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Signetics reserves the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in
order to improve design and/or-performance. Signetics assumes no responsibiﬁz
liability for the use of any of these products, conveys no license or title under any
patent, copyright, or mask work right to these products, and makes no representa-
tions or warranties that these products are free from patent, copyright, or mask work
right infringement, unless otherwise specified. Applications that are described herein
for any of these products are for illustrative purposes only. Signetics makes no
representation or warranty that such applications will be suitable for the specified use
without further testing or modification.

LIFE SUPPORT POLICY

SIGNETICS PRODUCTS ARE NOT FOR USE AS CRITICAL COMPONENTS IN.LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT EXPRESS WRITTEN APPROVAL
OF AN OFFICER OF SIGNETICS CORPORATION. As used herein:

1. Life support devi -or 1 are d or syst which; (a) are
intended for surgical |mplant into the body, or (b) suppon or sustain life, and
whose failure to perform, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life support device or system
whose failure to perform can be reasonably expected to cause the failure of
the life support device or system, or to affect its safety or effectiveness.

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

@© Copyright 1986 Signetics Corporation

All rights reserved.



DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

The contents of each series are listed on pages iv to vii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data. Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T

T2a

T2b

T3

T4

T5

T6

T8

T9

T10

™

T12

T13

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes

Colour display systems
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units

Photo and electron multipliers

Plumbicon camera tubes and accessories
Microwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers and infrared detectors
Dry reed switches

Monochrome tubes and deflection units ;
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units

iv

October. 1985



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4b

S5

S6

S7

S8a

S8b

S9

S10

s11

S12

S13

S14

SDrlr‘l:,:lle-:ignal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes,
tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Light-emitting diodes

Devices for optoelectronics

Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and
infrared sensitive devices, laser and fibre-optic components

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors ‘

Surface acoustic wave devices

Semiconductor sensors

Liquid Crystal Displays

February 1987



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of handbooks comprises:

1Co1

1C02a/b

1C03

1C04

ICO5N

ICO6N

1C08

1CO9N
IC10

IC11IN

Supplement

to IC11N
1IC12
IC13

iIC14

IC15

IC16
IC17
IC18

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS

Integrated circuits for telephony
Bipolar, MOS

HE4000B logic family
CMOS

HE4000B logic family — uncased ICs
CMOS

High-speed CMOS; PC74HC/HCT/HCU
Logic family

ECL 10K and 100K logic families

TTL logic series

Memories
MOS, TTL, ECL

Linear LSI
Linear LSI

12C-bus compatible ICs

Semi-custom
Programmable Logic Devices (PLD)

Microcontrollers and peripherals
Bipolar, MOS

FAST TTL logic series

CMOS integrated circuits for clocks and watches
Integrated Services Digital Networks (ISDN)

Microprocessors and peripherals

published 1986

published 1986

published 1986

published 1986

published 1984

published 1986

published 1986

published 1986

new issue 1987

published 1985
published 1986

not yet issued

new issue 1987

new issue 1987

published 1986

published 1986
not yet issued

new issue 1987

vi February 1987



A

COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

c2
c3
c4
Cc5
(o]
Cc7
cs8
Cc9
c1n

C12
Cc13
C14
C15
C16
C17
Cc18
Cc19
C20

Cc22

Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
Loudspeakers

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators

Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Varistors, thermistors and sensors

Potentiometers, encoders and switches
Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics
Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

- Film capacitors

July 1986
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FUNCTIONAL

INDEX
FUNCTIONAL INDEX

type number description page
CMOS RAM
PCD5101 256 x 4-bit static RAM 19
PCD5114 1024 x 4-bit static RAM 27
PCF8570 256 x 8-bit static RAM with 12C bus interface 35
PCF8571 128 x 8-bit static RAM with 12C bus interface 47
PCF8583 256 x 8-bit static RAM with 12C bus interface 59
HEF4505B 64-bit, 1-bit per word R/W RAM 77
HEF4720B; V 256-bit, 1-bit per word RAM 85
SBB6116-12 2048 x 8-bit static RAM; max. access time 120 ns 101
CMOS EEPROM
PCF8582 256 x 8-bit static CMOS EEPROM

with 12C bus interface 113
CMOS EPROM
27C64A/87C64 65,526-bit CMOS EPROM (8K x 8) 123
27C256/87C256 262,144-bit CMOS EPROM (32K x 8) 135
Charge-Coupled Memory
SAA9001 317K-bit CCD memory 147
64-bit TTL Bipolar RAM
82525 64-bit Bipolar RAM (16 x 4) 175
3101A 64-bit Bipolar RAM (16 x 4) 175
74F189A 64-bit Bipolar RAM (16 x 4) 179
745189 64-bit Bipolar RAM (16 x 4) 175
256-bit TTL Bipolar RAM
82516 . 256-bit Bipolar RAM (256 x 1) 185
82LS16 256-bit Bipolar RAM (256 x 1) 189
748301 256-bit Bipolar RAM (256 x 1) 193
7418301 256-bit Bipolar RAM (256 x 1) 197
Byte-Organized RAM
82509/82S09A 576-bit Bipolar RAM (64 x 9) 203
82519 576-bit Bipolar RAM (64 x 9) 207
82S212/82S212A 2304-bit Bipolar RAM (256 x 9) 211
8X350 2048-bit Bipolar RAM (256 x 8) 215

February 1987 3



FUNCTIONAL

INDEX
type number description page
Low Complexity PROM

82523/82S123 256-bit TTL Bipolar PROM (32 x 8) 227
82523A/82S123A 256-bit TTL Bipolar PROM (32 x 8) 230
82US23/82US123 256-bit TTL Bipolar PROM (32 x 8) 233
825126/825129 1024-bit TTL Bipolar PROM (256 x 4) 236
82S126A/82S129A 1024-bit TTL Bipolar PROM (256 x 4) 239
82S130/825131 2048-bit TTL Bipolar PROM (512 x 4) 242
82S130A/82S131A 2048-bit TTL Bipolar PROM (512 x 4) 245
825135 2048-bit TTL Bipolar PROM (256 x 8) 248
82LS135 2048-bit TTL Bipolar PROM (256 x 8) 251
4K-bit TTL Bipolar PROM
82S115 4096-bit Bipolar PROM (512 x 8) 257
825137 4096-bit Bipolar PROM (1024 x 4) 261
82S137A/825137B 4096-bit Bipolar PROM (1024 x 4) 264
825137C 4096-bit Bipolar PROM (1024 x 4) 267
82S141/82S141A 4096-bit Bipolar PROM (512 x 8) 270
825147/82S147A 4096-bit Bipolar PROM (512 x 8) 273
82S147B 4096-bit Bipolar PROM (512 x 8) 276
8K-bit TTL Bipolar PROM
825181/82S181A 8192-bit Bipolar PROM (1024 x 8) 281
82S181C 8192-bit Bipolar PROM (1024 x 8) 284
825183 8192-bit Bipolar PROM (1024 x 8) 287
82S185 8192-bit Bipolar PROM (2048 x 4) 291
82S185A 8192-bit Bipolar PROM (2048 x 4) 294
82S185C 8192-bit Bipolar PROM (2048 x 4) 297
82HS187/82HS187A 8192-bit Bipolar PROM (1024 x 8) 300
82HS189/82HS189A 8192-bit Bipolar PROM (1024 x 8) 304
16K-bit TTL Bipolar PROM
825191/82S191A 16,384-bit Bipolar PROM (2048 x 8) 311
825191C 16,384-bit Bipolar PROM (2048 x 8) 314
82HS191 16,384-bit Bipolar PROM (2048 x 8) 317
82HS195/82HS195A/
82HS1958B 16,384-bit Bipolar PROM (4096 x 4) 320
32K-bit TTL Bipolar PROM
82HS321/82HS321A/82HS321B 32,768-bit Bipolar PROM (4096 x 8) 325

February 1987



FUNCTIONAL

INDEX
type number description page
64K-bit TTL Bipolar PROM
82HS641/82HS641A/82HS641B 65,536-bit Bipolar PROM (8192 x 8) 331
128K-bit TTL Bipolar PROM
82HS1281 131,072-bit Bipolar PROM (16384 x 8) 337
Bipolar ECL RAM
10422B 256 x 4-bit RAM 345
10422C 256 x 4-bit RAM 348
1004228 256 x 4-bit RAM 351
100422C 256 x 4-bit RAM 354
100470A 4096 x 1-bit RAM 357
100474A 1024 x 4-bit RAM 360
Bipolar ECL PROM
10149 1024-bit ECL Bipolar PROM (256 x 4) 365
10149A 1024-bit ECL Bipolar PROM (256 x 4) 368
100149 1024-bit ECL Bipolar PROM (256 x 4) 371
100149A 1024-bit ECL Bipolar PROM (256 x 4) 374

