prescaler 3
l [1/8] [1/8] [ >
MPX
e
=] 1) cp
x2 “'JL—J (Timer/Event Counter)
Crystal Clock Osciliator/
Event Counter Input
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. i

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 O0H.

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

{ internal Bus - \

/\ : 8 TAMMOD*
“TCNTAM

8-Bit Modulo Register

INTT

8-Bit Comparator

[Coincidence]
8
cpP 8-Bit Count Register
CLR
Timer-Out . - TOUT
FIF (To Serial Interface)
CLR 1 T
*Command Execution L
' Clock PTOUT
*Timer Bit-3 [ta P24/ .
RESET PTOUT pin]

Pulse

83-003458B
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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 SI 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

L Internal Bus T
opP*
. 8 *TAMSIO .
. 4 "rstom—ia} J E J 4 & oPy
I ! ! ! 1T 1
| | i
POg/SI J‘} siB" Shift Register — Shift Mode Register
| !
S N | s s R S S B B .
P02ISO {“ Sla
[To interrupt
m P conteter
3.Bit Count —
|
. P

P04/SCK 0—————¢

TOUT

¢
POQ/INTO O— b___, INTO RS FIF

R INTS
(To Interrupt Circuit)

*Command Execution

@ System Clock
Q s *Slo
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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
INTH INT1 pin External 3 30H

Figure 5. Interrupt Block Diagram

)’ DATA BUS 2
El* To Program Counter|
OP, OPL* SKi* L O\
Interrupt Interrupt
Enable Enable
Serial MSR Bi
it 3 Test Control Register Register
T 0O/s FIF

= J(; D
INTT S INTT l
:) > ! a_RoF |

{s wtors |
RQF
sio* ! )

INT1 S INT1
l—‘:rD—I_f*_J »
Timer*

*Command Execution _@__——-. Standby Release

Multiplexer

ROM
Priority Vector
Control Address

Generator
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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 osciliator 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. Forexample, atVpp =5V, an 83-kQ resistor

Figure 6. RC Circuit Connection

cL1

Vsso—|

CcL2

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 Esx:f.:'c'f_‘ oLt
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 oLz
blocks under the three power down-modes.
83-002995A
Figure 8. System Clock Circuitry
x1 Crystal Clock Clock Conirol Timer/Event
il ontrof imer/Event
x2 Oscliator oﬁ:imun Count Counter [ INTT
Pulse
[cp]
System
CL1 ———»] T Clock ¢ Serial
System Clock Interface [~ INTS
Oscillator
CL2 «—— [. —_
External SCK Source
a Q
STOPF/F HALT F/F
R S R S
instruction
HALT E";ecution
© STOP Execution
Standby Release
Reset
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 v 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) Toenterthe data retention 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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1/0 Port Interfaces

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

Figure 9. Interface at Input/Output Ports

Type A Type E
P02/S0O, P4¢-P43, P50-P53, P60-P63, P10-P13, P70-P73
Voo Vbp
P-ch
P-ch Data —-——:DD_I
Input/
™ Qutput
fnput
Qutput
Disable d
N-ch
N-ch Vbp Vss
P-ch
Vss i__}
Type B In
PO0g/INTO, P03/S1, RESET, INT1
N-ch
_H_ —o Input B
Vss
. Type F
saayPe D PO4/SCK
P30-P33, P2o/PSTB, P21/PTOUT, P22-P23
v Voo
DD
Pch P-ch
Data —-——4[{ ) ' Data ———:Do—{
Input/
Output Output
Qutput
g:;l";l‘; Disable
i
Nech N-ch
Vss
Vss
tn 1T
83-003860C
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Absolute Maximum Ratings Capacitance
Ta=25°C . S Ta = 25°C, Vpp =0V
Operating temperature, Topy —10 to +70°C Limits Test
Storage temperature, Tg7g —65 to +150°C Parameter Symbol Typ Max Unit Conditions
Power supply voltage, Vpp -0.3t0+7.0V Input capacitance G 15 pF f=1MHz
: _ : unmeasured pins
All input and output voltages 0.3toVpp+ 03V Output capacitance G 15 returned to Vsg
Output current high, gy
One pin -17 mA 1/0 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
For Vpp = 2.5 to 3.3 V (7507, 7508 only)
Ta=-10t0 +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high Vini 0.8 Vpp Vop v Except CL1, X1
Vi Vpp— 0.3 Vb v CL1, X1
ViHDR 0.9 Vppor VppoR + 0.2 v RESET, data retention mode
Input voltage, low Vi1 0 0.2 Vpp A Except CL1, X1
ViLe 0 0.3 v CL1, X1
Output voltage, high Vou Vpp — 05 \ lon = —80 pA
Output voltage, low VoL 0.5 \ loL =350 A
Input leakage current, high LK1 3 A Except CL1, X1; Vi = Vpp
V02 10 pA CL1, X1
Input leakage current, low Lt -3 vA Except CL1, X1, Vi=0V
Vi -10 pA CL1, X1
Output leakage current, high ILoH 3 uA Vo= Vpp
Output leakage current, low ILoL -3 uA Vo=0V
Supply voltage Vpoor 2.0 v Data retention mode
Supply current Ipp1 50 250 A Normal operation, Vpp = 3 V £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 pA Stop mode, X1 =0V; Vpp =3V +10%
0.2 10 uA Stop mode, X1=0V; Vpp =25V
IbpDR 0.2 10 pA Data retention mode, Vpppr = 2.0 V
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DC Characteristics (cont)
For Vpp =2.710 6.0V (75CGO8, 5V +10%)
Ta=—10to +70°C
Limits Test
Parameter Symbol Min Tvp Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vop V. Except CL1, X1
Vino Vpp — 0.5 Vpp v CL1,X1
VIHDR 0.9 Vpppr Vpppg + 0.2 V. RESET, data retention mode
Input voltage, low ViLt 0 0.3 Vpp vV Except CL1, X1
ViL2 0 05 v CLt, X1
Output voltage, high VoH Vpp—1.0 V. lgy=—10mA; Vpp =4.51t0 6.0V, 7507/08 only
Vpp— 0.5 V gy =—100 ¢A, 7507/08 only
VoH1 Vpp— 1.0 V oy =—1.0 mA, 75CG08 only
Vore Vpp - 0.75 V gy =—50mA, 75CG08 only
Output voltage, low VoL 04 V  lpL=16mA; Vpp=4.51t06.0V,7507/08 only
0.5 VgL =400 uA, 7507/08 only
0.4 VgL = 1.6 mA, 75CG08 only
Input current, high M 300 ©A  75CG08 only, V| = Vpp, MSEL
Input current, low I ~200 uA  75CG08 only, Vi =0V, lp-l7
Input leakage current, high ILH1 3 uA  Except CL1, X1; V= Vpp
ILIH2 10 wA  CL1, X1
Input leakage current, low lu -3 #A  ExceptCL1, X1; V=0V
e -10 pA  CL1, X1
Output leakage current, high lLoH 3 uA  Vg=Vpp
Output leakage current, low ILoL -3 pA  Vg=0V
Supply voltage VbDbR 20 vV Data retention mode, 7507/08 only
Supply current Ipp1 300 900 pA  Normal operation, Vpp =5V +10%;
R =82 kQ £2%, C = 33 pF £5%
70 300 #A  Normal operation, Vpp =3 V £10%;
R =160 kQ +2%, C = 33 pF 5%, 7507/08 only
Ipp2 1.0 20 #A  Stop mode, X1=0V; Vpp =5V £10%
0.3 10 pA  Stop mode, X1=0V; Vpp =3 V £10%, 7507/08 only
2 20 #A  Stop mode, X1 =0V, Vpp =5V +10%, 75CG08 only
IpbbR 0.2 10 A Data retention mode Vpppg = 2.0 V, 7507/08 only
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AC Characteristics
ForVpp=2.7106.0 V (75CG08, 5 V +10%)
Ta =—10 to 470°C ‘

Limits Test
Parameter Symboi Min Typ Max Unit Conditions
System clock frequency fcc 150 200 240 kHz  Vpp = 5.0 V £10%; R = 82 k2 +£2% (Note 1)
7% 100 120 kHz  Vpp = 3.0 £10%; R = 160 k2 =2% (Note 1), 7507/08 only
75 135 kHz. Vpp = 3.0 £10%; R = 160 kQx +2% (Note 1), 7507/08 only
fc 10 410 kHz  CL1, external clock, 50% duty;
Vpp =4.510 6.0 V, 7507/08 only, Vpp = 5 V £5%, 75CG08 only
10 125 kHz  CL1, external clock, 50% duty; Vpp = 2.7 V, 7507/08 only
10 300 kHz  CL1, external clock, 50% duty; 75CG08 only
System clock rise and fall  tgg, toF 0.2 us  CL1, external clock
times
System clock pulse width  tcop, toL 1.2 50 wus  CL1, external clock; Vpp = 4.5 to 6.0V, 7507/08 only
490 50 us  CL1, external clock; Vpp = 2.7 V, 7507/08 only
15 50 us  CL1, external clock, 75CG08 only
12 50 us  CL1, external clock; Vpp = 5V 5%, 75CG08 only
Counter clock frequency fxx 25 R 50 kHz X1, X2, crystal oscillator
1x 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 = 2.7V, 7507/08 only
0 300 kHz X1, external pulse input; 50% duty, 75CG08 only
0 410 kHz X1, external pulse input; 50% duty;
Vpp =5V, 75CG08 only
Counter clock rise and fall ~ typ, txp 0.2 us X1, external pulse input
times
Counter clock pulse width  txp, tx. 1.2 us X1, external pulse input; Vpp = 4.5 to 6.0 V, 7507/08 only
4.0 ps X1, external pulse input; Vpp = 2.7 V, 7507/08 only
15 us X1, external pulse input, 75CG08 only
12 us X1, external pulse input; Vpp = 5 V 5%, 75CG08 only
SCK cycle time tkoy 30 us  SCK as input; Vpp = 4.5 10 6.0 V, 7507/08 only
5V +5%, 75CG08 only
8.0 us  SCK as input, 7507/08 only
49 * us  SCKas output; Vpp = 4.5 to 6.0 V, 7507/08 only
5V +5%, 75CG08 only
16.0 us  SCK as output, 7507/08 only
40 us  SCKas input, 75CG08 only
6.7 us  SCK as output, 75CG08 only
SCK pulse width ke, KL 1.3 us  SCKas input; Vpp = 4.5 t0 6.0 V, 7507/08 only
5V +5%, 75CG08 only
40 us  SCK as input
Note:

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

3-102



NEC

uPD7507/08
AC Characteristics (cont)
ForVpp=2.7t06.0 V (75CG08, 5 V -10%)
Ta=~10to +70°C
) Limits Test
Parameter Symbol Min Tvp Max Unit Conditions
SCK pulse width tkH, thL 22 us SCK as output, Vpp = 4.5 10 6.0 V, 7507/08 only
5V £10% 75CG08 only
8.0 us SCK as output, 7507/08 only
30 us SCK as output, 75CG08 only
Sl setup time to SCK 1 tsik 300 ns
Sl hold time after SCK 1 tks) 450 ns
SO delay time after SCK } tkso 850 ns Vpp =4.5t0 6.0 V, 7507/08 only
5V +10% 75CG08 only
1200 ns 7507/08 only
Port 1 output setup time to PSTB T tpgt 1/(2fcc ~ 800) ns Vpp = 4.5 t0 6.0 V, 7507/08 only
5V £10% 75CG08 only
1/2fec — 2.0) ns 7507/08 only
Port 1 output setup time to PSTB 1 tgyp 100 ns Vpp=4.5106.0 V, 7507/08 only
5V +10% 75CG08 only
100 ns 7507/08 only
PSTB pulse width tsTL 1/2tec — 800) ns Vpp = 4.5 to 6.0V, 7507/08 only
5V £10% 75CG08 only
1/2fcc —2.0) ns 7507/08 only
INTO pulse width tio, tioL 10 us
INT1 pulse width t11H, thaL 2/fce s
RESET pulse width trsH, tRSL 10 us
RESET setup time tsRs 0 ns
RESET hold time tHRs 0 ns
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AC Characteristics (cont)

For Vpp = 2.5 to 3.3 V (7507, 7508 only)
Ta=—1010 +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency feo 50 80 kHz R =240 kO +2% (Note 1)
50 64 77 kHz ~ Vpp=25V; R =240 kQ 2% (Note 1)
fc 10 80 kHz  CL1, external clock, 50% duty
System clock rise and fall toR. 1oE 0.2 us  CL1, external clock
time
System clock puise width toH, 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, IXF 0.2 us X1, external pulse input
time
Counter clock pulse width txHs txe 6.25 us X1, external pulse input
SCK cycle time tkoy 125 us  SCKas input
25.0 us  SCKas output
SCK pulse width tke T 6.25 us  SCKas input
15 us  SCK as output
Sl setup time to SCK 1 tg1K 1 us
Sl hold time after SCK 1 kst 1 us
S0 delay time after SCK | tkso 2 us
Port 1 output setup time to PSTB | tpsT 1/(2fgc — 2.0) ns
Port 1 output hold time after PSTB 1 tgp 100 ns
PSTE pulse width tsTL 1/(2fcc — 2.0) ' ns
INTO pulse width tioHs tioL 30 us
INT1 pulse width Y1, L 2/fce us
RESET pulse width tRSH. tRSL 30 1S
RESET setup time tsrs 0 ns
RESET hold time tHRs 0 ns
Note:

(1) RC network at CL1 and CL2; C = 33 pF £5%,|AC/°Cl< 60 ppm.
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Timing Waveforms

Timing Measurement Points

External Interrupts

VpD = 27to 6.0 V

0.7 V| 0.7 V|
oD Test Points oo
0.3 Vpp 0.3 Vpp

Vpp = 25t0 2.7 V

0.8 Vpp Tost Poi 0.8 Vpp
0.2 Vop fest Points 0.2 Voo

Clocks

83-003314A

| ey tcH

cF toR = [+

y

ViH2
\ Vie2

tXH————]
j X Vinz
\ ViL2

83-003315A

Serial Interface
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$O Valid Output Data ><:

83-003316A

Output Strobe

P1g-P13 _§F Output Data ’E_
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83-003414A
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83-003317A

RESET
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83-003318A

Data Retention Mode

|+——Data Retention Mode—»)

tSRS+ tHRS
Voo VpDDR Vit
R
ESET VIHDR ViLt

83-003319A
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Operating Characteristics
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Operating Characteristics (cont)

Ta = 25°C
Ipo1vs fcc IpD1vs Ta
500 ( [ 500
T [Ta=25°C] <
2 A 3
5 400 — o 400
H cLt cL2 / 8
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i / § o otz Vop =5V, R~ 82kQ
-3
O 200 O 200 —
3 A 3 /7T7
.; 100 [—— — « 2z 100 «
£ 2 3
3 - b4 E — — 4
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System Clock Oscillation Frequency fcc [kHz] Operating Temperature Ta [ °C]
loH vs VOH loLvs VoL
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3-107



pPD7507/08 N E C

3-108



NEC yPD7507H/08H
'~ _ 4-BIT, SINGLE-CHIP
NEC Electronics Inc. CMOS MICROCOMPUTERS

Description Ordering Information

The pPD7507H and uPD7508H are pin-compatible,
high-speed (4.19 MHz), 4-bit, single-chip CMOS micro-
computers with the uPD7500 series architecture. The
subroutine stack is implemented in RAM for greater
nesting depth and flexibility.

Thirty-two /0 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 consumption is 800 A at 5V and tess
in the HALT and STOP low-power modes.

The 75CGO08H is a piggyback EPROM prototyping chip
that is pin-compatible with 7507H and 7508H. A 2716
plugged into the top of the 75CG08H 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 2.5 to 6.0 V,
75CGO8H is limited to 5 V £10%. Table 1 summarizes
the differences among 7507H, 7508H, and 75CG08H

Features

[0 Single-chip microcomputer
O Program ROM
— uPD7507H: 2048 x 8-bit
— uPD7508H: 4096 x 8-bit
— uPD75CGO08H: piggyback EPROM
[0 Data RAM
— uPD7507H: 128 x 4-bit
— uPD7508H: 224 x 4-bit
— uPD75CGO08H: 224 x 4-bit
O 8-bit timer/event counter
O Four 4-bit general purpose registers
[J Four vectored, prioritized interrupts
O Executes 92 instructions of 7500 series A
instruction set
O 2.86-us instruction cycle/4.19-MHz external clock
0 Two standby modes
0O 32 1/0 lines
O LED direct drive (ports 2-5; 16 lines)
O Low power HALT and STOP modes

Max Frequency

Part No. Package Type of Operation
#PD7507HC 40-pin plastic DIP 4.19 MHz
pPD7507HCU 40-pin plastic shrink DIP 4.19 MHz
pPD7507HG-22 44-pin plastic minifiat 4.19 MHz
uPD7508HC 40-pin plastic DIP 4.19 MHz
uPD7508HCU 40-pin plastic shrink DIP 4.19 MHz
#PD7508HG-22 44-pin plastic miniflat 4.19 MHz
#PD75CGOSHE 40-pin ceramic piggyback DIP 4.19 MHz

Pin Configurations

40-Pin Plastic DIP and Plastic Shrink DIP

fouT ] 1 \_/~ a0 |0 EvenT
P29/PSTB g 2 39 [ Vsg
P21/PTOUT [] 3 38 [1 P43
P22 4 37 A Paz
P23 []s 36 [1 P4
P1g(]s6 35 |1 Pdg
P17 34 [1P53
P28 T 33 [ P52
P13[]9 8 32 (I PS5y
P10 £ s [es
P 11 2 30[JP6s

[=]

P12 & 20[1Pe
P33 Ié 13 28 [JP6y
P70 ] 14 27 [1Péo

P71 15 26 [] Poy/SI

P72 ] 16 25 [1 Poy/so

P73 [ 17 24 [1P01/SCK
RESET [] 18 23 [ PO/INTO

cLi]1s 22 [1INT1
Vpp [] 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 [J EVENT
P29/PSTE [] 2 4PD75CGO8H 39 Evss 1 douT foc/12 square wave
P21/PTOUT []3 Pag 2-5 P2,/PSTB Output port 2/output strobe pulse,
P2[]4 [1P42 P24/PTOUT, timer out F/F signal
P23 []s SPM P2y, P23
P10 6 P4y
Py g 7 Bess 6-9 P1p-P13 1/0 port1
P12 £ 8 [ ps, 10-13 P3¢-P33 Output port 3
P13[9 [1 P54
p3o 10 i 14-17 P7q-P73 110 port 7
P31 11 [ Pes 18 RESET RESET input
:;; :2 ) 3:: 19, 21 CL1, CL2 System clock inputs
P70 E 1 [ P60 20 Vpp Positive power supply
P71 )15 [ Poa/s .
P12 16 B Posiso 22 INTA External interrupt
P73 g 7 1 Pov/SCK 23-26 POy/INTO, Input port 0/external interrupt, serial
RESET [J 18 [ Poo/INTO P0¢/SCK, 1/0 interface
cLi]1e 1 INT1 P0,/S0
Voo O] 20 21f1cL2 PO5/S!
0T 27-30 P6y-P63 1/0 port 6
44-Pin Plastic Minifiat 31-34 P5g-P53 110 port 5
-Pin Plasti n
hd a 35-38 P4g-P4g 110 port 4
% o 39 Vgs Ground
& |§ sk 40 EVENT External event input port
cgsigobiasss
zRaddsm¥aadsd
Hﬂ ﬁ ﬂ ﬁ ﬁ ﬂ H ﬂ ﬂ ﬂ 44-Pin Miniflat
/3 8 = 8 8 = No. Symbol Function
Plo I 33T Pao
ey O —— 1,4 P1g-P13 110 port 1
P12 CT-T 3 31 [T P52 5-8 P3¢-P33 Port 3 output
P13 LI )
Pl CI-T} 5 29 [T T3 PSo g9, 10, P7o-P73 1/0 port7
P34 1] 4PD7507H/08H 1171 pes 13, 14 ‘
P32 CT 1 17 27T 171 P62
o — E—— 1112 NC Not connected
P7o CLT ]9 25 [T Péo 15 RESET RESET input
o T 1
= R == o 16,18 cL1, cL2 System clock inputs
)= = & 8/ 17 Vop Positive power supply
H H H H H H H gﬁ H H 19 INT1 External interrupt 1
gLy E 3 § 3 £ E |§ 3 20 P0p/INTO Port 0 input/Interrupt 0
€ §= §' g 21 P0¢/SCK Port 0 input/Serial clock /0
83-003762A 22 - P0y/SO Port 0 input/Serial output
23 NC Not connected
24 PO3/SI Port 0 input/Serial output
25-28 P6y-P63 1/0 port 6
29-32 P5g-P53 1/0 port 5
33-36 P4g-Pd3 110 port 4
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Pin Identification (cont)

44-Pin Miniflat (cont)

No. Symbol Function

37 Vss Ground

38 EVENT External event input

39 PoUT foo/12 square wave

40 P2¢/PSTB Port 2 output/Output strobe pulse
41 P21/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-Ag Address bits 7-0
11-13 Ip-lo Data bits 0-2

14,22 Vss Ground

15-19 I3-l7 Data bits 3-7

20 CE Chip enable

21,23 A10, A1 Address bits 10, 11
24,25 A9, A8 Address bits 9, 8
26, 28 Vop Positive power supply
27 MSEL Memory select

Pin Functions

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

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/O interface under control of the serial mode
select register. The serial input Si, serial output SO,
and the serial clock SCK (active low) used for
synchronizing data transfer make up the 8-bit serial /O
interface. Line POy is always shared with external
interrupt INTO, a rising edge-triggered interrupt. If
POO/M is unused, it should be connected to Vgg. If
P01/SCK, P0o/SO, or P0,/S| are unused, connect them
to Vgg or Vpp.

P1p-P13 [Port 1]

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

P29/PSTB, P21/PTOUT, P22, P23 [Port 2]

4-bitlatched three-state output port. Line P2gis 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 I/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 I/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 Vggor 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.

¢ouT [Clock Out]
Outputs a square wave with frequency fco/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 or a 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 ' wPOTSCEOBH uPUTS07H/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 24 x4 128 x 4 (7507H)
- . . 224 x 4 (7508H
External rising edge-triggered interrupt. Connect to - { )
Vgg if unused Data retention Use more current Yes
s ' mode than 7507H, 7508H
VDD [Power 8upp|y] Power supply 5V £10% 271060V
Package types 40-pin ceramic 40-pin plastic DIP
Positive power supply. Apply a single voltage in the piggyback DIP 40-pin plastic shrink DIP
range 2.7 to 6.0 V for proper operation. 44-pin plastic miniflat
Vss [Ground]
Ground.
Block Diagram
P0a/SI
P02/SO
P01/SCK
- EVENT INT1 INTO/POg
t -
T conie | of et Lt et L seiio
Qe K
r
(} o I CpLE
Program Memory
(12-Bits uPD7508H] Port 2
[11-Bits uPD7507H] Latch 4 P2o-P23
. Butfer P29/PSTB
v General Registers (le/PTOUT)
D 4] E[4] Port3 |
orocram Gount CI Li4) <:> :\;/ Butior j‘ ForPas
rogram Counter
4096 x 8-Bit ROM [LPD7508H] Stack Pointer [8)
2048 x 8-Bit ROM [uPD7507H) ) Decoder Data Memory Port4
224 x 4-Bit RAM [P D7508H] @ Q ;a:;:h @ P4g-Pa3
128 x 4-Bit RAM [uPD7507H] il
CL ¢ 18icc Ports
L O Latch <E>Pso-953
Buffer
System Standby
POUT*— Gl Control O Pons <§"> -
. Buffer
Port 7
O Latch @ P70-P73
CL1  cCL2 RESET Vpp Vss L | Butfer
83-0034358
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Figure 1. System Clock Options

A. Crystal Oscillator
cL
30 pF _[ | Vpp Frequency Range
451060V  0.9t04.2 MHz
381060V  0.9to2.5MHz
30 pF
cL2

271060V  0.9t0 1.1 MHz
B. Ceramic Oscillator

cLi

10 pF -[ oo

- :ﬂ 451060V
L—L cL2

C. External Clock

CL1
Voo Frequency Range
4PD74HC00 451060V  0.1to 4.2 MHz
27t0o6.0V  0.1to 1.8 MHz
CL2

83-003763A

Frequency Range
3.5104.2 MHz

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 ofa 4-bit clock mode
register (bits CMo-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 CM3 controls the timer out F/F; it is
disabled when the bit is 0 and output when the bit is 1.

Table 2. Selecting the Count Pulse Frequency

CMz CM; CMg Frequency Selected

0 0 0 fog/1536 (CL/256)

0 0 1 foc/512 (foc/8 x 1/64)
0 1 0 EVENT input

0 1 1 Not used

1 0 0 foe/192 (CL/32)

1 0 1 fcc/64 (fog/8 x 1/8)

1 1 0 Not used

1 1 1 Not used

Address
[Decimal]
MSB

Address
[Hex]
LsB

7[6[5]a]3[2[1]0]o000H

RESET Pulse Vectors Program

to Address 000H

INTT [Internal Timer/Event

16

010H Counter Interrupt] Vectors

Execution to 010H
INTO/S [External Interrupt 0/

32

020H Serlal Interface Interrupt)

Vectors Execution to 020H

48

030H INT1 [External Interrupt 1)
Vectors Execution to 030H

On-Chlp yPD7507TH———— o]
o

I
3
-3
d
3 2
s e OCOH ) LULT Instruction
£ 207 0CFH Reference Table
3 208 0DOH
é , CALT Instruction
255 OFFH Table
1023 3FFH
1024 400H
2047 7FFH Last Address for CALL Instruction Entry
2048 800H  4PD7507H
4095 FEFH Last Address for CALL Instruction Entry

uPD7508H

83-0034368

3-113




vPD7507H/08H

NEC

Figure 3. Clock Control Circuit

g Internal Bus . /

op*, OPL*

CM3 ! CM2} CMq | CMg

To Timer/
Event Counter

1/8tcc

Prescaler 2 Prescaler 3
[1/8) [1/8]

cL l Prescaler 1 I
[ tcel L T
EVENT ang |

*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 puilse after they are equal.

Table 3. uPD7507H/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 S| input port, the SO
output port, the SCK serial clock I/O 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 \
A 8 TAMMOD*
*TCNTAM
8-Bit Modulo Register
8
8
INTT
8-Bit Comparator [Colncldence]
8
cP 8-Bit Count Register
CLR
Timer-Out TOUT
FIF (To Serial Interface)
CLR 1 T
* |
Command Execution C'I:sc; PTOUT
Ti Bit 3 [to P2y/
RESET PTOUT pin]
83-0034378
Figure 5. System Clock Circuitry
@OUT 1/2
[349 kHz] CLR
1/4 Clock for Timer/Event Counter
CLR [524 kHz)
cL
i [698 kHz]
CL1 O—»
Crystal | fcC 1/2 1/3 1/2 ¢
Oscillator | fc CLR CLR CLR [349 kHz]
CL2 0—
Disable I | Halt F/F t—‘
3 R _G: Halt Release
Reset [™_]
_@ Halt*
s
Stop F/F
Q S Stop *
R Reset
*Command Instruction
83-0034388
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System Clock and Timing Circuitry

There are four time bases available for the
pPD7507H/08H. Table 4 shows these bases and the
frequencies generated.

The CPU clock is used by the CPU and serial interface.

Table 4. pPD7507H/08H Time Bases

Base Symbol Frequency
System clock CL 1/6 foc (698 kHz/4.19 MHz)
CPU clock 1/12 fgg (349 kHz/4.19 MHz)

External clock PouUT 1/12 g (349 kHz/4.19 MHz)
The system clock is used by the timer/event counter .06 ent _ 1/8 fog (524 kHz/4.19 MHz)
and the INT1 signal. counter clock
1/0 Port Interfaces
Figure 6 shows the internal circuit configurations at the
1/0 ports.
Figure 6. Interface at Input/Output Ports
Type B ) Type E
PO0g/INTO, INT1, PO3/SI, RESET, EVENT P10-P13, P02/SO, P49-P43, P50-P53, P60-P63, P70-P73
) Voo
_D_ —0O Input Pch
Input/
r—o g&l::m
Type c Output
$ouT Disable
N-ch
Voo
Voo Vss
P-ch P-ch
Output }——‘
In
N-ch ] I—_I
Vss ﬁch
Vss .
Type D .
P20/PSTB, P21/PTOUT, P22, P23, P3¢-P33
Vop
Type F
Pch P01/SCK
Data :DD__l Voo
Output P-ch
Data D_I
Output
Disabl
cone N-ch ——° g‘::‘;:;lnt
Vss Output
Disable
Note: Upon RESET, both transistors are turned off. N-ch
Vss
In i)

83-003438C
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Absolute Maximum Ratings Capacitance
Ta=25°C : TA=25°C, Vpp=0V
Operating temperature, Topr —10to 70°C Limits
Storage temperature, Tsyg —65 to 150°C Parameter Symbol Typ Max Conditions
Power supply voltage, Vpp ~03t0+7.0V Input capacitance G 15

: _ ] unmeasured pins
All input and output voltages 0.3to Vpp +0.3V Output capacitance  Cg 15 returned to Vg
OUtglAchui:em‘ high, lon _5ma /0 capacitance Cio 15

All pins, total —~20 mA
Output current, low, lg,

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.

3-117



NEC

uPD7507H/08H
DC Characteristics
Ta=-10to +70°C; Vpp = 2.7 10 6.0 V (5 V £10% for 75CGO8H)
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vpp v Except CL1, CL2
ViH2 Vpp— 0.5 Voo v CL1, CL2
ViHDR 0.9 Vppor VpppR + 0.2 v RESET, data retention mode
Input voltage, low ViLs 0 0.3 Vpp v Except CL1, CL2
ViLe 0 0.5 v CL1, CL2
Output voltage, high Vou Vpp —1.0 v lon = —1.0 mA; Vpp =4.5t0 6.0 V; except
A11/Vpp
Vpp — 0.5 v loL = —100 wA
Vpp —0.75 v A11/Vpp; loy = —5 mA (uPD75CGO8H only)
Output voltage, low VoL 0.5 1.5 \ lor =12 mA; Vpp =4.510 6.0 V; Ports 2-5
04 v loL = 1.6 mA; Vpp = 4.5 10 6.0 V; Ports 6-7
05 Vo g =400 uA ‘
Input leakage current, high ILiH1 3 LA Except CL1, CL2; V| = Vpp
ILn2 20 pA CL1, CL2; Vi = Vpp
Input leakage current, low I -3 LA Except CL1,CL2; Vi =0V
e —20 uA CL1,CL2; V=0V
Output leakage current, high ILoH 3 uA Vo= Vpp
Output leakage current, low lLoL -3 uA Vo=0V
Supply voltage VboDR 2.0 6.0 v Data retention mode
Supply current Ipp1 900 (1) 3000 (1) A Normal operation, Vpp =4.5t0 6.0 V;
1000 (2) 3000 (2) pA = 4.19 MHz
150 (2) 700 (2) uA Normal operation, Vpp =2.7t0 3.3V,
f=1MHz
Ipp2 350 (1) 800 (1) pA HALT mode, X1=0V; Vpp =4.5t06.0V;
500 (2) 1100 (2) uh f=4.19 MHz
70 (2) 180 (2) pA HALT mode, X1=0V; Vpp=271t03.3V;
f=1MHz
Ipp3 0.1 10 uA  STOP mode
Note:

(1) Crystal oscillation; C1 = C2 = 10 pF.
(2) Ceramic oscillation; C1 = C2 =30 pF.
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AC Characteristics
Ta=—1010 +70°C; Vpp =2.710 6.0 V (5 V £10% for 75CGO8H)
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency foy 2.86 120 kHz  Vpp=45t055V
6.7 120 khHz
EVENT input frequency e 0 700 kHz  Vpp=45t06.0V
0 250 kHz
EVENT input high tEH 0.7 us Vpp=45t06.0V
EVENT input low teL 33 us
SCK cycle time tkey 25 us  SCKasinput; Vpp=4.5t06.0V
10 us  SCKas input
2.86 us  SCKas output; Vpp =45t0 6.0V
1 us  SCKas output
SCK pulse width tis tRL 1.1 us  SCKasinput; Vpp=4.5t06.0V
45 us SCK as input
13 us  SCKas output; Vpp=4.5t06.0V
50 us SCK as output
Sl setup time to SCK tsik 300 ns
Sl hold time after SCK 1 txs 450 ns
SO delay time after SCK | tkso 850 ns  Vpp=45t060V
1200 ns
Port 1 output setup time to tpsT (Note 1) ns Vpp=45t06.0V
PSTB 1 (Note 2) ns
Port 1 output hold time after tsTp 80 ns
PSTB 1
PSTB pulse width tswL (Note 1) ns  Vpp=45t06.0V
(Note 2) ns
INTO puise width tioH, tioL 10 us
INT1 pulse width tiwes tiwe (Note 3) us
RESET pulse width tRsH tRSL 10 us
RESET setup time tsRs 0 ns
Clock stabilization time fos 25 ms Vpp=45V

Note:

(1) (3+fgc orfc) ~— 350.
(2) (3 =+ fcg or fg) — 1000.
(3) tcy =12 +fgg orfg.
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Timing Waveforms

Clocks

External Interrupts

e
tCH
CL1 Input K \ \\;::I:
83-003440A
Timing Measurement Points
0.7 Vpp 0.7 Vpp
0.3 Vpp 0.3 Vpp
83-003411A
Serial Interface
tKey
KL tKH
§CK : /1
- ~
le—tsiK txs!
Valid
si input Data
l—tKso

SO Valid Output Data X:

83-003316A

EVENT Input

Event -\
A

teL

83-003441A

3-120

t

tioL. y IOH—
INTO \ u : k
e { I titH: {
INT1 \ ]I L

83-003317A
Reset
fe—1tRsi tRsH
RESET \
K { \
83-003318A
STOP Mode
HALT
(f————STOP Mode *— Mode
J— Data
A
Voo VDDDR /

RESET ‘
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Operating Characteristics (cont)
Ta=25°C

Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Supply Voltage

10 10 T T T
T T —

I cL1 CcL2 IC1 =C; =30pF

4.2 MHz,
C1£D4'C2 __25MHz 4]]7
-7 %

1.1 MHz

N W oao
-t

Oscillation Frequency, fcc [MHz]
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Operating Characteristics (cont)
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NEC 4-BIT, SINGLECHIP

NEC Electronics Inc. CMOS MICROCOMPUTER
Description Pin Configuration
The uPD7507S 4-bit, single-chip CMOS micro-
computer has advanced fourth-generation architec- ";:’ ; :: E:fs
ture. It is a reduced version of the uPD7507, with fewer wds oY =
1/0 lines. The device can be operated as low as Vpp = P20 ] 4 25 [ pag
2.2V to minimize power consumption. P24/PTOUT []5 2417 P53
P2; 6 » 23[Psy
Features P3l]7 3§ 22[1Ps
P38 'é 21 psg

O Single-chip microcomputer P31[de % 201 Poyst
O Can operate on a single lithium battery e ;':zzgz_x
0 Executes 91 instructions of uPD7500 instruction eser 1 Po;/mro

set A cL1 ) INT4
O 2048 x 8-bit program ROM Voo [ cL2
[0 128 x 4-bit data RAM 83-003418A
O Interrupt capabilities

— Two gxternal‘mterrupts: INTO, INTH Pin Identification

— Two internal interrupts: INTT, INTS -
O 8-bit timer/event counter No. Symbol Functien
[0 8-bit serial interface 1,25-27 P4-Pdy 1/0 port 4
[0 Two standby modes 2,3 X2, X1 Crystal clock/external event input
S ?;}‘}‘O""’::Z:O" mode 47 ,530 sgﬂpmun Output port 2/timer out F/F signal

i 2, P23
O Internal RC oscillation circuitry
O Crystal oscillation circuitry for count clock il P3P Output Pm 3
O Low power consumption 12 RESET RESET input
(J Single 2.2 to 6.0 V operating voltage 13,15 CL1,CL2 System clock input
[0 CMOS technology 1“4 Vb Positive power supply
Ordering Information 16 INT1 v External interrupt
17-20 POy/INTO Input port 0/external interrupt,
Max Frequency P04/SCK serial 1/0 interface
Part No. Package Type of Operation P0,/S0
uPD7507SC 28-pin plastic DIP 410 kHz PO3/SI
uPD7507SCT 28-pin plastic shrink DIP 410 kHz 21-24 P53-P5g 1/0 port 5
28 Vss Ground
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Pin Functions

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

4-bit input port/serial I/0 interface. This port can be
configured as a 4-bit paraliel 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 POy is always shared with external
interrupt INTO, a rising-edge triggered interrupt. If
POy/INTQ is unused, it should be connected to ground.
If P04/SCK, P0,/SO, or P03/S| are unused, connect
them to ground or Vpp.

P2p, P21/PTOUT, P2;, P23 [Port 2]

4-bitlatched three-state output port. Line P24 is shared
with PTOUT, the timer out F/F signal. If any pins are
unused, leave them open.

P33-P3¢ [Port 3]

4-bitlatched three-state output port. Leave unused pins
open.

P43-P4g [Port 4]

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

3-124

P53-P5p [Port 5]

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

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.

CL1, CL2 [System Clock Input]

Connect an 82-kQ resistor across CL1 and CL2 and
connecta 33-pF capacitor from CL1to GND (200 kHz).
Alternatively, connect an external clock source to CL1
and leave CL2 open.

INT1 [External Interrupt]

This is a rising edge-triggered interrupt.

Vpp [Power Supply]

Positive power supply. Apply a single voltage in the
range 2.2 to 6.0 V for proper operation.

Vgsg [Ground]
Ground.
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Block Diagram

X1 X2

INT1 INTO/POg SCK/POy  SI/PO3

SO/PO2

Count
Clock
Generator

Clock
Control

Timer/Event
Counter

Interrupt Serlal
Controt  [*| Intertace

CcL

<> Lo rour <> <> ]

$

Port 0
Buffer

P0g-PO3

Port2
Latch
Buffer

2 P2¢-P23
PTOUT/P24

Port3
Latch
Bufter

4 > P3;-P33

Port4
Latch
Buffer

P4o-Pa3

o o L U i

Port5

Buffer

K

Program Counter [11] ALU
Generat Registers
D 4] E[4)
Program Memory
H[4 Li4
2048 x 8 Bits _> Instruction 4 1 <:>
Stack Pointer 8]
?L f
System st
clock cnndby Data Memory
Generator ontrol 128 x 4 Bits
cl1 cLz VDD  Vss  RESET —

83-003419B
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Memory Map

Figure 1 shows the program memory map of the
uPD75078S.

Figure 1. Program Memory Map

Address Address
[decimal] [Hex]
MSB LSB
ol zlels]4l3[2]1]o 000H RESET pulse vectors program execution
to address 000H.
16 010H INTT counte

r
vectors program execution to address 010;1.‘

32 020H  INTO/S [External interrupt 0/internal serlal
i pt] vectors prog
execution to address 020H.
48 030H _INT1 [External interrupt 1] vectors execution
to address 030H.
192 0COH
] LHLT instruction reference table.
207 OCFH
208 0DOH
CALT instruction reference table.
255 OFFH
2047 7FFH  Last address for CALL instruction entry.

83-003421B
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Clock Control Circuit Table 1. Selecting the Count Pulse Frequency
The clock control circuit consists of a 4-bit clock mode Mz CM, CMp Frequency Selected
register (bits CMg-CM3), prescalers 1,2,and 3,anda ¢ 0 0 CL/256
multiplexer. It takes the output of the system clock 0 1 X/64
generator (CL) and the count clock generator circuit 0 ] X
(). 1t also selects the clock source and divides the 0
signal according to the setting in the clock mode 0 1 1 X
register. It supplies the timer/event counter with the 1 0 0 CL/32
count pulse. Figure 2 shows the clock control circuit. 1. 0 1 X/8
Table 1 lists the codes setin the clock mode registerby 1 1 0 Not used
the OP 12 and OPL instruction to specify the count | 1 1 Not used
pulse frequency. CM3 controls the timer out flip flop.
When CM3is 0, the timer out F/F is disabled; when CMg3
is 1, it is output. When you set the clock mode register
with the OPL instruction, clear the high-order two bits GM3 T""'ir F/F Dwiput
of the accumulator. 0 Disabled
1 Output

Figure 2. Clock Control Circuit

C Internal Bus /

*OP, *OPL

CM3| CM2{ cM1]{ CMO

Prescaler 2 Prescaler 3
[1/8] [1/8]

Multiplexer

To Timer/
Event Counter

Prescaler 1
CL——I 11/4] lr

*Instruction execution

83-0034208
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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 counter is a binary up-counter which is
incremented each time a count pulse is input. The
TIMER instruction, an INTT coincidence signal, or a
RESET signal clears it to 00H.The 8-bit modulo register
determines the number of counts the count register
holds. The TAMMOD instruction loads the modulo
register. RESET sets the modulo register to FFH.

The 8-bit comparator compares the contents of the
count register to the modulo register and outputs a
coincidence signal when these are equal.

Figure 3. Timer/Event Counter

i Internal Bus \

VAN 8 TAMMOD*
*TCNTAM

8-Bit Modulo Register

|

8-Bit Comparator

INTT
[Coincidence]

Count Hold
CP ——————»] Circult 8-Bit Count Register
[Initlalized during TCNTAM] CLR
Timer-Out . TOUT
FIF (To Serlal Interface)
CLR 1 T
*Command Execution
cM3 PTOUT
Timer
RESET

83-003422B
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Serial Interface

The 8-bit serial interface allows the uPD7507S to
communicate with peripheral devices such as the
uPD7001 A/D convertor, 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 S input port, the SO
output port, the SCK serial clock I/O port, and a 4-bit
serial mode select register (MSR). The MSR selects
serial 1/O or port 0 operation.

Figure 4. Serial Interface

& Internal Bus S
oP*
op 8 *TAMSIO 4 oPL*
«IPL 3 *TSIOAM 8
I 1 I I
N | | 1
P03/S| O—— 1 P 8-Bit Shift Register — Serlal Mode Select Reg.
Ls8 P Mss
P02/S0 0—— (} sM3
[To Interrupt
.
Lo ‘
3-Bit Count -
| |
1 |
P04/SCKo0————¢

]
INTO RS FIF

—— TOUuT
N
|

POp/INTO INTS
(To Interrupt Circuit)

*Command Execution
System Clock
@ore S (G il P SE——-

83-0034238
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Interrupts

The pPD7507S 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 2 is a summary of the four
interrupts. Figure 5 is the block diagram.

Table 2. uPD7507S Interrupts

System Clock and Timing Circuitry

Timing generation for the uPD7507S is internally
generated except for afrequency reference, which can
be an RC circuit or an external clock source. Connect
the frequency reference to the on-chip oscillator for
the feedback and phase shift required for oscillation.
Figures 6 to 9 show the connections for count clocks
and system clocks. :

Table 3 shows the operating status-of the various logic
blocks under the three power-down modes.

Source Function Location Priority ROM Vector Address
INTT Coincidence in timer/event counter Internal ) 1 10H
INTS Transfer complete signal from seriai interface Internal 2 20H
INTO INTO pin External 2 20H
INT1 INT1 pin External 3 30H
Figure 5. Interrupt Block Diagram
\ Internal Bus 1
sm-_ﬁ El* R}-—DI'
Int Enable M:’::"
Test Control Reg Enable
T 0/ F/F
SM3
i | l -
Sync i
INTIO Multiplexer Edge S INT1 l
INTS ——] Detect I >-]n RaF |
Nonsync

Address
Control —1/ Generator

Edge S INTO/S
roomrio— s | TS hw |
S10* Nonsync

Edge S INTT
INTT - Detect A ROF I ~
Timer* —

*Command Instruction

1
ﬂ priority [N] Vester
Dy
L—

Y
Release

0

83-003424B
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Figure 6. Count Clock, Crystal Oscillator Figure 8. System Clock, RC Oscillation

—

c
|—I——'- X1 cL )
Crystal Count Clock X 3 RC 12 System Clock ¢
=] Oscillation [ [To Count Clock] SR Oscillation [T™] Divider | [To CPU and Serial Intertace]
}——T—ww—l— X2 cL2
c R

—o

% HALT Mode
STOPMode —— CL [To Clock Circuitry]

83-003425A I

83-003427A

Figure 7. Count Clock, External Source

————

Figure 9. System Clock, External Source

External 1
Clock | "Xt "
Butter Count Clock X Clack
[To Count Clock] Buffe o] 1/2 System Clock ¢
| uffer —1 Divider [To CPU and Serial Interface]
X2
I CcL2
83-003426A HALT Mode
. ——
I STOP Mode —+ CL [To Clock Circultry]

83-003428A

Table 3. Power-Down Operating Status

Power Down Mode

Logic Block HALT STOP Data Retention
System clock (4] 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 (3) Disabled
Serial interface , 2) (2) Disabled
INTO Normal Normal Disabled
INT1 Normal Disabled Disabled
RESET Normal Normal (4)

Note:

(1) Supplied to timer/event counter but not to CPU or serial interface.
(2) Can function normally if the 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) To enter the data retention 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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1/0 Port Interfaces

Figure 10 shows the configurations at the 1/0 ports.

Figure 10. Input/Output Port Interfaces

Type A

Ch
l

Type B
P0o/INTO, P03/SI, INT1, RESET

__D— -0 Input

Type D :
P3¢-P03, P2g, P21/PTOUT, P22, P23

Voo
P-ch
Data ——-—EDO_l
Output
Output
Disable
N-ch
Vss

Note: Upon RESET, both transistors are turned off.

Type E
P02/S0, P4p-P43, P5¢0-P53

Vop

[Type D output]
Data —————

o Input!
Output
Output
Disable
In J]

lType A input]
Type F
P01/SCK
Vop
[Type D output] P-ch
Data
Input/
Output
Output
Disable
Vss
In
[Type B input]

83-003861C
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uPD7507S
Absolute Maximum Ratings Capacitance
Ta=25°C,Vpp=0V
Operating temperature, Topt —10 to +70°C A=257C Voo —
mits
Storage temperature, Tgg —6.5 to +150°C _imits Test
Parameter Symbol Typ Max Unit Conditions
Power supply voltage, Vpp —03t0+70V | c " - TTwn
t capacitance = z;
Input voltage, V; —03toVpp+03y  _putcapac ! P inmeasared pins
Output capacitance Co 15  pF
Output voltage, Vo —03toVpp+03V returned to Vgs
Output current high, lgy 1/0 capacitance Cio 15  pF
One pin —17 mA
Total, all pins —34 mA
Output current low, lg|_
One pin 17 mA
Total, all pins
Ports P2, P3, and P43 25 mA
Ports P5 and P4y-P4 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

ForVpp=27t06.0V
Ta=—101t0 +70°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Voo v Except CL1, X1
ViH2 Vpp—05 Vbp v CL1, X1
ViHDR 0.9 Vpopr Vpppr + 0.2 v RESET, data retention mode
Input voltage, low : ViLy 0 0.3 Vpp v Except CL1, X1
ViL2 0 0.5 v CL1, X1
Output voltage, high VoH Vpp—1.0 v loy=1.0mA; Vpp=451t06.0V
Vpp — 0.5 Vv lor = —100 A
Output voltage, low VoL 0.4 v lor=16mA;Vpp=45t06.0V
0.5 v lop =400 A
Input leakage current, high ILiH1 3 A Except CL1, X1; Vi = Vpp
ILiH2 10 uA CL1, X1; V; = Vpp
Input leakage current, low Lt -3 uA Except CL1, X1; Vi=0V
Iie —10 uA CL1, X1, V=0V
Output leakage current, high ILoH 3 pA Vo=Vpp
Output leakage current, fow ILoL -3 uA Vo=0V
Supply voltage VbobR 2.0 v Data retention mode
Supply current Ippt 300 900 uA Normal operation, Vpp =5V +10%; R = 82
kQ +2%, C = 33 pF +5%
70 300 uA Normal operation, Vpp =3 V +10%; R = 160
kQ +2%, C = 33 pF 5%
Ipp2 1 20 A Stop mode, X1 =0V; Vpp =5V +10%
0.3 10 uA Stop mode, X1=0V
IpDDR 0.2 10 uA Data retention mode Vpppgr = 2.0V
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DC Characteristics (cont)

Vop=221033V
Ta=-101t0 +70°C

Limits Test

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vop ) Except CL1, X1

Vin2 Vpp — 0.1 Voo v CL1, X1

VIHDR 0.9 VppoR Vpppr + 0.2 v RESET, data retention mode
Input voltage, low ViLt 0 0.2 Vpp v Except CL1, X1

Vi 0 0.2 vV o CLLx1
Output voltage, high VoH Vpp — 0.5 v loy=—80 kA
Output voltage, low VoL 0.5 v lop = 350 LA
Input leakage current, high ILiH1 3 uA Except CL1, X1; V= Vpp

L2 10 HA CL1, X1; Vi=Vpp
Input leakage current, low It -3 A Except CL1, X1; V=0V

L -10 pA CL1, Xt; vy=0V
Output leakage current, high ILoH 3 uA Vo=Vpp
Output leakage current, low ILoL -3 A Vo=0V
Supply voltage VbpDR 2.0 \ Data retention mode
Supply current IpDi 50 200 A Normal operation, R =270 kQ +2%,

C =33 pF +5%
30 100 pA Normal operation, Vpp =22 V;
R =270 kQ £2%, C = 33 pF £5%
Ippz 0.3 10 7. Stop mode, X1 =0V
0.2 10 7.\ Stop mode, X1 =0V; Vpp =22V
IppoR 02 10 uA Data retention mode, Vpppr =2.0V
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AC Characteristics
For Vpp = 2.7 to 6.0 Volts
Ta=—-10to +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fee 150 200 240 kHz Vpp =5V £10%; R = 82 k2 +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)
fo 10 410 kHz  CL1, external clock, 50% duty; Vpp =4.5t0
10 125 kHz CL1, external clock, 50% duty; Vpp =2.7 V
System clock rise and fall {cR. toF 0.2 us CL1, external clock
time
System clock pulse width teh, tor 12 50 us CL1, external clock; Vpp =4.5t0 6.0V
4.0 50 us CL1, external clock; Vpp =2.7V
Counter clock frequency fxx 20 2 50 kHz - X1, X2, crystal oscillator
fx 0 410 kHz X1, external pulse input, 50% duty;
Vpp=451t06.0V
0 125 kHz X1, external pulse input, 50% duty;
Vpp=27V
Counter clock rise and fall xR, txF 0.2 us X1, external pulse input
time
Counter clock pdlse width txH XL 1.2 us X1, external pulse input; Vpp = 4.5t0 6.0 V
40 us X1, external pulse input; Vpp =2.7V
SCK cycle time tkey 3.0 us  SCKasinput; Vpp=4.5t06.0V
49 us  SCKasoutput; Vpp =4.5t06.0V
8.0 us  SCK.as input
16.0 us  SCK as output
SCK pulse width tkH, tkL 13 us  SCKas input; Vpp=4.5t06.0V
22 us  SCKas output; Vpp =450 6.0V
40 us  SCKas input
8.0 us  SCK as output
Sl setup time to SCK 1 tsik 300 ns
Sl hold time after SCK 1 tksi 450 ns
S0 delay time after SCK ¢ tkso 850 ns  Vpp=45Vt06.0V
1200 ns
INTO pulse width tion: tioL 10 us
INT1 pulse width tH, B9 2/f uS
RESET pulse width tRSH, tRSL 10 S
RESET setup time tsrs 0 ns
RESET hold time tHRs 0 ns

Note:

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

ForVpp=2.2103.3V
Ta=-10to +70°C

Limits

Parameter Symbol Min Typ Max ~ Unit cuan(::ituns
System clock frequency e 40 60 70 kHz R = 240 kQ +2% (Note 1)
i 43 55 65 kHz  Vpp=2.2V; R =240 kQ +2% (Note 1)
fo 10 80 kHz CL1, external clock, 50% duty
System clock rise and fall tcR. teF 0.2 us CL1, external clock
time
System clock pulse width tons toL 6.1 50 us CL1, external clock
Counter clock frequency Cofxx 20 32 50 kHz X1, X2, crystal oscillator
fx 0 80 kHz X1, external pulse input, 50% duty
Counter clock rise and fall xR IXF 0.2 us X1, external pulse input
time ) ;
Counter clock pulse width xHs XL 6.1 S X1, external pulse input
§CK cycle time -~ tkoy 125 us  SCKas input
' 25 us  SCKas output
SCK pulse width tH, thL 6.5 ' us  SCKasinput
115 us SCK as output
S| setup time to SCK 1 tgiK 1 us
SI hold time after SCK 1 s 1 us
SO delay time after SCK | tKso 2 us
INTO pulse width tioH, tioL 30 us
INT1 pulse width [T TR 2/1 s
RESET pulse width trsH» tRSL 30 ] us
RESET setup time tsRs - 0 ns
RESET hoid time tHRS 0 ns

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

Recommended R and C Values for System
Clock Oscillation Circuit
Ta=-10t0 +70°C

Supply Recommended
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 10 120 kHz,
100 kHz typica!
27t06.0V R =160 kQ+ 2% 75 to 135 kHz
221033V "R=270kQ +2% 40 to 70 kHz
2.2V R=270kQ £2 % 43 to 65 kHz
Note:

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

Timing Test Points External Interrupts
VpD = 27t0 6.0 V tioL i tioH
x 07 Voo Test Points 07 VDDX INTO
0.3 Vpp 0.3 Vpp
L tH
INT1
Vpp = 25t0 27V
>< 0.8 Vpp . 038 VDDX 83-003317A
0.2 Vop Test Points 0.2 Vb
83-003314A RESET
Clocks tRSL i | tRSH -
RESET
tcR —*] [+« N 83-003318A
¢ ViH2
cut % N Via
e Data Retention Mode
'XR'—. t .An
x1 KR ViH2 |«——Data Retention Mode——]
V|L2 D s
Vbp 'SRSO\ / tHRS
83-003315A VDDDR Vb
RESET VIHDR ViLt
Serial Interface 83-003319A

tKeyY

N

Valid
Input Data

t+—tKSO

s$O Valid Output Data

~

83-003316A
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Operating Characteristics

Ta = 25°C
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System Clock Frequency fc {kHz]

Counter Clock Input Frequency fx [kHz]

Supply Current Ipp [uA]
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Operating Characteristics (cont)

Ta = 25°C
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N C uPD7508A
-' E 4-BIT, SINGLE-CHIP

. CMOS MICROCOMPUTER
NEC Electronics Inc. WITH FIPe DRIVER

Description ' Pin Configuration
The uPD7508A 4-bit; single-chip CMOS micro-
computer has advanced fourth-generation architec- . /rs:; q1
ture. It is identical to the uPD7508 except for a smaller »J:murg :
RAM and 16 lines of vacuum fluorescent display FIP P24
drive capability. It contains a 4096 x 8-bit ROM and a P23 []s
208 x 4-bit RAM. Plods
P17
The uPD7508A contains four 4-bit general purpose P12 8
registers outside RAM. The subroutine stack is imple- Plajs o
mented in RAM for greater nesting depth and flexibility. ::0 = ::’ 8
The uPD7508A executes 92 instructions of the uPD7500 ,,3; E 2
series instruction set A with a 10-us cycle time. P33 O
The uPD7508A has two external and two internal edge- :’: E
triggered hardware vectored interrupts. It also contains P72 O
an 8-bit timer/event counter and an 8-bit serial interface P73 ]
to reduce software requirements. Ports 3-6 can be ~ RESET
pulled to —35 V to drive vacuum fluorescent displays. cL1 a
CMOS technology allows the use of asingle 2.7 V t0 6.0 Voo ,
V power supply with a maximum current consumption 53 002089A

of 900 pA. This is even lower in the HALT and STOP

standby modes. ~ Pin Identification .
No. Symbol Function

Features 1,40 X2, X1 Crystal clock/external event input port
O Single-chip microcomputer 2.5 P2,/PSTB Output port 2/output strobe puise,
O Executes 92 instructions of uPD7500 instruction set A P24/PTOUT, timer out F/F signal
O Instruction cycle: P2y, P23

— 10 us/200 kHz (5 V internal) 6-9 P1p-P13 1/0 port 1

—5 ﬂS/400 kHz (5 Vv external) 10-13 P39-P3; Output port 3

0 4096 x 8-bit program ROM

D 208 x 4-bit data RAM W PoPls /O port7
O Interrupt capabilities 18 RESET RESET input
— Two external interrupts: INTO, INT1 19, 21 cL1, cL2 System clock inputs
— Two internal interrupts: INTT, INTS 20 Voo Positive power supply
O 8-bit timer/event counter » INT1 External interrant
[0 8-bit serial interface - 4
0 Two standby modes 23-26 POg/INTO, Input port 0/
: P04/SCK, external interrupt,
0 Data re?entlon mode P0,/S0 serial 1/0 interface
[ 32 1/0 lines P03/S! .
OO Four high-voltage (40 V) ports —
O Two high-current (8 mA) ports 2730 Po-P6s /0 port 6
O Internal RC oscillation circuitry 31-34 P50-P53 1/0 port §
[ Crystal oscillation circuitry for count clock 35-38 P43-P4; 1/0 port 4
LI Low power consumption 39 Vss Ground
[J Single 2.7 to 6.0 V operating voltage
0 CMOS technology FIPis the registered trademark for NEC’s fluorescent indicator panet

(vacuum fluorescent display).

Ordering Information

Max Frequency
Part No. Package Type of Operation

#PD7508AC 40-pin plastic DIP 400 kHz
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Pin Functions

P0g/INTO, P01/SCK, [Port 0/External Interrupt,
Serial Interface] P02/S0O, P03/SI

4-bit input port/serial I/Q interface. This port can be
configured as a 4-bit paraliel input port or as the 8-bit
serial 1/0 interface under contro! 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

I/0 interface. Line PQp is always shared with external

interrupt INTO, a rising edge-triggered interrupt. If:

POo/INTO is unused, it should be connected to Vgs. If
P04/SCK, P0o/SO, or P03/Sl are unused, connect them
to Vgg or Vpp.

P1o-P13 [Port 1]

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

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

4-bitlatched 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.

P4¢g-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/0 with port 4. In input
mode, connect unused pins to Vgg or Vpp. In output
mode, leave unused pins open.

3-142

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. {n input mode, connect unused pins
to Vgg or Vpp. In output mode, leave unused pins open.

P70-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.

X2, X1 [Crystal Clock/External Event Input]

For crystal clock operation, connect a crystal oscillator
circuit to input X1 and output X2. For external event
counting, input external event pulses to input X1 while
leaving output X2 open. If X1 is not used, feave it open.
If X2 is not used, connect it to ground.

CL1, CL2 [System Clock input]

Connect an 82 kQ resistor across CL1 and CL2, and
connect a 33 pF capacitor from CL1 to Vgg (200 kHz).
Alternatively, connect an external clock source to CL1
and leave CL2 open. If CL1 is not used, connect it to
Vss.

RESET [Reset]

A high level input to this pin initializes the uPD7508A
after power up.

INT1 [Interrupt 1}

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

Vpp [Power Supply]

Positive power supply. Apply a single voltage in the
range 2.7 to 6.0 V for proper operation.

Vss [Ground]

Ground.
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Block Diagram

P03/SI
P02/SO
P04/SCK
x1 X2 INT1 POp/INTC
Count Clock )
Timer/Event Interrupt Serial 1/O
Clock Control —»] L._.
Generafor Circuit Counter Controller Interface
L. ]
T, Port0
& Gl 30 O | Ko
L P0o-PO3
Port 1
g <:> Buffer @ Plo-P1s
Program Counter Port 2 P20/PSTB
A Latch 4 P21/PTOUT
Buffer P22, P23
v General Registers
D (4] E [4) Port 3
Latch 4 > P30-P33
H (4] L (4] <::> F:> Butter g >
Program Memory Stack Pointer
4096 x 8-Bit ROM > Decoder Port 4
Data Memory Latch L} P4p-P43
208 x 4-Bit RAM Buffer |
CL ¢ Port 5
Latch <§">P50-P53
Buffer
System
Clock Ganaoy Port 6
Generator Latch P6o-P63
T Buffer
Port 7
Latch P70-P73
CcL1  cL2 RESET Vbp Vss . L Buffer
. 83-002990C
Functional Description Figure 1. Program Memory Map
Program Memory Address Address
{Decimal] [HEX]
Figure 1 is a map of the 4096 x 8-bit program ROM. MsB LS8 RESET Pulse vechs
I ulse vectors program
o 7|°]5Iﬂ3[2 1]0 000H ion to address 00H.
INTT [Internal Timer/Event
Counter Interrupt] vectors
16 010H prog to address
010H.
INTS or INTO vectors program
32 020H to address 020H.

INT1 [External Interrupt 1]
a8 030H vectors program execution
to address 030H.

A l; E
182 0COH A
LHLT instruction
207 0CFH J Reference Table
208 0DOH CALT Instruction
Reference Table
255 OFFH
¥ ~
Last address for
2047 7FFH CALL instruction
entry of the
A 1 4PD7508A
4095 FFFH

83-0029918
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Clock Control Circuit Table 1. Selecting the Count Pulse Frequency
The clock control circuit (figure 2) consists of a 4-bit CM, CMy CMp Frequency Selected
clock mode register (bits CM¢ and CM»), prescalers 1, 0 0 0 CL/256
2, and 3, and a multiplexer. It takes the output of the 0 0 " X6
system clock generator (CL) and count clock generator
circuit (1). It also selects the clock source and divides 0 1 0 X
the signal according to the setting in the clock mode 0 1 1 X
register. It outputs the count pulse (CP) to the 1 0 0 oL/32
timer/event counter. ] 0 1 X8
Table 1 lists the codes set in the clock mode register by 1 j 0 Not used
the OP or OPL instruction to specify the count pulse " ” ] Not used
frequency. Bit CM3 controls the timer out F/F; it is
disabled when the bit is 0 and output when the bit is 1.
When you set the clock mode register with the OP or
OPL instruction, clear the high-order two bits of the
accumulator. CM3 Timer F/F Signal

0 Enabled

1 Disabled
Figure 2. Clock Control Circuit

g Internal Bus ]

*0P, *OPL

CcM3!CMz| CM¢ | CMo

To Timer/

System Clock Event Counter

Oscillator

CL2
Prescaler 1

cL1 o _-l

=

Prescaler 2 Prescaler 3
[1/8] [1/8)

Multiplexer

e
IIMsz

Crystal Clock Oscillator/
Event Counter Input

*Command Execution

83-002992B
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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
instruction 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 those of the modulo register and
outputs an INTT when they are equal.

Figure 3. Timer/Event Counter

L

Internal Bus

VAN

*TCNTAM

i&;—— TAMMOD*

8-Bit Modulo Register

!

8-Bit Comparator

INTT

1

8-Bit Count Register

*Command Execution

Timer-Out
FIF

to Interrupt Circuit

TOUT

CLR lr

(To Serial Interface)

Clock

PTOUT
MSR
Bit-3 fopin3

83-003013B
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Serial Interface

The 8-bit serial interface allows the uPD7508A 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 1/0 port, and a 4-bit
serial mode select register (MSR). The MSR selects
serial 1/0 or port 0 operation.

Figure 4. Serial Interface

v Internal Bus
op*
“p 8 *TAMSIO . oPL
«IPL 4 *TSIOAM 8
I 1
P03/Si O 1V BiBH Shift Register - Shift Mode Register
| |
——D—— I-SB‘l IIILILLMJSB I
P02/SO o— <] SM3
P‘ [To interrupt
o ’
3-Blt Count
{;:D R
- L
P04/SCK O0————4
! | TOUT
4 RS FIF
POg/INTO 0—————>‘——» INTO
R INTS
(To Interrupt Circult)
*Command Execution
@ System Clock a s w510
e
83-003014B
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Interrupts Table 2. uPD7508A Interrupts
The H#PD7508A has four vectored, prioritized interrupts. . ROM Vector
Two of these interrupts, INTT and INTS, are internally ~ Source Function Location  Priority.  Address
generated from the timer/event counter and serial |NTT Coincidence in Internal 1 10H
interface, respectively. INTO and INT1 are externally . timer/event counter
generated. Table 2 is a summary of the fourinterrupts.  |NTS™  Transfer complete  Internal 2 20H
Figure 5 is a block diagram of the interrupts. signal from serial ‘
interface
INTO INTO pin External 2 20H
INT1- INT1 pin External 3 30H
Figure 5. Interrupt Block Diagram
x internal Bus ?
= I V)
It Enab int -
Test Control " R:; ° ;‘::;7: i
T 0s 1 F/F
SM3 L_ _J
ClL
Sync
INT1O Multiplexer Edge s wm |
INTS ——1 Detect :} > lR RQF l
Nonsync
POQ/INTO O——| Detoet : o I L—DW Priority |-—\]  Vector
Control "—t/ Generator
S10™ Nonsync
INTT Edge I Nt | ! H
Detect R ROF
Timer'-——J
e T Standby
*Command Instruction S —— Release
83-003424B
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System Clock and Timing Circuitry

Timing for the uPD7508A 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. Figures 6 and 7 show the
connection for the frequency reference.

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 83 kQ resistor
and a 33 pF capacitor generate a frequency of 200 kHz.
The oscillation frequency is fed to the clock control
circuit. 1t is divided by two and the resulting signal is

fed to the CPU and serial interface as shownin figure 8.

Table 3 shows the operating status of the various logic
blocks under the three power down modes.

Figure 8. System Clock Circuitry

Figure 6. RC Circuit Frequency Reference

Vss0—] }{ cL1
cL2

83-002994A

Figure 7. External Clock Frequency Reference

External
Source

Open <—‘ CcL2

83-002995A

X1——

) Crystal Clock Clock Control Timer/Event INTT
X2 Osciilator Circuit Counter| Counter

CLI~—*l gystemClock | [ CL
cL2 Oscillator
S
A
stor|[ @ @ [uar
FFlrn s RS

Pulse

TOUT

O External SCK Source

Instruction
\I—G—:IA"MLT Execution
o STOP Instruction

Standby Release
RESET

Execution

83-0029968

'3-148



NEC

uPD7508A

Table 3. Power Down Operating Status

Power Down Mode

Absolute Maximum Ratings
Ta=25°C

Logic Block HALT STOP Data Retention Operating temperature, Topr —10to 70°C
System clock (1) Disabled Disabled Storage temperature, TgTg —65 to 150°C
X2 Normal Normal Disabled Power supply voltage, Vpp —03t0+7.0V
CPU Disabled Disabled Disabled Input voltage, V)
- - " - Except ports 4-6 —0.3to Vpp + 03V
RAM Data retained  Data retained  Data retained Ports 4-6 Vpp — 40 to Vpp + 0.3V
Internal registers  Data retained  Data retained  Data retained Output voltage, Vo
Timer/event Normal 3) Disabled Except ports 3-6 —03toVpp+03V
counter Ports 3-6 Vpp —40to Vpp +0.3V
Serial interface 2 @) Disabled Output current, high, lgy
. Single port, one pin except ports 3-6 —17 mA
INTO Normal Normal Disabled Single port, one pin ports 3-6 —30 mA
INT1 Normal Disabled Disabled All port pins —150 mA
RESET Normal Normal 4) Output current, low, I
. One pin 17 mA
Note: All port pins 50 mA
(1) Supplied to timer/event counter but not to CPU or serial
interface. Comment: Exposing the device to stresses above those listed in

(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) You must raise RESET while Vpp is lowered to enter data
retention mode. Raise RESET when Vpp is raised, then lower it to
end the data retention mode. INTT, INTO, INTS or RESET
releases STOP mode. RESET or any interrupt releases HALT
mode.

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 absoiute maximum rating conditions for extended
periods may affect device reliability.

Capacitance
Tao=25°C,Vpp =0V
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cy 15  pF
Output capacitance  Cg 15  pF Exceptport3

Co 3%  pF Port3
1/0 capacitance Cio 15  pF Except ports

4-6
Cio 3% pF Ports4-6
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DC Characteristics
Ta =—10t0 +70°C, Vpp =2.7t0 5.5V

(1) X1 =0V, ports 4-6 output disabled or low level input.