February 1987 5






NUMERICAL

INDEX
NUMERICAL INDEX

type number description page
HEF45058 64-bit, 1-bit per word R/W RAM 77
HEF4720B;V 256-bit, 1-bit per word RAM 85
PCD5101 256 x 4-bit static RAM 19
PCD5114 1024 x 4-bit static RAM 27
PCF8570 256 x 8-bit static RAM with 12C bus interface 35
PCF8571 128 x 8-bit static RAM with 12C bus interface 47
PCF8582 256 x 8-bit static CMOS EEPROM

with 12C bus interface 113
PCF8583 256 x 8-bit static RAM with 12C bus interface 59
SAAS001 317K-bit CCD memory 147
SBB6116L-12 2048 x 8-bit static RAM; max. access time 120 ns 101
8X350 2048-bit Bipolar RAM (256 x 8) 215
27C64A/87C64 65,526-bit CMOS EPROM (8K x 8) 123
27C256/87C256 262,144-bit CMOS EPROM (32K x 8) 135
74F189A 64-bit Bipolar RAM (16 x 4) 179
74L.S301 256-bit Bipolar RAM (256 x 1) 197
745189 64-bit Bipolar RAM (16 x 4) 175
74S301 256-bit Bipolar RAM (256 x 1) 193
82HS187/82HS187A 8192-bit Bipolar PROM (1024 x 8) 300
82HS189/82HS189A 8192-bit Bipolar PROM (1024 x 8) 304
82HS191 16,384-bit Bipolar PROM (2048 x 8) 317
82HS195/82HS195A/
82HS195B 16,384-bit Bipolar PROM (4096 x 4) 320
82HS321/82HS321A/
82HS321B 32,768-bit Bipolar PROM (4096 x 8) 325
82HS641/82HS641A/
82HS641B 65,536-bit Bipolar PROM (8192 x 8) 331
82HS1281 131,072-bit Bipolar PROM (16384 x 8) 337
82LS16 256-bit Bipolar RAM (256 x 1) 189
82LS5135 2048-bit Bipolar PROM (256 x 8) 251
82S09/82S09A 576-bit Bipolar RAM (64 x 9) 203
82516 256-bit Bipolar RAM (256 x 1) 185
82S19 576-bit Bipolar RAM (64 x 9) 207
82523/82S123 256-bit Bipolar PROM (32 x 8) 227
82S23A/82S123A 256-bit Bipolar PROM (32 x 8) 230
82S25 64-bit Bipolar RAM (16 x 4) 175
82S115 4096-bit Bipolar PROM (512 x 8) 257
825126/825129 1024-bit Bipolar PROM (256 x 4) 236
82S126A/825129A 1024-bit Bipolar PROM (256 x 4) 239
82S130/82S131 2048-bit Bipolar PROM (512 x 4) 242
82S130A/82S131A 2048-bit Bipolar PROM (512 x 4) 245
825135 2048-bit Bipolar PROM (256 x 8) 248
825137 4096-bit Bipolar PROM (1024 x 4) 261
82S137A/8251378 4096-bit Bipolar PROM (1024 x 4) 264
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NUMERICAL

INDEX
type number description page
82S137C 4096-bit Bipolar PROM (1024 x 4) 267
825141/825141A 4096-bit Bipolar PROM (512 x 8) 270
825147/825147A 4096-bit Bipolar PROM (512 x 8) 273
825147B 4096-bit Bipolar PROM (512 x 8) 276
82S181/82S181A 8192-bit Bipolar PROM (1024 x 8) 281
82S181C 8192-bit Bipolar PROM (1024 x 8) 284
825183 8192-bit Bipolar PROM (1024 x 8) 287
82S185 8192-bit Bipolar PROM (2048 x 4) 291
82S185A 8192-bit Bipolar PROM (2048 x 4) 294
82S185C 8192-bit Bipolar PROM (2048 x 4) 297
82S191/82S191A 16,384-bit Bipolar PROM (2048 x 8) 31
825191C 16,384-bit Bipolar PROM (2048 x 8) 314
825212/82S5212A 2304-bit Bipolar RAM (256 x 9) 21
82U523/82US123 256-bit TTL Bipolar PROM (32 x 8) 233
3101A 64-bit Bipolar RAM (16 x 4) 175
10149 1024-bit ECL Bipolar PROM (256 x 4) 365
10149A 1024-bit ECL Bipolar PROM (256 x 4) 368
100149 1024-bit ECL Bipolar PROM (256 x 4) 371
100149A 1024-bit ECL Bipolar PROM (256 x 4) 374
10422B 256 x 4-bit RAM 345
10422C 256 x 4-bit RAM 348
1004228 256 -x 4-bit RAM 351
100422C 256 x 4-bit RAM 354
100470A 4096 x 1-bit RAM 357
100474A 1024 x 4-bit RAM 360

8
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TYPE
DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR INTEGRATED CIRCUITS

This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film,
thick-film and hybrid integrated circuits.

A basic type number consists of:
THREE LETTERS FOLLOWED BY A SERIAL NUMBER

FIRST AND SECOND LETTER
1. DIGITAL FAMILY CIRCUITS

The FIRST TWO LETTERS identify the FAMILY (see note 1).
2. SOLITARY CIRCUITS

The FIRST LETTER divides the solitary circuits into:

S : Solitary digital circuits
T : Analogue circuits
U: Mixed analogue/digital circuits

The SECOND LETTER is a serial letter without any further significance except 'H’ which stands
for hybrid circuits (see note 3).

3. MICROPROCESSORS
The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows:

Microcomputer
MA : . .
Central processing unit
MB : Slice processor (see note 2)
MD : Correlated memories
ME : Other correlated circuits (interface, clock, peripheral controller, etc.)

4. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS
The FIRST TWO LETTERS identify the following:
NH : Hybrid circuits
NL : Logic circuits
NM : Memories
NS : Analogue signal processing, using switched capacitors
NT : Analogue signal processing, using CTDs
NX : Imaging devices
NY : Other correlated circuits

Notes

1. A logic family is an assembly of digital circuits designed to be interconnected and defined by its
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay,
noise immunity).

2. By 'slice processor’ is meant: a functional slice of microprocessor.

3. The first letter ‘S’ should be used for all solitary memories, to which, in the event of hybrids, the
second letter ‘H’ should be added (e.g. SH for Bubble-memories).

July 1986 13



TYPE
DESIGNATION

OTMMOUOw

THIRD LETTER

It indicates the operating ambient temperature range.

The letters A to G give information about the temperature:
A : temperature range not specified

: 0to+700C

: —b5to+ 125 0C

: —25to+700C

: —25t0+85°C

: —40to +85 OC

: —b5to+8590C

If a circuit is published for another temperature range, the letter indicating a narrower temperature
range may be used or the letter ‘A’.

Example: the range 0 to + 75 OC can be indicated by ‘B’ or 'A’.

SERIAL NUMBER

This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a
combination of figures and letters) of an existing company type designation of the manufacturer.

To the basic type number may be added:
A VERSION LETTER

Indicates a minor variant of the basic type or the package. Except for ‘Z’, which means customized
wiring, the letter has no fixed meaning. The following letters are recommended for package variants:

: for miniature plastic (mini-pack)
: for uncased chip

Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, if the
manufacturer (sponsor) wishes to give more information.

C : foreylindrical
D : for ceramic DIL
F : for flat pack

I. : for chip on tape
P : for plastic DIL
Q: forQlL

T

U

FIRST LETTER: General shape SECOND LETTER: Material
C : Cylindrical C : Metal-ceramic

D : Dual-in-line (DIL) G : Glass-ceramic (cerdip)

E : Power DIL (with external heatsink) M : Metal

F : Flat (leads on 2 sides) P : Plastic

G : Flat {leads on 4 sides)

K : Diamond (TO-3 family)

M : Multiple-in-line (except Dual-, Triple-, Quadruple-in-line)

Q : Quadruple-in-line (QIL)

R : Power QIL (with external heatsink)

S : Single-in-line

T : Triple-in-line

W : Lead chip-carrier (LCC)

X : Leadless chip-carrier (LLCC) A hyphen precedes the suffix to avoid
Y : Pingrid array (PGA) confusion with a version letter.

14

July 1986



RATING
SYSTEMS

RATING SYSTEMS

The rating systems described are those recommended by the interna-
tional Electrotechnical Commission (IEC) in its Publication 134.

DEFINITIONS OF TERMS USED
Electronic device.

An electronic tube or valve, transistor or other semiconductor device.

Note: This definition excludes inductors, capacitors, resistors and
similar components.

Characteristic

A characteristic is an inherent and measurable property of a device.
Such a property may be electrical, mechanical, thermal, hydraulic,
electro-magnetic, or nuclear, and can be expressed as a value for
stated or recognized conditions. A characteristic may also be a set of
related values, usually shown in graphical form.

Bogey electronic device

An electronic device whose characteristics have the published nomi-
nal values for the type. A bogey electronic device for any particular
application can be obtained by considering only those charactersistics
which are directly related to the application.

Rating

A value which establishes either a limiting capability or a limiting
condition for an electronic device. Itis determined for specified values
of environment and operation, and may be stated in any suitable terms.

Note: Limiting conditions may be either maxima or minima.

Rating system

The set of principles upon which ratings are established and which
determine their interpretation.

Note: The rating system indicates the division of responsibility
between the device manufacturer and the circuit designer, with the
object of ensuring that the working conditions do not exceed the
ratings.

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximumratings are limiting values of operating and environ -
mental conditions applicable to any electronic device of a specified
type as defined by its published data, which should not be exceeded
under the worst probable conditions.

These values are chosen by the device manufacturer to provide
acceptable serviceability of the device, taking no responsibility for
equipment variations, environmental variations, and the effects of
changesin operating conditions due to variations in the characteristics
of the device under consideration and of all other electronic devices in
the equipment.

The equipment manufacturer should design so that, initially and
throughout life, no absolute maximum value for the intended service is
exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component
variation, equipment control adjustment, load variations, signal varia-
tion, environmental conditions, and variations in characteristics of the
device under consideration and of all other electronic devices in the
equipment.

DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environ-
mental conditions applicable to a bogey electronic device of a speci-
fied type as defined by its published data, and should not be exceeded
under the worst probable conditions.

These values are chosen by the device manufacturer to provide
acceptable serviceability of the device, taking responsibility for the
effects of changes in operating conditions due to variations in the
characteristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and
throughout life, no design maximum value for the intended service is
exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment com-
ponent variation, variation in characteristics of all other devices in the
equipment, equipment control adjustment, load variation, signal varia-
tion and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environ-
mental conditions applicable to a bogey electronic device of a speci-
fied type as defined by its published data, and should not be exceeded
under normal conditions.

These values are chosen by the device manufacturer to provide
acceptable serviceability of the device in average applications, taking
responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment
control adjustment, load variation, signal variation, environmental
conditions, and variations in characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design
centre value for the intended service is exceeded with a bogey
electronic device in equipment operating at the stated normal supply
voltage.

January 1986
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HANDLING

MOS DEVICES

HANDLING MOS DEVICES

Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following
precautions are recommended.

Caution

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS
devices should normally be connected to ground via a resistor.

Storage and transport

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive
material or special IC carrier that either short-circuits all leads or insulates them from external contact.

Testing or handling

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from
one carrier to another. Electrically connect the person doing the testing or handling to the conductive

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand-

ling equipment to the same surface.

Signals should not be applied to the inputs while the device power supply is off. All unused input leads
should be connected to either the supply voltage or ground.

Mounting

Mount MOS integrated circuits on printed circuit boards after all other components have been mounted.
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed-
circuit board the person mounting the circuits should touch the board before bringing MOS circuits

into contact with it.

Soldering

Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the
same potential as the MOS circuits and the board.

Static charges

Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the
MOS circuits have been mounted on the board proper handling precautions should still be observed.
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied,
the board is no more than an extension of the leads of the devices mounted on the board. To prevent
static charges from being transmitted through the board wiring to the device it is recommended that
conductive clips or conductive tape be put on the circuit board terminals.

Transient voltages

To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or
printed-circuit boards with MOS devices, from test sockets or systems with power on.
i

Voltage surges
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines.

16

May 1983



CMOS RAM

PCD5101
PCD5114
PCF8570
PCF8571
PCF8583
HEF45058
HEF47208;V
SBB6116-12

256 x 4-bitstatic RAM .. ...................
1024 x 4-bitstatic RAM . ...................
256 x 8-bit static RAM with 12C bus interface . . . .
128 x 8-bit static RAM with 12C bus interface . . . .
256 x 8-bit static RAM with 12C bus interface . . . .
64-bit, 1-bit perword R/WRAM . .. ...........
256-bit, 1-bitperword RAM . ... .............
2048 x 8-bitstatic RAM ....................
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PCD5101

256 x 4-BIT STATIC RAM

GENERAL DESCRIPTION

The PCD5101 is a very low-power 1024-bit static CMOS random access memory, organized as 256 words
by 4 bits. It is suitable for low power and high speed applications where battery standby power is
required to ensure non-volatility of data. All inputs and outputs are fully TTL compatible and pinning is
compatible with 2101-type NMOS static RAMs and 5101-type CMOS static RAMs.

There are two chip enable inputs, CE1 and CE2, selection being made when CE1 is LOW and CE2 is
HIGH. The memory has an output disable function, OD, which allows.the inputs/outputs to be used
separately, or to be tied together for use in common data |/O systems.

Features
® Operating supply voltage range 251055 V
® Low data retention voltage min. TV
® Low power consumption in both operating and standby modes
® Access time 1560 nsat Vpp=5V;400nsat Vpp =3V
® Three-state outputs
® All inputs and outputs directly TTL compatible
® Choice of two package types
(24) 22
DAL Y
Py EACIEEN po
3(3) i
Al | ADDRESS ROW MEMORY B2 vss
Az 22 | A FF:RS 4> —/—»| CELL ARRAY
U XUV B SELECT (4x8x32)
as —21423)
i PCD5101
As =2 COLUMN
Ag —|8(6) | ADDRESS /> /| MULTIPLEXER
707) BUFFERS SELECT
A7 >
(1110
o1 2% (13) 12 o
p2 20 s , .| reab/wrITE , .| output - Qp
p3 —1304) 1 BuFFERs 7 "I conTROL 7 surrers 181141 o,
17) 16
D4 15(16)A' (17) > 4
R —20(22) E l
cE e
ce2 —172019) [ I >°—““
18 (20) _ij
op

F 7287753
Fig. 1 Block diagram: pin numbers in parentheses are for PCD5101T; other pin numbers

are applicable to PCD5101P.
PACKAGE OUTLINES

PCD5101P: 22-lead DIL; plastic (SOT-116).
PCD5101T: 24-lead mini-pack; plastic (S0O-24; SOT-137A).

July 1984
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PCD5101

PINNING
D1
a3 [1] U [22] Vpp B§ data inputs
A2 [2] 21] A4 D4
a1 [3] [20] r/W AO
A1l
Ao [4] 19] cEi A2
A5 E E oD A3 address inputs
A4
a6 [6] pcpsioe [17] ce2 A5
A7 [7] [16] a4 ﬁs
Vss [2] 15] 04 R/W  read/write input
p1[9 14] a3 CET
[: :I CET | chip enable inputs
a1 [io] Ej D3 CE2 |
b2 [l_‘_ E 0 OD  output disable
Q1
7287754
Q2
03 data outputs
Fig. 2 Pinning diagram for PCD5101P. Q4

Vpp Ppositive supply
Vgg  negative supply
n.c. not connected

A3 [1]
a2 [2
Al [3
Ao [4]
A5 5]
A6 6]
a7 [7]
ne. [8]
Vss [9]
o1 [10
a1 [11]
p2 [12]

PCD5101T

E Vbp
23] A4
"2__2] R/W
| 21] TE
[20] op
[19] c2
18] ne.
17] Q4
[16] D4
15] a3
14] D3
13] Q2.

7287755

Fig. 3 Pinning diagram for PCD5101T.
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256 x 4-bit static RAM

PCD5101

OPERATING MODES
Table 1 Mode selection

CET CE2 R/W oD mode of operation output state
H X X X standby high impedance
X L X X standby high impedance
L H L H write high impedance
L H L L write equal to input data
L H H L read data valid
L H H H read high impedance

Separate input/output: write cycle OD = X; read cycle OD = L.
Common input/output: write cycle OD = H; read cycle OD = L.