3-150

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high ViH1 0.7 Vpp Vo v Except CL1, X1, ports 4-6
Vib2 Vpp— 05 Vop v CL1, X1
ViH3 0.7 Vpp Vop v Ports 4-6; Vpp=4.5t0 5.5V
Vi3 Vpp — 05 Vop v Ports 4-6; Vpp=31045V
Viu3 25 Vop v Ports 4-6; Vpp =270 3V
VIHDR 0.9 Vpppr VpppRr +0.2 v RESET, data retention mode
Input voltage, low ViLg 0 0.3 Vpp v Except CL1, X1, ports 4-6
ViLo 0 05 v CL1, X1
Vi Vpp — 35 0.3 Vpp \ Ports 4-6
Output voltage, high VoH Vpp— 1.0 v Except ports 3,6; lgy = 1.0 mA,
Vpp=451t055V
Vou Vpp —2.0 v Ports 3, 6; lgy = —8.0 mA;
Vpp=451t055V
VoH Vpp—05 v loy = —100 pA;
Vpp=271055V
Output voltage, low VoL 04 v Except ports 3, 6; lgL =1.6 mA,
Vpp=45t055V
VoL 0.5 v Except ports 3, 6; IgL = 400 pA;
Vpp=271t055V
Input leakage current, IL1HY 3 pA Except CL1, X1, ports 4-6;
high Vi=Vpp
ILIH2 10 uA CL1, X1; V| =Vpp
1LH3 60 A Ports 4-6; V| = Vpp
‘Input leakage current, Iut -3 pA Except CL1, X1, ports 4-6;
low Vi=0V
Iz -10 uA CL1, X1; vy =0V
s -30 uA Ports 4-6; V) =Vpp— 35V
Output leakage current, ILOH1 3 A Vo == Vpp
high Except ports 4-6
ILoH2 30 uA Ports 4-6; Vg = Vpp
Output leakage current, ILoLt -3 uA Vo=0V
low Loz 30 A Ports 3-6; Vg = Vpp — 35V
Supply voltage VDpoDR 2.0 v Data retention mode
Supply current Ipp1 300 900 uA Normal operation, Vpp =
5V £10%; R = 82 kQ +2%,
C =33 pF 5%
Ipp1 70 300 uA Normal operation, Vpp =
3V £10%; R = 160 kQ £2%,
C =33 pF £5%
top2 1 20 uA Stop mode, Vpp =5V +10% (1)
{pD2 0.3 10 uA Stop mode, Vpp =3V £10% (1)
{bDDR 03 10 uA Data retention mode
Vpppr=2.0V
Note:
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AC Characteristics
Ta=—10t0 70°C, Vpp =27 to 5.5V

Limits

Test
Parameter Symbol Min Typ Max Unit Conditions
System clock frequency fec 150 200 240 kHz CL1, CL2, RC clock, R = 82 kQ +2%;
C =33 pF £5% Vpp =5 V £10%,
| AC/°C1 <60 ppm
foo 75 100 120 kHz CL1, CL2, RC clack, R = 160 kQ +2%; C =
33 pF £ 5% Vpp =3V £10%,1 AC/°Cl <
60 ppm
foo 75 135 kHz CL1, CL2, RC clock, R = 160 kQ +2%;
C = 33 pF +5%| AC/°C| < 60 ppm
fc 10 410 kHz CL1, external clock, 50% duty,
Vpp=45t055V
fo 10 125 kHz CL1, external clock, 50% duty,
Vpp =27V
System clock rise and ter, toF 02 us CL1, external clock
fall times
System clock pulse width gy, toL 1.1 50 us CL1, external clock, Vpp =4.5t0 55V
tons toL 35 50 us CL1, external clock, Vpp =27V
Counter clock fxx 25 32 50 kHz X1, X2, crystal oscillator
frequency fx 0 410 kHz X1, external pulse input
50% duty, Vpp=4.5t06.0 V
fx 0 135 kHz X1, external puise input
50% duty, Vpp=2.7V
Counter clock rise and xR txF 02 us X1, external pulse input
fall times
Counter clock pulse width  tyy, tx, 1.1 us X1, external pulseinput, Vpp=4.5t05.5V
tXH, tXL 35 us X1, external pulse input, Vpp =2.7V
Port 1 output setup tpsT W) us Vpp=45t055V
time to PSTB !
tpsT @ 73
Port 1 output hold tsTp 0.1 us Vpp=45t055V
time from PSTB high
tsTp 0.1 us
PSTB low puise width teTL (1 us Vpp=45t05.5V
tSTL @ us
SCK cycle time tkoy 30 us SCK as input, Vpp=451055V
tkey 5.0 us SCK as output, Vpp = 4.5t0 5.5V
tkoy 7.0 us SCK as input
tKey 14.0 us §CK as output
SCK pulse width tkhs tkL 1.3 us 5CK as input, Vpp =4.5t0 5.5V
tkH, tkL 22 us SCK as output, Vpp=4.5t0 5.5V
tkH, tkL 33 us SCK as input
Ky, tkL 6.5 us 5CK as output
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AC Characteristics (cont)

Limits Test

Parameter Symbol Min Typ Max Unit Conditions
Sl-setup time to SCK high  tgik 0.3 us
St hold time after SCK high kg 0.45 S
SO delay time after tsko 0.85 us Vpp =4.5t06.0V
SCK low tsko ' 12 us
INTO pulse width tioH 10 ps

tioL 10 us
INT1 pulse width t1H (3) us

YL 3) us
RESET pulse width tRsH 10 us

tRsL 10 us
RESET high set up time 1sRs 0 ns
RESET high hold time tHRs 0 ns
Note:

(1) fcc/2 — 0.8 0r fe/2 — 0.8
(2) foc/2— 0.3 or fe/2 — 0.2
(3) 2/foc or 2/fc
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Timing Waveforms

Timing Test Points

External Interrupts

0.7 Vpp 0.7 Vpp
0.3 Vpp 0.3 Vpp

83-003411A
Clocks
1/tc
teL teH———]
CL1input
’ .
lcn—J [ {CF
1/1x ol
X1 input \ Z
tXxR—| fo— — 1XF
83-003412A
Serial Interface
r—-—‘KL tkH
K .
tsik t

8| =

Valid
Input Data
le—tKSO
SO Valid Output Data - X:

83-003316A

Output Strobe

f R
P1p-P1. Output Data !
0-P13 ___{L ) —

tpsT 5 TP——

PSTB s

1STLY

83-003414A

tiot: | OH!
INTO \ L k
fo———tHL tH
INT1 \

83-003317A
RESET
fe————1RSL tRsH
RESET \
83-003318A

Data Retention Mode

P—Data Retention Mode—

— I
SRS+ tHRS
Vv /
bo \ VDDDR /A Vit
RESET N\
VIHDR ViLt

83-003319A
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Operating Characteristics
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Supply Current, lpp [¢A]
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NEC Electronics Inc.

4PD7514

4-BIT, SINGLE-CHIP

CMOS MICROCOMPUTER WITH

LCD CONTROLLER/DRIVER

Description

The uPD7514 is a 4-bit single-chip microcomputer with a
4-bit ALU, a 4K x 8-bit program memory (ROM), a
256 x 4-bit data memory (RAM), an 8-bit serial interface,
a programmable 8-bit timer/event counter, an LCD
controller/driver, and 31 general purpose 1/0 lines.

The LCD controller/driver supervises all of the timing re-
quired by 32 segment drivers and 4 common drivers, for
biplexed/triplexed LCD (%2 bias method) or triplexed/
quadriplexed LCD (s bias method).

The instruction set includes transfer and increment/
decrement instructions to- directly address memory,
memory bit manipulation instructions, test instructions
forbit test and data comparison, memory reference in-
structions with- automatic register increment/
decrement functions, table look-up instructions, load
instructions with a string effect, and muiti-branch in-
structions.

The uPD7514 allows the organization of any system with
the least additional circuitry. It is suited for the follow-
ing applications:

‘Telephones

Personal radio equipment
Automobile equipment (electric)
High-grade electronic calculators
Electronic games

VCRs

Features

O 92 powerful instructions .
[0 Instruction cycle 5us at 400kHz, 5V
O Interrupts .

- 2 external: INTO, INT1

"- 2internal: INTT (timer/event counter)
INTS (serial interface)

O Programmable 8-bit timer/event counter
- Time base count operation
- External event count operation
8-bit serial interface (three serial clocks)
LCD controller/driver
- Static method :
- Biplexed/triplexed LCD (%= bias method)
- Triplexed/quadriplexed LCD (/s bias method)
- Common outputs (strobe): 4 lines (COMg-COM3g)
- Segment outputs (data): 32 lines (Sg-S31)
[0 Standby operation

- Stop and halt modes

og

O HOports o

- 4-bit input port (POg/INTO, P01/SCK, P02/S0O,

PO03/Sl)

- Strobed 4-bit 1/0 port (P1p-P13) .

- 3-bit output port (P2¢/PSTB, P21/ PTOUT, P22)

- 4-bit output port (P3p-P33) ‘

- 4-bit I/O ports (P4g-P43, P5p-P53, P60-P63,
P79-P73)

On-chip RC oscillator for system clock

Crystal oscillator input pins

CMOS technology

Low power consumption

Single power supply (2.7 V t0 6.0V)

ooogano

Ordering Information

Max Frequency

Part No. Package Type of Operation
uPD7514G-12 80-pin plastic miniflat 500 kHz
Pin Configuration
Efsa
§fErePEgsgszidss
anooopoonoononnAann
(80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 )
P41 64 ths
Pag ] 2 63 [ P32
x2(]3 O 62 [ P33
x1]4 61 Eﬁo
Vics [ 5 60 p PH
Vicz[] 6 59 [JP12
Vet 7 53 [Pt
COM3 ] 8 57 |1 P29/PSTB
comz [ 9 56 [1 P21/PTOUT
coms ] 10 55 [ P22
como O 1 54 (1 P79
Sa1 [ 12 53 [J Py
sod 4PD7514 iy
Sy ] 14 51[] P73
S 15 50 [ CL2
Sz [} 16 scLt
S26 [ 17 48 ERESET
5255 18 47 [:] INT1
S24[] 1 46 [3 S
S23[]20 45 b S
Spo ] 21 ufs
Sa[]22 43 ss
Ner] 2 2fiNc
S20 (] 24 a1ss
\_ 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 )
58 15 I 0 0 o
3E52E335858884683
83-002914A
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Pin Identification

No. Symbol ) Function
1,2,79,80  P4p-P43 1/0 port 4

3,4 X1, X2 - Crystal clock

5-7 Vicr-Vics LCD bias voltage input

8-1 COMo-COM3 LCD common output

12-22, 24-32, Sg-S3q LCD segment output

34-41, 43-46

33 Vb Power supply positive

47 INT1 External interrupt input

48 RESET Reset input

49, 50 CL1, CL2 System clock

51-54 P7g-P73 . - 1/0port7,

55 P2, 3-bit output port 2. PTOUT is the timer
56 P24/PTOUT F/Foutput. PSTB is the strobe output.
57 P2y/PSTB i
58-61 Plg-Pla 1/0 port 1

62, 63,65,66 P3p-P33 1/0port 3

64 ©VSS Ground

67 P03/ 8! 4-bit input port 0. Serial input. Serial
68 P0, /S0 output. Serial cloek | /0. interrupt
69 P04/ SCK request input.

70 PO/ INTO

7174 P6o-P63 1/0 port

75-78 P5q-P53 1/0port 5

Status of Unused Pins

Name Pin Connection
cL2 Open

X1 ' Vss

X2 Open

INT1 - Vs

POg/ INTO

POy /SCK Vss or Vpp
PO,/ SO

P03/ SI

Plg-Pi3

P2/ PSTB Open

P21/ PTOUT

P2y

P3g-P33

P4-P4g Input mode: Vgs or Vpp
P5g-P53 Output mode: Open
P6g-P63

P7g-P73

So-S34 Open
COMg-COM3

Vie-Vics
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Pin Functions
P0g-P03 (Port 0)

This is the 4-bit input port 0. The pins also operate as the
interrupt input (INTO/POg), serial clock 1/0 (SCK/P0y),
and serial data output (SO/P02) and input (S1/P03).

P1g-P13 (Port 1)

This is the 4-bit I/O port 1. Data on these hnes is loaded
into the accumulator by execution of a port input in-
struction (IR, IP1, IPL). The contents of the accumulator
are output by the execution of a port output instruction
(OP, OPL). Port 1 does not have an output latch. When a
port output instruction is executed, the strobe signal,

which is used for latching output data externally, is au-
tomatically output from PSTB. The PSTB signal is suit-
able for data output to memory or peripheral circuits
requiring write strobe signals. Port 1is usually held high
impedance, and is driven for output with a port output
instruction. S

P29-P22 (Port 2)

" This is the three-state 3-bit latched output port 2. Follow-

ing RESET, these pins become high impedance.

When port 1is outputting data, P2 operates as the write
strobe output (P2¢/PSTB). P21 is the output (P21IPTOUT)
for the timer flip-flop signal (TOUT). .

P39-P33 (Port 3)

This is the 4-bit latched output port 3. On RESET, the
contents of the output latches become undefined and
the output goes high impedance.

P4g-P43 (Port 4), P59-P53 (Port 5)

Ports 4 and 5 are both 4-bit latched |/O ports. Ports 5and
4 can be treated as a pair, and can input or output 8-bit
data (by an IP54 or OP54 instruction) between the accu-
mulator and memory (addressed by the HL register).

A RESET or input instruction will place these ports in
input mode (high impedance). On RESET, the output
latch contents become undefined.

If data is input to an 170 port just after changing it from
output to input mode, data on the line at the execution
of the first input instruction may be unstable. Accord-
ingly, the first input data just after the modification
should be ignored. Executing the input instruction
again will insure the data is stable.
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P6g-P63 (Port 6)

This is the 4-bit latched /0 port 6. Each line can be set
as an input or output using the port 6 mode register
(PM3-PMy). Port 6 performs data |/0 to and from the ac-
cumulator in 4-bit units. An output instruction will
cause the output latches to latch the contents of the ac-
cumulator. Then the contents of the output latch at the
bit position that the PMR designates as being in the out-
put mode are output from the pins via the output
buffers. The other pins are high impedance (input).

P70-P73 (Port7)

This is the 4-bit latched I/O port 7. An input instruction
reads port data into the accumulator. An output instruc-
tion latches and outputs the accumulator contents. A
RESET or input instruction will place port 7 in input
mode (high impedance).

INTO (Interrupt 0)

This input is the rising-edge-triggered external interrupt.

It has a Schmidt-trigger input in order to decrease noise.
Setting bit 3 of the shift mode register (SM3) low level
selects INTS; setting it high selects INTO. INTO can be
used in both stop and halt modes.

INT1 (Interrupt 1)
INT1is the rising-edge-triggered external interrupt input.

X1, X2 (Crystal Clock)

X1and X2 are the crystal connection pins for the count
clock generator. An external clock may be input to X1di-
rectly, in which case X2 must be open.

CL1, CL2 (System Clock)

CL1and CL2 are the resistor and capacitor connection
pins for the system clock generator. An external clock
may be input to CL1directly, in which case CL2 must be
open.

So-S31(Segment)

These segment signal outputs directly drive the LCD
segment lines. They are used for biplexed/triplexed
LCD ("= bias method) and triplexed/quadriplexed LCD
(Vs bias method).

COMp-COM3 (Common)

These outputs directly drive common (backplane) LCD

lines via the following strobe signals:

* 1> bias method: biplexed (COMg, COM;), triplexed
(COMp-COMy)

¢ 13 bias method: triplexed (COMp-COM3), quadri-
plexed (COMp-COM3)

Vict Ve, Vics (LCD Power Supply)

These pins are the LCD bias voltage supply. Based on
applied voltages to these pins, the on-chip LCD
controller/driver generates segment and common sig-
nals to the LCD. The bias voltage configuration for the
2 bias method is different from that for the s bias
method.

RESET
A high level input to this pin resets the uPD7514.

VDD
Positive power supply.

VSS
Ground.
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Block Diagram
§01Po2
X1 X2 ' INT1 INTO/POy  SCK/Po; 1 SIIPO3
Count ' I
Clock TImelEvenl up Serial T Port0 -
Gg:cmkor Control _1 Interface Bufer P0g-PO3
CL LcDCL' i
3 Port1
@ <:> Buffer Plo-Pi3
Port2 | P29-P2;
Latch 3 PSTBIP29
. Buffer PTOUT/P2¢
Port3
Latch P3g-P33
Buffer
[ o] ] [ ]
ALY
- Port4
T TS Sutir PP
Stack Pointer (8) Port§
Latch P50-P53
Program Memory Buffer
x 8 Bits
Instruction
Decoder . Port6
Data Memory Latch 4 P6o-P63
256 x 4 Bits d Buffer .
cL ¢
Port7
f ' Latch 4 P70-P73
Buffer
stem L
b Standby ,
lock LCDCL’ —] LCD Controller Driver
Generator Control
CL1 cL2 RESET Vpp Vss j ! U
Vict-Vics COMp-COM3 S0-Sa1
83.003589C
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Absolute Maximum Ratings DC Characteristics (cont)
Tp=25°C Ta= —10°Cto +70°C, Vpp=27Vto 6V
Supply voltage, Vpp —0.3Vto +7V Limits Test
Input voltage, V| -0.3VtoVpp +0.3V Parameter Symbol Min Typ- Max Unit Conditions
Output voitage, Vo —0.3VtoVpp +0.3V pommon output  Rgom 3 5 kQ Vpp=4.5t06.0V
Satout i ] impedance
utput current high, lgy
Per pin -5mA 5 s ke
Total, all output ports _50mA Segment output  Rg 15 20 kQ Vpp=4.5t06.0V
! impedance
Output current low, loi_ :
Per pin 15mA 0 60 ko
Supply current  Ippy 600 1800 wA Operating mode
Total, Ports 0, 4, 5, 6, P3g, P34 40mA Vop=5Y % 10%;
Total, Ports 1, 2, 7, P39, P33 40mA R=39kQ +2%;
- 0,
Operating temperature, Topy -10°Cto +70°C C=33pF 5%
5 = 70 210 wA  Operating mode
Storage temperature, Tgrg —65°Cto +150°C Vpp=3V £10%;
Comment: Exposing the device to stresses above those listed in Abso- R=160kQ £2%;
lute Maximum Ratings could cause permanent damage. The device is C=33pF +5%
not meant to be operated under conditions outside the limits de- IpD2 300 900 uA  Halt mode
scribed in the operational sections of the specification. Exposure to X1=0V;
absolute maximum rating conditions for extended periods may affect Vpp=5V £10%;
device reliability. R=39kQ +2%:
C=33pF £5%
DC Characteristics 35 100 A Haltmode
Ta= —10°Cto +70°C,Vpp=27Vto6V X1=0V;
Parameter Symbol Min Typ Max  Unit Conditions c _ 33pF +5% -
Inputvoltage ~ Viyy  0.7Vpp Vop V  ExceptX1, CL1, Iooa 1.0 20 wA  Stop mode
high RES, INTO, INTY, X1=0V:
S, SCK Vpp=5V +10%
ViHz 0.8Vpp Vop V' RES, INTO, INTY, 0.3 10 uA  Stop mode
Sl, SCK X1=0V;
ViHs  Vop-0.5 Vpp vV X1,0u Vpp=3V £10%
Input voltage Vi1 0 0.3Vpp V  ExceptXi,CL1,
low RESRTOINTL - capacitance
! Ta=25°C;Vpp=0V
Vip 0 0.2Vpp  V  RES,INTO, INTH,
I, SCK __ [Gmits Tost
Vis 0 05 v Xicu Parameter Symboi Min Typ Max Unit Conditions
Outputvoltage  Voy  Vpp—1.0 V  Vpp=45t60v; Imput G 5 pF (Note 1)
high lon=—1.0mA capacitance
_ Output Co 15 pF (Note 1)
Vpp—-0.5 V  lpy=-100pA
oo \7"' H v capacitance .
tput volt Vi 04 v =4.5106.0V; -
g:vpu votage Yol I 0D|_D=1.8 mA 1/0 capacitance Cjg 1% pF (Note 1)
05  V lg =400pA Note: )
(1) fc =1MHz Return unmeasured pinsto0 V.
Input leakage 1|11 3 pA  Vj=Vppexcept X1,
current high cLu
ILik2 10 pA Vi=Vpp; X1, CL1
Input leakage 1 -3 uA V|=0VexceptX1, §
current low CL1
I -10 wpwA X1,CLt
Output leakage !Lon 3 wA  Vo=Vpp
current high/
low
Lot -3 pA V=0V
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AC Characteristics
Ta= -10°Cto +70°C,Vpp=3Vto6V
Limits Tost Limits Tost
Parameter Symbol Min Typ .. Max  Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Systemclock  fec 300 400 500 KHz C=33pF +5%, PSTB pulse s (@) ns Vpp=4.5Vto
oscillation (CL1, |AC/°C|<60 ppm width low 6.0V
CL2) R=39kQ +2%, ?) S
Vpp=5V +10% _ H ‘
75 100 120 KHz C=33pF =5%, SCKcycletime  tkoy 3.0 us :n%u:)\\lln[):msv
|AC/°C}{<60 ppm 05.
R=160kR +2%, 4.0 us  Output
‘ Vpp=3V £10% 8.0 s nout
Systemclock . fg 10 510 kHz Vpp=4.5Vto 13.0 us  Output
input frequency 6.0V, Duty=50% % ” 3 V"
(cLyy = K pulse width tky . us  InputVpp=4.
10 150 kHz Duty=50% high 106.0V
CL1inputrise  tc 02 ~ ps 1.8 us  Output
time
CLtinputfall  tg 0.2 38 i loput
input fal . us
time F _ 6.3 us  Output
CLinputpuse toy 0.9 50 us Vpp-45Vio SCKpulso width g 13 ws. et Yop=4.5
width high 6.0V low 06.
32 50 ps 18 us  Output
CL1input puise tgy 0.9 50 us Vpp=4.5Vto 38 us__Input
width low 6.0V 6.3 us  Output
3.2 50 us Siset-uptime  tgk 300 ns
Countclock  ty 25 32 50 KHz C1=20pF (o SCK1)
oscillation C2=30pF Sl hoid time tks| 450 ns
frequency (X1, R=220kQ (after SCK1)
X2) (Note 1) SO output delay tkso 80 s Vpp=45Vto
Count clock fx 0 500 kHz Vpp=4.5106.0V, time (after 6.0V
input frequency Duty =50% SCKY) 1200 ns
xy 0 B0 khz
INTO pulse tioH 10 us
X1input rise xR 0.2 us width high
time INTO pulse oL 10 us
X1input fall time txp 0.2 ps width low
Xlinputpulse  txy 0.9 us  Vpp=4.5Vtio INT1 pulse width )14 4) us
width high 6.0V high
3.2 us Vpp=2.7V INT1 pulse width 1L (4) us
Xlinputpulse 1ty 0.9 us Vpp=4.5V10 low
width low 6.0V RESET pulse  tpsH 10 us
39 us  Vpp=2.7V width high
Portfoutput set- tpst  (2) us Vpp=45Vto RESETpulse  tgg 10 us
up time to 6.0V width low
PSTBt ) ™ Note:
Port foutput_  tstp 0.1 us  Vpp=4.5Vto (1) See recommended clock circuit on next page.
hold after PSTB* 8.0V (2) 1/2fec— 0.8 0r 1/2f, — 0.8
0.1 us (3) 1/2f5c —2.00r 1/2f; — 2.0
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Recommended Clock Circuit

uPD7514
Xt X2
<R
o+ xa Lo,

83-002915A
AC Timing Test Points
0.7 Vpp Test 0.7Vpp
o.avDD:>' Points <:o.3vnn
83-002916C
Data Retention Characteristics
Ta= —10°Cto +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Dataretention ~ Vpppr 2.0 v
supply voltage
Data retention  IpppR 0.3 10 uA  Vpppr=2V
supply current
Dataretention  Vigpr 0.9 x Voopr Vv
RESET input VDbDDR +0.2
voltage high
RESET set-up  tgps 0 ns
time
RESET hold time tyrs 0 ns

Timing Waveforms

Data Retention Mode Timing

Stop Op
Mode Mode
|l _Data Retaenﬂon —
Vop
Vi1 ﬁ
ViH
Stop \ \ Vooor /
Instruction
lode VIHDR
ViL1 Vit
— —! tHRS [e—

Note:
In data retention mode, all inputs (except RESET) should be made lower level than VpppR.
83-002918A

Clock Timing

1

CL

Input ——-X L_

tcr —=| [ 1tcF

1iix

XL [t xH
Input —\
b X
xR [— txF
83-002917A
Serial Transfer Timing
tKeY:
[e——1KL. K H et

[ tsiK —>T*tKsi ]

z Input
st p E__
- Data r
tkso )
4
SO o Output Data

83-002919A
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Timing Waveforms (cont)

Strobe OutputTiming

Output Data

83.002920A

Interrupt Input Timing

e tioL tioH
INTO
tHH——| tH
INT1

83-002921A

RESET Input Timing

. tRSL tRSH
RESET

83-002922A

Functional Description
Program Counter (PC)

This 12-bit binary counter, shown in figure 1, holds the
address of the current instruction in program memory.
When an instruction executes, the PC increments by the
number of bytes in the instruction. RESET clears the
PCto0.

Program Memory (ROM)

This 4,096-word X 8-bit mask-programmable ROM
stores programs and table data and is addressed by the
PC. ROM address locations are from 000H to FFFH.
Fixed locations are allocated to the RESET and inter-
rupt start addresses, and table areas of the LHLT and
CALT instructions. See figure 2.

Figure 2. Program Memory Map

000H RESET Start Address
010H INTT Start Address
020H INTO/S Start Address
030H INT1 Start Address
Subroutine
Entry
0COH Addresses
Look-up Table of
LHLT Instruction
Q5o
Look-up Table of CALT
OFFH Instruction (Call Address Table)
] [
7FFH

>

e

A
FFFH ’

83-003591A

General Purpose Registers

Registers D, E, H, and L operate in units of 4 bits, or they
form the 8-bit pair registers DE, DL, and HL for use as a
data pointer (D or H is the upper-order 4 bits). See
figure 3.

Pair register HL can perform the functions of automatic
increment (+1) and automatic decrement (— 1) forthe L
register only. The L register is also used to specify I/O
ports and mode registers when the I/ O instruction (OPL,
IPL) is executed.

Figure 3. General-Purpose Register Configuration

Figure 1. Program Counter Structure

[Fen]rou] 7es [ vea [7or [ res [ ros [ ros [ Pos Pea [ P [roo] v

83-003590A

Stack Pointer (SP)

This 8-bit register (SP7-SPo) stores the top address of
the data memory area used as a LIFO stack. The SP de-
crements when a call (CALL, CALT) or a push (PSHDE,
PSHHL) instruction executes, and at an interrupt gener-
ation. It increments when a return (RT, RTS, RTPSW) or
POP (POPDE, POPHL) instruction executes.
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Data Memory (RAM)

This 256-word x 4-bit static RAM stores processing
data and display data. It also operates with the accumu-
lator to process data in 8-bit units. There are three types
of data memory addressing:

¢ Direct addressing is made by the second byte of the
instruction.

* Register indirect addressing is made indirectly by the
contents of the register pair designated by an instruc-
tion.

¢ Stack indirect addressing is made by the contents of
the SP.

RAM resides at addresses O0H-FFH. Thirty-two of
these locations (0OH-1FH) are allocated for the LCD dis-
play data area. When display data is written to 00H-1FH,
the LCD controller/driverreads it and generates an LCD
drive signal. Address locations 00H-1FH cannot be
used as stack area. See figure 4.

Figure 4. Data Memory Map

Data Memory
© 00H
Display Data Area 32x4

31 1FH
Direct/Register @32) 20H

Indirect Address |- 256 x 4

Area
Stack Area 224x4
(225) FFH
83-003593A

Accumulator (A)

The accumulator is a 4-bit register. (See figure 6.) Vari-
ous arithmetic/logical operations are done mainly by
the accumulator. Operating with the data memory ad-
dressed by the pair register HL, data processing may be
done in 8-bit units (higher-order bits in the accumulator
and lower-order bits in the data memory).

Figure 6. Accumulator Configuration

[ Aafhe 0] a

83-003595A

Addresses 20H-FFH in data memory can be used as a
stack area at execution of a call or return instruction
(CALL, CALT, RT, RTS, RTPSW), a push/pop instruction
(PSHDE, PSHHL, POPDE, POPHL), or at an interrupt oc-
currence.

At the execution of a call instruction or an interrupt oc-
currence, the contents of the PC and PSW are stored in
the stack. At the execution of a push instruction, the
contents of DE or HL are stored in the stack. The data is
stored in the stack as shown in figure 5.

Figure 5. Stack Contents after Call, Interrupt, or Push

Call Instruction,
Interrupt Push Instruction  ~

Stack Stack
SP4 | PC11-PCg
SP3 PSW
SP2 | PC3-PCo SP2 | EorL
S§Pq | PC7-PCs SPy DorH

83-003594A

Arithmetic Logic Unit (ALU)

The ALU is a 4-bit arithmetic logic circuit that performs
such processes as binary addition, arithmetic/logical
operation, comparison, and rotation.

Program Status Word (PSW)

The program status word consists of two skip flags
(SK1, SKo) and a carry flag (C). (See figure 7.) These are
stored in the stack area upon execution of a call instruc-
tion (CALL, CALT) or at an interrupt occurrence; they are
restored by an RTPSW instruction. At RESET, SKq and
SKg are cleared to 0, and C is undefined.

Figure 7. Structure of Program Status Word

83-003536A

System Clock Generator Circuit

This circuit consists of an RC oscillator circuit and a
half-frequency divider circuit, as shown in figure 8. The
RC oscillator circuit is controlled by an external resistor
(R) and capacitor (C) connected to CL1and CL2.

An external clock can be input to CL1 without using an
RC circuit. CL2 should be left open, in which case the
RC oscillator circuit merely operates as an inverted
buffer.

In stop mode, the RC oscillator circuit and the half-
frequency divider circuit stop, thereby stopping the out-
put of CL and ¢, respectively. In halt mode, the
half-frequency divider circuit stops (¢), but CL continues
to be supplied.

With an external clock, when the device is in standby
mode, the CL1 input clock becomes CL via an inverted
buffer; CL continues to be supplied. In this case, both
standby modes stop only the half-frequency divider ($).
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Figure 8. System Clock Generator Circuits

Figure 9. Count Clock Generator Circuits

RC Oscillation
uPD7514
[
} cL1 -
l Half- System Clock ¢
2R RC Oscillator |—¢-»| Frequency }-— (to CPU and
= 1 r Divider Serial Interface)
- cL2
% L—- HALT Mode
' ——» CL
STOP Mode {to Clock
Control Circuit)
External Clock
uPD7514
External
Clock out
RC Half- system Clock ¢
Oscillator  |—9+] Frequency |—» g:CPU and
(Inverted Buffer) Divider rial Interface)
Open cL2
;-————J [_ HALT Mode
STOP Mode l— & CL
{to Clock
Contro! Circuit)
83.003597A

Count Clock Generator Circuit

This crystal oscillator circuit is fed either by the crystal
connected to X1 and X2 or by an external clock from X1,
in which case it operates as an inverted buffer. Output
from this circuit (X) is sent to the clock control circuit to
become a count pulse (CP) for the timer/event counter
either directly, or after being frequency-divided. The fre-
quency of X equals the crystal oscillation frequency of
the X1 external clock. This circuit is unaffected by
standby mode. See figure 9.

Clock Control Circuit

The clock control circuit consists of a 4-bit clock mode
register (CM3~CMy), prescalers 1, 2, 3, and multiplexers.
(See figure 10.) The circuit accepts both the system
clock generator circuit output (CL) and the count clock
generator circuit output (X). The clock mode register
selects a clock source and prescaler designation. By so
doing, the clock control circuit supplies a count pulse
(CP) to the timer/event counter, and the LCD clock
source (LCD CL') to the LCD controller/driver.
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Crystal Oscillation
uPD7514

| Count Clock X
stal (to Clock
c __? Osclistor [ Control Circult
| AAA X2
t VWA
R
External Clock
uPD7514
External X1
Clook Crystal
Oscillator Count Clock X
[+ {to Clocl
Control Circuit)
Open X2 “Butfer)

83-003598A

Figure 10. Clock Control Circuit

{ intemal Bus 3

) OP* OPL*
CMz[CM2 | CM1] cMp
toPort2

Prescaler1
°L“| v |

Prescaler 2
('le)
Pres(s;:)lsr 3 Lep
cL

MPX

>

cP
(to Timer/Event Counter)

Note: “denotes instruction execution

83-0035998

A code is sent to the clock mode register by transferring
the contents of the accumulator with an OP or OPL in-
struction.

Bits CM2-CMg specify a clock source and frequency of
the timer-out signal. When CM3 is high, TOUT is output
via PTOUT. CMg selects a clock source of LCDCL’and a
frequency. See table 1.
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Table 1. Clock Mode Register

Figure 11. Timer/Event Counter Configuration

CM, CM, CMo Count Pulse Selection
0 CL x 1/256
1 X x o4
0 v

1 X

0 CL x 1/32
1

0

1

Xx /8
Prohibited
Prohibited

alalalalo|lojo| o

0
0
1
1
0
0
1
1

CM3 Output Control of TOUT
0 Output Prohibited
1 TOUT-P2/ PTOUT

CM,  LcpeL
0 CL x 1/256
1 X x Vo4
Timer/Event Counter

This counter consists of an 8-bit count register, an 8-bit
modulo register, an 8-bit comparator, and a timer flip
flop (F/F), as shown in figure 12.

The 8-bit register; a binary upcounter that increments at
every input of the counter pulse (CP), is cleared to 0 by
the execution of a TIMER instruction, RESET input, or a
coincidence signal from the comparator.

The 8-bit modulo register determines the count regis-
ter's maximum count. Its contents are set by the TAM-
MOD instruction. It is initialized to FFH by RESET.

The 8-bit comparator compares the contents of the
count and modulo registers; it outputs the timer inter-
rupt signal (INTT) one CP after they are found to be coin-
cident.

'S Intemal Bus 9
/ 7 g |+— TAMMOD*
TCNTAM* 8-Bit Modulo Register
8 i
INTT
(Coinci
Signal)
Count Hold  Bi
CcP ‘Circult 8-Bit Count Register
A (o Sena
Timer o Serial
outF/F [T Interface
and Port 2)

TIMER*
RESET

Note:

1) CP is count pulse selected by the clock mode register.

2) *Execution of instruction.

83-003600A

Serial Interface

The serial interface consists of an 8-bit shift register, a4-
bit shift mode register (figure 12) and a 3-bit octal
counter, as shown in figure 13. This interface performs
serial data /0O, which is controlled by the serial clock
(SCK). At the falling edge of SCK, the MSB of the shift
register (bit 7) is output via the SO line. At the next rising
edge of SCK, the register’s contents shift one bit and
the data on Sl is loaded into the LSB. The 3-bit counter
counts each SCK, generates an internal interrupt (INTS)
at every count of 8 clocks (at the end of a 1-byte serial
data transfer), and sets the interrupt request flag (INTO/
S RQF). '
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Figure 12. Format of Shift Mode Register

SMy SMy SMy PO3ISI  POISO

P04ISCK Serial Operation
0 0 0 Portinput Portinput Port input Stop
SM3 wmm Shift Mode Register - -
T ] 0 1 0 Portinput Portinput Tooutput 0 Stop
Seral no‘,‘m“gmln 0 1 1 Portinput Portinput  Tooutput TOUT  Stop
of INTOor INTS 1 0 0 Slinput SOinput SCKinput To operate with
SM3 Interrupt source external clock
: :::: 1 1 0 Shinput SOinput SCK output (0x8) To operate with 0
1 1 1 Slinput SOinput SCKoutput (TOUT) To operate with
TouT
83-003601A
Figure 13. Serial Interface Block Diagram
r Intemnal Bus 3
4} «— TAMSIO® |«— 0P+ OPL*
1P iPL 4 Tsioam: —| 8 8
-‘h-‘ i 1 1 1 T 1 1 1 1 T T
PlJaISI——-D I LS‘B ! l ! L !“f“{njfmi l ! 1 ! Mlsa I 17 EhiltModlaReglsterl
‘ [ SM3
P02/SO —4 /73
P0y/5CK
TOUT
4
P0g/INTO "} - INTO _@ RSFI: INTS
Note: -
1.71'\;Icates the intemal clock signal {System clock). @ s s
2. TOUT is the timer-out F/F signal.
3. the ofi i
4.SMg is to the interrupt controller.
830036028

3-166



NEC

LCD Controller/Driver

This controller/driver directly drives an LCD with static,
1/2 bias voltage (biplexed, triplexed) and /s bias voltage
(triplexed, quadripiexed) configurations. Thirty-two seg-
ment lines (Sp-S31) and 4 common lines (COMg-COM3)
serve as the LCD driver outputs. See tables 2 and 3, and
figure 14.

To supply the proper voltage to the segment and com-
mon lines, supply the voltages listed in tabie 4 to pins
Ve, Vic2, and Vi c3. See also figure 15.

uPD7514
Table 2. Maximum Segment Number
Bias  Multiplexing COM Lines Maximum Segment Number
1/2 biplexed Ccomo, 1 64 (32 Segments x 2 Commons)
1/2 triplexed COMO0, 1,2 96 (32 Segments x 3 Commons)
1/3 triplexed COMO0,1,2 96 (32 Segments x 3 Commons)

1/3  quadriplexed COMO, 1,2, 3 128 (32 Segments x4 Commons)

Note:
In the following cases, LCD driving waveform stops operation and
DC potential is applied between LCD electrodes. This will considera-
bly reduce the life span of the LCD.

LCD Clock Source Primary Causes
CL Channel 1. STOP instruction is executed.
0 (System Clock) 2. External clock is stopped.
X Channel 1. External clock is stopped.
(Count Clock)
Table 3. Display Mode Register
CMO=0 MCO=1
Bias Frame Frame
DM3 DMy DMy Multiplexing Voltage LCDCL Frequency LCDCL Frequency
0 Quadriplexed CL/1024 X256
0 1 Triplexed | 13 CL/256 CL/768 X6 T
0 0 Biplexed CLA024 X256
! 1 Triplexed 12 CL/512 CL/1536 X/128 X384
0 Quadriplexed CL/2048 X512
0 1 Triplexed 173 oL/s12 CL/1536 X/128 X584
0 0 Biplexed CL/2048 X1512
1 1 Triplexed 1/2 CL/1024 W X 7256 T
DM, Display output control DMy Display output control
0 TO deselect ail segments signal To enable display outs
Table 4. LCD Supply Voltage
Pin Name 1/2Bias 113 Bias
Vict Voo-("/2)Vico Vo~(*/3) Vicp
Vic2 Vpo~(/2) Vicp Voo-(*3) Vicp
Vics Vpo-Vico Vop-Vico

R_1R7
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Figure 14. LCD Controller/DriverBlock Diagram

( On-chip Bus W
. 4 |«——OP* OPL*
Data Me
Instruction Dis
LDMa DMz DMy jm
1FH 1EH OOH T ] Reg |slar
D"“Me'""""a 1o|321oL |3z1o| : I 4 v 1
l 1 l 1 1 l 1 1 1 l i [ Timing Controller ]LCDCL’
210 3210 3210 ta
Multiplexer b
—c
d
i ! 3
Segment Driver LCD Drive-Voltage Controller Common Driver
832 $30 S0 Vies  Vicz Vet COomM3 COM2 COM1 COMO
3 2 1 9 Note: *indicates instruction execution

a

b

[

@‘—d
Multiplexer
83.003604C

3-168



NEC

uPD7514

Figure 15. Configuration of LCD Power Supply by Voltage
Dividing Method

(a) 'k Bias Method

The values of Rt Rz, and C depend on the particular LCD panel
characteristics. Typical values are:

ViLep=Vpp-Vics R1=100K
2.7V<Vicp<Vpp R2=200K
0<R2<2Ry typically C=0.001uF

Interrupt Function

There are two external (INTO, INT1) and two internal
(INTT, INTS) interrupts. Interrupt INTO and pin POg share
one line; figure 12 shows how to select between these.

= Positive When INTO is selected, either INTO or INTS may be spec-

v ’ Por (b) "2 Bias Method e . . .

i Supply ified. The interrupt process (interrupt address and prior-
3m Lo Positive ity) for INTO and INTS is the same. See table 5 and

Vico 1 R21 Vbp 1 ;ﬁ;’;{y figure 16.

viet | Vier 1 | Interrupt Enable Register (IE2-IEg). This register per-
Sri Vi | S mits or inhibits individual interrupt requests of INTT,

v B v T INTO/S and INT1; it allows the interrupt if the respective

I} o Lo 3 bit of each interrupt is set to 1, and inhibits the interrupt

ouput] T Output 1 if 0. See figure 17.
Port Port
E_—-> GND VS_SJ_—_—’ GND

___Vop __ Voo
VL= pomRtr VLD 1T RaR

83-003603A
Figure 16. interrupt Controller Block Diagram
6 Internal Bus ) ?
E* oI+
SKI* ——s|
Interrupt Enable : Interrupt
i laster
Tost Control egister | Enable
' TOIS 1 | FIF
cL
SM3 l ’
INT1 O Sync
Edge INT1
Detect R ROF
INTS
y s
POg/INTO Edge INTOIS
Detect R RQF Priority A‘fcfv?;s
Control Generator
sio*
INTT s _D
Edge INTT
Detect R RQF
TIMER*
Notes:
1. *Ind ion of i i
2.SM3is bit 3 of the shift mode register. (Selection of INTO of INTS) _$‘ Standby Release

6121 83-0036058
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Table 5. Source of Interrupts

Interrupt Int/Ext Priority  Interrupt Address
INTT Int 1 10H (16)
(coincidence signal

from timer / event counter)

INTO Ext 2 20H (32)
(interrupt signal ’

from POy pin)

INTS Int 2 20H (32)
(transfer end signal

from serial interface)

INT1 Ext 3 30H (48)

(interrupt signal
from INT1 pin)

Figure 17. Format of Interrupt Enable Register

2 1 0
DER
Interrupt Enable Register
To permit or Inhibit INTT
To permit or inhibit INTO/S

To permit or inhibit INT1

Interrupt Master Enable F/F (IME). This F/F permits or
inhibits the acceptance of all interrupts (INTT, INTO,
INTS, and INT1); after accepting an interrupt, it is reset
to inhibit subsequent interrupts. The F/F is set by the El
0 instruction to permit all interrupts not individually dis-
abled, or it is reset by the DI 0 instruction to inhibit all
interrupts. In either case, the interrupt enable register is
unaffected.

Typical Interrupts. Figure 18 is an example of the inter-
rupt process for the INT1 interrupt.

Figure 18. Typical Interrupt Process Flow

RESET
Address: 30H
Master Enable F/F =0
Enable Register =000 El |10 PSHDE
El 4 PSHHL
Master Enable F/IF =1 I
Enable Register =100 I
{INT1 Enable) |
v | Master Enable F/F =0
— - INT1 % ‘ (All Interrupts Disabled)
2% |
S, |
—_ > %6 |
Master Enable F/F =0 L Y :8:;'&
(Al interrupts Disabled) EIO -
PTPSW
83.003607A
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Standby Function

Two standby modes, stop and halt, are provided to re-
duce power consumption during a program standby
state. The STOP and HALT instructions select these
modes.

In standby mode, program execution ceases and the
contents of data memory and all internal registers are
held. The shift register and timer/ event counter still op-
erate.

A RESET or interrupt generation releases standby
mode; if an interrupt request flag is set, stop/halt mode
cannot be set in spite of the STOP/HALT instruction exe-
cution. Consequently, when setting standby mode
when there is a possibility of a request flag being set, it
is necessary to have the interrupt request flag reset ei-
ther by processing the interrupt in advance or by execut-
ing a SKl instruction.

Differences between stop and halt modes are shown in
table 6. The main difference lies in that RC oscillation
output (CL) either stops (stop mode), or does not stop
(halt mode), when the system clock is being supplied by
RC oscillation.

Table 6. Comparing Stop and Halt Modes

Interrupt used
X CPU SIO CNT for release

Mode Instruction CL O

Stop  STOP X X 0 x * * INTT, INTO/S
Halt  HALT 0 X 0 X * 0 INTT,INTO/S,
INT1

Note:
0 Operation possible

* Operation possible with a mode selected
X Operation disabled



NEC

uPD7514

Reset Function

A high level RESET input initializes the uPD7514. The se-

quence of events is as follows:
(1) ThePCisclearedtoO.
(2 PSW flags SK1and SKg are cleared to 0.

)

(10)

All output buffers of ports 0-7 are turned off, and
become high impedance, I/O ports are set to input
mode.

The contents of data memory and the following
registers are undefined:

(3) The timer/event counter as reset as follows: Stack pointer (SP)
Count register = 00H Accumulator (A)
Modulo register = FFH Carry flag (C)

Timerout F/IF=0

(4) The clock control circuit is reset as follows:
Clock mode register (CM3-CMy) is cleared to 0
CP=I.CDCL'=CL x 1256
TOUT is disabled.

Prescalers1,2,3 =0

(5) Shift mode register (SM3-SMg) is cleared to 0.
Serial interface shift operation stops.
Port 0 is placed in input mode (high impedance).
INTS is selected for the interrupt source of INTO/S.

General-purpose registers (D, E, H, L)
Output latch of each port
Shift register

After RESET, program execution starts from address
00H. The contents of each register must be initialized as
needed.

Power-On-Reset Circuit. The simplest example is shown
in figure 19.

Figure 19. Power-On-Reset Circuit

(6) Display mode register (DM3-DMy) is cleared to 0.
/3 bias, quadriplexed +5V
Frame frequency = CL/1024, LCD drive deselected

uPD7514

(7) Interrupt control circuit becomes as follows: z
" Interrupt request flags =0 RESET
Interrupt master enable F/F =0
Interrupt enable register=0
All pending interrupts cancelled.
All interrupts disabled. =

(8) Port 6 mode register (PM3-PMy) is cleared to 0.

83-003608A /6121

Operating Characteristics

fec Vs VpD fecvs R

g

T T T T
T T T T

-
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T I
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o
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T
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Operating Characteristics (cont)

fcc Vs TA
T
1
g |
< 500 Vpp=5V
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g —
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Supply Voitage, Vop (V)

System Clock Oscillation Resistance, R (kR)

External Count Clock Input Frequency, fy (kH2)

Operating Supply Current, Ipp1 (uA)

Rvs Vpp

E (a=

—10to +70°C)

Defined

3 4 5 6
Supply Voltage, VbD (V)
fxyvs Vpp
Jotioletzs] (Ta= —10t0 +70°C)
1 1
l | l | 11
1000 ey
500
100 | —
— Defined
rr i
Area
oLty =——
F 1
Fu<te:fy= 2—"
L
0 1 2 3 4 5 6
Supply Voltage, VoD (V)
Ippivs TA
1000 = Vpp=5V=—=
500 R=39ke
T
% Vpp=3V
R=160k2
|
- ==
-25 [ 25 50 75

Ambient Temperature, Ta (°C)
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Operating Characteristics (cont)

VoH vs loH VoL vs loL
-10 —— 20 T
(Ta=25°C) (Ta=25°C)
P - Vop=5V
3 -
3 3
é Vop=5V H /
I 5 { 4 g 10 Vpp=4V
z T £ 1]
E A:D =av 3 /
o Q
i At el H o
3 I/ Vop=3V 3 // Vop=3V
" <
>
0 g 0
[ 1 2 3 4 5 0 1 2 3 ] 5
VbD-VoH (V) Output Voltage Low, VoL (V}

Ditferences Between the uPD7514, .PD7508, and
uPD7503

The uPD7514 integrates the features of the uPD7508 and
the strengthened LCD controller/driver of the uPD7503.
Differences are shown in table 7.

Table 7. Difference Between uPD7514, .PD7508, and

uPD7503
uPD7514 «PD7508CIG 4PD7503G
On-chip RAM 256x4 226x4 224x4
Input ports Port 0 (POg-P0O3)  Port 0 (PO1-PO3)  Port0
Port 1 (P14-P13) (P0+-PO03)
Port 1
(P14-P13)
Output ports Port 2 (P2g-P22)  Port 2 (P29—-P23) -
1/0 ports Port 1(P1g-P13) Port 1 (P1g-P13) -
Port 7 (P79-P73)  Port 7 (P7q-P73)
Number of poris 3t 32 23
LCD controller / Biplexed - Triplexed
driver Triplexed Quadriplexed
Multiplexing Quadriplexed
LCD controller/ 32 24
driver
Segments
Package 80-pin flat 40-pin DIP/ 64-pin flat

52-pin fiat
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NEC Electronics Inc.

uPD7516H

4-BIT, SINGLE-CHIP

CMOS MICROCOMPUTER

WITH FIP® CONTROLLER/DRIVER

Description

The uPD7516H and 75CG16H are 4-bit, single-chip
CMOS microcomputers with the uPD7500 series archi-
tecture and a FIP controller/driver. On-board peripheral
functions include an 8-bit timer/event counter, an 8-bit
serial interface, a 14-bit programmable pulse generator,
and a display controller/driver that supervises all of the
timing requirements by the 24-port S segment drivers ei-
ther for a 16-character, 7-segment FIP, or an 8-character,
14-segment FIP. The uPD7516H is functionally equiva-
lent to the uPD7519H except for ROM size.

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

The subroutine stack is implemented in RAM for greater
nesting depth and flexibility, providing such operations
as the pushing and popping of register values.

The uPD7516H/75CG16H has a 2.44 us instruction cycle
time at fyyx = 6.55 MHz.

For the uPD7516H, current consumption is less than
6mA for normal operation (Vpp=5V =*10%, fxx
=6.55 MHz, high speed mode).

The uPD75CG16H, a piggyback EPROM version, is avail-
able for prototyping and program development. It is pin-
compatible and functionally equivalent to the masked
version.

Features

6144 x 8-bit program memory (ROM)
256 x 4-bit data memory (RAM)
281/0lines

Programmable FIP controller/driver
— 24 high-voltage output lines

8-bit serial interface

8-bit timer/event counter
Programmable pulse generator (PPG)
— Variable duty port (D/A converter)
— Signal generator port

— 1-bit output port

0Ooo boog

® FIP is the registered trademark for NEC’s fluorescent indicator panel (vac-
uum fluorescent display).

O Vectored, prioritized interrupts
— Two external: INTO, INT1
— Two internal: timer (INTT) and
serial (INTS)
Four 4-bit general purpose registers
107 instructions; subset of uPD7500 series instruc-
tion set A
— Look-up-table capability
— Indirect indexed addressing

aon

[0 Instruction cycle
— uPD7516H low speed mode: 15.26 us/4.19 MHz
— uPD7516H low speed mode: 9.77 us/6.55 MHz
— uPD7516H high speed mode: 3.81us/4.19 MHz
— uPD7516H high speed mode: 2.44 us/6.55 MHz

O Two power-down modes
O Single power supply (2.5V to 6 V)

Applications

The uPD7516H has a variety of flexible powerful func-
tions and is best suited for the following applications:
¢ Video tape recorders

¢ Plain paper copiers

.Electronic cash registers

Telephone sets

Electronic scales

Automobiles

Figures 1-4 show how to apply the device to a digital
tuning system, a telephone, an ECR, and automotive
equipment.

Ordering Information

Part Max Frequency
Number Package Type of Operation
uPD7516HG-12 64-pin plastic miniflat 6.55 MHz
uPD7516HG-36 64-pin plastic QUIP 6.55 MHz
uPD7516HCW 64-pin plastic shrink DIP 6.55 MHz
uPD75CG1BHE 64-pin ceramic piggyback 6.55 MHz

Quip
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Pin Configurations

64-Pin Plastic Minifiat

64-Pin Plastic QUIR and Shrink DIP

o % = pePsTB 1/ a0 Voo
° E ek |2 _ w p2:/PTOUT ] 2 63 gmn
2ledsisisras! rpolls  wfie
nooononooonononn. “ P24 611 PS,
(" 64 63 62 6160 59 58 57 56 55 54 53 52 ) RESET [] 5 60 [ P34
Nel1 §1[1 Vioan PPO [ 6 59 [1P3p
PO/INTO (] 2 50 11 To Ne[]7 58 [ Vere
P0y/SCK [] 3 O T POG/INTO [] 8 57 E Vioap
PozISO[] 4 wsphT POYSCK [] 9 56 [1To
PoOg/sI[] s 4aT[Ts P0,/SO [} 10 -85 [Ty
Peo ] 6 46 (1T, Poyst O] 11 54 1T,
[ m 45 Ts Pé6g ] 12 53[0 T3
e, [] 8 4407 P61 [] 13 52T,
Pe3[] 9 8071 P62 [} 14 511 7s
5o ] 10 uPD7516H 42 [Ty PG:;E 15 . s0fTs
p5, ] 11 417 ToiSg po1s £ apT
ps; [ 12 40 [ Ta/S10 P17 B 48[ Tuss
P53 ] 13 39 [ T11/S11 P5; [] 18 T 47 [ TS
P19 ] 14 38 [J T12/S12 P53 CJ19 46 [ T1p/S1p
P14 [} 15 37 [d T1alSs P10 [] 20 45 [J T11/S11
P12 ] 16 36 [ T14/S14 P 21 © 44 [0 TiaiSe2
P13 [] 17 35 [ Tis/S1s P12 [] 22 43 [] T1a/S13
P4y [] 18 34 [0 P135 23 42 [ TyaiSus
P4y ] 19 sfs NC ] 24 41 [0 Tys/84s
ok 8 = o % o P4 ] 26 39 [1sy
f:%*"i“?‘”‘x""”'”"’ pay ] 27 ss,
I P4s ] 28 37 ss
83002079A EVENT [ 20 36 [y
x2 [] 30 35 [1ss
x10 31 34[]sg
Pin ldentification ves O 32 shs
. . . 83002980A
Plastic Miniflat, QUIR and Shrink DIP
Flat QUIP(1) Symbol Function
1 7,24 NC No connection Fiat QUIP(1)  Symbol Function
2 8 POg/ INTO Port 0, or external interrupt 51 57 Vioap High voltage option resistor
3 9 P01 /SCK INTO and the serial 1/0 supply negative. This pin is not
L interface used (NC) in the uPD75CG16H.
4 10 P0,/S0 - -
2 52 58 VPR High voltage predriver supply
5 1 P03/SI negative
6-9 12-15 P6o-P63 Port 6 53-56  59-62  P3(-P3; Port 3
10-13 16-19 P50-P53 Port5 57 63 INT1 External interrupt
u-1 20-23  Plg-Plg Port 1 59 1 P2y /PSTB Port 2, or port 1STB signal,
18-21 25-28 Pag-Pdg Port 4 80 2 P2,/ PTOUT timer F / F output, internal CL
output, and general purpose
22 29 EVENT Timer / event counter input 61 3 P2y /PCL output
23,24 30, 31 X2, X1 Crystal clock input 62 4 P23
25 32 Vgs Ground 63 5 RESET RESET input
26, 58 64 Voo Power supply positive 64 6 PPO- PPG output
27-34 33-40 So-S7 Segment outputs Note:
3542 4148 To/Se- Timing / segment outputs V] Ihis QUIP pin identification is also true for the shrink DIP and piggy-
ack packages.
T15/ 815
43-50 49-56 To-T7 Timing outputs
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Pin Configurations (cont)

64-Pin Ceramic Piggyback QUIP

P2¢/PSTB [ 1 N\ 64 | Voo
P24/PTOUT | 2 63 | INT1
p2gPCL | 3 HPD7SCG16H 62| P2
P2; ] 4 61| P32
RESET | 5 60 | P3;
PPO| 6 59 | P3o
NC|7 58 | Vere
POg/INTO | 8 57 | NC
P01/SCK | 9 56 | To
PO,/SO | 10 1 654 T1
POy/SI | 11 2 54| T2
P6g | 12 3 53| T3
P64 | 13 4 52| Ts
P6y | 14 5 51| Ts
P63 | 15 6 50| Ts
P50 | 16 7 © 49|
P5¢[ 17 8 48 | TgiSg
P5a1 18 47 | TolSg
P53 19 46 | T10/S10
P1g| 20 45 | T11/S1y
P14 21 44 | T12/S12
P12| 22 43 | T1a/S13
P3| 23 42 | T14/S14
NC| 24 41| T15/S1s
Pag| 25 40| So
P4,] 26 39| S
P4y | 27 38| S2
P4z | 28 37| Sa
EVENT | 29 36| Sa
x2 |30 35| Ss
x1]31 34| Se
Vss | 32 33| Sy
83-002981A
Pin Identification (cont)
uPD75CG16H, Piggyback EPROM
No. Symbol Function
1 Vop Unused
2-10, 21, Ag-Aqp Program counter output
23-25
1-13,15-19  lg-l7 Data input from the 2764
14 Vss Same as bottom pin 32; connected to
2764 GND pin
20 CE Chip enable output
22 Vss Same as bottom pin 32; supplies OE
signal to the 2764
26 Vop Same as bottom pin 64; supplies Vco
tothe 2764
27,28 Vop Unused

Pin Functions

(Except EPROM)
P0g/INTO, P04/SCK, P02/SO, P03/SI (Port 0)

This port can be configured as the 4-bit, parallel input
port 0, or as the 8-bit serial I/ O interface under control of
the serial mode select register. The 8-bit serial I/O inter-
face consists of the serial input (Sl), the serial output
(SO), and a serial clock (SCK) used for synchronizing
data transfer. Line PQp is shared with external interrupt
INTO, which is arising edge-triggered interrupt.

P1p-P13 (Port 1)

Individual lines can be configured as a 4-bitinputoras a
latched, three-state output under control of the port 1
mode select register. ;

P2¢/PSTB, P21/PTOUT, P22/PCL, P23

P2p-P23 are the 4-bit latched output port 2. PSTB is the
port 1 output strobe pulse. PTOUT s the timer-out F/F
signal. PCL is the internal system clock output. P23 is a
general purpose output.

P3¢-P33 (Port 3)

4-bit, latched three-state output port 3.

P4g-P43(Port 4)

4-bit latched three-state 1/0 port. Can perform 8-bit par-
allel 1/0 in conjunction with port 5.

P5¢-P53 (Port 5)

4-bit latched three-state I/O port. Can perform 8-bit par-
allel 1/0 in conjunction with port 4.

P6g-P63 (Port 6)

Individual lines can be configured as a4-bitinputorasa
latched, three-state output under control of the port 6
mode select register.

EVENT

1-bit external event input for the timer/event counter.

So-S7, Tg/Sg-T15/S15, To-T7

High voltage outputs. Sp-S7 are segment driver out-
puts, and To-T7 are digit driver outputs. Tg/Sg~T15/S15
can be configured as either segment or digit driver out-
puts under control of the display mode select register.
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INT1 EPROM Pin Functions
External, rising edge triggered interrupt. Piggyback EPROM

PPO

1-bit programmable pulse generator output. PPO can
operate as the pulse width modulation output, signal
generator port, or 1-bit output port, as dlctated by the
PPG mode select register.

RESET

RESET input. R/C circuit or pulse initializes uPD7516H
and also releases stop or halt mode.

X1, X2

Crystal clock connection. A crystal oscillator circuit is
connected to X1 and X2 for system clock operation, or
an external clock may be connected to X1 and an in-
verted clock to X2.

VPRE

High voltage predriver supply. Apply single voltage from
Vpp —12V to Vpp for proper display operation.

VLOAD ‘

High voltage option resistor supply negative. Apply sin-
gle voltage from Vpp—40V to Vpp for proper display
operation. This pin is not used (NC) in the uPD75CG16H.
Vbp

Power supply positive. Apply single voltage ranging
from2.5V to 6.0V for proper operation.

Vss
Ground.
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Ag-A12 (Address)

Output the 13 bits of the program counter (PCo-PCt1),
which are the address signals of EPROM 2764.

lp-l7 (Data Input)

Input data from the 2764.

CE (Chip Enable)

Outputs the chip enable signal to the 2764.
Vpp (Pin1)

Electrically equivalent to Vpp of the bottom pins. Pro-
vided for future devices. Use in the open condition.

Vpp (Pin 26)

Electrically equivalent to Vpp of the bottom pins. Sup-
plies Vg to 2764.

Vpp (Pins 27, 28)

Electrically equivalent to Vpp of the bottom pins. Do not
use these pins.

Vss (Pin 22)

Electrically equivalent to VSS of the bottom pins. Sup-
plies OE signal to the 2764.

Vss (Pin 14)

Electrically equivalent to Vgg of the bottom pins. Con-
nected to 2764 GND pin.
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Block Diagrams
uPD7516H
EVENT INT1  INTO/PO;  SCKIPO; SOIPO;  SIIPO3
% ]
P Clock cP Timer/ INTT Interrupt INTS Serial Port 0
128 |—-> Control Event Counter Control interface Buffer P0g-PO3
cL Q |—>TOUT @ <>
. Port 1
l : <:> Buffer <:>P1°'P13
P2y-P23
Program Counter (12) n m port 2 PSTBIP2g
pateh 4 ) pTouTiP2,
T PCLIP22
b@ E(@)
H (4) L@ Port3 |
Latch L P3¢-P33
Stack Pointer (8) Buffer
ROM "
Program Memory '";"“cd'“’"
6144 x 8 Bits (uPD7516H) ecoder Port 4
Latch 4 Pdg-P43
Buffer
RAM
Data Memory
256 x 4 Bits
Port 5
4 CL fJ128 ;a:;:h P5¢-P53
t .t EMO utter
‘ $FIP
Standby Clock |+ trip L Port 6
Pulse FIP
Control Generator . Generator Controller/Driver <:> !B.::fehr <:Z> P6y-P63
épPG L
! Vavavall
X1 X2 PPO T7Fo  Tis/S1s S7-So Vpre ViLoaD
Te/Ss
830029828

3-179



uPD7516H

Block Diagrams (cont)
uPD75CG16H
EVENT INT1  INTO/POp fkfpm SOIPO,  SI/PO3
fx
=+ Clock cp Timer/ INTT Interrupt INTS Serial Port 0
128 Control [~ ™| EventCounter [—*  cControl [* Interface Buffer P0y-PO3
cL
Port 1
» 3 ¢> Buffer 4 PloPis
Bk
8 3
Q - |
ore Gl K1 8 c e,
g H ALY g 42 prouTip2
3 = uffer PCLIP2,
& 8 D4 E@®
H @ L@ Port 3
, Latch 4 P3o-P33
Stack Pointer (8) Buffer
Instruction
, J—‘t/ Decoder oFre— U Port 4
Instructi Latch 4 P4g-Pa3
oz | 8 na::fero"' Address Decoder <::> Buffer
Data Memory
. 256 x 4 Bits Port 5
_ ¢ CL 14128 Latch 4 P5q-P53
cE T T T Buffer
] EMO
* $Fip {}
Standby Clock . FIP Port 6
Control Generator Pulse Controller/Driver ;:::ehr 4 P6q-Pé3
$pra L]
X1 X2 PPO TrTo Tis/S15 S7S0 VPRE

TelSs

830029838
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Absolute Maximum Ratings

Tp=25°C

Supply voltages
Voo —0.3Vio +7V
Vioap (PD7516H) Vpp —40V 1o +Vpp +0.3V
VpRe Vpp —12Vto +Vpp +0.3V

Input voltage, V|

~0.3VioVpp +0.3V

Output voltage, Vg
Display outputs, Vo

Vpp —40V 1o Vpp +0.3V

Other outputs, Vgp

—0.3VtoVpp +0.3V

Output current high, loy

Consumption:
(1) CPU
55V x 20mA=11mwW
(2) Output pins )
Segment pins: (5/7 x 2V) X 5mA x 9=64mW
Timing pins: 2V x 15mA=30mW
LED output pins: (10/15 x 2V) x 10mA x 4=53mW

(3) Pull-down resistors
(30 +5.5V)2/80kQ x 10=158 mW

Therefore, PT=(1) + (2) + (3) = 316mW

Per pin, other than display outputs —15mA DC Characteristics
Per pin, Sg-S7 -15mA  PD7516H: Ta = —10°C to +70°C, Vpp =25V 106V
Per pin, To-T7, Tg/ Sg-T15/ S15 ~30mA uPD75CG16H: Tp = —10°Cto +70°C,Vpp =5V + 10%
Total, display outputs, uPD7516H —120mA Limits Test
display outputs, uPD75CG16H -90mA Parameter Symbol Min Typ Max Unit Conditions
Total, other than display outputs —20mA Input voltage V| 0.7V, v V  Other than X1, X2
p g 1H1 DD DD
Output current low, o, high Viiz  Vop—0.4 Voo VX1, X2(Note1)
Per pin 7mA nputvoltage Vg 0 0.3Vpp v OtherthanXi, X2
Total, all output ports 60mA low Viz 0 04 VX1, X2 (Noted)
Total power consumption (Note 1), PT _ —5V 4109
Plastic flat package (uPD7516H) aomw  Jutputiollage Vor  Vop—1.0 V. Vop=5V£i0%,
igh loy=—-1mA
Plastic QUIP, (xPD7516H) 600mwW Vpp-0.5 V_ pPD7516H only,
Operating temperature, Topt —10°Cto +70°C loy=—100pA
Storage temperature, Tgrg —65°C to +150°C Output voltage Vo 0.4 V. Vpp=5V£10%,
Comment: Exposing the device to stresses above those listed in Abso- low lo=16mA
lute Maximum Ratings could cause permanent damage. The device is 0.5 V. uPD7516H only,
not meant to be operated under conditions outside the limits de- loL =400 pA
scribed in the operational sections of the specification. Exposure to Inout leakage | 3 Vy=Vnn: other
absolute maximum rating conditions for extended periods may affect c':ﬁlrjetn:ii;ge LIkt uh th|an XD101X2
device reliability. .
Note: I 20 A Vy=Vpp; X1, X2
(1) Calcutation of PT. there are three kinds of power consumption, the Input leakage I 1 -3 uA V=0V, other than
total of which should be less than the total power consumption (PT) current low X1, X2
in this specification. Use of less than 80% of PT is recommended. _ —oVv-
The three different power consumptions are as follows: L2 0 pA Vi=0V:Xi X2
1. CPU power consumption. Vpp(max) X Ipp¢(max) Input leakage 1) -200 upA  uPD75CG16H only;
2. Power consumption of output pins. This includes both normal current Vi=0V, lg-17
output and display output. Calculate the total consumption of =
each output pin to which the maximum current flows. gggfu:tlﬁ?k:ge liow 8 A Vo=Vop
3. Power consumption of on-chip pull-down resistors (mask option). ent hig
Output leakage I gLy -3 pA V=0V, other
Example current fow than display
outputs
Configuration: ILoL2 -0 pA Vo=Vigap=
9 segments x 11digits, 4 LED outpuis Vpp—35V; display
Vpp =5V +10%, 4.19 MHz oscillation outputs

Segment pin = 5 mA (max)

Timing pin =15 mA (max)

LED output pin =10 mA (max)

Vacuum fluorescent display (V| oap)= — 30V
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DC Characteristics (cont)
uPD7516H: Tp = —10°C to +70°C,Vpp=25Vto6V
uPD75CG16H: Ty = —10°Cto +70°C, Vpp =5V * 10%

Limits Tost Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit ~ Conditions
Display output  lgp -7 mA  Sg-S7; Supply current, Ipps 12 3.6 mA Highspeed
current (Notes 2 & 3) uPD75CG16H Vpp=4.75Vto
-4 mA  uPD75CG16H; 5.5V; (Note 5)
(Notes 2 & 3) 1.0 3.0 mA  High speed; (Note
15 mA To-Tis 6)
(Notes 2 & 3) Inp2 350 1000 pA Haltmode
T mA  LPD75CRIGH; V'\?Dfé"’i 0%;
(Notes 2 & 3) (Note 6)
-3 mA_ Sg-S7; (Note 4) Ipps 20 uA g;ap mode; (Note
=2 mA  uPD75CG16H; -
(Note 4) Note: "
(1 Thecircuits in figures 19 and 20 are recommended.
-7 mA  Tg-Ty5 (Note 4) o
(2) The external circuit in figure 21 is recommended.
-5 mA  puPD75CG16H;
. (Note 4) () Vpre=Vpp—-9V=1V,Vpp=4Vto6V,Vop=Vpp—2V
on-chip AL 40 70 120 k@ Vop-Vioap=35v @ Vere=0V.Vop=Vpp-2V
pull-down ‘ (5) 6.55 MHz crystal, C1=C2=10pF
resistance (6) 4199 MHz crystal, C1=C2=10pF
Supply current, 1ppy 3.0 9.0 mA Highspeed
uPD7516H Vpp=5V+10%; Capacitance
(Note 5) Ta=25°C;Vpp =0V
Ipp2 0.6 1.9 mA  Low speed
halt mode ___I.Inlls—~__ Tost
Vpp=5V +10%; Parameter Symbol Min Typ Max Unit Conditions
- (Note 5) Input C ' 5 pF (Note 1)
IpD1 20 6.0 mA Highspeed capacitance :
Vpp=5V+10%; 0
utput Co
(Note 6) capacitance,
400 1200 pA  Vpp=3V=10%; Display 35 pF (Note 1)
(Note 6) outputs
7] 450 1500 wA  Haltmode Other 1B pF - (Note1)
. V|\||)Dt=55V +10%; outputs
ote
{ ) 1/0 capacitance Cjg 15 pF (Note 1)
150 400 uA  Halt mode
Vpp=3V=10%; Note:
(Note 6) (1) fo=1MHz, Unmeasured pins are connected toOV.
Ipp3 0.1 20 pA - Stop mode
Vpp=5V =10%;
(Note 6)
0.1 10 uA  Stop mode
Vpp=3V=10%;
(Note 6)
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AC Characteristics
Clock Operation Port 11/0 Operation (cont)
WPD7516H: Tp = —10°C to +70°C, Vpp =25V to6V Limits ot
#PD7SGCTEH: Ta = —10°Ct0 +70°C, Vpp =5V +10% Parameter  Symbol Min Typ Max Unit  Conditions
Limits Tost Input data valid tsypy 700 ns (Note 2)

Parameter Symbol Min Typ Max Unit Conditions time (after
Systemclock  f 3.5 419 4.2 MHz (Notes1, 2&3) PSTB ¥)
oscillation 42 655 66 MHz Vpp=45Vt0 Input data tsTDF 0 ns (Note 2)

6.0V floating time

(Notes 1, 2 &3)  (after PSTB 1)
Systemalock 1y 0.1 42  MHz (Notes1&4) g;’g’(‘t’é%p Y lcst 100 ns (Note 2)
input frequency 2.2 6.6 MHz Vpp=45Vio :

6.0V: Control hold time tgrc

(Notes 1& 4) Output 100 ns (Note 2)
X1, X2 input t 100 Notes 1& 4 command

, e

s width o = i/ 0 _54 5v:o Input 0 80 ns (Note 2)
high, low XL it _command

(Notes 18 4) PSTBpulse  tsro 750 ns (Note 2)

width low
EVENT input T 410 kHz Vpp=4.0Vto
frequency 6.0V r:ot;; outout mod
80  KkHz uPD7516Honly () Portoutput mode.