H = HIGH voltage level
L = LOW voltage level
X = don’t care

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage range VpDp -0,3t08,0 V
Input voltage range (any pin) Vi Vgg—0,3to Vpp +0,3 V
Operating temperature range Tamb —25t0+70 °C
Storage temperature range Tstg —55to +125 °C

July 1984
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PCD5101

D.C. CHARACTERISTICS (Vpp = 5 V)
Vpp =5%0,5V; Vgg=0V; Tamp = —25 to +70 °C

parameter symbol | min. typ. max. unit
Operating supply voltage VpD 45 5,0 55 \'
Operating supply current
at V| =Vpp or Vgs; f=1MHz;
outputs open IpD - 10 17 mA
atV|=0,80r2,0V;f=1MHz;
outputs open Ipp - 10 17 mA
atV|=0,80r20V;f=5MHz;
outputs open Ipp - 12 20 mA
Standby supply current at CE2 = Vgg IS - 0,02 5,0 MA
Input leakage current

at V| =Vggto Vpp el — - 0,1 uA
Input voltage LOW ViL -0,3 - +0,8 Vv
Input voltage HIGH ViH 2,0 - Vpp+0,3{ V
Output leakage current

atVg=VgstoVpp:

OD = HIGH or chip disabled oLl — - 0,2 HA
Output voltage LOW at Ig_ = 4,0 mA VoL - - 04 \
Output voltage HIGH at —lgy = 2,0 mA VOH 2,4 - - \

D.C. CHARACTERISTICS (Vpp =3 V)
Vpp=3+0,5V;Vgg=0V; Tagmp=—25t0+70°C
parameter symbol | min. typ. max. unit
Operating supply voltage VpD 2,5 3,0 3,5 \%
Operating supply current
at V| =Vpp or Vgg; f= 1 MHz;
outputs open IpDp - 5 8 mA
atVy=040r16V;f=1MHz;
outputs open Ipp - 5 8 mA
Standby supply current at CE2 = Vgg Is - 0,02 5,0 nA
Input leakage current

atVy=VggtoVpp Il - - 0,1 HA
Input voltage LOW ViL -0,3 - +0,4 \
Input voltage HIGH ViH 1,6 - Vpp+0.3| V
Output leakage current

at Vo =Vgsto Vpp:

OD = HIGH or chip disabled oLl - - 0,2 HA
Output voltage LOW at Ig| = 1,0 mA VoL - - 0,3 \%
Output voltage HIGH at —lgy = 1,0 mA VoH 1,7 - - \Y

22
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256 x 4-bit static RAM PCD5101

A.C. TEST CONDITIONS (Vpp =5 V)

Vbp

Input pulse levels 08Vto20V

Input rise and fall times 5ns 2600

Input timing reference levels 15V data

Output timing levels 15V output

Output timing levels for high/low 5100 cL
impedance 1,2Vand 2,8V l

Output load (2 TTL inputs and 7 771287786
load capacitance C ) Fig. 4 Fig. 4 Test load.

A.C. CHARACTERISTICS (Vpp =5 V)

Vpp=5%0,5V;Vgg=0V; Tamp =—25 to +70 OC; loads as per Fig. 4 with C|_= 100 pF unless
otherwise specified

parameter symbol { min. typ. max. unit
Read cycle
Read cycle time - tRC £ 150 - - [ ns
Address access time tAA - . 150 | ns
Chip enable CE1 to output tco1 - - 150  ns
Chip enable CE2 to output tco2 | - = 150 . ns
Output disable OD to output top ' — - 70 ns |
Data output to high impedance state :
atCy =5pF . tDF 10 - 70 ‘ns
Previously read data valid with i :
respect to address change | tOH1 10 - P - ns .
Previously read data valid with .
respect to chip enable toH2 10 - - ‘ns
Write cycle ; ! . '
Write cycle time twe | 150 - | — : ns
Write delay time taw | O - - ns
Chip enable CET to write tcwq | 120 - - | ns
Chip enable CE2 to write tcw2 5 120 - - i ns
Data set-up time tpw | 70 - - ns
Data hold time tpH i 0 - - ns
Write pulse duration WP 70 - - ns
Write recovery time twR 0 - - ns
Output disable OD set-up time tps 70 - - ns
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PCD5101

A.C. TEST CONDITIONS (Vpp =3 V)

Input pulse levels 04Vt016V Voo
Input rise and fall times 5ns
o 19200
Input timing reference levels 10V
data
Output timing levels 1,0V output
Ou.tput timing levels for high/low 10209 cL
impedance 0,7Vand 1,7V 1"
Output load Fig. 5 7 % 1281751

Fig. 5 Test load.
A.C. CHARACTERISTICS (Vpp =3 V)

Vpp=3£05V;Vgg=0V; Tamp =—25to +70 OC; loads as per Fig. 5 with C|_= 100 pF unless
otherwise specified

parameter symbol { min. typ. max. unit
Read cycle
Read cycle time tRC 400 - - ns
Address access time tAA - - 400 ns
Chip enable CE1 to output tcor | — - 400 ns
Chip enable CE2 to output tco2 - - 400 ns
Qutput disable OD to output toD - — 200 ns
Data output to high impedance state

atC_=5pF tpF 10 P 200 ns
Previously read data valid with

respect to address change tOH1 10 b= - ns
Previously read data valid with

respect to chip enable tOH2 10 p—- - ns
Write cycle
Write cycle time we 400 - - ns
Write delay time AW 0 - - ns
Chip enable CET to write tcw1 | 300 - - ns
Chip enable CE2 to write tcw2 | 300 - - ns
Data set-up time tpw 200 - - ns
Data hold time tpH 0 - - ns
Write pulse duration twp 200 - - ns
Write recovery time twR 0 - - ns
Output disable OD set-up time tps 200 - - ns
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256 x 4-bit static RAM J PCD5101

WAVEFORMS

tRC
ADDRESS
INPUTS
tAA tOH1 — -—

K i

CE1 INPUT

tco1

X
BN 777

tcoz2 H

% e JAMNY 70

1DF (min)

<—top —>

1 LDF (max)
VALID
OUTPUTS 7287759

Fig. 6 Read cycle timing; R/W = HIGH.

twe >

ADDRESS X

INPUTS

— twR |<—
| tcw1
CE1 INPUT ;;;L ]f;;;
tcw2 —>
CE2 INPUT 57( \ E E E
twe

— tAW|<—

A N I —

NPUT _lton
tps tow
INPUTS L < < < gi STABLE jﬁ(
7287758
Fig. 7 Write cycle timing.
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PCD5101

LOW SUPPLY VOLTAGE DATA RETENTION CHARACTERISTICS
CE2<0,2V; Tymp =—25 to +70 °C.

parameter symbol | min. typ. max. unit
Supply voltage for data retention VDR 1,0 - 5,5 \")
Data retention currentat Vpp = 1,5V IpR - 0,02 2,0 MA
Chip deselect to data retention time tcpr | O - - ns
Operation recovery time tR 0 - — ns
Vop | €¢—————— datar mode
45V
CDR t

ViH CE2 R

VR \

Vss f 7287760

Fig. 8 Low supply voltage data retention characteristics.

July 1984



DEVELOPMENT DATA .
This data sheet contains advance information and PCD5114

specifications are subject to change without notice.

1024 x 4-BIT STATIC RAM

GENERAL DESCRIPTION

The PCD5114 is a low-power, high-speed 4096-bit static CMOS RAM, organized as 1024 words of

4 bits each. The IC is suitable for low power and high speed applications, for battery operation and
where battery backup is required. Inputs R/W and CE control the read/write operation and standby
mode respectively. The PCD5114 is pin compatible with the SBB2114 types.

Features

® QOperating supply voltage 25Vtob55V
e Low data retention voltage min. 1,0V
® Low standby current max. 5 uA
® Cycle time = access time max. 200 ns
® Static operation requiring no clock or timing strobe

® | ow power consumption

® 3-state common data input/output interface

® All inputs and outputs directly TTL compatible

® Pin compatible with SBB2114 variants

® 18-lead DIL package

® 20-lead SO package

Ag
Ag 16

Ay 17

MEMORY ARRAY

ROW DECODER (64x64)

Ag 1
Ag 2

Ay 3

110,

B I e vt

INPUT DATA
170, SENSE - AMPLIFIER

L)

COLUMN SELECTION

103

1/04

PCD5114

10 8 te T; 4 |7 |6 |5
l j

R/W CE Voo Vss Az Az Ay Ag

Fig. 1 Block diagram.

728724

PACKAGE OUTLINES

PCD5114D: 18-lead DIL; ceramic (cerdip) (SOT-133B).
PCD5114P: 18-lead DIL; plastic (SOT-102G).
PCD5114T: 20-lead mini-pack; plastic (SO-20; SOT-163A).
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PCD5114

Ag |I U
Ag [z
A4 [3]
A [4]
o I 2
Ay E

Ax [7]
¢ [e]
Vss [9]

E Vbp
[14] 1704
13] 1/0,
12] 1704
[11] 1104
10] R/W

72872411

Fig. 2 Pinning diagram: PCD5114D; PCD5114P.