- (2) 170 expander mode Vpp=4Vto6V.

EVENTinput  tgL 1.2 us  Vpp=4.0Vto
ulse width 6.0V ;
g v T Port 11/0 Operation
B> w_H ony WPD7516H: To = —10°C to +70°C, Vpp =45V t0 6.0V

Note:

(1) The circuits in figures 19 and 20 are recommended.
(2) Refer to the Operating Supply Voltage table.

(3) Crystal oscillation.

(4) External clock.

Port 11/0 Operation

uPD7516H: Ty = —10°C to +70°C, Vpp =25V 06V
uPD75CG16H: Ty = —10°C to +70°C, Vpp =5V £10%
0.1MHzZ < fy, fyy < 4.2MHz

Limits Test
Parameter Symbol Min Typ Max Unit Conditions

Port 1 output set- tpst 250 ns (Note 1)
up time (to
PSTB 1)

Port 1 output tsTp 100 ns (Note 1)
hold time (after
PSTB 1)

PSTB pulse gty 450 ns (Note 1)
width low

Output data set- tpsr 200 ns (Note 2)
up time (to
PSTB 1)

Output data hold tsp 100 ns (Note 2)
time (after
PSTB 1)

uPD75CG16H: Tp = —10°C to +70°C, Vpp =4.75Vt0 55V
4.2MHz < fy, fyy < 6.6 MHzZ
Low Speed Mode(1) (EM, =0)

Limits

- Tost
Parameter Symbol Min Typ Max Unit Conditions
Port 1 output set- tpgt 400 ns (Note 2)
up time (to
PSTB 4)
Port 1 output tsTp 100 ns (Note 2)
hold time (after
PSTB 1)
PSTB pulse tst1 600 ns (Note 2)
width low
Output data set- tpgr 400 ns {Note 3)
up time (to
PSTB 1)
OQutput data hold tgrp 100 ns (Note 3)
time (after
PSTB 1)
Input data valid  tspy 850 ns (Note 3)
time (after
PSTB V)
Input data tsTDF 0 ns (Note 3)
floating time
(after PSTB 1)
Control set-up  tcst 400 ns (Note 3)

time (to PSTB ¥)
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AC Characteristics (cont)

Port 11/0 Operation (cont)
' __ bmbs Tost
Parameter Symbol Min Typ Max Unit Conditions

Other Operations
uPD7516H: Ty = —10°C to +70°C, Vpp=4.5Vt0 6.0V
uPD75CG16H: To = —10°C to +70°C, Vpp =4.75Vt0 5.5V

Control hold time tgrc
Output 100 n:
command

@

(Note 3)

Input = - 0 80 ns (Note 3)
command

PSTBpulse  tgrip 1200 ns (Note 3)
width low -

Note:

(1) The uPD82C43/8243H, etc, cannot interface with the uPD7516H in
high speed mode (EM =1).

(2) Portoutput mode.

(3) 1/0 expander mode Vpp=4V1to6V.

Serial Interface Operation
uPD7516H: Tp = —10°C to +70°C, Vpp=25Vto6V
uPD75CG16H: Ty = —10°C to +70°C, Vpp =5V £10%

Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
SCKcycletime tey 2.1 us  Vpp=4Vto6V;
Input
12.5 us  uPD7516H only;
Input
(1 ps  Vpp=4VtobV;
Output
2) us  uPD7516H only;
Output
SCK pulse width ty 0.7 ps  Vpp=4VtoBYV;
high, low Input
L 6.5 us  uPD7516H only;
Input
(3) us Vpp=4VtobV,
Output
4) us  uPD7516H only;
Output
SIset-uptime gk 300 ns  Vpp=4Vto6V
(to SCK 1) 1000 ns  uPD7516H only
Sl hold_ti_me tksi 450 ns VDD=4V toBV
(after SCK ) 1000 ns  uPD7516H only
S0 output delay tksp 500 ns  Vpp=4Vtio6Vfor
time (after 7516H
SCK4) 2000 ns  pPD75T6H only
Note:

(1) High speed mode: 16/f, or 16/f,y
Low speed mode: 64/f, or 64/f,,

(2) 6411,y Or B4/ fyy

(3) High speed mode: 8/f, or 8/f,y
Low speed mode: 32/f, or 32/f,y

(4) 32/fyy — 2.0ps, of 32/f,y ~ 2.0us
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Limits Test
Parameter Symbol Min- Typ Max Unit Conditions
INTO pulse tioH. 10 HS
width high, fow tjg
INT1 pulse width i1y, (1) us
high, low L
RESET pulse  tgsH, 10 us
width high, low tgsL
Note:
(1) 26/f, or 26/fyy
uPD75CG16H EPROM Characteristics
Ta= —10°Cto +70°C; Vpp =5V =10%
__iL Test
Parameter Symbol Min Typ Max Unit Conditions
Access time tace 700 ns
CElowset-up tcp 700 ns
time to data valid
Data valid hold ~ tjy 0 ns
time to CE rising
edge
Operating Supply Voltages
Ta= —10°Cto +70°C
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
CPU (Note 1) 45 6.0 Vo fy fk=4.2MHzto
) 6.6 MHz, (Note 3)
4.0 6.0 V.  f=0.1MHzto
4.2 MHz,
fix=3.5MHz to
4.2 MHz, (Note 3)
45 6.0 Vo fy, fk=4.2MHzto
6.6 MHz, (Note 4)
2.5 6.0 vV {=0.1MHzto
4.2MHz,
fx=3.5MHz to

4.2 MHz, (Note 4)
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AC Characteristics (cont)

Operating Supply Voltages (cont)

Timing Waveforms

Data Retention Timing

————sTOP Modo——-l
Modeo‘

I-Data Retention

A\ /T

s Test
Parameter Symbol Min Typ Max Unit Conditions
Crystal 45 6.0 V  fx=4.2MHzto
oscillation 6.6 MHz,
circuit C1=10pF, C2<
(Note 2) 10 pF, (Note 5)
2.7 6.0 V. C1=10pF, C2<
10pF,
fyx=3.5MHz 10
4.2 MHz, (Note 5)
2.85 6.0 V. C1=10pF C2<
22pF,
fxx=3.5MHz to
4.2 MHz, (Note 5)
2.5 6.0 External clock
Display control- 4.0 6.0
ler
PPG 4.0 6.0 v
Port 1 2.5 6.0 V  Port output mode
4.0 6.0 V. 1/0expander
mode
Note:

(1) Except the crystal oscillation circuit, display controller, PPG, and
port 1.

(2) The circuits in figure 19 and 20 are recommended.
(3) High speed mode, EMa=1.

(4) Low speed mode, EM;=0.

(5) Crystal Oscillator.

AC Waveform Measurement Points (Except X1, X2)

0.7 Voo
0.3 Vpp

0.7 Voo Test
0.3 Vpp > points

83-002309A

Voo
Execution of
STOP Instruction | tshs
RESET
83-002959A
Clock Timing

X1 input \

iy

|

[e——txL lxn—T
Vpop — 04V
0.4V

83-002960A

EVENT Timing

teL
' s
EVENT

i

EH

L

83-002961A
EPROM Timing
'S
Ag-At1 y g
-
CE
tce [+ [e—tin
—
Ne—/
83-002062A
Strobe Output Timing
Plo-Pl3 Output Data ?——
tsTp
le—tpst
PSTB
tsTL

83-002963A
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Timing Waveforms (cont)

Port 1/0 Expander /0 Timing

Interrupt Input Timing

" Port ——gk Port Control
Output K

Output Data

L—lnsr—‘—l tsTp
—

. N
Port Control )r Input Dala)}—

Port -—-gl

Input

tsTOV —*

fe——{
tsToF
}‘—'CST [+->—tstc

[ tsTL2——*
PSTE /F

83-002964A

Serial Transfer Timing

SCK y
4 |

sl Input Data }————
| S

—tkso

83-002965A

SO OQutput-Data

tioL tioH
INTO
[e—ti tn
INT1 \
(Rising \
Edge)
tuH i
INT1
(Falling
Edge)
83-002966A
RESET Input Timing
[e——tRsL tRsH

RESET \
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Figure 1. Digital Tuning System Application

FIP

Tuning Signal 1 1 1 24| i}

VeRE Vioan  So'Sy
i ToT1s
Tuner LPF PPO

El
{Analog Output)
: Keyboard

uPD7516H

so
8243 P1g-Pi3 sl System
SCK Control

P2¢/PSTB

X1 X2 Vbp V;
pog
I I

3
»

BEgt

1|'—>

830029858
Figure 2. Telephone Application Figure 3. ECR Application
FIP
8 Seg xF'1P6 Digits 9 Seg x 16 Digits
. RAM
RS Ly B
Veae Vioap 1§°0_l_5175 Vere Vioap So-S7
EVENT ToT1s
|: PalPCL INT O K —NJ
22) N
INT 1 }¢—— Hook Switch, etc. Printer -—-1/
—PPO Keyboard
B [wn] > > < :
uzzer Ve uPD7516H Line Controt PDT516H
Tele_phone Line «—P21/PTOUT D
(Dial Pulse) Keyboard | PPO +—— Power Fail
/1—‘ Buzzer -J—_
X1 X2 Vpp v-sfj\,—— Melody f X1 X2 Voo Vss
rog T Fod T 1
I I I I
B - 83.002986A 83-002087A
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Figure 4. Automotive Equipment Application

12 Seg x s Digits

$$ﬁ

512"12 Vere  SoSu
Digital Input [S16T16 v To'T7
 Speed sense LoAD
Pulse Keyboard
« Light switch
_ «PD7516H
Analog input
* Fuel J\ AID J\ PPOI—
* Temperature _‘/ Converter _/ Buzzer
 Battery = melody
X1 X2 Vpp Vss I

Bl
II

83-002988B

Functional Description
Program Memory (ROM), 6144 Words x 8 Bits

This mask-programmable memory is addressed by the
bank flag (BNK) and the program counter (PC), and is
used to store programs and table data. See figure 5.

Figure 5. Program Memory Map

- play data

0000H 0000H RESET vector
258 x 8
00FFH 0010H INTT vector
0100H
0020H INTO/S vector
v 3,840 x 8 ﬁl" 0030H INT1 vector
4 A
T
1FFFH "(

00COH
Reference table (16 x 8)

Q0CFH for LHLT instruction

00D0H

Reference table (48 x 8)
for CALT instruction
00FFH

83-002838A

General Purpose Registers

Four 4-bit general purpose registers (D, E, H, L) may be
paired as follows for 8-bit operations: DE, HL, and DL.
These 8-bit register pairs are commonly used as
pointers to memory locations. When using the HL regis-
ter pair as a data pointer, auto-increment and auto-
decrement of the L register may be specified.
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Data Memory (RAM), 256 Words x 4 Bits

This static RAM used to store display and operation
data. It may also function with the accumulator (A) for 8-
bit data processing.

There are three types of data memory addressing:

* Direct. Address designation is made on the second
byte of the instruction.

* Register indirect. Address designation is made by the
contents of a register pair designated by the instruc-
tion.

o Stack. Indirect address designation is made by the
contents of the stack pointer (SP).

Data memory addresses are from 00H to OFFH. The first
64 locations are pre-assigned as display data for the FIP
display (00H to 03BH) and the programmable pulse gen-
erator (PPG) modulo section (03CH to 03FH). When dis-
is written in OOH-03BH, the FIP
controller/driver automatically reads it and generates
drive signals for the FIP. See figure 6.

Addresses 00H-03FH cannot be accessed by stack op-
erations. RAM locations 40H-0FFH can be used as a
stack area addressed by the SP. This data memory area
is used when executing call or return instructions
(CALL, CALT, RT, RTS, RTSPW), push/pop instructions
(PSHDE, PSHHL, POPDE, POPHL), and when answer-
ing an interrupt.

When executing a call instruction or interrupt oc-
curence with interrupts enabled, the contents of the PC
and program status word (PSW) are stored in the stack
area. A push instruction stores the contents of DEor HL
in the stack area. See figure 7.

Figure 6. Data Memory Map

Data Memory
) (0) 00H
Display Data Area 60 x 4
(59) 3BH
{60) 3CH
PPG Modulo Section 4 x4

(63) 3FH
(64) 40H

Direct/Indirect

Address Area 256 x 4

Stack Area 192 x 4

(255) FFH
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Figure 7. Push, Call, Interrupt

Push Instruction Call instruction/Interrupt

Stack Stack

sP4| PCy1-PCg
PSW
PCs-PCy

PC7-PCs

SP-3
SP-2
SP1

sp-2
SP-1

EorL
DorH
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Clock Generator

The system clock generator consists of a crystal oscil-
lator, a frequency divider, and a standby (stop/halt)
mode control circuit, as shown in figure 8. When an ex-
ternal crystal is connected to X1 and X2, the crystal os-
cillator generates the fxy. (The notation ‘fyy’ is used
when referring to crystal oscillation; ‘fy’ is used when an
external clock is input.) It is also possible to obtain a
clock by inputting an external clock into X1 and an in-
verted clock to X2.

The frequency divider divides the output of the crystal
oscillator into four frequencies, as follows:

* /> (pulse generator clock, PPG)

¢ 1/s(system clock, CLH)

* 13> (system clock, CLL; and. FOP controller clock,
FIP)
® /128 (timer/event counter clock)

The system clock (CL) may be s or Vs2 frequency-
divided, depending on the state of expansion mode reg-
ister bit 2{EM2). EM2 = 1selects /s, and EM2 = 0 selects
/32, CL is supplied to all circuits except the FIP control-
ler and PPG, which use the fyy X a2 and fyyx X 2, re-
spectively. CL is /2 frequency divided to supply the CPU
($) clock. CL is an input to the clock control circuitry
used to generate the count pulse (CP) used by the timer/
event counter.

The standby mode control circuit consists mainly of the
stop and halt flip-flops. The stop flip-flop, when set,
stops the crystal oscillator. There is no input to the fre-
quency divider, so no clocks are output to the uPD7516H
circuitry. The STOP instruction sets the stop flip-flop;
RESET clears it. The halt flip-flop, when set, inhibits the
input to the 12 frequency divider that generates ¢,
thereby stopping ¢. A HALT or STOP sets this flip-flop; it
is reset by the RELEASE signal (generated when an in-
terrupt flag is set) or at the falling edge of the internal
reset (IRESET) signal. (IRESET is released after a wait-
ing time following the release of the external RESET
input.)

Figure 8. Clock Generator Circuit
: RESET
- Q s STOP [Note 1]
Oscillation Stop Clear A
X1 1.
I—_T_‘°— &, STOP FIF
Crystal Fre cy Divider
a Oscillator quency Bl
I X2 1/2 18 1/32 1128
L 419 MHz

EM2

Q S

R

_@—:'————HALT [Note 1]

T

112

HALT FIF HALT RELEASE

IRESET( ™_ )

4 (to CPU)

Clock)

cL

to Ti counter

Note:
[1] Instruction execution.

$rip (to FIP controiter)

¢ppe (to pulse generator)
83-002941B
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Figure 9. Clock Control Circuit

)7 Internal Bus 5
OP, OPL [Note 1]
rCMS ] CMZ] Ccm1 LCMLI
to Timer/Event l
Counter
fex
128 Prescaler 2 P ]
(118) (118)
cL PreT;:Ia‘I)er 1
Multiplexer
Event o———{}c cP
{to Timer/Event
Counter)
Note:
[1;'::|s|ruciion execution.
830029428

Clock Control Circuit Figure 10. Clock Mode Register
This circuit consists ‘of a 4-bit clock mode register Clock Mode Register
(CMg-CM3), three prescalers, and a multiplexer, as [Gwlem[emowe] [owe]omTome
shown in figure 9. The circuit generates the clock pulse I — PE
(CP) input to the timer/event counter from the following eleye 258
inputs: . ol o 1 | fexl orty xﬁ
e System clock (CL) 1 182
* 1128 divided clock from the crystal oscillator (fyx/128) o [ 1 [ ] FVENT ineut
e External EVENT pulse s lo o |oLx 3‘7
Bit CMg-CM2 determine the clock input selection and Lo 1 Ptex s ortgx
divide ratio. CM3 gates the output of a timer out signal " 1024 1024
from the PTOUT (P24) pin. When CM3 =1, output from T 7| Inhibit
the timer out flop-flop (TOUT) is output to P24. Executing TR T Timer O FIF Gutput
an OP or OPL instruction loads the clock mode register. 0 [ stop
The format of the cldck mode register is shown in 1 | Output
figure 10. 850020030

Timer/ Evgnt Counter

This counter consists of an 8-bit counter register, an 8-
bit modulo register, an 8-bit comparator, and a timer-out
flip-flop, as shown in figure 11.

The 8-bit count increments at every rising edge of the
clock pulse (CP). It is cleared to 0 when executing the
TIMER instruction, a RESET input, or a coincidence sig-
nal from the comparator. ‘

3-190

The modulo register determines the INTT signal inter-
val. The contents of this register are set via the TAM-
MOD instruction. RESET sets the contents to OFFH.

The timer-out flip-flop inverts with every INTT signal out-
put from the comparator. Its output, TOUT, can by sent
to the PTOUT pin when bit 3 (CM3) of the clock mode reg-

ister is set. TOUT may also be used as a serial clock

source to the serial interface.
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Figure 1.  Structure of the Timer/Event Counter

Serial Interface

C

On-Chip Bus

-

8

TCNTAM
[Note 1]

Count Hold

P Circuit

8-Bit Modulo Reg

8-Bit Comparator

TAMMOD

(Coincidence Signal)
— INTT

TOUT
(to serial interface)

Note:
[1] Instruction execution.

Timer Reset
[Note 1]

cM3 PTOUT
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The serial interface is used for serial data 1/0. It con-
sists of an 8-bit shift register, a 4-bit shift mode register,
and a 3-bit counter, as shown in figure 12. Figure 13
shows the serial shift timing.

The serial clock (SCK) controls the serial data communi-
cation rate. An 8-bit byte clocks into the serial input (SI)
port or out of the serial output (SO) port starting with the
MSB. Data transmission occurs synchronously with the
falling edge of SCK. Data reception occurs synchro-
nously with the rising edge of SCK.

The 3-bit counter counts the number of serial clock
pulses. When a byte of serial data is transferred, an in-
ternal interrupt signal (INTS) is generated. Selecting
INTS (setting SM3 of the shift mode register to 0) sets
the interrupt request flag, INTO/S RQF.

Figure 12. Serial Interface Block Diagram

The end of transfer of each byte can also be verified by
testing INTS RQF with the SKI instruction instead of in-
terrupt processing. .

2 On-Chip Bus /
8 TAMSIO OP, OP
[Note 1} l’ L T :7 : : ; ]I
PoalSlo———> : : 1 8-Bit Shift Reg | | | — Shift Mode Reg
LB, 4 4 4 jmss
E | | L { | l
P021S0 0— {l\l Mot 2]
: T
) - 3 Bit ONT =
—> D> L L
P01/SCKO————¢
| - TOUT Notes:
1] Indi
—¢ {2] SM3 to the interrupt controlier.
[ R INTS
POO/IINTO O | P INTO RS FIF
_G— Q s slo
[Note 1]
83-0029458
CPU Clock ($) Table 1. SCK Frequencies
When the SIO instruction executes, eight CPU clock fxx Low Speed Mode High Speed Mode
pulses ($) are supplied to the serial interface for the se- 6.55 MHz 102.4 kHz 409.6kHz
rial clock and output from SCK. After the eighth clock, 219 MHz 65.5 kHz 262 kHz

SCK is fixed high level, automatically stopping serial
data I/O after one byte has transferred.

SCK does not have to be software controlied. Its trans-
fer rate is determined by the frequency of ¢. See table 1.
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Figure 13. Serial Shift Timing

generating
timing

XN NN XX
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Interrupt Function

There are two external and two internal interrupts, with
the specifications listed in table 2. The external inter-
rupt INTO uses the POg port pin as the interrupt signal
input, and has the same interrupt process as the inter-
nal serial interrupt INTS. Selection of the interrupt is
programmable and depends on the application.

Table 2. Interrupt Specifications

int/ Vector

Source Ext Priority Address
INTT (coincidence signal from timer/event  int 1 10H(16)
counter)
INTO (interrupt signal from POg terminal) ext 2 20H(32)
INTS (end of transfer signal from serial int 2 20H(32)
interface)
INTA (interrupt signal from INT1 terminal) ext 3 30H(48)
Interrupt Sequence

When an interrupt goes active, the following occur:

* Acorresponding interrupt request flag is set.

¢ The interrupt master enable flip-flop is reset.

¢ The contents of the PC and PSW are saved in the
stack.

* An interrupt start address is generated and jumped
to.

¢ The interrupt request flag set by the interrupt is reset.

Two machine cycles are required for interrupt execution,
one for saving the return address and one for jumping to
the interrupt start address. If several interrupts occur si-
multaneously, all respective request flags are set, and
the interrupt with the highest priority is processed. The
remaining interrupts are pending until serviced by

3-192

reenabling the master interrupt flip-flop or until their in-
terrupt request flags are reset by executing a SKi in-
struction.

Figure 14 is a block diagram of the interrupt control
circuit.

FIP Controller/Driver

The FIP controller/driver consists of 60 4-bit nibbles of
display memory (000-03BH of data RAM), a 4-bit display
mode register (DM3-DMp), a 4-bit timing mode register
(TM3-TMg), a 4-bit blanking mode register (BM3-BMg),
an output selector, and a high voltage output driver. See
figure 15.

The FIP controller/driver has 24 outputs for directly driv-
ing a high voltage vacuum fluorescent display:

¢ 8 segment signal outputs (Sg-S7)

» 8timing signal (grid) outputs (To-T7)

¢ 8timing or segment outputs (Tg/Sg-T15/S15)

The contents of the display mode register determines
which of the five display modes is available to the user.
The modes are as follows:
o Static mode

— 24 static output
¢ Dynamic mode

— 8segment mode

— 12 segment mode |

— 12 segment mode Il

— 16 segment mode

The contents of the timing mode register determine the
number of display digits (1-16) and control the number
of timing signals (To~T+s) output. Timing signals drive
the grids of vacuum fluorescent display tubes. The
voltage on the grid will determine the brightness of a
digit (made up of one or more segments) or if the digit
will be turned on or off.

The width of the timing signal pulse can be adjusted at
eight independent steps by the value loaded into the
blanking mode register. This function is useful for dim-
ming control and for preventing display cross-talk of ad-
jacent digits.

The active level of the timing signal can be designated
high or low by bit DM3.
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Figure 14. Interrupt Control Circuit Block Diagram
g On-Chip Bus j
[Note 1] OP, OPL—P{} [Note 1] sm—»@ [Note 1] EI—%DI [Note 1]
INT1 intEnable | T
Mode Test Control Reg 1 Master
Register ! _ Enable
‘s;‘m 2 7 _ols 1 !FF
ote l '
INT1 © s s
Sime w1
CL——| Detect ID_ R RQF
INTS ]
Y INTO/S
DEe':gel RQF Priority Vector
POQ/INTO O—————— ec R Control Address
G
{Note 1] Mux en
sio
INTT Nonsync S
Edge gg-r
Detect R F
Note: .
H] Indi [Note 1] Timer
12] SM3 is bit 3 of the shift mode register Q_, HALT Rel
(selection of INTO or INTS). ‘ Release
83-0029478B
Figure 15.  FIP Controller/Driver Block Diagram
) On-chip Bus j
Display Timing Blanking
Mode Mode Mode
Register Register Register
Display Data Memory T T
(60 x 4 bits max) r v U
Timing Blanking
< Counter Counter #e1p

L

I Segment Data Latch (16 bits) J g
) 4 4 T
L‘} AV RV RV
[ Selector J‘—Li Selector |
dal {s} 8
r FIP Driver l:___l FIP Driver J::I FIP Driver I Vere
Vioan
Q} {4} {4) @ PD7516H only)
So-S7 Ta/Sg-T11/S11 T12/$12-T1s/S1s ToT7

830029848
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Display Mode Register (DM) Figure 16. Display Mode Register Format
This 4-bit write-only register (DM3-DMg) determines the

display mode (dynamic, static, and off) of the FIP DM3|DM2| DM1|DMo

controller/driver. It also determines the active level of JLE. —

the display timing signals. This is shown in figure 16. o o | Dispiay OFF

The DM register has an output address of OBH and is
accessed by the output instructions OP and OPL when
bit EM3 of the expansion mode register is set. The DM
register is cleared by a RESET.

0 1 | Use Inhibited

o|le|e|e

1 1] Static display (24 segment output)

100 8 segment mode (up to 16 digits)
‘Figure 17 showns a display example in 12-segment 10 1 bynamic | 12 Segment mode | (up to 15 digits)
mode |. 1 1 o] DisPlay [ 45 segment mode 11 (up to 11 digits)
11 1 16 segment mode (up to 11 digits)
0| Timing signal Tn: active high

-

Timing signal Tn: active low

83-002949A
Figure 17. Display Example in 12-Segment Mode |
Display Data Memory
2BH 27H 23H 1FH' 1BH 17H 134 OFH OBH O7H O3H
DM = [x[101] 29H 25H 21H 1DH 19H 15H 11H ODH 09H O05H O1H
™ = [1010] 28H 24H 20H 1CH 18H 14H 10H OCH 08H 04H OOH
[ 0 1 0 0 0 0 0 0 0 o |b3
b2
| o 0 0 1 0 0 0 0 0 0 0 in+3
0 0 0 1 0 [ [ 0 0 0 o |b1
0 0 0 0 0 0 1 0 0 0 o |bo
0 0 0 0 0 0 0 [} 0 0 o |b3
1 1 1
0 0 0 0 1 0 [ 1 b2,
[ 0 0 0 1 1 0 0 [ 0 1 b1
0 0 0 0 0 0 0 0 0 1 1 |bo
0 0 0 0 0 1 0 0 1 1 o |b3
0 1 1 [ 1 1 0 1 1 0 1 fb2
4n
0 1 1 0 1 0 0 1 1 0 0o b1
[ 0 0 0 0 1 0 0 1 [ o |bo
1EH
T1s T1a Tra Taz 3
S15 S14 S13S12 S7 S6 S5 S4 S3 S2 S1 SO T11/S11 T1o/S10 TelSe  TalSs T Ts Ts Ta T3 T2 T1 To
L bbbl b l
SUN | MON | TUE,| WED | THU | FRI | SAT a
awe T O ] O |
PMb [ e]d|c
) | o) 0 28 L) ) 1| Sl fel@
0 1 2 3 4 5 6 7 8 9 |i 10 h
83-002950B
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Standby Function

Two standby modes, stop and halt, hold device power
consumption to a minimum. Stop mode is entered via
the STOP instruction, and halt mode is entered via the
HALT instruction. In stop mode, all clocks are stopped.
In halt mode, only the CPU clock (¢) is stopped.

Stop mode can only be released by a RESET. Halt mode
may be released either by a RESET or by the setting of
an interrupt request flag.

Stop Mode

In stop'mode, the contents of memory are retained, and
all other functions are stopped. RESET releases stop
mode.

In stop mode, the X1input is internally shorted to Vgg in
order to hold the crystal oscillator leakage to a mini-
mum. A system using stop mode cannot use an external
clock.

Halt Mode

When no interrupt flags are set, the HALT instruction
causes the device to enter halt mode. In this mode, only
¢ stops; all other clocks continue to operate. The follow-
ing functions continue to operate:

¢ Clock oscillation

Frequency division and output of clocks other than ¢
Event input

Timer/event counter

Serial interface (except when ¢ is used as SCK)

FIP controller/driver

PPG

Interrupts (INTOQ, INTS, INTT, INT1)

RESET

Since a set interrupt flag releases the device from hait
mode, this mode cannot be entered if an interrupt re-
quest flag is set. It is therefore necessary to reset the
request flag(s) either by answering the interrupt(s) (set-
ting the interrupt master enable F/F and process inter-
rupt) or by executing the SKI instruction.

In halt mode, CPU power consumption is eliminated. To
hold power consumption to a minimum, all unneces-
sary circuits shouid be inactive and the steps below
should be taken:

¢ Set the system clock (CL) to low speed

® Set the FIP controller/driver to the off mode

¢ Set the PPG for static operation

* Stop SCKinput

Low Supply Voltage Data Retention (uPD7516H
only)

Data retention is possible with Vpp as low as 2V. Vpp
should be lowered after the device is put in stop mode
and while RESET is inactive. Stop mode cannot be re-
leased in low voltage data retention mode; Vpp should
first be raised to normal operation.

Release of Stop Mode

RESET releases stop mode. On RESET'’s rising edge,
the device mode changes to halt mode, starting clock
oscillation. At the falling edge of RESET, a waiting time
(about 62.5ms/4.19 MHz, 40ms/6.55 MHz) elapses, al-
lowing for stabilization of crystal operation; foliowing
this the halt mode is released. After normal RESET oper-
ation, the CPU begins program execution from address
0000H.

5
In the release operation, the contents of data memory
are retained while the contents of other registers be-
come undefined.
Power-on Reset Circuit
An example of the simplest power-on reset circuit using
aresistor and capacitor is shown in figure 18.

Figure18. Power-on Reset Circuit

+5V

RESET

83-0029518

Figure19. Crystal

C1 = 10 pF

C2 < 22pF 83.002056A
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Figure 20. External Clock Figure 21. External Circuit
Vop y —0-5V
+-]- 3uF %
1 2 __1_3. u RD9.1EL
- I VPRE
| L
68 ke
High-Speed CMOS Inverters
Vioan —0-30V
External Clock
Note:
£2 gozesra Ves RDO.1EL: Zener Diode (NEC)
L Zener Voltage = 8.29 V t0 9.30 V
h 83-002958A
Operating Characteristics
Ta=25°C
lop vs. (VDD - VOD) (VDD = 4 V to 6 V) lob vs. (VDD - VOD) (VDD = 4 to 6 V)
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Operating Characteristics (cont)

Ipp vs. VDD ibp vs. VDb

Ta = 25°C, fxx = 4.19 MH2)— :bm = 25°C, fxx = 6.55 MH2)3]
|

;

T

[ High Speed Mode_| _{——

High Speed M - ' ' |

1000 igh Speed Mode 1000 High Speed Halt Mode
High Speed Halt Mode: Low Speed Mode —
T T

===
1 —r
Low Speed Mode 1"t
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o
S
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I
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t
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o
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o
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o
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-
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NEC Electronics Inc.

uPD7519/19H
4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS

WITH FIP® CONTROLLER/DRIVER

Description

The uPD7519, 7519H, 75CG19, and 75CG19H are CMOS
4-bit, single-chip microcomputers with the uPD7500
series architecture and a FIP controller/driver. On-
board peripheral functions include and 8-bit
timer/event counter, an 8-bit serial interface, a 14-bit
programmable pulse generator, and a display con-
troller/driver that supervises all of the timing re-
quirements of the 24 port S segment drivers either for
a 16-character, 7-segment FIP, or an 8-character,
14-segment FIP.

Twenty-eight 1/0 lines are organized into seven 4-bit
ports: the input serial interface port 0, output ports
2 and 3, and /O ports 1, 4, 5, and 6.

The subroutine stack is implemented in RAM for
greater nesting depth and flexibility, providing such
operations as the pushing and popping of register
values.

The uPD7519 has a 7.63 us instruction cycle time at
fuxx = 419 MHz. The uPD7519H/75CG19H has a
2.44 us instruction cycle time at fyx = 6.55 MHz.

Current consumption for the uPD7519 is less than 2
mA in normal operation (Vpp = 5V + 10%, fyx = 4.19
MHz, high speed mode) and is further reduced in the
halt and stop power-down modes. For the uPD7519H,
current consumption is less than 6 mA for normal
operation (Vpp = 5V = 10%, fyx = 6.55 MHz, high
speed mode).