Agto A3 column address inputs
A4 to Ag row address inputs
CE chip enable input
R/W read/write input

Table 1 Mode selection

CE |R/W | mode output power
H H not selected | high impedance | standby
H L not selected | high impedance | standby
L H read active active
L L write high impedance | active

H = HIGH logic level (the most positive voitage)
L = LOW logic level (the most negative voltage)

RATINGS

Ag [_T_
As [2]
Ag E
Ag E
ne. [5]
Ag E
Aq E
Ay E
¢ 9]
Vss [10]

U 20| Vpp

7] s

[16] nc.

15] 1/04
1__4] 1104
E 1/03
IZI 1/04
1] R/W

PCD5114T

7293008

Fig. 3 Pinning diagram: PCD5114T.

1/01 to 1/04 data input/output

Vss
Vbbb

negative supply (ground)
positive supply (+ 5 V)

Limiting values in-accordance with the Absolute Maximum System (1EC 134)

Supply voltage range
Input voltage range (any pin)
Storage temperature range

Operating ambient temperature range

HANDLING

Vbp
V)

Tamb

-0,3to+8 V

Vgs—0,3toVpp + 0,3 V

—55to0 + 125 OC
—25t0 +70 OC

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see

""Handling MOS Devices’’).

28
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1024 x 4-bit static RAM

_PCD5114

DEVELOPMENT DATA

D.C. CHARACTERISTICS

Vpp=5V £0,5V;Vss=0V; Tamb = —25 to + 70 ©C; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply current
at V| = Vpp/Vss; f = 1 MHz; outputs open IpD — 10 17 mA
at V) =0,8V/2,0V;f=1MHz; outputs open | Ipp - 10 17 mA
at V| =0,8V/2,0V;f=5 MHz; outputsopen | Ipp — 12 20 mA
Standby current
at CE=Vpp Isg - 0,02 5 uA
Input voltage HIGH VIH 20 - Vpp +0,3 \%
Input voltage LOW ViL -0,3 - +0,8 \Y
Input leakage current
at V| =Vggto Vpp 1L - — 0,1 MA
Output voltage HIGH
at—lpH=2mA VOH 24 - - \
Output voltage LOW
atlgL=4 mA VoL - - 04 A
Output leakage current
at Vo = Vss to Vpp; CE = HIGH tloL — - 05 MA
D.C. CHARACTERISTICS
Vpp=3V£0,5V;Vgs=0V;Tamb=~251t0 +70 OC; unless otherwise specified
parameter symbol min. typ. max. unit
Operating supply current
at V| = Vpp/Vss; f = 1 MHz; outputs open IDD — 5 8 mA
atVi=0,4V/16V;f=1MHz; outputs open | Ipp - 5 8 mA
Standby current
at CE =Vpp Isg -1 0,02 5 MA
Input voltage HIGH VIH 1,6 - Vpp +0,3 \%
Input voltage LOW ViL -0,3 - +0,4 \%
Input leakage current
at V| =Vssto Vpp 1L - - 0,1 HA
Output voltage HIGH
at —loH=1mA VOH 1,7 - - \Y
Output voltage LOW
atlpL=1mA VoL — - 0,3 \Y
Output leakage current
tloL - - | 05 kA

at Vg = Vsg to Vpp; CE = HIGH
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PCD5114

A.C. CHARACTERISTICS

Vpp =5V £0,5V;Vgg=0V; Tamp = —25 to + 70 OC; measured in Fig. 4, C|_= 100 pF; unless
otherwise specified

parameter i symbol min. typ. max. unit
Read cycle
Read cycle time tRC 200 - - ns
Address access time tAA - - 200 ns
Chip select access time taC - .- 200 ns
Output hold from address change tOHA 20 - - ns
Output hold from chip select tOHC 20 - - ns
Output to low impedance from chip selection
~atC=5pF tcLz 20 - — ns

Output to high impedance from chip deselection

atC_ =5pF tcHZ — - 80 ns
Write cycle
Write cycle time twe 200 - - ns
Chip selection to end of write tow 120 | — - ns
Address set-up time taS 0 - - ns
Write pulse duration twp 140 - - ns
Write recovery time tWR 0 - - ns
Data set-up time tps 80 - - ns
Data hold time tDH 0 - - ns
Output to high impedance from write enabled =

atC__=5pF twz - - 60 ns
Output active from end of write '

atC=5pF tRz 20 - - ns

A.C. TEST CONDITIONS (see Fig. 4)

Input pulse levels 08Vto20V

Input rise and fall times 5 ns

Input timing reference levels - 1,5V Voo
Output timing levels ‘ 16V 9609
Output timing levels for high/low impedance 1,2Vand 2,8 V

Output load 2TTL gatesand C =100 pF /o

510 Q2 CL
4 l 7287242

Fig. 4 Load for a.c.
test conditions
. (Vpp=5V=05V)
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1024 x 4-bit static RAM

PCD5114

DEVELOPMENT DATA

A.C. CHARACTERISTICS

Vpp=3V*05V;Vgs=0V;Tamp=—25to+ 7Q°C; measured in Fig. 5, C_ = 100 pF; unless

otherwise specified

parameter symbol min. typ. max. unit
Read cycle
Read cycle time trc 500 - - ns
Address access time TAA - - 500 ns
Chip select access time tAC - - 500 ns
Output hold from address change tOHA 20 - - ns
Output hold from chip select tOHC 20 - - ns
Output to low impedance from chip selection
atC| =5pF tcLZ 20 - - ns
QOutput to high impedance from chip deselection
at CL =5 pF tCHZ - | -] 20 ns
Write cycle
Write cycle time we 500 - - ns
Chip selection to end of write tcw 300 - - ns
Adress set-up time tAS 0 - - ns
Write pulse duration twp 350 - - ns
Write recovery time twR 0 - - ns
Data set-up time tps 200 - - ns
Data hold time tDH 0 - - ns
Output to high impedance from write enabled
at C =5pF twz - - 150 ns
Output active from end of write
atC_=5pF tRZ 20 - - ns
A.C. TEST CONDITIONS (see Fig. 5)
Input pulse levels 04Vto16V
Input rise and fall times 5ns
Input timing reference levels 10V
Output timing levels 1.0V Voo
Output timing levels for high/low impedance 0,7Vand 1,7V
Output load 2TTL gatesand C|_= 100 pF 4954
110
1,02kQ cL

4 l 7293009

Fig.5 Load for a.c.
test conditions
(Vpp=3V £05V).
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ADDRESS
INPUT

DATA
OUTPUT

tRC

( valid

previous data
valid

t don’t care state

tAA

valid

7287243

Fig. 6 Read cycle timing (1): RNV_is HIGH;aE is LOW for a read cycle.

ADDRESS
INPUT

CE

INPUT

DATA
OuUTPUT

]

valid

ji(

change from H to L

change from L to H

high impedance
/ valid —
<tcLZ > don't care state
tac <tOHC>
tAA < tcHz >
7287244

Fig. 7 Read cycle timing (2): R/W is HIGH for a read cycle.
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1024 x 4-bit static RAM

J L PCD5114

DEVELOPMENT DATA

ADDRESS

INPUT

CE
INPUT

R/W
INPUT

DATA
INPUT

DATA
OUTPUT

ADDRESS
INPUT

CE
INPUT

R/W
INPUT

DATA
INPUT

DATA
OUTPUT

Note : If the CE low transition occurs after the R/W low transition, the outputs remain in the high

I twe
tAs —>f

< twWR

valid

AN

\change fromHto L

Uk

J /T

change from L to H

tcLz

AN
N
LN

valid

N
N

high
impedance

\

written

don't //

care state

data

twe

l«—1pg

tDH

Rz

7287245

tow

Fig. 8 Write cycle (1): R/W controlled.

twe

< twR

-

R
N

% |

change
change fromH to L 9

AANARRANRY

fromLtoH

N
I

valid

high impedance don’t care state

mEiy

pud
twz

tcLz

<«— tpg

'DH

twe

tew

7287246

Fig. 9 Write cycle (2): CE controlled.

impedance state.
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PCD5114

CAPACITANCE
f=1MHz; Tamp =25°C

parameter symbol min. typ. max. unit
Input capacitance

atV)= VSS C - - 5 pF
Qutput capacitance

at Vo =Vgg Co - - 5 pF

LOW Vpp DATA RETENTION CHARACTERISTICS
Tamb =—25t0+70°C

parameter symbol min. typ. max. unit
Vpp_for data retention

atCE =VppRr*0,2V;Vy=VppRrtoVss | VDDR 1 - 5,5 Vv
Data retention current

atVppr=1.5V IDDR - 0,02 2 uA
Chip deselect to data retention time tcR 0 - — ns
Operation recovery time tR 0 - - ns

|«— data rentention mode —»-
55 vgf """""""" X 55V
Voo 4,5V : 45V
SUPPLY \ VDDR /
tcR R
CE 22V F\ Vppr+ 0.2V /3 2.2V
INPUT

7287247

Fig. 10 LOW Vpp data retention.
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BUS

PCF8570

256 x 8-BIT STATIC RAM WITH I°C BUS INTERFACE

GENERAL DESCRIPTION

The PCF8570 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address register
is incremented automatically after each written or read data byte. Three address pins A0, A1, A2 are
used for programming the hardware address, allowing the use of up to eight devices connected to the

bus without additional hardware.

Features

® Operating supply voltage
® Low data retention voltage

® Low standby current
® Power saving mode

Applications

® Telephony

® Radio and television

® Video cassette recorder

® General purpose

25Vto6V
min. 1,0V
max. 15 pA
typ. 50 nA

® Serial input/output bus (12C)
® Address by 3 hardware address pins

® Automatic word address incrementing

® 8-lead DIL package

RAM expansion for stored numbers in repertory dialling
(e.g. PCD3343 applications)
channel presets

RAM expansion for the microcontroller families MAB8400
and PCF84C00

PCF8570 WORD |
ADDRESS ROW MEMORY
REGISTER = SELECT CELL
1 [y ARRAY
A0 —»
A1 —
3
A2
‘ r v Y
6
SCL — > INPUT 12c COLUMN
spA «J3 FILTER BUS CONTROL | | SELECT MULTIPLEXER
L]
3
£ '
SHIFT =
4 R/W
REGISTER CONTROL
s POWER 4
Vop ON b
4 RESET y
Vss —{]
TEST —-
72907751

PACKAGE OUTLINES

PCF8570P: 8-lead DIL; plastic (SOT-97).
PCF8570T: 8-lead mini-pack plastic (SO-8L; SOT-176).

Fig. 1 Block diagram.

December 1984
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PCF8570

PINNING
1to3 AOto A2 address inputs
4 Vss negative supply
5 SDA serial data line |,
6 SCL serial clock line | 1*C bus
7 TEST test input for test speed-up; must be connected to Vgg when not in use
(power saving mode, see Figs 14 and 15)
8 Vbp positive supply
ol YV @
a1 [2 7] Test
PCF8570 :I
A2 [3] 6] scL
Vs [4] 5] soa
7287034.A
Fig. 2 Pinning diagram.
RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage range (pin 8)
Voltage range on any input
D.C. input current (any input)
~ D.C. output current (any output)
Supply current (pin 4 or pin 8)
Power dissipation per package
Power dissipation per output
Storage temperature range
Operating ambient temperature range

Vpp —-0,8t0+8,0
Vi -0,8toVpp +0,8
e max. 10
tlp max. 10
tlpp:;lgs  max. 50
Ptot max. 300
P max. 50
Tstg ' —65to + 150
Tamb —40to + 85

\Y)

\"
mA
mA
mA
mW
mwW
oC
oc

36
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256 x 8-bit static RAM with 12C bus interface PCF8570

CHARACTERISTICS
Vpp =25t06V; Vgg =0V; Tamp = —40 to + 85 OC unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage VpD 25 — 6 \")
Supply current at
V|=VggorVpp
operating at fgc = 100 kHz Ipp - - 200 HA
standby at fgop = 0 Hz Ippo - - 15 uA
standby at Tap =—25t0+70°C | Ippo - - 5 nA
Power-on reset voltage level* VpPOR 1.5 1,9 23 \")

Inputs; input/output SDA

Input voltage LOW** ViL -0,8 — 03xVpp \)
Input voltage HIGH** ViH 0,7xVpp | — Vpp+0,38 \
Output current LOW

atVoL =04V loL 3 - — mA
Output leakage current HIGH

atVoy = VpD loH - - 250 nA
Input leakage current

atVy=Vpp or Vgg E N — — 250 nA
Clock frequency (Fig. 7) fscL 0 - 100 kHz
Input capacitance (SCL, SDA)

atVy=Vss C - |- 7 pF
Tolerable spike width on bus tsw — — 100 ns
LOW Vpp data retention
Supply voltage for data retention VDDR 1 - 6 \Y
Supply currentat Vppr =1V IDDR - - 5 LA
Supply current at Vppg =1V; A

Tamb =—25 to+ 70 °C IDDR - - 2 MA

Power saving mode (Figs 14 and 15)

Supply current at Tamp = 25 °C;
TEST =VppR IDDR - 50 400 nA

* The power-on reset circuit resets the 12C bus logic when Vpp < VpQR.

** 1f the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input
current will flow; this current must not exceed + 0,5 mA.
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PCF8570

CHARACTERISTICS OF THE I’C BUS

The I2C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

N

|

| data line | change

| stable: | of data

| data valid | allowed

==

7287019

Fig. 3 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

r=== | s |

- I
& i
I
-

scL ! SCL
I g \ / I p
| | | |
[ S — | [ S

start condition stop condition

7287005

Fig. 4 Definition of start and stop conditions.
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256 x 8-bit static RAM with 12C bus interface PCF8570

System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is the “receiver’’. The
device that controls the message is the *‘master’’ and the devices which are controlled by the master
are the "‘slaves’’.

SDA
7 I I r l
MASTER SLAVE MASTER
TRANSMITTER/ RES(I_:..QI\\//EER TRANSMITTER/ TchSs;f:TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig. 5 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge

bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH
to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

, |

g T\ M\
XXX 7

DATA OUTPUT
BY TRANSMITTER

A

DATA QUTPUT
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the 12C bus.
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PCF8570

Timing specifications
Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The device
operates in both modes and the timing requirements are as follows:

High-speed mode

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7.

tBUF tow |e— tg - T
scL
—>1 tp;sTA l*— -~ ™ tHigH ™~
tR |- —]
tHD;DAT tsu;DAT
SDA /
7287013.1 > t - ———»l '4—
SU;STA tsu;sTO
Fig. 7 Timing of the high-speed mode.
Where:
tBUF t =t OWmin The minimum time the bus must be free before a new
transmission can start

tHD; STA t = tHIGHmIn Start condition hold time
tLOWmin 4,7 us Clock LOW period
tHIGHmIn 4 us Clock HIGH period
tSu; STA t =t OWmin Start condition set-up time, only valid for repeated start code
tHD; DAT t=>0us Data hold time
tSu; DAT t=>250ns Data set-up time
tR t<1lus Rise time of both the SDA and SCL line
tF t <300 ns Fall time of both the SDA and SCL line
tsuU; STO t =1 OWmin Stop condition set-up time
Note

All the timing values refer to V|4 and V|_ levels with a voltage swing of Vgg to Vpp.
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256 x 8-bit static RAM with 12C bus interface J L PCF8570

- T A} T -
AR SVAND G S A WA AR NS W
(RS - ‘s--—l - ———
scL \ /1—7W\J_7\W-7\ /8\ /9\ /
— o e . T e —

START ADDRESS R/W ACK DATA ACK  START ADDRESS R/W ACK  STOP
CONDITION CONDITION 7287014

Fig. 8 Complete data transfer in the high-speed mode.

Where:
Clock t|_ oWmin 4,7 s
tHIGHmIn 4 ps
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Max. number of bytes unrestricted
Premature termination of transfer allowed by generation of STOP condition
Acknowledge clock bit must be provided by the master
Low-speed mode

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed
timing is shown in Fig. 9.

«— tgyF —> —» tiow |<— tp— |«
SCL
—>| typ;sTA = —> THIGH - L——fsu;r)AT
R —
" THD;DAT
SDA /
7287015.1 > tgy;STA —" L—

Fig. 9A Timing of the low-speed mode.
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Timing specifications (continued)

Where:

tBUF t > 105 ps (t, OWmin)
tHD; STA t 2365 s (tH|GHmin)
tLow 130 us + 25 us

tHIGH 390 us + 25 us

tSU; STA 130 us+ 25 us*

tHD; DAT t=> Ous

tsu; DAT t>250ns

tR t< 1us

tF t< 300 ns

tsU; STO 130 us + 25 ps

Note

All the timing values refer to V4 and V| levels with a voltage swing of Vgg to Vpp. For definitions
see high-speed mode,

o\ / VAR ST SR WA
SCL ‘_—J\L/ \/ o \i LJ” \_./ . U —\_/ \:/ \—/.__;

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP
CONDITION ACKNOWLEDGE START CONDITION
CONDITION 7287016

Fig. 10 Complete data transfer in the low-speed mode.