The uPD75CG19/75CG19H piggyback EPROM version,
is available for prototyping and program development.
It is pin-compatible and functionally equivalent to the
masked version. '

Note: FIP is the registered trademark for NEC's fluorescent indi-
cator panel (vacuum fluorescent dispiay).

Features

[1 4096 x 8-bit program memory (ROM)

0 256 x 4-bit data memory (RAM)

1 28 1/O lines

O Programmable FIP controller/driver
— 24 high-voltage output lines

[0 8-bit serial interface

O 8-bit timer/event counter

0 Programmable pulse generator {PPG)
— Variable duty port (D/A converter)
— Signal generator port
— 1-bit output port

O Vectored, prioritized interrupts
— Two external: INTO, INT1
— Two internal: timer (INTT) and serial (INTS)

O Four 4-bit general purpose registers

O 106 instructions; subset of uPD7500 series
instructions set A
— Look-up-table capability
— Indirect indexed addressing

O Instruction cycle
— uPD7519 low speed mode: 15.26 us/4.19 MHz
— uPD7519 high speed mode: 7.63 us/4.19 MHz
— uPD7519H low speed mode: 15.26 us/4.19 MHz
— uPD7519H low speed mode: 9.77 us/6.55 MHz
— uPD7519H high speed mode: 3.81 us/4.19 MHz
— uPD7519H high speed mode: 2.44 ;s/6.55 MHz

O Two power-down modes

O Single power supply (2.5 V to 6.0 V)

Ordering Information

Max Frequency

Part Number Package Type of Operation
uPD7519G-12 64-pin plastic miniflat 4.19 MHz
1PD7519G-36 64-pin plastic QUIP 4.19 MHz
#PD7519CW 64-pin plastic shrink DIP 4.19 MHz
uPD75CG19E 64-pin ceramic piggyback QUIP 4.19 MHz
uPD7519HG-12 64-pin plastic miniflat 6.55 MHz
uPD7519HG-36 64-pin plastic QUIP 6.55 MHz
uPD7519HCW 64-pin plastic shrink DIP 6.55 MHz
#PD75CG19HE 64-pin ceramic piggyback QUIP 6.55 MHz
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Pin Configurations

64-Pin Plastic Minitiat

64-Pin Plastic QUIP and Shrink DIP

¢ grepo

S I RESET
I[P

2 [ P2,iPCL

8 b p24PTOUT
2 [ P2o/PSTB
& {vop

POg/INTO [
P04/SCK [

o
o
R
@
Il
© B ND N h W N S

L]

o
-
o

uPD7519/7519H

G INTY
S PP}

S 1aP32
£ P34
% P%
8 FIVPNE
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qulisﬁg 1T \J ap Vop
P24/PTOUT [] 2 63 [:INT1
P2o/PCL [] 3 62 [1P3;
P23 ] 4 61 El P3;
RESET [] 5 60 {1 P34
PPO[]6 59 [ P3y
Ne[]7 58 g VpRe
POo/INTO [] 8 57 [ Vioao
PO4/SCK [] 9 56 [1 To
Po2iso [] 10 55 [Ty
Poys! [ 11 54 QT2
Pép [] 12 53 Ts
P61 [] 13 5210 Ty
P6; [] 14 510 7Ts
Pes[]15 & s0[0Te
PsoCJ16 R 41Ty
ps 17 & as[ITess
pe1e 5 47 [3Tes,
P53 [] 19 = 46 [0 T10/S10
P19 [] 20 45 [0 T11/Sny
P11 21 44 [ TyoiSq2
P12 [ 22 43 [ T13/S13
P13 [] 23 42 [ T14/S14
NC [ 24 4 [0 TS5
P4g [ 25 40 [1So
P4 [] 26 39 [
P4z [ 27 B[S,
P4z [] 28 37 [ds;
EVENT [] 29 8 l1s,s
x2] 30 35 [1ss
x10] 31 34 ] se
vss [] 32 33s;
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Pin Configurations (cont)

64-Pin Ceramic Piggyback QUIP

p2y/PSTB (11 \ 64 {1 Vpp
p2,iPTOUT [ 2 63 [1INT1
P2,/PCL [] 3 62 [P
P23 4 4 61 g P
RESET [ 5 WPD75CG19/19H 6011 P34
PPO [ 6 59 1 P3o
N7 58 [ Vere
POG/INTO 5 8 57 NG
POYSCK [ 9 56 O To
P0ISO ssH T
P04ISI [] 54 g T2
Péo [] 53 Ta
P61 3 52 [17,
P6; [ S1PTs
P63 [] 5011 Te
pso [] Bl
P51 48 [ Taisa
P55 [ 47 [ TalSy
P53 [ 46 g T10/S10
Pig ] 45 L1 T14/S14
P10 44 [ T12/S12
Py 43 [ T1alS13
Plg é 42 [0 T141514
NC 41 [ T1siS15
4o [] 25 40080
pas [ 26 39 1184
pdp [ 27 B[S,
P4y ] 28 7 H1Ss
EVENT [ 20 36 |18
x2 [ 30 3 g*
x1 [ 31 34 H18s
Vss [] 32 3 b S

83-002935A

Pin Identification

Flatpack, Shrink DIP, and QUIP Packages

Flat QUIP().  Name Function

1 7,24 NC No connection

2 8 POg/INTO Port 0 or external interrupt INTO

3 9 P0/5CK and the serial 1/0 interface

4 10 P0,/S0

5 M P03/SI

6-9 12-15  P6y-P63 Port 6

10-13 16-19  P5¢-P53 Port 5

1417 20-23  P1p-Pi3 Port 1

18-21 25-28  P4g-P4s Port 4

22 29 EVENT Timer/event counter input

23-24 30-31 X2, X1 Crystal clock input

25 32 Vgg Ground

26, 58 64 Vop Power supply positive

27-34 33-40 Sp-S7 Segment outputs

35-42 41-48  Tg/Sg- Timing/segment outputs

T15/S15

43-50 49-56 ToTy7 Timing outputs

51 57 VioAD High voltage option resistor sup-
ply negative. This pin is not used
(NC) in the uPD75CG19/75CG19H.

52 58 VpRe High voltage predriver supply
negative

53-56 59-62 P3p-P33 Port 3

57 63 INT1 External interrupt

59 1 P2y/PSTB Port 2, or port 1 STB signal,

60 ) P2,/PTOUT timer F/F output, ‘internal CL out-
put, and general purpose output

61 3 P2,/PCL

62 4 P23

63 5 RESET RESET input

64 6 PPO PPG output

Note:

(1) This QUIP pin identification is aiso true for the shrink DIP and
piggyback packages.

~ Ana
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Pin Identification (cont)

EPROM Socket on Piggyback QUIP

No. Symbol Function

1 Vpp Unused

2 MSEL Unused

3-10, 21, Ag-A1q Program counter output

23-25

11-13, lo-l7 Data input from the 2732

15-19

14 Vss Same as bhottom pin 32; connected to
2732 GND pin

20 CE Chip enable output

22 Vss Same as bottom pin 32; supplies OE
signal to the 2732

26 Voo Same as bottom pin 64; supplies Vgg
to the 2732

27, 28 Vpp Unused

Pin Functions

POy/INTO, P04/SCK, P02/SO, P03/SI (Port 0)

This port can be configured as the 4-bit, parallel in-
put port 0, or as the 8-bit serial I/O interface under con-
trol of the serial mode select register. The serial in-
terface consists of the serial input (S), serial output
(S0), and serial clock (SCK) used for synchronizing
data transfer. Line PQg is shared with external inter-
rupt INTO, which is a rising edge-triggered interrupt.

P1o-P13 (Port 1)

Individual lines can be configured as a 4-bit input or
as a latched, three-state output under control of the
port 1 mode select register.

P2o/PSTB, P24/PTOUT, P2,/PCL, P23 (Port 2)

P2,-P23 are the 4-bit latched output port 2. PSTB is
the port 1 output strobe pulse. PTOUT is the timer-out
FIF signal. PCL is the internal system clock output.
P23 is a general purpose output.

P3¢-P33 (Port 3) _
4-bit, latched three-state output port 3.

P4¢-P43 (Port 4)

4-bit latched three-state I/O port. Can perform 8-bit
parallel 1/0 in conjunction with port 5.

P5¢-P53 (Port 5)

4-bit latched three-state 1/O. port. Can perform 8-bit
paraliel /O in conjunction with port 4.

A nnn

P6¢-P63 (Port 6)

Individual lines can be configured as a 4-bit input or
as a latched, three-state output under control of the
port 6 mode select register.

EVENT

1-bit external event input for the timer/event counter.

So-S7, TalSgT15/S15, ToT7

High voltage outputs. Sg-S7 are segment driver out-
puts, and TgT7 are digit driver outputs. Tg/SgT15/S15
can be configured as either segment or digit driver
outputs under control of the display mode select
register.

INT1
External, rising edge triggered interrupt.

PPO

1-bit programmable pulse generator output. PPO can
operate as the pulse width modulation output, the
signal generator port, or as a 1-bit output port, as dic-
tated by the PPG mode select register.

RESET

RESET input. R/C circuit or pulse initializes
uPD7519/7519H and also releases stop or halt mode.

X2, Xi

Crystal clock connection. A crystal oscillator circuit
is connected to X1 and X2 for system clock operation.
Or, an external clock may be connected to X1 and an
inverted clock to X2.

VpRE

High voltage predriver supply. Apply single voltage
from Vpp-12 V to Vpp for proper display operation.

Vioap

High voitage option resistor supply negative. Apply
single voltage from Vpp-40 V to Vpp for proper
display operation. This pin is not used (NC) in the
uPD75CG19/75CG19H.

Voo

Power supply positive. Apply single voltage ranging
from 2.5 V to 6.0 V for proper operation.

Vss
Ground.
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Pin Functions, EPROM Socket

Ag-A11 (Address)

Output the 12 bits of the program counter (PCy-PC14),
which are the address signals of EPROM 2732.

lo-l7 (Data Input)

Input data from the 2732.

CE (Chip Enable)

Outputs the chip enable signal to the 2732.
Vpp (Pin 1)

Electrically equivalent to Vpp of the bottom pins. Pro-
vided for future devices. Use in the open condition.

Vpp (Pin 26)

Electrically equivalent to Vpp of the bottom pins. Sup-
plies Vgg to the 2732.

Block Diagram, ,PD7519/7519H

Vpp (Pins 27, 28)

Electrically equivalent to Vpp of the bottom pins. Do
not use these pins.

Vss (Pin 22)

Electrically equivalent to Vsg of the bottom pins. Sup-
plies OE signal to the 2732.

Vss (Pin 14)

Electrically equivalent to Vgg of the bottom pins. Con-
nected to 2732 GND pin.

MSEL
Provided for future devices. Use in the open condition.

EVENT INT1 INTO/POg SCK/P0; SO/POz  SI/PO3
e ) ]
—»| Clock cP Timer/ |NTT Interrupt INTS Serial Port 0
128 Control Event Counter Control Interface E?J;fsr P0o-PO3
Port 1
L <:> Buffer <I>P‘°'P‘3
Program Counter (12) ALU - ‘ pont 2 2\ PSTBIPZ
Buffer PTOUTIP2¢
PCLIP2;
D@ E4)
H @) L@ Port 3
Latch 4 P3¢-P33
Stack Pointer (8) Buffer
ROM N
Program Memory Instruction
4096 x 8 Bits (uPD7519/7519H) _1/ Decoder Port 4
Latch 4 Pag-Pd,
Buffer
RAM
Expanded Mode| Data Memory
Reg 256 x 4 Bits
Port 5
$ CL {128 Latch P50-P53
t t f EMO Bufter
$FIP 1}
Standby Clock Port &
Control Generator [ ¢re Pulse Cont |F|’P i Latch P6o-P63
ontroller/Driver Butfer
$PPG L
X1 X2 PPO T7To T1s/S1s S7-So Vere VLOAD
Te/Sg
83.0020368
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Block Diagram, yPD75CG19/75CG19H

EVENT

{) Lo rour

¢

INT1  INTO/POg SCKIPO; SO/PD2  SIPO3
x
-] Clock cP Timer/ INTT Interrupt INTS Serial
128 Controt | =] Event Counter |—"1 Control Interface
cL

v
» 3
gl |€
i 5
et ]
7 % ALU AW
d I J D& E@
Agq +—] H@) L@
1 Address » DP7C
MSEL ~—»] Control Stack Pointer (8)
Instruction
Decoder bpP7C U
iz | 8 instruction
Buffer Address Decoder

SO U UDT 0

Data Memory
¢ CL #/128 256 x 4 Bits
" 1ttt
EMO
bFp {}
Standby Clock
Control Generator —¢eip Pulse FIP
Controlier/Driver
dpPG
X1t X2 PPO T7To  Tis/Sys S7So VeRe

Te/Ss

Port 0
Butfer

Port 1
Buffer

Port 2
Latch
Buffer

Port 3
Latch
Buffer

Port 4
Latch
Bufter

Port §
Latch
Buffer

Port 6
Latch
Butfer

gauddany

P0g-PO;

P1o-P13

P29-P23
PSTBIP2g
PTOUT/P2¢
PCLIP2;

P3g-P33

Pdg-Pag

P50-P53

P6o-P63

83-0029378B
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Functional Description

Program Memory (ROM), 4096 Words x 8 Bits

This mask programmable memory is addressed by the
program counter (PC), and is used to store programs
and table data. See figure 1.

General Purpose Registers

Four 4-bit general purpose registers (D, E, H, L) may
be paired as follows for 8-bit operations: DE, HL, and
DL. These 8-bit register pairs are commonly used as
pointers to memory locations. When using the HL
register pair as a data pointer, auto-increment and
-decrement of the L register may be specified.

Data Memory (RAM), 256 Words x 4 Bits

This static RAM is used to store display and opera-
tion data. It may also function with the accumulator
(A) for 8-bit data processing.

There are three types of data memory addressing:

® Direct. Address designation is made on the second
byte of the instruction. .

® Register indirect. Address designation is made by
the contents of a register pair designated by the
instruction.

® Stack. Indirect address designation is made by the
contents of the stack pointer (SP).

Figure 1. Program Memory Map

0000H

0000H RESET vector

256 x 8

Data memory addresses are from O0H to OFFH. The
first 64 locations are pre-assigned as display data for
the FIP display (00H to 03BH) and the programmable
pulse generator (PPG) modulo section (03CH to 03FH).
When display data is written in 00H-03BH, the FIP con-
troller/driver automatically reads it and generates
drive signals for the FIP. See figure 2.

Addresses 00H-03FH cannot be accessed by stack
operations. RAM locations 40H-0FFH can be used as
a stack area addressed by the SP. This data memory
area is used when executing call or return instructions
(CALL, CALT, RT, RTS, RTSPW), push/pop instructions
(PSHDE, PSHHL, POPDE, POPHL), and when answer-
ing an interrupt.

When executing a call instruction or interrupt occur-
rence with interrupts enabled, the contents of the PC
and program status word (PSW) are stored in the stack
area. A push instruction stores the contents of DE or
HL in the stack area. See figure 3.

Figure 2. Data Memory Map

Data Memory

13 (0) 00H

Display Data Area 60 x 4
{59) 3BH
(60) 3CH

PPG Modulo Section 4 x4
{63) 3FH
Direct/Indirect (64) 40H

Address Area

256 x 4

Stack Area 192 x 4

(255) FFH

83-002939A

00FFH 0010H INTT vector

0100H

0020H INTO/S vector

&

0030H INT1 vector

7 3840 x 8. 7

2%

22
=t

1FFFH

00COH
Reference tabie (16 x 8)

for LHLT instruction
00CFH

Figure 3. Push, Call, Interrupt

Push Instruction Call Instruction/ Interrupt

Stack Stack
S§P-4| PCy1-PCs

SP-3 PSW
SP-2 Eorl SP-2 PC3PCo
SP-1 DorH SP-1 PC7-PC4

83-002940A

00DOH
Reference table (48 x 8)
for CALT instruction

O00FFH

83-002938A
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Clock Generator

The system clock generator consists of a crystal
oscillator, a frequency divider, and a standby
(stop/halt) mode control circuit, as shown in figure 4.
When an external crystal is connected to X1 and X2,
the crystal oscillator generates the fy,. (The notation
"fxx’ is used when referring to crystal oscillation; 'f,’
is used when an external clock is input.) It is also
possible to obtain a clock by inputting an external
clock into X1 and an inverted clock to X2.

The frequency divider divides the output of the crystal
oscillator into four frequencies, as follows:

® 1/2 (pulse generator clock, PPG)

® 1/8 (system clock, CLH) yPD7519H only

® 1/16 (system clock, CLH) uPD7519 only

® 1/32 (system clock, CLL; and FIP controller clock,
FIP)

® 1/128 (timer/event counter clock)

The system clock (CL) may be 1/8 (uPD7519H), 1/16
(uPD7519) or 1/32 frequency-divided, depending on the
state of expansion mode register bit 2 (EM,). EMy =
1 selects 1/8 (uPD7519H) and 1/16 (uPD7519), and EM,
= 0 selects 1/32. CL is supplied to all circuits except

Figure 4. Clock Generator Circuit

the FIP controller and PPG, which use the fyx x 1/32
and fyx X 1/2, respectively. CL is 1/2 frequency divid-
ed to supply the CPU ($) clock. CL is an input to the
clock control circuitry used to generate the clock
pulse (CP) used by the timerfevent counter.

The standby mode control circuit consists mainly of
the stop and halt flip-flops. The stop flip-flop, when
set, stops the crystal oscillator. There is no input to
the frequency divider, so no clocks are output to the
uPD7519/7519H circuitry. The STOP instruction sets
the stop flip-flop, and RESET clears it. The halt flip-
flop, when set, inhibits the input to the 1/2 frequency
divider that generates ¢, thereby stopping ¢, A HALT
or STOP sets this flip-flop; it is reset by the RELEASE
signal (generated when an interrupt flag is set) or at
the falling edge of the internal reset (IRESET) signal.
(IRESET is released after a waiting time following the
release of the external RESET input.)

__G_Jl

RESET

Clear

Q S

R

STOP [Note 1]

lOscilla(lon Stop

}_r&_m &
X
O Crystal

I Oscillator

X2

Frequency Divider

116 1132

128

STOP FIF

— 419 MHz

EM2

_—< E— HALT [Note 1]

—l—ﬁ:m\u RELEASE
I RESET( ™w_ )

12

HALT F/F

— > $ (to CPY)

CcL (Sy Clock)

to Ti counter

Note:
{11 Instruction execution.

—» $Fip {to FIP )

$ppg (to pulse generator)
830029418
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Clock Control Circuit

This circuit consists of a 4-bit clock mode register
(CMg-CM3), three prescalers, and a multiplexer, as
shown in figure 5. The circuit generates the clock
pulse (CP) input to the timer/event counter from the
following inputs:

® System clock (CL)

® 1/128 divided clock from the crystal oscillator
(fxx/128)

® External EVENT pulse

Bits CMq-CM, determine the clock input selection
and divide ratio. CM3 gates the output of a timer out
signal from the PTOUT (P24) pin. When CM3 = 1, out-
put from the timer out flip-flop (TOUT) is output to P24.
Executing an OP or OPL instruction loads the clock
mode register.

The format of the clock mode register is shown in
figure 6.

Figure 5. Clock Control Circuit

Figure 6. Clock Mode Register

Clock Mode Register
CMo |

[cm3] cmz]cmi1][cmo |

[+]

CM1

cLx 1
256

T x 1
8192

0

orfy, x 1

8192

EVENT input

o |=l=] o
o jalo| -

cLx 1
32

x 1

1024

o |1 | & oty

X ____
1024

1
1

0
1

Inhibit

Designation of Timer Out F/F Output
Stop
Output

83-002943A

Internal Bus

)

Ll [oue ] om | owe]

to Til

Counter

f)C)(

128

cL

OP, OPL [Note 1}

Prescaler 2
(18)

(118)

Event O-

el

Note:
[1] Instruction execution.

cP
{to Timer/Event
Counter)

830029428
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Timer/Event Counter

This counter consists of an 8-bit count register, an
8-bit modulo register, an 8-bit comparator, and a timer-
out flip-flop, as shown in figure 7.

The 8-bit count increments at every rising edge of the
clock pulse (CP). Executing the TIMER instruction, a
RESET input, or a coincidence signal from the com-
parator clears it to 0. !

The modulo register determines the INTT signal in-
terval. The contents of this register are set via the
TAMMOD instruction. RESET sets the contents to
OFFH. ~

The timer-out flip-flop inverts with every INTT signal
output from the comparator. lts output, TOUT, can be
sent to the PTOUT pin when bit 3 (CM3) of the clock
mode register is set. TOUT may also be used as a
serial clock source to the serial interface.

Figure 7. Structure of the Timer/Event Counter

]

On-Chip Bus
TAMMOD

8-Bit Modulo Reg
8-Bit Comparator

TCNTAM
[Note 1]

(Coincidence Signal}
—— INTT

Count Hold
Circuit

cP

8-Bit Count Reg

Timer
Out FIF

T

TOUuT
(to serial interface)

Timer Reset

Note: [Note 1]

PTOUT
1] instruction execution. CM3

83-002944A
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Serial Interface

The serial interface, used for serial data 1/0, consists
of an 8-bit shift register, a 4-bit shift mode register,
and a 3-bit counter, as shown in figure 8. Figure 9
shows the serial shift timing.

The serial clock (SCK) controls the serial data com-
munication rate. An 8-bit byte clocks into the serial
input (Sl) port or out of the serial output (SO) port start-
ing with the MSB. Data transmission occurs synchro-
nously with the falling edge of SCK. Data reception
occurs synchronously with the rising edge of SCK.

The 3-bit counter counts the number of serial clock
pulses. When a byte of serial data is transferred, an
internal interrupt signal (INTS) is generated. Selecting
INTS (setting SM3 of the shift mode register to 0) sets
the interrupt request flag, INTO/S RQF.

The end of transfer of each byte can also be verified
by testing INTS RQF with the SKl instruction instead
of interrupt processing.
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Figure 8. Serial Interface Block Diagram

8 On-Chip Bus j

P 4 TSIOAM
L [Nole 1]

TAMSIO OP, OPL
[Note 1] [Note 1]

Note:
(1] Indicates instruction execution.
[2] SM3 to the interrupt controller.

[Note 1| J Y T T
t
POSISI O | 1881 snm Reg ! : - Shift Mode Reg
l I I
Lsa'i B S S w w—— 1
/1 SM3
P0ISO O N [Note 2]
: —
4 1 1
3 Bit CNT —
1
D H H
P0/SCKO—¢
b TouT
—¢
R INTS
PO/INTO o—————D——————» INTO

RS FIF
< t—— Q sfe——sIo

[Note 1]

83-0029458

Figure 9. Serial Shift Timing

the internal serial interrupt INTS. Selection of the in-
terrupt is programmable and depends on the
application.

generating
Hming Table 1. SCK Frequencies
fxx Low Speed Mode High Speed Mode
6.55 MHz 102.4 kHz 409.6 kHz (uPD7519H)
4.19 MHz 65.5 kHz 262 kHz (uPD7519H)
TaoararcA 4.19 MHz 65.6 kHz 131 kHz (uPD7519)
CPU Clock (9) Table 2. Interrupt Specifications
When the SIO instruction executes, eight CPU clock  Source Int/Ext Priority  Vector Address
pulses (¢) are supplied to the serial interface for the INTT (coincidence signal int 1 10H(16)
serial clock and output from SCK. After the eighth from timer/event counter)
clock, SCK is fixed high level, automatically stopping INTO (interrupt signal from ext 2 20H(32)
serial data 1/O after one byte has transferred. P0g terminal)
SCK does not have to be software controlled. Its L?Jfal(?Po‘:n”;:rrfa';siﬁ;ﬁace) int 2 20H(32)
rrate is rmin he fr f é.
transfer rate is dete ed by the frequency of ¢. See INT1 (interrupt signal from ext 3 30H(48)

table 1.

Interrupt Function

There are two external and two internal interrupts,
with the specifications listed in table 2. The external
interrupt INTO uses the POg port pin as the interrupt
signal input, and has the same interrupt process as

INT1 terminal)

3-209
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Interrupt Sequence
When an interrupt goes active, the following occur:

® A corresponding interrupt request flag is set.
® The interrupt master enable flip-flop is reset.
® The contents of the PC and PSW are saved in the

Two machine cycles are required for interrupt execu-
tion, one for saving the return address and one for
jumping to the interrupt start address. If several in-
terrupts occur simultaneously, all respective request
flags are set, and the interrupt with the highest priori-
ty is processed. The remaining interrupts are pending

stack. until serviced by reenabling the master interrupt flip-
® An interrupt start address is generated and jumped  flop or until their interrupt request flags are reset by
to. executing a SKI instruction.
® The interr request flag set by the interr is . . . ) .
re:etnte upt request flag y upt Figure 10 is a block diagram of the interrupt control
' circuit.
Figure 10. Interrupt Control Circuit Block Diagram
! On-Chip Bus )
[Note 1] OP, OPL—{; {Note 1] SKI ——><> [Note 1] EIWDI [Note 1]
1 INT
INT1
Mode Test Control " ::; ble i “E‘::;f;
SM3 Reglster os 1 ! FIF
[Note 2] l ( j T ‘I‘
INT1 o :5;«; S ::g: B
cL— Detect P R
INTS
N s
- INTOIS
Edge L-D_ ; :: Vet
POGINTO O— 1 Detect p RO zﬁ:;% Address
[Note 1] j : >MUX I- Gen
sio y
INTT N s
i o ﬂj
Detect P R
Note: 1,
m . " " [Note 1} Timer
2] SM3 is bit 3 of the shif d i
@ oclection of INTO o7 INTS) register E—' HALT Release
i 830029478
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FIP Controller/Driver

The FIP controller/driver consists of 60 4-bit nibbles
of display memory (000-03BH of data RAM), a 4-bit
display mode register (DM3-DMg), a 4-bit timing mode
register (TM3TMp), a 4-bit blanking mode register
(BM3-BMyp), an output selector, and a high voitage out-
put driver. See figure 11.

The FIP controller/driver has 24 outputs for directly
driving a high voltage vacuum fluorescent display:

® 8 segment signal outputs (S¢-S7)
® 8 timing signal (grid) outputs (ToT7)
® 8 timing or segment outputs (Tg/SgT15/S15

The content of the display mode register determines
which of five display modes is available to the user.
The modes are as follows:

® Static mode

— 24 static output
® Dynamic mode
8 segment mode
— 12 segment mode |
— 12 segment mode |l
— 16 segment mode

Figure 11. FIP Controller/Driver Block Diagram

The content of the timing mode register determines
the number of display digits (1-16), and controls the
number of timing signals (Tp-Ti5) output. Timing
signals drive the grids of vacuum fluorescent display
tubes. The voltage on the grid will determine the
brightness of a digit (made up of one or more
segments) or if the digit will be turned on or off.

The width of the timing signal pulse can be adjusted
at eight independent steps by the value loaded into
the blanking mode register. This function is useful for
dimming control and for preventing display cross-talk
of adjacent digits.

The active level of the timing signal can be designated
high or low by bit DMs.

A

On-chip Bus

¢

UL U

Display Data Memory
(60 x 4 bits max)

Display Timing Blanking
Mode Mode Mode
Register Register Register
| O
Timing Blanking
Counter Counter tFip

S
—l

Segment Data Latch (16 bits)

Timing
Decoder

1

N
b ]

Selector

v@

4 4
Selector

Ny

FIP Driver FIP Driver

Vi
FIP Driver PRE

=

%

So-S7

<7

TelSeT11/S11

Y

T12/812:T15/S15

Vioa
{'7 (7519/7519H) Only

To-T7

83-0029488
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Display Mode Register (DM)

This 4-bit write-only register (DM3-DMg) determines
the display mode (dynamic, static, and off) of the FIP
controller/driver. It also determines the active level of
the display timing signals. This is shown in figure 12.

Figure 12. Display Mode Register Format

DM3(DM2(DM1{DMO

N
0 0 0 Display OFF
0 0 1 |Use Inhibited
010
0 1 1 {Static display (24 segment output)
100 8 segment mode (up to 16 digits)
101 Dynamic 12 segment mode | (up to 15 digits)
1 1 o] DisPlaY [ 45 cegment mode 11 (up to 11 digits)
11 1 16 segment mode (up to 11 digits)
0 | Timing signal Tn: active high
1] Timing signal Tn: active low

83-002949A

Figure 13. Display Example in 12 Segment Mode |

The DM register has an output address of 0BH and
is accessed by the output instructions OP and OPL
when bit EM3 of the expansion mode register is set.
The DM register is cleared by a RESET.

Fig.ure 13 shows a display example in 12 segment
mode |.

Display Data Memory
DM = [x1101 2BH  27H  23H 1FH  1BH 17H 134 OFH OBH O7H O3H
= [x101] 20H 25H 21H 1DH 19 15H 11H ODH 09K O05H O1H
™ = [010] 28H 24 20H 1CH 18H 14H 10H OCH O08H 04H OOH
0 0 1 0 0 [} 0 [) 0 0 o |v8
1 0 b2
[ o 0 0 0 0 [} 0 0 0 ina+s
0 0 0 1 0 0 0 0 0 0 0 b1
0 0 0 0 0 0 1 0 0 0 o |bo
0 0 0 0 0 0 0 0 0 0 o |b3
0 o 0 0 1 1 0 0 1 1 1 Jbz
4n + 1
0 0 0 [ 1 1 0 0 0 [ 1 |
0 0 0 0 0 0 0 0 [ 1 1 *bo
[) 0 0 0 0 1 0 0 1 1 o b3
- ]
0 1 1 0 1 1 [} 1 1 0 1 (b2
e 4n
o | .1 1 0 1 0 0 1 1 [} o b
1 0 [} 0 0 1 0 0 1 o o |vo
ol
1EH :
|
|
TisTruTrs Tz '
S15 S14 S13S12 S7 S6 S5 S4 S3 S2 S1 SO T11/S11 T10/S10 To/Se TelSs Tz Te Ts Ts Ts T2 Tt To
L K 1 i g [t |e [d Je [b Ja l
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Standby Function

Two standby modes, stop and halt, hold device power
consumption to a minimum. Stop mode is entered via
the STOP instruction, and halt mode is entered via the
HALT instruction. In stop mode, all clocks are
stopped. In halt mode, only the CPU clock ($) is
stopped.

Stop mode can only be released by a RESET. Halt
mode may be released either by a RESET or by the
setting of an interrupt request flag.

Stop Mode

In stop mode, the contents of memory are retained,
and all other functions are stopped. RESET releases
stop mode.

In stop mode, the X1 input is internally shorted to Vgg
in order to hold the crystal oscillator leakage to a
minimum. A system using stop mode cannot use an
external clock.

Halt Mode

When no interrupt flags are set, the HALT instruction
causes the device to enter halt mode. In this mode,
only ¢ stops; all other clocks continue to operate. The
following functions continue to operate:

® Clock oscillation
® Frequency division and output of clocks other

than ¢
® Event input
® Timer/event counter
® Serial interface (except when ¢ is used as SCK)
® FIP controller/driver
® PPG
® Interrupts (INTO, INTS, INTT, INT1)
® RESET

Since a set interrupt flag releases the device from halt
mode, this mode cannot be entered if an interrupt re-
quest flag is set. It is therefore necessary to reset the
request flag(s) either by answering the interrupt(s)
(setting the interrupt master enable F/F and process
interrupt) or by executing the SKI instruction.

In halt mode, CPU power consumption is eliminated.
To hold power consumption to a minimum, all un-
necessary circuits should be inactive and the steps
below should be taken:

® Set the system clock (CL) to low speed

® Set the FIP controller/driver to the off mode
® Set the PPG for static operation

® Stop SCK input .

Low Supply Voltage Data Retention
(.PD7519/7519H only)

Data retention is possible with Vpp as low as 2 V. Vpp
should be lowered after the device is put in stop
mode, and while RESET is inactive. Stop mode can-
not be released in low voltage data retention mode;
Vpp should first be raised to normal operation.

Release of Stop Mode

RESET releases stop mode. On RESET’s rising edge,
the device mode changes to halt mode, starting clock
oscillation. At the falling edge of RESET, a waiting
time (about 62.5 ms/4.19 MHz, 40 ms/6.55 MHz)
elapses, allowing for stabilization of crystal operation,
following which halt mode is released. After normal
RESET operation, the CPU begins program execution
from address 0000H.

In the release operation, the contents of data memory
are retained while the contents of other registers
become undefined.

Power-on Reset Circuit

An example of the simplest power-on reset circuit
using a resistor and capacitor is show in figure 14.

Figure 14. Power-on Reset Circuit

+5V

+

RESET

83-0029518
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Application

The uPD7519/7519H has a variety of flexible powerful
functions and is best suited for the following
applications:

® Video tape recorders

® Plain paper copiers

® Electronic cash registers
® Telephone sets

® Electronic scales

® Automobiles

Figures 15-18 show how to apply the device to a
digital tuning system, a telephone, an ECR, and
automotive equipment.

Figure 15. Digital Tuning System Application

Tuning Signal

W

j\}

ic Tuner LPE

{Analog Output)

GICHNE

PPO

P1g-P13

P2(/PSTB

Vere Vioap  SoS7
ToT1s

uPD7519/7519H

Keyboard

System
Control

X1 X2
oy
Iz

83.0029528
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Figure 16. Telephone Application Figure 18. Automotive Equipment Application

FiP 4 LED

8 Seg x 16 Digits

e e

FIP
12 Seg x 8 Digits

': EVENT ToT1s 311"12 VPRE Sn 511
INT 0 f[#——— Digital Input
Pa2/PCL * Speed sense V"m“’
INT 1 j#—— Hook Switch, etc. Pulse Keyboard
——|PPO « Light switch
B“zzerDD HPD7519/7519H > Line Control WPD75197519H
T v
Analog Input
« Fuel "\ AID PPO
Telephone Line +—P21/PTOUT + Temperature || /] Converter L A Buzzer
(Dial Pulse) Keyboard * Battery melody
Xt X2 Vpp Vss ;l;
Lxt X2 Vpp Vss it T _1_

0

I 83-0020558

IIH

83-002953A
Figure 17. ECR Application
FIP
9 Seg x 16 Digits
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VpRE ViL0AD So-S7
1 To-Tis
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PPO f«—— Power Faii
Buzzer D_L—
MelodyD X1 X2 Vop Vss
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Absolute Maximum Ratings
Ta = 25°C

Supply voltages, Vpp ~-03Vto +7V
Vioap {#PD7519/7519H) (Vpp — 40) to (Vpp + 0.3)
VrRE (Vop = 12) to (Vpp + 0.3)

Input voltage, V)

Output voltage, Display outputs, Vb
Other outputs, Vgp

Output current high, Ign

~0.3V 10 (Vpp + 0.3)
(Vpp — 40) to (Vpp + 0.3)
-0.3Vto (Vpp + 0.3)

Note:

(1) Calculation of PT: There are three kinds of power consumption,
the total of which should be less than the total power consump-
tion (PT) in this specification. Use of less than 80% of PT is
recommended. The three different power consumptions are as
follows:

1. CPU power consumption. Vpp(max) X Ippi(max)

2. Power consumption of output pins. This includes both
normal output and display output. Calculate the total
consumption of each output pin to which the maximum
current flows.