Where:
Clock t{ OWmin 130 us + 25 us
tHIGHmIn 390 us + 25 ps
Mark-to-space ratio 1:3 (LOW-to-HIGH)
Start byte 0000 0001
Max. number of bytes 6
Premature termination of transfer not allowed
Acknowiedge clock bit must be provided by master
Note

The general characteristics and detailed specification of the 12C bus are described in a separate data
sheet (serial data buses) in handbook “iCs for digital systems in radio, audio and video equipment”’.

* Only valid for repeated start code.
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256 x 8-bit static RAM with 12C bus interface PCF8570

Bus protocol

Before any data is transmitted on the 12C bus, the device which should respond is addressed first. The
. addressing is always done with the first byte transmitted after the start procedure. The 12C bus
configuration for different PCF8570 READ and WRITE cycles is shown in Fig. 11.

acknowledge acknowledge acknowledge
from slave from slave from slave

IS SLAVE ADDRESS OIAI WORD ADDRESS IA] .DATA |A| PI
s M R S S SR

P S L L

R /W n bytes ]

7287031.1A auto increment
memory word address

Fig. 11(a) Master transmits to slave receiver (WRITE mode).

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master

LS| SLAVE ADDRESS 0|;| WORD ADDRESS |A|Sl SLAVE ADDRESS 1|A DATA TAI'";/
PR P P A

at this moment master

R/W transmitter becomes R/W n bytes
master receiver and _ )
PCF8570 slave receiver a;toor é n:é:rrne::t
7290778 becomes slave transmitter

no acknowledge
from master

:
S e ]

L—— lastbyte

auto increment
word address

Fig. 11(b) Master reads after setting word address (WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master

—r——r—T—T T — T
| S I SLAVE ADDRESS 1 lAl DATA IAI l1| P l
Loy e, PR

R S S

R/W n bytes ] L last byte
auto increment auto increment
7290777 word address word address

Fig. 11(c) Master reads slave immediately after first byte (READ mode).
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PCF8570

APPLICATION INFORMATION

The PCF8570 slave address has a fixed combination 1010 as group 1, while group 2 is fully
programmable (see Fig. 12).

Vbp
Vop
Voo

Note

1 0 1 0 | A2 | A1 | A0 |R/W
group 1 group 2 —»| 7287030.1
Fig. 12 PCF8570 address.
| Voo
[ Voo SDA  MASTER
TRANSMITTER
0 v —e— SCL
|AO DD -
o 0|, PCF8570 ,l;
o 1010’
LI SDA
% TEST Vss
™
| Vop
1 vV, up to 8 PCF8570
A0 bo SsCL > without additional
0 17 PCF8570 hardware
o 0 1010’ soA
B L2 TesT Vss P
w Lo
(4 4 to Vpp
—A
| Vbp
«—1da0 Vob )
. g scL 2 s
é PCF8570
1 Al ‘1010 R: pull-up resistor
SDA
T M%resT Vs _trise
RN
2 - 4
SDA SCL
“2 C bus) 7290774

Fig. 13 PCF8570 application diagram.

A0, A1, and A2 inputs must be connected to Vpp or Vgg but not left open.
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256 x 8-bit static RAM with 12C bus interface J L PCF8570

POWER SAVING MODE

With the condition TEST = VppR, the PCF8570 goes into the power saving mode and the
12C bus logic is reset.

power saving mode ~————————» operating mode
vV,
—_—— DDR
TEST ov
/ Vbp
scL * \ e VooR
—_—— / ov
-l sy |- - WD |
Vbp
SDA \ ——— VbDR
-——— ov
/———— Vop
Vop \ _—— Voor
———— ov
bp
——— 'pps
7290773
Where:
tgy =>4 us Fig. 14 Timing for power saving mode.
tHD = 4 us

+5V Q
s N\ 6

5 A2

Y
—— scL " DDR

— 6 A1 1,2V

— PCF8570 2 (NiCd)
MICROCOMPUTER TEST 1120
I 7
72 4

4

Vss
7 / 7290776

Fig. 156 Application example for power saving mode.

Note to Fig. 15

1. In the operating mode, TEST = 0.
2. In the power saving mode, TEST = VppR-

December: 1984
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PCF8570

Purchase of Philips’ I°C components convéys a license under the
Philips’ I?C patent to use the components in the I*C-system
provided the system conforms to the I°C specification defined
by Philips.
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PCF8571

256 x 8-BIT STATIC RAM WITH 12C BUS INTERFACE

GENERAL DESCRIPTION

The PCF8571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address register
is incremented automatically after each written or read data byte. Three address pins A0, A1, A2 are
used for programming the hardware address, allowing the use of up to eight devices connected to the
bus without additional hardware.

Features

® Operating supply voltage
® | ow data retention voltage

©® Low standby current
® Power saving mode

Applications
® Telephony

® Radio and television

® Video cassette recorder

® General purpose

25Vto6V
min. 1,0V
max. 5 uA
typ. 50 nA

RAM expansion for stored numbers in repertory dialling

® Serial input/output bus (1%C)

® Address by 3 hardware address pins

® Automatic word address incrementing
® 8-lead DIL package

{e.g. PCD3340 applications)
channel presets

RAM expansion for the microcomputer families MAB8400
and PCF84C00

WORD
PCF8571 ADDRESS I ROW MEMORY
REGISTER | SELECT CELL
1 4 ARRAY
AQ —tp
A1l 27
3
A2
[ XN
scL —9 2
> INPUT 12c .| coLumn
spA +45——] FILTER BUS CONTROL SELECT MULTIPLEXER
I »
3
£ ]
SHIFT o
—-— R/W
REGISTER
controL 7]
8 POWER v
Vop ON 4
4 RESET
Vss ——{]
TEST -
7288371.2
Fig. 1 Block diagram.
PACKAGE OUTLINES 9 9

PCF8571P : 8-lead DIL; plastic (SOT-97).
PCF8571D : 8-lead DIL; ceramic (cerdip) (SOT-151A).
PCF8571T : 8-lead mini-pack (SO-8L; SOT-176).

November 1986
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PCF8571

PINNING
1103 AOto A2 address inputs
4 Vgg negative supply
5 SOL  seilclookime | 11CbUS
7 TEST test input for test speed-up; must be connected to Vgg when not in use
(power saving mode, see Fig. 14 and 15)

8 Vbp positive supply

a0 [1] U 8] Voo

a1 [2] 7] TesT

a2 E PCF8571 5] st

vgs [4 E] SDA

7287034.1
Fig. 2 Pinning diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range (pin 8) Vpp -08to+8,0 V
Voltage range on any input Vi -08toVpp+08 V
D.C. input current (any input) 1 max. 10 mA
D.C. output current (any output) tlg max. 10 mA
Supply current (pin 4 or pin 8) tlpp;lgg  max. 50 mA
Power dissipation per package Piot max. 300 mW
Power dissipation per output P max. 50 mW
Storage temperature range Tstg —65 to + 150 ©C
Operating temperature range Tamb —40to + 85 °C

48
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256 x 8-bit static RAM with 12C bus interface PCF8571

CHARACTERISTICS
Vpp =251t06V;Vgg=0V; Taymp =40 to + 85 OC unless otherwise specified

parameter symbol min. typ. max. unit
SUPPLY
Supply voltage VpbD 25 - 6 \"

Supply current
Vi=VsgsorVpp

operating at fgc| = 100 kHz; IbD - - 200 HA

standby at fgop =0 Hz Ippo - - 15 A

standby at Tymp =—251t0 70°C | Ippo - - 5 uA
Power-on reset voltage level

at VgeL = VspA = VDD VpoR 156 1,9 2,3 \%
Inputs; input/output SDA
Input voltage LOW** ViL -038 - 03xVpp \
Input voitage HIGH** ViH 0,7xVpp - Vpp +0.8 \
Qutput current LOW

atVoL =04V loL 3 - - mA
Output leakage current HIGH

atVoH =VpDp loH — - 250 nA
Input leakage current

at V| =Vpp or Vgg £y - - 250 nA
Clock frequency (Fig. 7) fscL 0 - 100 kHz
Input capacitance (SCL, SDA)

atV|=Vgg C - - 7 pF
Tolerable spike width on bus tgw - - 100 ns

LOW Vpp data retention

Supply voitage for data retention VpDR 1 - 6 \
Supply currentat Vppr =1V IDDR - - 5 HA
Supply currentat Vppr =1V;

Tamb =—25t070°C IDDR - — 2 HA

Power saving mode (Fig. 14)

Supply current at Ty = 25 °C;
TEST = VppR Ipps - 50 200 nA

*

The power-on reset circuit resets the 1°C bus logic when Vpp < VpoR.
** If the input voltages are a diode voltage above or below the supply voitage Vpp or Vgg an input
current will flow: this current must not exceed + 0,5 mA.
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PCF8571

CHARACTERISTICS OF THE I°C BUS

The 12C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

i

SDA /;l X i:

1

| data line | change

| stable: | of data

| data valid | allowed 7287019

Fig. 3 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

reTn r==="

/ | $DA
+ ; |
I

SCL. ! ! \ / \ / | SCL
g | P :

Lo [ S
start condition stop condition

y
)
i

7287005

Fig. 4 Definition of start and stop conditions.
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256 x 8-bit static RAM with 12C bus interface J L PCF8571

System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver”’. The
device that controls the message is the ‘’master’’ and the devices which are controlled by the master
are the “’slaves”’.