3. Power consumption of on-chip pull-down resistors (mask
option).

Configuration:

9 segments x 11 digits, 4 LED outputs

Vpp = 5V + 10%, 4.19 MHz oscillation
Segment pin = 5 mA (max)

Timing pin = 15 mA (max)

LED output pin = 10 mA (max)

Vacuum fluorescent display (Vipap) = —30V

Per pin, other than display outputs —-15 mA
Per pin, Sp-S7 -15 mA
Per pin, To-T7, Tg/Sg-T15/S15 —30 mA
Total, display outputs, uPD7519/7519H —-120 mA Ex |
Display outputs, xPD75CG19/75CG19H ~90 mA N
Total, other than display outputs —20 mA

Output current low, lg.
Per pin 17 mA
Total, all output ports 60 mA

Total power consumption (1), PT 400 mW

Plastic flat package (uPD7519/7519H) )

Consumption:

Plastic QUIP, (uPD7519/7519H) 600 mW

—10°C to +70°C
-65°C to +150°C

Operating temperature, Topy
Storage temperature, Tgtg

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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(1) CPU
55V x 20 mA = 11 mW
(2) Output pins
Segment pins: (5/7 X 2V) X 5mA X 9 = 64 mW
Timing pins: 2V X 15 mA = 30 mW
LED output pins: (10/15 x 2V} x 10 mA x 4 = 53 mW
(3) Pull-down resistors
(30 + 5.5 V)2180 k& x 10 = 158 mW °

Therefore, PT = (1) + (2) + (3) = 316 mW



NEC

yPD7519/19H

Capacitance

Operating Supply Voltages

Ta = 25°C;Vpp = 0V Ta = -10°C to +70°C
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Min Max Unit Conditions
Input capacitance C 15 pF fc =1MHz CPU (1) 4.0 6.0 V fyx = 0.4 MHzto 4.2 MHz High speed
- Unmeasured uPD7519/ S5EF s v xx = 3.5MHzto mode,
Output capacitance,  Co pins are con-  75CG19 25 60 V% Wiz EM2=1
Display outputs 35 pF v -
Other outputs 5 of nected to 0 Low speed
P mode,

1/0 capacitance Cio 15  pF EM2=0
CPU (1) 45 6.0 V fy, fx = 42MHz to High speed
uPD7519H/ 40 60 V 6.6 MHz mode,
75CG19H f = 0.1 MHz to 4.2 MHz tM2=1

fyx = 3.5 MHz to 4.2 MHz
45 6.0 V fy, fyx = 4.2 MHz1t0 6.6 Low speed
oFf apn v MHz mode
25 6.0 V '
fy = 0.1 MHz to 4.2 MHz EM2=0
¢ fox = 3.5 MHz to 4.2 MHz
Crystal oscilla- 2.7 6.0 V Cq{ = 10 pF Crystal
tion circuit (2) Co < 10 pF Oscillator
WEDISI9/ 28560 V Gy = 10pF
Cp < 22 pF
25 6.0 V External
clock
Crystal oscilla- 4.5 6.0 V fy = 4.2 MHz to 6.6 MHz Crystal
tion circuit (2) Cq = 10 pF, Cy < 10 pF Oscillator
KD r/ 2.7 80 V. Gy = 10pF, Cp < 10 pF
1 fox = 3.5 MHZ t0 4.2 MHz
2.85 6.0 V Cq=10pF, Cr < 22 pF
fxx = 3.5 MHz to 4.2 MHz
26 6.0 V External
clock
Display 40 6.0 V
controller
PPG 40 6.0 V }
Port 1 2.5 6.0 V Port output mode
4.0 6.0 V 1/0 expander mode
Note:

(1) Except the crystal oscillation circuit, display controller, PPG,

and port 1.

(2) The circuits in figures 19 and 20 are recommended.
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DC Characteristics
Tp = —10°C to +70°C
uPD7519/7519H: Vpp = 2.5 V. to 6 V; uPD75CG19/75CG19H: Vpp = 5V x 10%

Limits

Test
Parameter Symbol Min Typ Max Unit Conditions
Input voitage high Ving 0.7 Vpp Vpp V  Other than X1, X2
Vinz Vpp -0.4 Vop VX1, X2 (1)
Input voltage low ViLi 0 0.3 Vpp V. Other than X1, X2
ViLe 0 0.4 Vo X1, X2(1)
Output voltage high VoK Vpp —-1.0 V Vpp=5Vx10%Ilgy = —-1mA
Vpp —-0.5 V. uPD7519/19H only, loy = —100 uA
Output voltage low VoL 0.4 V  Vpp =5V 10%, lg. = 1.6 mA;
0.5 V  uPD7519/19H only, lg; = 400 pA
Input leakage current high ILH1 3 uA V| = Vpp; other than X1, X2
ILH2 20 uA V= Vpp; X1, X2
Input leakage current fow . luu ) -3 uA V) = 0V, other than X1, X2
e -20 uA V=0V, X1, X2
Input leakage current I —-200 uA  uPD75CG19H only Vi = OV, Iy — I7
Output leakage current high lioH 3 uA Vg = Vpp
Output leakage current low lLoL1 -3 uA Vg = 0 V; other than display outputs
ILoL2 -10 uA Vo = Vioap = Vpp—35 V; display outputs
Display output current lop -7 mA  Sg-S7 Vpge = Vpp-9V + 1 V(2
-4 mA  uPD75CG19/75CG19H Vpp = Vpp—2 V
Vpp=4VtobV
-15 mA  ToTys5
-10 mA  uPD75CG19/75CG19H
-3 mA - Sg-S7 Vpge = 0 V
-2 mA  uPD75CG19/75CG19H >Von =Vpp -2V
Vpp=4Vio6V
-7 mA  ToTys5
-5 mA  uPD75CG19/75CG19H
On-chip pull-down resistance, RL 80 140 220 k@ Vpp — Vioap = 35V
uPD7519
On-chip pull-down resistance, RL 40 70 120 k@ Vop — Vioap = 35V
uPD7519H
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DC Characteristics (cont)
Ta = —10°C to +70°C
uPD7519/7519H: Vpp = 2.5 V to 6 V; uPD75CG19/75CG19H: Vpp = 5V + 10%
‘ Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Supply current, uPD7519 (3) Ipp1 600 2000 uA  High speed Vpp = 5V + 10% 4.19 MHz crystal
C1 = C2 = 10 pF
; 200 700 uA  Low speed Vpp = 3V = 10%
lpp2 260 800 uA  Low speed halt mode Vpp = 5V £ 10%
120 400 pA  Low speed halt mode Vpp = 3V = 10%
lpp3 0.1 10 A Stop mode
Supply current, uPD75CG19 (3) Ipp1 700 2000 uA  High speed 4.19 MHz crystal C1 = C2 = 10 pF
op2 350 800 uA  Low speed halt mode Vpp = 5V + 10%
Supply current, uPD7519H (3) Ipp4 2.0 6.0 mA  High speed 6.55 MHz crystal
lop2 0.6 1.9 mA  Halt mode C1 = C2 = 10 pF Vpp = 5V = 10
Iop1 1.3 4.0 mA  High speed 4.19 MHz crystal Vpp = 5 V + 10%
C1 = C2 = 10 pF
250 800 pA  Low speed Vpp = 3 V + 10%
Ipp2 450 1500 A Low speed halt mode Vpp = 5V + 10%
150 400 pA  Low speed halt mode Vpp = 3V = 10%
Ipp3 0.1 20 pA  Vpp = 5V x 10% Stop mode
0.1 10 pA  Vpp = 3V £ 10%
Supply current, uPD75CG19H (3) b1 1.2 3.6 mA  High speed Vpp = 5V * 10%
6.55 MHz crystal C1 = C2 = 10 pF
1.0 3.0 mA  High speed halt mode Vpp = 4.75 t0 5.5 V 4.19
MHz crystal C1 = C2 = 10 pF
D2 350 1000 A Low speed halt mode Vpp = 5V + 10%
4.19 MHz crystal C1 = C2 = 10 pF
Ipp3 20 pA Vpp = 5V £ 10% Stop mode

Note:

(1) The circuits in figures 19 and 20 are recommended.
(2) The external circuit in figure 21 is recommended.
(3) The display controller and PPG are not operated.
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Figure 19. Crystal AC Characteristics
Ta = —10°C to +70°C

Clock Operation, .PD7519/75CG19
uPD7519: Vpp = 25 Vto 6V

X4 X2 uPD75CG19: Vpp = 5V = 10%
Limits Test
+—i0 Parameter Symhol Min Typ Max Unit Conditions
System clock fix 3.5 419 4.2 MHz Crystal
c1== c2 oscillation oscillation (1),
I I frequency (2)
2‘, : ;‘2’ ,’:i = = System clock fx 0.1 5 MHz External clock
800ae5eA input frequency 1)
. X1, X2 input txy 100 ns External clock
Figure 20. External Clock pulse width high M
and low x. 100 ns
EVENT input fe 410 kHz Vpp =4.0Vto
frequency 60V
80 kHz uPD7519 only
X1 X2 EVENT input g 1.2 us Vpp =4.0Vto
pulse width high, 6.0V

+—D— low tey  6.25 us  uPD7519 only

Zf ,,,l High-Speed CMOS Inverters k Note:

(1) The circuits in figures 19 and 20 are. recommended.
(2) Refer to the Operating Supply Voltages tables.

External Clock

83-002957A

. Clock Operation, uPD7519H/75CG19H
Figure 21.. External Circuit uPD7519H: Vpp = 25Vto 6V
uPD75CG19H: Vpp = 5V = 10%

Limits Test
Voo J_ 1 -5V Parameter Symbol Min Typ Max Unit Conditions
33 4F %nos.m. System clock fex Crystal
-T oscillation 3.5 419 4.2 MHz oscillation (1), (2)
Vere frequency 42 655 6.6 MHz Vpp =
| 45V106.0V
%1 88 ko System clock fy External
input 0.1 4.2 MHz clock (1)
Vioso —o-V frequency 4.2 6.6 MHz Vpp =
45Vt06.0V
v Note: -
ss ] RDY.1EL: Zener Diode (NEC) X1, X2 input External
L Zener Voltage = 8.29 V10 9.30 V pu|se width tXH 100 ns clock (1)
83.002958A high, low txL 75 ns Vpp=45Vt6.0V
EVENT input fe 410 kHz Vpp = 4.0Vto6.0V
frequency 80 KHz uPD7519H only
EVENT Input  tg  6.25 us Vpp = 4.0V106.0V
pulse width
high, Iow uPD7519H only
Note:

(1) The circuits in figures 19 and 20 are recommended.
(2) Refer to the Operating Supply Voltages table.
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AC Characteristics (cont)
Ta = —10°C to +70°C

Port 1 I/O Operation, uPD7519/75CG19

uPD7519: Vpp = 25V to 6 V
uPD75CG19: Vpp = 5V + 10%
0.1 MHz < fy, fyy < 4.2 MHz

AC Characteristics (cont)
Ta = —10°C to +70°C

Port 1 1/0 Operation, uPD7519H/75CG19H

WPD7519H: Vpp = 45V to 6 V
uPD75CG19H: Vpp = 4.75 V t0 5.5V

4.2 MHz < fy, fyy < 6.6 MHz, Low Speed Mode(1) (EMy = 0)

Limits Test Limits Test

Parameter Symbol Min Max  Unit Conditions Parameter Symbol Min Max Unit- Conditions
Port 1 output setup tpst 400 ns  Port output mode Port 1 output setup tpsT 400 ns  Port output mode
time (to PSTBt) time (to PSTB?)
Port 1 output hold tstp 100 ns Port 1 output hold tstp 100 ns
time (after PSTB?) time (after PSTBY)
PSTB puise width low tgr y 600 ns PSTB pulse width low tgr 1 600 ns
Output data set-up tpst 400 ns 1/0 expander Output data set-up tpst 400 ns 1/0 expander
time (to PSTB?) mode Vpp = time (to PSTB?) mode Vpp =
Output data hold time_ tsrp 100 ns 4VwEYV Output data hold time  tgrp 100 ns 4Viesv
(after PSTB?) (after PSTBY)
Input data valid time  tgTpy 850 ns Input data valid time  tgTpy 850 ns
(after PSTBY) (after PSTBY)
Input data floating tsTDF 0 ns Input data floating tsTDF 0 ns
time (after PSTBY) time (after PSTBY)
Control set-up time tcst - 400 ns Control set-up time test 400 ns
(to PSTBY) (to PSTBY)
Control hold time tsTC Control hold time tste

Output command 100 ns Output command ns

Input command 0 80 ns Input command 0 80 ns
PSTB pulse width low tgr o 1200 ns PSTB pulse width low tgro 1200 ns

Port 1 1/0 Operation, uPD7519H/75CG19H

uPD7519H: Vpp = 25V to 6V
uPD75CG19H: Vpp = 5V £ 10%
0.1 MHz < fy, fyx < 4.2 MHz

Limits

Test

Parameter Symbol Min Max  Unit Conditions
Port 1 output setup tpsT 250 ns  Port output mode
time (to PSTB?)
Port 1 output hold tstp 100 ns
time (after PSTB?)
PSTB pulse width low tgt 1 450 ns
Output data set-up tpst 200 ns 1/0 expander
time (to PSTB?) mode Vpp =
Output data hold time tgyp 100 ns 4V106Y
(after PSTBY)
Input data valid time  tgtpy 700 ns
(after PSTBY)
Input data floating tSTDFE 0 ns
time (after PSTBt)
Control set-up time tcst 100 ns
(to PSTBY)
Contro! hold time tsTe

Output command 100 ns

Input command 0 80 ns

PSTB pulse width low 750

tsTL2

ns

Note:

(1) The uPD82C43/8243H, etc, cannot interface with the uPD7519H

in high speed mode (EMy = 1).
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AC Characteristics {(cont)

Ta = —10°C to +70°C

Serial Interface Operation, uPD7519/75CG19

uPD7519: Vpp = 25V to 6 V

uPD75CG19: Vpp = 5V = 10%

AC Characteristics (cont)
TA = -10°C to +70°C

Serial Interface Operation, .PD7519H/75CG19H
uPD7519: Vpp = 25Vto 6V
uPD75CG19: Vpp = 5V = 10%

Limits

Test Limits Test
Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions
SCK cycle time tkey Input Vpp = SCK cycle time tkey Input Vpp =
3.0 us 4VtobVv us 4Vto6VvV
12.5 us  uPD7519 only S 125 us. uPD7519H only
Output Vpp = Output Vpp =
4.9 us 4Vto6V (1) us 4VtobV
10 us  uPD7519 only @) u  uPD7519H only
SCK pulse width tkH Input Vpp = SCK pulse width tyH Input Vpp =
high, low 1.3 us 4VtobV high, low 0.7 us 4VtiobV
tkL 65 us  uPD7519 only t. 6.5 us. uPD7519H only.
Output Vpp = Output Vpp =
2.2 us 4VtebVv 3) us 4VtobV
4.5 us  uPD7519 only (4) us uPD7519H only
S| set-up time tsik Vpp = 4V S| set-up time tsik Vpp = 4V
(to SCK?) 300 ns to6V (to SCK?) 300 ns to6V
1000 ns uPD7519 only 1000 ns  uPD7519H only
S hold time (after tksI Vpp = 4V SI hold time (after tks1 Vpp = 4V
SCK*) 450 ns to6V SCKt) 450 ns tobV
1000 ns  uPD7519 only 1000 ns  uPD7519H only
SO output delay time Vpp =4V SO output delay time  tksp Vpp =4V
(after SCKY) tkso 80 ns to6V (after SCKV) 500 ns toBV
2000 ns uPD7519 only 2000 -ns uPD7519H only
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Note:

(1) High speed mode: 16/fy or 16/fyy
Low speed mode: 64/f, or 64/fyy

(2) 64ff, or 64/f,y

(3) High speed mode: 8/f; ~ 0.8 us, or 8/fyx — 0.8 us
Low speed mode: 32/f, — 0.8 us, or 32/fyx — 0.8 us

(4) 32/fx — 2.0 ps, or 32/fyy ~ 2.0 us
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AC Characteristics (cont)
Ta = —10°C to +70°C

Other Operations
uPD7519/7519H: Vpp = 45V t0 6.0 V
uPD75CG19/75CG19H: Vpp = 4.75 V to 5.5 V

Limits Test
Parameter Symbol Min Max Unit Conditions
INTO pulse width tions tioL 10 us
high, low
INT1 pulse width tHs L (1) us
high, low
RESET pulse width trsH, trsL 10 us
high, low
Note:

(1) 26/t or 26ffyy

uPD75CG19/75CG19H EPROM Characteristics
Ta = —10°Cto +70°C; Vpp = 5V = 10%

Timing Waveforms

AC Waveform Measurement Points (Except X1, X2)

0.7 Vpp Test 0.7 Vpp
0.3 Vog +— Points < 0.3 Voo

83-002909A

Data Retention Timing
———S8TOP Mode—‘-’
IODaia Retention Mode’l
—_—

Execution of
STOP Instruction ' tsAs
RESET .

83-002959A

Clock Timing

Limits Test
Parameter Symbol Min Typ Max Unit Gonditions |
Access time tace 700 ns
CE low set-up tee 700 ns X1 input \ ‘;”:v‘ 04V
time to data valid -
83-002960A

Data valid hold tH 0 ns
time to CE rising .
edge EVENT Timing

11 |
Stop Mode Low Voltage Data €
Retention Characteristics, uPD7519/7519H tew teH
Ta = —10°C to +70°C AN 4 "\‘

EVENT
Limits Test 83-002961A

Parameter Symbol Min Typ Max Unit Gonditions
Data retention Voppr 2.0 60 V . r
supply voltage EPROM Timing
Data retention DDDR 0.1 10 uwA Vpppr =2V y
supply current Ag-Agq ><L y
RESET set-up tsRs 0 us
time

tace
CE
tce [+— [+ tin
4

X
lo-t
0-t7 é_

83-002962A
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Timing Waveforms (cont)

Strobe Output Timing

Interrupt Input Timing

Output Data

Plo-Pl3 ——{‘7
K

le—-~tpsT

istp

PSTB

tstu
83-002963A

Port 1 I/0 Expander I/O Timing

‘-
Port Port Control K Output Data
7

OQutput N. Y,
|‘—‘DST 1sTD

Y
Port —q Port Control Input Data }—
Input £ K A

le——tsTDY —* -—

sTDF

le—tcsT et tsTC
[e——tsTL2—*|
R 4
PSTB f

83-002984A

Serial Transfer Timing

tkey
le——1txL le—— txH
SCK \ !
kst
[e-tsik
Sl ‘g Input Data
—={txso

$O Output Data x

83-002965A

3-224

le—tioL. tion

INTO \
INT1 4
(Rising \

Edge)

tin [t —
INT1
(Falting
Edge)

RESET Input Timing

AN
—

83-002966A

le—1RsL. RSH

\ 4 \
RESET X \

83-002967A
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Operating Characteristics, \PD7519/7519H

Ta = 25°C
lop vs (VDD - VoD) (VDD = 4V to 6 V) 10H vs (VDD - VOH)
15.0 5
J I /1 /] [ Voo = 5.V
| [ //Voo ~ Vepe = 7V Vpp = 6V
g Vop - VpRe = 9/‘// // il | — 4 /
£ £
8 0 VA4 Vpp — VpRe = 5V z / Vo = 4V
H a4 - l £
3 // //,/ Vpp — VpRe = 4 V- T // Vpp = 3V
- e E |
H I 7 =1 | g, ]
3 7// = 3 L
= 50 ] Vool N 5 Vpp = 25V
€ . // L~ Voo ES pp = 2.
g A Voo - Voo T 5
2 / / So-S7 o 4 P
3 /4 —*lop < g
VpRE Voo - VPRE 18 3
48 g
0 i | I ! 2 0 8
) 1 2 3 4 5 1 2 3 4
Voo - Voo (V) Voo = Vou (V)
lop vs (VDD - VoD) (VDD = 4 to 6 V) loL vs VoL
* C /7 1/ T | ® |
Vop — Vere = 9 V) Voo - Vere = 7V Voo = 6V Vop =5V
3 / S _ / / A’“ —4v
Eﬂ, / ,/ ,/ Vop - VpRe = 5 V| E 15 /
2 5 / / e 3
-gr / P H Vop = 3V
5 / pd Vop — VpRe = 4 V—| 2 ]
3 77 7 : i ! z 10 =
2 AW AR N g Vpp = 25V
3 1 /// // Voo i ° /-—-—-‘—————
2 WS Vop ~ Vob 2
/74 SRR ¥
= Y/ Te/SeT15/S15 loo e <
s g
A VPRE [—O Vpp — VpRE 18 ]
48 g
° I i ! L I 2 0 8
[} 1 2 3 4 5 ) 1 2 3 4
Vop - Vob (V) . Output Voltage Low, Vo (V)
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Operating Characteristics, y/PD7519H only

Ta = 25°C
IpD vs VDD (fxx = 4.19 MH2)
1000 T T
f +
High Speed Mode
500
High Speed Halt Mode =]
~ f
3 Low Speed Mode _J—" ;
8 =]
;— | Low Speed Halt Mode
g 100 =] 1 -
3 —{
(5] -
2 s0 X1 X2 4
-y
S B
@ —
10 pF 419 MHz 10 pF
s
10 1 1 1 2
20 3.0 4.0 5.0 6.0
Supply Voltage, Vpp (V)
lop vs fx
700 |—
600 = orat Wian speea | High Speed Mode (Vpp = 5 V)
g Clock cMoS L ow Speed Mode (Vop = 5 V) >/
) ;
2 500 High Speed Halt Mode (Vpp = 5 V) -
) ,
ol Low Speed Halt Mode (Vpp = 5 V) X
E 400 ~~Low Speed Mode Svﬁn =3V
3 Low Speed Halt Mode (Vpp = 3 V) Q >2/
i S
Q
o
3
@ 200 —
—] .
e §
8
0 2
0 2 3 4 5
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Clock Input Frequency fx (MHz)

Supply Current, Ipp (uA)

83-002973A

IpD vs fxx
T T
700 |— @ — High Speed Halt Mode
b — Low Speed Halt Mode
¢ — Low Speed Mode
600 / a
500
Vpp =5V L~ b
400 =
300 .8
X1 X2 — T
/
200 D c
Vpp = 3 V{
10 pF 10 pF b
o T =
° I ]
1 2 3 4 5

Clock Oscillation Frequency, fxx (MHz)
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Operating Characteristics, uPD7519 only

Ta = 25°C
Ipp vs VDD IDD vs fxx
== == T T T T T 71T
i ——(Ta = 25°C, fxx = 4.19 MHz) (Ta = 25°C)
T i ] L
I |
1000 1 High Speed Mode ; - X2
g = ; g High Speed Mode Vpp = 5 V
—F High Speed Halt Mode: < gh Sp DD
S s oh Specd Halt Mode St S 0 =
i ‘L Low Speed Mode I 8 }_ T p I [ LT
- i
g 100 | I T~TLow Speed Halt Mode B ;1 E L = =
3 — 3 5
== E 3 T T
E i —] X1 X2 . —E o High Speed Halt njlode Vop = 5V
5 1 5
@ B ]
o ¢ a.19 Mz S — | |
10 pF 10pF 38 L B | g
J; ;E N § [ Low Speed Mode Vpp = 3V §
8 - - :
1 L | L | | | | 3 ° Low Speed Halt Mode Vpp = 3V 3
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Supply Voltage, Vpp (V) Clack Oscillation Frequency, fxx (MHz2)
Ibp vs VDD Ipp vs fx
i = — T T T
T— I —(Ta = 25°C, fxx = 6.55 MH2) (Ta = 25°C)
! =
High Speed Mode_| L
NN
1000 High Speed Hait Mode
a‘ —
ks f Low Speed Mode'x, i 3 20 i High Speed
g S0 I ow Speed Halt Mode—|————1— a P
B8 n-l_—l:l-P P i e 8 L Mode Vpp = 5 V_—
z £
2 100 e .
5 E 5 P
S s — X1 X2 3 —r
= — )
g ] B H_ l g 10 l 7 High Speed
3, 1o PFIS'SS M"‘Iw pF 3 % = Hait Mode Vop = 5 V-]
——— — = = = = <
B —— $ 3
B A S N | jlf i ‘i ]L g '// T __4__Low Speed Mode g
, 1 I 1 H o L= - Low Speed Halt Mode 3
[1] 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Supply Voltage, Vpp (V) Clock Input Frequency, fx (MHz)
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NEC Electronics Inc.

uPD7527A/28A

4-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS
WITH FIP® DRIVER

Description

The uPD7527A, uPD7528A, and uPD75CG28 are 4-bit,
single-chip CMOS microcomputers with the uPD7500
architecture and FIP direct-drive capability.
Note: This data sheet pertains to uPD7527A, uPD7528A,
and uPD75CG28. For simplification, the revision
letter (A) usually is omitted from the part numbers
within the data sheet.

The uPD7527 contains a 2048 x 8-bit ROM and a

128 x 4-bit RAM. The uPD7528 contains a 4096 x 8-bit
ROM and a 160 x 4-bit RAM.

The uPD7527/28 contains two 4-bit general purpose reg-
isters located outside RAM. The subroutine stack is im-
plemented in RAM for greater depth and flexibility. The
uPD7527/28 typically executes 67 instructions with a
5us instruction cycle time.

The uPD7527/28 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/O ports 4, 5,10, and 11.

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

The uPD75CG28 is a piggyback EPROM version of the
uPD7527/28. Pin-compatible and function-compatible
with the final, masked versions of the uPD7527/28, the
uPD75CG28 is used for prototyping and for aiding in pro-
gram development.

Features

0O 67 instructions

O Instruction cycle:

—Internal clock: 5 us/400 kHz, 5V

— External clock: 4 us/500 kHz, 5V

Upwardly compatible with the uPD7500 series

product family

4,096 x 8-bit ROM (uPD7528/75CG28)

2,048 x 8-bit ROM (uPD7527)

160 x 4-bit RAM (uPD7528/75CG28)

128 x 4-bit RAM (uPD7527)

351/0lines

31high-voltage output lines that can directly drive a

vacuum fluorescent display (FIP)

[J 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 fluoréscent indicator panel (vacuum
fluorescent display).

oo O o d

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 PQOg/INTO input (mask
optional)

System clock (uPD7527/7528/75CG28): on-chip RC
oscillator

CMOS technology

Low power consumption

Single power supply

—uPD7527/7528:2.7t0 6.0V

—uPD75CG28: 5.0V

ooo 0O oooocoo

Ordering Information

Part MaxX’Frequency E
Number Package Type of Operation
uPD7527AC/28BAC 42-pin plastic DIP 610 kHz

uPD7527ACU /28ACU  42-pin plastic shrink DIP 610 kHz

uPD75CG28E 42-pin ceramic piggyback DIP 500 kHz

Pin Configurations

uPD7527/28, 42-Pin Plastic DIP or Shrink DIP

reseTtf 1 N/ a2 Vss
cui} 2 a1 [3 Pog/INTO
c2} 3 40 [ P0y/SCK
Vpre [ 4 39 [ P0y/SO
Vioand 5 38 [1 Pog/sI
Ps3[] 6 37 A P3,
P52 7, 36 p P3y
P51 8 35 [1P3;
Psg ] 9 34 [1P3;
P25 [] 10 § %3 P4y
P2 11 g 32 P4y
P2/PTOUT[ 12 &  a1[dP4
P {13 30 [1 P43
P10z [ 14 29 [1 P8
P10y [] 15 28 {7 P8,
P10g (] 16 27 A P8,
P13 17 26 {1 P83
P11 [ 18 25 {] P9y
P[] 19 24 {J P9y
P11g ] 20 23{1P9,
Voo 4 21 22{1 P93
49-001078A

3-229



uPD7527A128A

NEC

Pin Configurations (cont)

uPD75CG28, 42-Pin Ceramic Piggyback DIP

uPD75CG28 EPROM

No. Symbol Function

1 Voo Connection to pin 21 of uPD75CG28
2 NC No connection

3-10, 21, Ag-Ag EPROM address output

24,25

1-13,15-19  lp-l7 Data read input from the EPROM
14 Vss Connection to EPROM GND pin

20 CE Chip enable output

22 Vs Supplies EPROM OE signal

23 Agt Program counter MSB output

26 Vpp Supplies Vg to the EPROM

27 MSEL Mode select input

28 ) Supplies high-level signal to MSEL
Note:

RESET [ 1 \J 420 vss
g2 LPD75CG28 41 [ POp/INTO
cz2] 3 40 [3 POYSCK
Vere [ 4 39 [1 P02/SO
Vioan [} 5 V:gO1 280 Voo 38 {] PO3/SI
O 2 270 MSEL
P53 6 ar 37 O P3g
A7 35D Vo
Ps; 4 7 1 ] 36 [J P3y
P51 8 A6 Q 4 250 Ag 35 [] P3;
pso] o "5Q5#Q% L Hes,
pagd 10 MR P 3 e
pagdn MQ7T2QVss  Heg
pagerout 1z 2Q 8 NQA0 o B
P s M9 ° 0QCE ] pa,
poy e 0G0 QY 22 ul PB:
1pO11 1801g
P10y [J 15 112 1701 28 [J P8y
P10g [ 16 27 [1 P82
Pity O} 17 IzCl)13 16014 e
Pn: [m BT VSSQ-M 1-5913 2: jPﬂz
P14 319 24 [ P94
P11o O] 20 EPROM: 2732 23 |7 P9,
Vpo O 21 22 [1P93
49-001079A
Pin ldentification
uPD7527/28 and uPD75CG28
No. Symbol Function
1 RESET Reset input
2,3 cu, L2 Clock pins
4 VpRe High-voltage predriver supply
5 VioaD High-voltage option resistor supply
6-9 P5¢-P53 High-voltage | /0 port 5
10, 12 P23, P2, High-voltage output port 2, and output
P2¢/PTOUT port from timer / event counter (PTOUT)
13-16 P10g-P103 High-current, high-voltage I/ 0 port 10
17-20 P11p-P113 High-voitage, high-current 1 /0 port 11
21 Vop Positive power supply
22-25 P9y—P93 High-voltage, high-current output port 9
26-29 P8,-P83 High-voltage, high-current output port 8
30-33 P4¢-P43 High-voltage | / O port 4
34-37 P3p-P33 High-voltage output port 3
38 P03/ Sl 4-bitinput of port 0; or serial data input
39 P0y/S0 (S1), serial data output (S0), serial clock
40 P0O;/SCK 170 (SCK), and external interrupt input
4 POg /INTO (INTO) or zero-cross detect input (POg).
42 Vss Ground

3-230

(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.
Vioap 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, PD7527/28 and
uPD75CG28

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).

VLoaD

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 uPD7527/28.

P53-P5¢
4-bit, high-voltage /O port 5.

P2¢-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 1/0 port 10. Capable of
bit set/reset by SPBL/RPBL instructions.

P1i3-P11p

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 1/0O port 4.
P33-P3p

4-bit, high-voltage output port 3.

P0o-PO3

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

Sl
Serial data input.

SO

Serial data output.
SCK

1/0 serial clock.

INTO

External interrupt input.

Vss
Ground.

Pin Functions, .PD75CG28 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 mode (2-Kbyte EPROM, 128 x 4-
bit RAM). Leaving MSEL open selects uPD7528 mode (4-
Kbyte EPROM, 160 X 4-bit RAM).

Ag-A1p

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

A1y

When MSEL is high level, A1 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-l7

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 Vg 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 uPD75CG28.

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 Vsg 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, uPD75271/28

PO, /INTO P0/SCK  POy/SI
INTO PO,/SO
; T VPRE VLOAD
- POy’
gre;:s Clock cp Timer/Event Interrupt Serial +
Detector Control Counter Control - Interface
‘—D —
Port 0
4 | POG-PO
Butfer 0=FY3
ct <> Lo rour @ <> N :l‘j
Port 2
Latch 3 P2y~P23
@ <> Bofrer PTOUT/P2y
Port 3
Program Counter (11/12) ALY c A4 Latch 4 P3g-P33
Buffer
<> Port 4
) Latch Pdg-Pdy
General Registers Buffer
HeY L@ Port 5 .
Program Memory .
2048 x 8 Bits (1:PD7527/) _ <> ‘g‘:l'f‘;‘gr <E> PSg-P53
4096 x 8 Bits (uPD7528/) Instruction Stack Pointer (8)
Decoder
Port 8
] Latch I\J> P8)-P83
Butfer
cL & Port9
P9g-P93.
f f Data Memory ’éi'l‘f::r 4 0753
128 x 4 Bits (.PD7527)
160 x 4 Bits (.PD7528)
oo Standby Port 10
Generator Control Lateh P10g-P103
uffer
T Port11
Latch P11p-P113
cL1  cL2 Vob Vss RESET Butfer

49-0010678
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Block Diagram, u.PD75CG28

POG/INTO POy/SCK  POy/SI
% I P0,/SO Vore
POg
éero- Clock EP» Timer/Event Interrupt L_ Serial
Detr::liv Control Counter Control Interface
Port 0 4 | Pog-PO;
C'— <> L-»1'ou1' Q Buffer o0~F03
toen |3 > P21-P23
P 8 <> Buffer PTOUT/P2,
A-aed 11| @ 8 c A@) b Ta > P3g-P33
a £ Buffer
$0 |3
2 a Port 4
. <> Latch @ P4g-P43
General Registers Buffer
A H{4) L)
MSE1I1.<— Adurass. | »oerc <:> Laich <Z> P5g-P53
" Buffer
Stack Pointer (8)
|o-|7. Instruction : > Instruction - D Port8 l—> Pg-PS
m Butfer Decoder j lé?:f';:r 3
Address Decoder
cL Port 9
A Latch | 4 P3p-P93
+ J <:> Buffer
Data Memory
- System Standby 160 x4Bits Port 10
E Clock N
¢ '—1 G Controf Laten <:i> P10g-P103
Port11
T | v <:> Latch <§:> P1g-P11
oLt cL2 Vop Vee Vss Vss RESET L Buffer
49-0010688
Absolute Maximum Ratings
=25°C
Power supply voltage, Vpp -0.3t0 +7V Output current high, ports 3, 4, 8, 9 total, fgy —55mA
Power supply voltage, Vi oap (uPD7527 / 28) Vpp—40VtoVpp +0.3V Output current high, ports 2, 5, 10, 11total, igy -55mA
Power supply voltage, Vpre Vpp-12VtoVpp +0.3V Output current low, per pin, lg. 15mA
Input voltage, except ports 4, 5, 10, 11, Vi -0.3VtoVpp +0.3V Output current low, all ports total, Ipp. 15mA
Input voltage, ports 4, 5, 10, 11, Viy Vpp—40VtoVpp +0.3V Operating temperature, Topr —10°C to +70°C
Output voltage, except ports 2-5, 8-11, Vg -0.3VtoVpp +0.3V Storage temperature, Tstg —65°C to +150°C
Output voltage, ports 2-5, 8-11, Vg Vpp—-40VtoVpp +0.3V Comment: Exposing the device to stresses above those listed in Abso-
" — ; ” lute Maximum Ratings could cause permanent damage. The device is
Output current high, per pin: POy, PO lon 15mA not meant to be operated under conditions outside the limits de-
Output current high, per pin: ports 2-5, 8-11; lgy -30mA 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
uPD7527/28
Ta= —10°Cto +70°C, Vpp = +2.7V10 6.0V
Limits Tost Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input voitage, V4 0 0.3Vpp V  Port0, RESET Output leakage L1 -3 uA Vp=0V; P04, POy
ow Ve 0 05 Vv cL current, low ) 210 A Vo=Vpp-35V;
Vi Voo-35  03Vpp V_ Ports4, 5,10, 11 ports 2-5, 8-t
Output leakage | on1 3 A Vo=Vpp; except
:]",g;]" voltage, x'“‘ 3'7\/[’3 - \\;DD X Z‘: 0, RESET current, high ports 4, 5, 10, 11
iH2__ Vpp—0. DD lLoH2 80 A Vp=Vpp;ports 4,
Viis 0.7Vpp Voo V  Ports 4, 5,10, 11; 5,10, 11
5V
gngms Supply current, Ippy 10 3.0 mA Vpp=5V=10%,
T y v P.ns4 o normal operation R=39kQ
=0 orts 4, 9, 10, 11
0D 0o 2'7V<VDD< 0.4 1.0 mA VDD=3V.
45V R=82kQ
Output voltage, V. 0.4 VP04, POg; 4.5V< Supply current, ‘DDZ 200 600 uA V[)D=5Vi10%.
w25 ToL Von<E0V: HALT mode R=39Kk (Note 4)
loL=1.6mA (Note 6) 80 200 A Vpp=3V,
05 V POy POp; R=82k (Note 4)
loL =400 uA 210 640 pA Vpp=5V=10%,
Outputvoltage, Voq  Vpp-2.0 V_ Ports 2-5, R=39ke (Note 5)
high loy=—-4mA 67 230 wA  Vpp=3YV,
{Note 1) R=82kQ (Note 5)
Vpp-2.0 vV Ports 8-11, Supply current, Ipps 01 10 uwA Vpp=3V(Note4)
loy=—10mA STOP mode 0 40 @A Vpp=5V=i0%
(Note 1) (Note 6) (Note 5)
Vop-2.0 v rg:fz_“g;m 7 30 @A Vpp=3V(Note5)
(Note 2} On-chippull- R, 80 140 220 k@ Vpp—Vipap=35V
Vpp-2.0 vV Ports 8-11 down resistance
loy=—5mA Note:
(Note 2) (1) Vpge=VYpp—9V+1V.The circuit in figure 5 is recommended.
Vpp—-1.0 v :’01, P021; A (2) Vpre=0V.Vpp=4.5V106.0V.
(%';t; 5) m (3) Vpp=45V106.0V,
Vop-0.5 VPO, POy, (4) Without zero-cross detector. -
|0H,= - 1b0 pA (5) With zero-cross detector.
input leakage 14 -3 uA  Viy=0V; POg-PQ3 (6) Ports 4,5,10, 11 are low level output or low level input.
current, low Iz 40 A Vjy=0V;P0,
(Note 5)
luis =10 pA Viy=0V;CL1
ILiLs =10 pA Viy=Vpp-35V;
ports 4, 5,10, 11
Input leakage Iy 3 WA ViN=Vpp;
current, high P0g-PO3 (Note 4)
ILiHe 40 pA  ViN=Vpp; POy
(Note 5)
Iibg 10 wA  ViN=Vpp; CL1
IL1H4 80  pA  Viy=Vpp;ports4,

510,11
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DC Characteristics (cont)
uPD75CG28 Limits Tost
Ta=~10°Cto +70°C,Vpp = +5V£10% Parameter Symbol Min Typ Max Unit Conditions
Limits Test Input leakage Iy -3 pA Viy=0V;P0g-PO3
Parameter Symbol Min Typ Max Unit Conditions current, low
Input voltage, V4 0 0.3Vpp V  Port0, RESET ILiL -40 A V=0V P0p
low Vi 0 05 Vv cU s 10 A V=0V
Vis Vpp—35 0.3Vpp V Ports4,5,10, 11 ILie -10  wpA Viy=Vpp-35V;
Inputvoltage,  Vigr  0.7Vop VooV PortO, RESET ; : 5°“s 45,10, 1
high ~ Input leakage 111 HA  ViN=Vpp;
Vire_ Vop-0.5 Vop V. CU current, high POg-PO3
0.7V, v vV Ports 4, 5,10, 11 -
0 i zma . oDZ V. POy, PO e D2 Yoo o
utput voltage, VoL . 4, PO2; 1 A =Vpp:
low loL=1.6mA ILi3 8((; HA z”" xDDi cL
05 vV POy, POy ILing p slNuT 1?0, ports 4,
loL =400 A 1
Output voltage, Voy  Vpp—2.0 V Ports 2-5, gb’:feft'ﬁaotfge oLt =3 A Vo=0ViP%; PO,
high loh=—4mA (1) ' IoL2 -10 Vo=anj—35 Vi
Vop-2.0 Vv Portss-Ti, ports 2-5, 811
loy=—10mA(1) Output leakage I on1 3 uA  Vg=Vpp; except
Vpp—2.0 V_ Ports 2-5, current, high ports 4, 5, 10, 11
|0H= —2mA(2) ||_0H2 80 pA V0=VDD; pOﬁS 4,
Vpp-2.0 Vv Ports 8-, 510, 1
loy=—-5mA(2) Supply current, Ippj 1.0 3.0 mA R=39kQ
Vpp—1.0 V. POy POy normal operation
loy=—1mA Supply current, Ipp2 210 630 A R=39kQ
Inputcurrent, I 200 pA V=0V HALT mode(3)
low (lg-17) Supply current, Ipp3 10 50 uA
Inputcurrent, iy 300 Vin=Vpp STOP mode(3)
high (MSEL) Note:
(1) Vpre =Vpp—9V+1V.The circuit in figure 6 is recommended.
() Vpre=0V
(3) Ports 4, 5,10, 11 are output off or low input.
Figure1. Recommended Circuit, uPD7527/7528 Figure 2. Recommended Circuit, uPD75CG28
] -
Voo +5V Voo 1 +5V
Jrqj %RDSJEL APD75CG28 M m Q)SJEL
T3k 33uF
-3
pPlggg VPRE VPRE
Sesko EE 68 ki)
Vioao -3V b—-30V
Vss —1 Vss ——1

49-001052A

49-001054A
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Zero-Cross Detection Characteristics
uPD7527/28: Tp = —10°C o +70°C, Vpp =45V 10 6.0V

AC Characteristics

uPD75CG28: Tp = —10°Cto +70°C,Vpp= +5V=10% uPD7527/28
Limits Test Ta= —10°Cto +70°C,Vpp= +2.7V10 6.0V
Parameter Symbol Min Typ Max Unit Conditions Limits Tost
Zero-cross Vzx(P-P} 1 3 Vp.p  AC coupled, Parameter . Symbol- Min Typ Max Unit Conditions
detection input C=01uF Cycetme  tgy 3.3 200 s Vpp=45Vio
voltage (Note 1) 6.0V
Zero-cross Vazx +100 mV 50Hzto 60 Hz sine 6.9 200 s
accuracy wave -
POg eventinput  fpg 0 610 kHz Vpp=4.5Vto
Zero-cross f2x 45 1000  Hz frequency 6.0V
detection input -
frequency 0 280 KkHz
POginputrise  tpoR 0.1 us
. time
Zero-Cross Detection Waveform -
POginputfall  tpor 0.1 us
time
iex POginput pulse tpg. ~ 1.63 us
/ \ width, low
Aciput — d “:AZX Vzx(p-p) P(?o inpt{i pulse tpoH 0.72 us  Vpp=4.5Vto
: 'I\ / | I\ / AzX width, high 6.0V
I| i L 1 SCKcycletime tggy 3.0 ps  Input; Vpp=4.5V
Iy | ] | t06.0V
Iy hy | | :
i I | | 3.3 us  Output;
" !| | [ Vpp=4.5Vto
signal | 8.0 us  Input
Note: In the above waveforms, both 0-to-1and 1-to-0 transitions of the zero-cross 6.9 us  Output
detection signal delay from the low-to-high and high-to-low transitions of the AC —
input signal, ively. However, itis that the SCK pulse tkL 3.9 us  Input
leads low-to-high and/or high-to-low transition(s) of the AC input signal. wi dth. low
490010554 3.35 s Output
SCK pulse tkH 1.4 us Input; Vpp=4.5V
Capacitance width, high 106.0V
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 Siset-uptime tg 300 s
Input G 15 pF  POg, P03 (to rising-edge
capacitance of SCK)
Output Co 15 pF  Port2 Sl hold time tksi 450 ns
capacitance (after rising-
35 pF  Ports3,8,9 edge of SCK)
VO Cio PR POLPO S0 output delay tkso 850 ns Vpp=4.5Vio
capaciiance 35  pF Ports4, 5,10, 11 time (after 6.0V
falling-edge of
3CK) 1200 ns
INTO pulse tioH, 10 us
width, high, low tjo_
RESET pulse tgsH, 10 us
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AC Characteristics (cont)

Oscillation Characteristics

uPD75CG28 uPD7527/28
Ta= —10°Cto +70°C,Vpp= +5V£10% Ta= —10°Cto +70°C,Vpp=27Vto6.0V
Limits Test Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Cycle time oy 4.0 200 us Systemclock  foc 300 400 5000 kHz R=39kQ+2%;
(Note 1) ; oscillation Vpp=4.5Vto
POgeventinptt fog 0 500 KHz freqenkcy 6.0v
frequency (Note 1) 0 150 190 KkHz R=110kQ=2%
PO input rise  tpor 0.2 us Systemclock  fg 10 500 kHz Vpp=4.5Vto
time CL1input 6.0V
PO inputfall  tegr 02 s :ﬁg;egfy 10 20 KkHz
time
- CL1inputrise 0.2 S
POy inputpulse tpgy, 0.8 S e (r'jote 2 CR H
width, high, low tpg .
SCKeycletime tggy 3.0 us  Input gﬂe'?ﬁgfg; ter 02w
_ 40 us_ Output CLiinputpuise tor 2.0 50 s
SCK pulse e 1.8 us  Output width, low
width, low (Note 2)
SCK pulse tkH 1.3 us  Input CL1input pulse tey 0.8 50 us Vpp=4.5Vto
width, high width, high 6.0V
Sisetuptime tg 300 s, (Note 2)
(to rising-edge
of SCR) uPD75CG28
S| hold time kS| 450 ns Ta= —10°Cto +70°C,Vpp=5V+10%
(after rising-
dge of S¢) Pal Symbol  Mi S Max  Unit Con?lzl'
ons
SO output delay tkso 850 ns rameter m n_Te x
time (after Systemclock  foo 300 400 500 kHz R=39kQx2%
failing-edge of oscillation 10 150 190 KHz R=110kQ=2%
SCK) frequency
Note 1
INTO puise tioH. 10 us { )
width, high, low tioL Sﬁiem clock fg 10 500 kHz
input
RESETpuse  thsw, 10 s ety
width, high, low tgsL (Note 2)
pata input defay tace 700 ns CLiinputrise  tcq 02 ps
time from time (Note 2)
address - 02
i ] ! . S
Data input delay tce 700 ns grl;lymztte;) CF K
time from CE 5 5
" CL1input puise tcy, .8 5 us
Input hold time ~ ty 0 ns i :
after address width, high, low tg
Note:
Note:

() toy=2/fcgor2ifc

AC Waveform Measurement Points (Except CL1)

07 Vpp
XN Vpp =

Test
Points

0.7 Voo
0.3 Vpp.

49-001056A

(H R, C(seefigure3)
(2) External clock (see figure 4)

3-237



uPD7527AI28A

NEC

Figure3. Recommended RC Oscillator Circuit

Figure 4. Recommended External Clock Circuit

CL1 CL2

I

C =33pF £5%  |AC| =< 60 ppm/°C

49-001059A

Stop Mode Low Voltage Data Retention

Characteristics
uPD7527/28
Ta= —10°Cto +70°C

Limits Yost
Parameter Symbol Min Typ Max Unit Conditions
Dataretention  Vpppr 2.0 6.0 v
supply voltage
Data refention  Ipppr 0.3 10 uA  Vpppr=2V
supply current (Note 1)

7 30 uwA  Vpppr=2V
{Note 2)

Data retention ~ Viupr 0.9 VppoR Vopor  V
RESET input +0.2
voltage high
RESETset-up  tgps 0 us
time
RESET hold time tygg 0 us
uPD75CG28
Ta= -10°Cto +70°C

Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
Data retention ~ Vpppr 2.0 5.5 v
supply voltage
Data retention  IpppR 7 30 uA  Vpppr=2V
supply current
Data retention ~ Viypr 0.9 VpppRr Voopr Vv
RESET input +0.2
voltage high
RESET set-up  tgpg 0 us
time
RESET hold time tyrs 0 us
Note:

(1) Without zero-cross detector
(2) With zero-cross detector
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CL1 CL2

CMOoS
49-001060A

Data Retention Mode Timing

STOP Mode ——————————— e

Operating

Data Retention Mode —=1 Mode
Vpp =t
Execution of @ @
STOP Instruction
RESET
tsrs —*thRs

@ Voppr @ Vint @ ViHDR @ vin

Note: In data retention mode, all inputs should be made lower level than Vpppg-
49-001077A

uPD75CG28 EPROM interface

A 4-Kbyte EPROM (2732) plugs into socket pins on top of
the uPD75CG28. A high input to MSEL selects uPD7527
mode and fixes the A1 output high level in order to ac-
cess the upper 2-Kbytes of the 4-Kbyte EPROM. When
MSEL is open, uPD7528 mode is selected. All EPROM
addresses can be accessed because Ay functions as
the MSB of the address. Figure 5 shows the address
control unit. Figures 6 and 7 show the uPD75CG28 con-
nected 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.
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Figure 5. Address Control Unit

MSB of A
Address Buffer l—o
Vpp (28)
to Address Decoder MSEL

of Data Memory —O0—0~ sw

On-chip
pull-down

resistor

Vss
SW on : uPD7527 Mode

SW off : u.PD7528 Mode

49-001069A

Figure 6. Connection with the 2732 (uPD7527 Mode) Figure 7. Connection with the 2732 (uLPD7528 Mode)

.PD75CG28 2732 w.PD75CG28 2732
Vpp (26) Vee
Vpp (26) Vee
Vpp (28) :1
MSEL Voo (28) (open)
Aq1(high) A MSEL (open)
Ag-Ap N Ao-A10 Ag-Aqq D Ag-Ar1
CE CE CE |— CE
Vgs(22) OE Vss (22) OE
to—7 K 0p-07 lo-I7 k 0g-07
Vgs (19) GND Vss(14) GND
49-001070A 49-001071A
Figure8. EPROM Read Timing
‘ 1 Cycle |
B

Ag-Ayy X Address x

49-001072A
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Timing Waveforms

Serial interface

EPROM (.PD75CG28 only)
'
Ag-A1q )( K
tacc
cE #
tog le— —w bt
lo-17 Jf :E____
49-001075A
Clock
e
F—tcL fe—ten
CL1Input \
tcr .
1lipg;
'—‘POL——~" tPOH——|
PO Input _‘\ S
tpoR—+1 ~—={ j«—tpoF
49-001073A

tkey

56K \

Si

}
—
(—— nput Data ;-——————

—»{1KSO fe—

¥
S0 Output Data ><

43-001074A

Interrupt Input

tRSL. tPSH——
‘RESET \

49-001169A

Reset Input
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tioL—-» HoH——=]
INTO K
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Operating Characteristics

fpovs Vpp
1000
500
5 -~
z —
£
# Guaranteed Area
g
3
g 100
fra
H
£ 50
=3
E —]
10
0 1 2 273 4 5 6 7
Supply Voltage, (V)
.
fcvs Vpp
1000
T 500
4
2
~
g d Area
o
&
5 100
-3
£
=
8 50
o
E
g
2
12
10
0 1 2 273 4 5 6 7
Supply Voltage, Vpp (V)
fcc vs R(Typical)
1000 - T
. r = Ta=25°C
= 500 1
Q
2
= SN
)
] N
g N Vbp=5V
s
w
5 10
S
; L l ’
N
g 50 cL1 cL2
-
2 R
(3]
£ 33pF
Q
g I
3 =
1
10 50 100 500 1000

Resistance, R (kQ)

48-001179A

49-001178A

49-001077A

10,000

Supply Current, Ipp (uA)

IoH (mA}

System Clock Oscillation Frequency, fcc (kHz)

1000
500

g

2
S

g

@
=3

-1

Ipp vs Vpp (Typical)

49-001064A

49-001076A

——— ==
T T
Operating Mode
W R=39kQ
L aeoseC R=10ke
R=39kQ {
R=110kQ
e =
— ‘l‘
Mod:
CL1 CL2 i
I33 pF
I !
0 1 2 3 4 5 6 7
Supply Voltage, Vpp(V)
fcc vs Vpp (Typical)
T —
— T
1
L
—— Ta=25°C
R=39kQ
1 R=110kQ
—
— [ cti__ cl2 I
.L y
I Isa pF
I L
0 1 2 3 4 5 8 4
Supply Voltage, Vpp (V)
Vou vs loH (Ports 2-5) (Typical)
Ta=25°C

VPRE=VDD~9V

/
—'_d_d——l
0 1 2 3 4 5

Vpp-VoH (V)
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Operating Characteristics (cont)

Von vs lon (Ports 8-11) (Typical)

-30
. Ta=25°C
VPRE=VpD-9V

-20 7
I
H -
T
o

VpRE=VDD~-5V
-1 g /
]
1

2 3 4
Vpp-VoH (V)
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Differences Among the \PD7527/28/CG28

4PD75CQG28 WPD7527 uPD7528
Program memory 4 Kbyte EPROM  On-chip 2Kbyte ~ On-chip 4 Kbyte
(2732) ROM ROM
connectable
on top
Data memory 160 x4 128 x4 160 x4
(RAM)
High-voltage Allopen-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
uPD7527/28
Power supply 5V 2.7V106.0V




NE C 4-BIT, SINGLE-CHIP

WITH A/D CONVERTER
PRELIMINARY INFORMATION :
Description Ordering Information
The uPD7533 is a 4-bit, single-chip CMOS micro- Maximum
computer with a 4-channel, 8-bit A/D converter, 8-bit :’”h Pa_;:kaege of'l;’“::a';f:n
timer/event counter, and an 8-bit serial interface. The urmher - _vp p
uPD7533 has 30 I/0 lines, 8 of which can be used to  #PD7533C 42-pin plastic DIP 500 kHz
directly drive LEDs. The uPD7533 executes 67 instruc- uPD7533CU 42-pin plastic shrink DIP 500 kHz
tions of the uPD7500 series “A” instruction set. 4PD7533G-22 44-pin plastic minifiat ~ 500 kHz
The A/D converter has various temperature monitoring uPD75CG33E 42-pin ceramic piggyback DIP 500 kHz

applications that can be used with household electrical
appliances, such as air conditioners and electric Pin Configurations
ovens. Other applications include health monitoring .

equipment and cameras. 42-Pin Plastic DIP or Plastic Shrink DIP
The uPD75CG33 consists of a 28-pin socket “piggy-
backed” on the lower 42-pin ceramic DIP. This socket paa 1 S a2fvss
is configured to hold either a 2732A or 2764 EPROM. Pa ] 2 41 [1p50
For engineering purposes, programs can be tried and Par s 40 L1 Py
debugged before ROM code submission. ' :::E . " g:::
P21/PTOUT [ 6 37 [ cL2
Features P73l 7 a8 [ et
O 4-bit single chip microcomputer ZfE : : S ::::
[0 67 instructions (subset of uPD7500 series set A) Prol]10  § 33 [J Poo/INTO/EVENT
O Instruction cycle Pyt g a2 eosCK
— 5 pus at 5'V, 400-kHz clock at ceramic oscillation, ::2E :z s :; g ::2;:’
DIVSEL = high ‘ ps;E b »h m:
— 10 us at 5 V, 400-kHz clock at ceramic avss T 15 28 [ 1
oscillation, DIVSEL = low ans 16 27 [l piz
0 Program memory (ROM): 4096 words x 8 bits ANz 17 26 0 P1g
— External in the uPD75CG33 ANt L] 18 25 |1 Péo
O Data memory (RAM): 160 words x 4 bits , ANOE ;: :: g::,
O 8 high current output lines for LED direct drive o= 22 e,
OO Input/output ports 43-002631A

— Two 4-bit input ports
— One 2-bit output port
— One 4-bit output port
— Three 4-bit input/output ports (two of which can
function in 8-bit units)
— One 4-bit input/output port usable at bit level
O Interrupts: two internal and one external
0O 8-bit serial interface
[0 Standby operation
— STOP mode
— HALT mode
O On-chip system clock osciliator
— Ceramic resonator
— Fuli or 1/2 oscillation frequency
O CMOS technology
O Low power consumption
[0 Single power supply
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Pin Configurations (cont)

42-Pin Ceramic Piggyback DIP

P43 4
Paz [
P4 O3
Pag 3
P22 (3
P21/PTOUT [}
P73
P72
P74 [}
P7o
P33 [}
P32
P3¢ []
P3g []
Avss [}
AN3 ]
AN2 ]
AN1 [
ANO ]
Varer O

vop

A

4PD75CG33

1
2
3
Iy
5
6
7
8
9

421 Vss

410 esg

[ psq

g P52
P53

cL2

ot

] DIVSEL

[0 RESET

[] POO/INTO/EVENT

7 Poy/SCK

] Po2/sO

30 [1 Poa/s!

290 P1g

2817 P14

[ P12

26 [ P13

[ Pep

[ P6q

23 [1 P62

221 Pe3

83-002633A

44-Pin Plastic Miniflat

[T T P4y
[T T3 Vss

i — T

P24/PTOUT (T—TT1

PT3 1T
P72 (1T
P I T
Plo LT _135s
P33T T
PR [T 137
P3¢ 1]
P3o (T
AVss [T T
AN3 T 11

©

>;:D P22
T Pap

a2 [T TIpay
4 [T T1P43
38 [T _T1P50

O

uPD7533

3 [T_T1P5;
1 11Ps3
dJTT]CL2

BT TINC

[T —TIcL

31 T DIVSEL
[T 11 RESET
2 FT—T0 BORINTO/
T 11 P04/SCK
27 [T_T1P02/SO
11 Pog/sI
25T TP
TPy
;::D P12

83-002632A
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Pin ldentification

42-Pin DIP, Shrink DIP, and Piggyback DIP

No. Symbe! Function

1-4 P43-P4y 110 port 4

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

7-10 P73-P7g 110 port 7

11-14 P33-P3 Port 3 output

15 Ayss A/D converter ground

16-19 AN3-ANO Analog input

20 VAREF A/D reference voltage input

21 Vpp Positive power supply

22-25 P63-P6g 1/0 port 6

26-29 P13-P1p Port 1 input

30 PO3/S! Port 0 input/Serial input

31 P0>/S0 Port 0 input/Serial output

32 P01/SCK Port 0 input/(1/0) Serial clock

3 POg/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-P5g 1/0 port5

42 Vss Ground
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Pin Identification (cont)

44-Pin Miniflat

No. Symbol Function

1,44 P2,/PTOUT, P2y Port 2 output

2-5 P73-P7q 1/0 port 7

6-9 P33-P3g Port 3 output

10 Ayss A/D converter ground

11-14 AN3-ANO Analog input

15 VAREF A/D reference voltage input

17 Vb Positive power supply

18-21 P63-P6y 1/0 port6

21-25 P13-P1g Port 1 input

%6 PO3/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 POo/INTO/EVENT Port 0 input/Interrupt 0/Event
input

30 RESET RESET input

31 DIVSEL System clock sefection input

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

35-38 P53-P5g 1/0 port 5

39 Vss Ground

40-43 P43-P4g 1/0 port 4

28-Pin EPROM Socket on 42-pin Piggyback DIP

No. Symboi Function

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

20 CE Chip enable output
3-10, 21, Ap-Aqq Address bus

23-25

1113, . lg-l7 Data bus

15-19

Pin Functions
P0o-P03 [Port 0]

P0y-PO3 function as port 0. POy also functions as a
count pulse input pin for the timer/event counter
(EVENT) orasinterrupt0 (INTO). P04 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 datainput pin (SI). The P01/SCK
and P0,/SO pins are three-state input/output.

The shift mode register (SMy-SM3) determines the
operation mode of the port 0 input/output pins; how-
ever, the data on P0g-P0O3 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, P0p-P0O3 become input ports (high
impedance).

P1g-P13 [Port 1]

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

Vss.

P21-P22 [Port 2]

P2,-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 Ay) 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 signais are
disabled, and the output drivers are turned off.

P24 is also used as an output pin (PTOUT) for the
timer-out F/F signal (PTOUT). Bit 3 (CMg) of the clock
mode register controls the PTOUT output. When CM3
is 1, TOUT is ORed with the P2 output latch contents
and sent to the output driver. Therefore, to output the
P2, output latch contents, reset CM3to 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.

R.-24R




uPD7533

NEC

P30-P33 [Port 3]

P3g-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.

Oncedatais written in the output latch, the datais held
until the next outputinstruction 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]

P44-P45 function as port 4 and P5y-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 setin 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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P69-P63 [Port 6]

P6o-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

[ PM3 i PM; me l PMo]

L PSo

P6;

P63
PMp Port6 Seleclioﬁ
0 P6n input [output buffer high-impedance]
1 P6n output [output buffer on]

83-002634A
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P7¢-P73 [Port 7]

Port 7 is a4-bitinput orlatched 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-AN3 [A/D Input Terminal]

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

VAREF [A/D Converter Positive Reference]

The voltage on Vager determines the full scale analog
voltage.

Ayss [A/D Converter Ground]

Ayss 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 osciilation 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 (Vgg) 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.

Vss [Ground]
Vgs is the ground pin.

Pin Functions, y4PD75CG33 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]

lg-l7 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 2732A Symbol Voltage
1 20 Vpp Vpp pin21 = +5V
28 24 Vee Vpppin21=+5V
22 20 OF Vsg pin42=0V
2 — A Vpp pin21=+5V
14 12 Vss Vsg pind2=0V
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Block Diagram

INTO/EVENT/Pl SCK/P0y SO/P0z  SI/PO3
? INTO T ? T _
EVENT L Clock ﬁ’, Timer/Event Interrupt le—1 Serial
Control Counter 1 Control Interface Port0
* O o @ @
[ ] s K ewews
@ U @ :> Pon2 :2 > :g;/prom,
c Al4) Buffer
Program Counter(12] ALU I I
General Registers Port3 |
Latch 4 P39p-P33
Q H[4] l L[4]) Buffer :
Stack Pointer([8]
Port4
<::> Latch <I> Pdp-Pa3
Program Memory D Instruction U Bufter
4096 x 8 Bits Decorder
- Data M Port5
ey N K PsoPes
cL ¢
I t A Port 6
System AD C> <:> Latch <I> P60-P63
Stand| uffer
o g:cm':o, C‘:: "l;{ Converter
Port7
@ KA o K wreers
I i l l l l l L Buffer
cL1 cL2 Vpp Vss RESET ANo-AN3  VAREF  Avgg
83-00263%
Absolute Maximum Ratings Capacitance
TA=25°C TA=25°C, Vpp=0V
Power supply voltage, Vpp —03to+7.0V Limits Test
Input voltage, V| —0.3VtoVpp+03V Parameter Symbol  Min Max Unit Conditions
Output voltage, Vg -03VtoVpp+03Vv  Input Cin 15 - pF f=1MHz
High level output current, | omA (g  padtance Unmeasured
g P + 10H P Output Cout 1% pF pinsare 0V
—20 mA (all output ports) capacitance
Low level output current, oy 10mA(1pin) 1/0 Cio 15 pF
- capacitance
45 mA ports 2,3,4,7 (total pins)
45 mA ports 0,5,6
Operating temperature, Topt —10to +70°C
Storage temperature, Tgrg —65 to +150°C
A/D Vgg, Ayss —0.3t0+0.3V
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 AC Characteristics
Ta=—10t0o +70°C, Vpp =3.0t0 6.0 V, DIVSEL =1 Ta=—10t0 +70°C, Vpp =3.0t0 6.0V
Limits Test Limits Test
Parameter Symbol  Min Max Unit Conditions Parameter Symbol  Min  Max Unit Conditions
High level Vg 07Vpp Vpp  V  Conditions Cycle time tey 40 200 ps Vpp=45-60V
input voltage specified by 95 200 us
other than oscillation -
E:LL cL2) characteristics Fr‘ésﬂgn'g)?”t fe 0 500 KkHz Vpp=45-60V
Highlevel Vi Vop—05 Vpp  V 0 210 iz
input voltage EVENT input tey 08 us  Vpp=45-6.0V
(CL1, CL2) high duration
Low level iy 0 03vy V EVENT input  tg 23 us
input voltage 'i"_’_d”fatw"
(other than SCK cycle tkey 3.0 Input
CL1,CL2) time Vpp=4.5-6.0V
Low level Vi 0 05 v 4.0 us  Output
inpl:t vogage 8.0 us  Input
(CL1,CL2) 95 us  Output
High level Vo4 Vpp—1.0 V  Vpp=45-60V SCK i
_ gh, tkH, 13 us  Input
output voltage lon=—1mA low fevel taL Vpp=4.5-6.0V
Vpp — 0.5 Vo gy =—100uA duration 18 s Output
Low level Vo 05(typ) 20 V  Vpp=45-60V 40 us  Input
output voltage lor =10 mA a7 s outpt
04 V_lo=16mA Sl set%p__ tsiK 300 ns
05 VgL =400 LA time (SCK high)
High level ILiH1 3 uh  Viy=Vpp Sthold tksi 450 ns
input leakage time (SCK high)
current (other SCK low tkso 850 s Vpp=45-60V
than CL1, CL2) to SO | 1200
- output dela
ngh level ILH2 20 A ViN=Vpp timg v
input leakage -
current (CL1, INTO high, tioH, 10 us
cL2) low level tioL
duration
Low level It -3 pA Viy=0V RESET high b 10
input leakage Iow Ievelg ' tgg[" Hs
current (other duration
than CL1, CL2)
Low level ILie =200 uA
input leakage
current (CL1,
CL2)
High level ILoH 3 #A Vout=Vpp
output leakage
current
Low level ILoL -3 pA Voyr=0V
output leakage
current
Supply current Ippq 1.0(typ) 30 mA  Operating
mode: Vpp =
45-6.0V;
fee = 400 Hz
lpp2 450 (typ) 1200 wA  HALT mode:
Vpp=4.5-6.0V,
foc =400 HZ
Ipp3  0.1(typ) 10 wA - STOP mode
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Data Memory, STOP Mode Data Retention
Characteristics
Tp=—1010 +70°C

A/D Converter Characteristics
Ta = —10 to +70°C, Vpp = +5.0 V £5%,
Vgs = Ayss =0V, Vager = Vpp — 0.5V to Vpp

Limits Test Limits Test
Parameter Symbol Min Typ Max Unit  Conditions Parameter Symbol Min Typ Max Unit  Conditions
Data Vpppr 20 60 V Resolution 8 Bits
retention Absolute 0.6
supply voitage accuracy +1/2 LSB
Data retention  ipppR 01 10 pA Vpppr=20V Conversion 1 9 teye®
supply current time CONY oYe
?ESET setup tsrs 0 us Sampling ISAMP 1 tove*
ime time
Oscillation 0s 20 ms  Ceramic Analog i v 0 v v
stabilizing resonator: vgltat;%mput 1AM AREF
time when Vpp
greater than Analog input Ran 1000 MQ
45V impedance
25 ms  Crystal Vager current lager 04 1 2 mA
when Vpp 2
greater than *tove = e (DIVSEL = 1)
45V cc
Data Retention Timing
) STOP Mode [
" WaLT| [ Moce
I.‘_____,' Mode
Data
— Mode
Voo T \ Vopor  /
sTOP 'sRs [
Instruction
RESET Execution / S
—| 105 |*—
83-002636A
Oscillator Characteristics
Ta=—10t0 +70°C, Vpp =3.0t0 6.0 V, DIVSEL = 1
Limits Test
Oscillation Configuration Parameter Min  Typ Max Unit Conditions
Ceramic See figure 3 Oscillation frequency (feo) 390 400 410 kHz Vpp=45106.0V
Stabilization time 20 ms Vpp greater than 4.5V
External clock See figure 3 CL1 input frequency 10 410  kHz Vpp =4.5t0