SDA
T I 1 | 1
MASTER SLAVE MASTER
s
TRANSMITTER/ RE":'S‘\’/EER TRANSMITTER/ mm:;f:ma TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig. 5 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge

bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has

been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH
to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

I
SCL FROM |
|

I -
DATA OUTPUT ~ \
BY TRANSMITTER )
|

S

DATA OQUTPUT
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the 12C bus.
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Timing specifications . .
Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8571
operates in both modes and the timing requirements are as follows:

High-speed mode

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7.

SDA / ; X
'BUF tow | tf e
scL
—>1 tHD;STA |=— D ! tyign
. THD:DAT tSUDAT|
SDA /
— — e
7287013.2 tsu;sTA su;STO
Fig. 7 Timing of the high-speed mode.
Where:
tBUF t2 tLOWmin The minimum time the bus must be free before a new
transmission can start

tHD; STA t 2 tHIGHmin Start condition hold time
tLOWmin 4,7 us Clock LOW period
tHIGHmIN 4 pus Clock HIGH period
tsuU; STA t =21 OWmin Start condition set-up time, only valid for repeated start code
tHD: DAT t=>0us Data hold time
tsu; DAT t>250 ns Data set-up time ,
ty t<1lus Rise time of both the SDA and SCL line
tf t <300 ns Fall time of both the SDA and SCL line
tsu; STO t 2t OWmin Stop condition set-up time
Note

All the timing values refer to V| and V_ levels with a voltage swing of Vgg to Vpp.
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256 x 8-bit static RAM with 12C bus interface J L PCF8571

=TT LT

START ADDRESS R/W  ACK DATA TACK  START ADDRESS R/W ACK  STOP
CONDITION CONDITION 7287014

Fig. 8 Complete data transfer in the high-speed mode.

Where:
Clock t| OWmin 4,7 us
tHIGHmIn 4 us
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Max. number of bytes unrestricted
Premature termination of transfer allowed by generation of STOP condition
Acknowledge clock bit must be provided by the master
Low-speed mode

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed
timing is shown in Fig. 9.

«— tgUF —> —_— tLOW - tf—>| |-
sCL j
—>| tHp;STA t=— - tHIGH —> I"_tSU;DAT
t |
HD;DAT -
SDA [
—> tgy;sTA I - -~
7287015.2 SU;STO

Fig. 9 Timing of the low-speed mode.
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Timing specifications (coPtinued)

Where:

tBUF
tHD; STA
tLow
tHIGH
tsU; STA
tHD; DAT
tsuU; DAT
t

i

tsy; STO

Note

t>105 us (t| OWmin)
t >365 ps (tH|GHmin)
130 us £ 25 us

390 us + 25 us

130 pus = 25 pus *

t> Ous

t > 250 ns

t< 1uws

t< 300 ns
130 us = 25 us

All the timing values refer to V| and V| _levels with a voltage swing of Vgg to Vpp. For definitions
see high-speed mode.

S U | (AN ST WA
- UV VYV YV VA

START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP

START
CONDITION ACKNOWLEDGE START CONDITION
CONDITION 7287016
Fig. 10 Complete data transfer in the low-speed mode.

Where:
Clock tL OWmin 130 us + 25 us

tHIGHmIn 390 us + 25 us
Mark-to-space ratio 1 : 3 (LOW-to-HIGH)
Start byte 0000 0001
Max. number of bytes 6
Premature termination of transfer not allowed
Acknowledge clock bit must be provided by master
Note

The general characteristics and detailed specification of the 12C bus are described in a separate data
sheet (serial data buses) in handbook ‘“ICs for digital systems in radio, audio and video equipment”’,

* Only valid for repeated start code.
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256 x 8-bit static RAM with 12C bus interface PCF8571

Bus protocol

Before any data is transmitted on the I2C bus, the device which should respond is addressed first. The
addressing is always done with the first byte transmitted after the start procedure. The 1°C bus
configuration for different PCF8571 READ and WRITE cycles is shown in Fig. 11.

acknowledge acknowledge acknowledge

from siave from slave from slave
1= T L/
l S I SLAVE ADDRESS O l Al X  WORD ADDRESS IAI DATA |A| P I
N A k4 a4 N AT
R/W b n bytes
7287031.1 auto increment

memory word address

Fig. 11(a) Master transmits to slave receiver (WRITE mode).

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master
[ SJ SLAVE ADDRESS o'Alx WORD ADDRESS 'AI S l SLAVE ADDRESS 1 IA DATA IA l-~7
| at this moment master —
R/W transmitter becomes R/W n bytes
PCD:! receiver and auto increment
7287032.4 PCDB57 1 slave receiver word address

no acknowledge
from master

<o e [P

b last byte ‘—qr

auto increment
word address

Fig. 11(b) Master reads after setting word address (WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master
I S SLAVE ADDRESS 1]A| DATA IAl [11 PJ
Do S R PR A PR S N R
R/W ! n bytes l L last byte |
auto increment auto increment
7287033.4 word address word address

Fig. 11(c) Master reads slave immediately after first byte (READ mode).

Note
X =don't care bit.
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APPLICATION INFORMATION

The PCF8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully
programmable (see Fig. 12).

A2 | A1 | AO |R/W

7287030.1

Vpp
Vbp
Vbp

Note

group 1

group 2 ——>»|

Fig. 12 PCF8571 address.

ISPA  masTER
scL TRANSMITTER

%

| Vpp
0 v
{ AO DD
. scL
0|, PcFes71
o 1010°
0 |,, SDA
> TEST Vss
e NS
i Vpp
«—1 a0 Vbp
0 PCF8571
e I
" o 11 oa
A
i 2 7esT  Vss
e e
| Voo
—dno Voo
1 PCF8571
) 1 A o “on
1 1esT Vss

»

»

up to PCF8571
without additional
hardware

SDA SCL
(12C bus)

toVpp
—
R R
R: pull-up resistor
- trise
Caus
7287029.3

Fig. 13 PCF8571 application diagram.

A0, A1, and A2 inputs must be connected to Vpp or Vgg but not left open.
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256 x 8-bit static RAM with 12C bus interface J I PCF8571

POWER SAVING MODE

With the condition TEST = VppR, the PCF8571 goes into the power saving mode and 12C bus logic
is reset.

power saving mode —————————» operating mode

v,
—— DDR
TEST ov

S~
~
25 5
© O
E

scL ————
- tsu |- | D |=
\_ /
SDA v
—_———— DDR
1o 4wt
______\ Vop
Voo -—- J VbpR
—_——— ov
bp
oo \ /
—-——— lops
7290281.1
Where:
tgy = 4 us
tHp =>4 us Fig. 14 Timing for power saving mode.
+5V t_l_; f\@ }
;;’ Vbp
8
. soaf, |2
—— VDDR
+
' SCLis Al 1,2V
- PCF8571 2 (NiCd)
MICROCOMPUTER TEST 1 A0
} 7
. >
il ’Lvss
4 7290280.2
Fig. 15 Application example for power saving mode.
Note

1. In the operating mode, TEST = 0.
2. In the power saving mode, TEST = VppR.
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Purchase of Philips’ 12C components conveys a license under the
Philips’ I2C patent to use the components in the 12C-system
provided the system conforms to the 12C specifications defined
by Philips.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

J L PCF8583

256 x 8-BIT STATIC RAM WITH I1°C BUS INTERFACE

GENERAL DESCRIPTION

The PCF8583 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address

register is incremented automatically after each written or read data byte. One address pin AQ is used for
programming the hardware address, allowing the connection of two devices to the bus without
additional hardware. The built-in 32,768 kHz oscillator circuit and the first 8 bytes of the RAM are
used for the clock/calendar and counter functions. The next 8 bytes may be programmed as alarm

registers or used as free RAM space.

Features
® |2C bus interface operating supply voltage: 2,5V to 6 V
® Clock operating supply voltage (0 to 70°C): 1,0V to6 V
® Data retention voltage: 1,0V to 6 V
® Operating current (fgc =0 Hz): max. 50 pA -
® Clock function with four year calendar
® 24 or 12 hour format
® 32,768 kHz or 50 Hz time base
® Serial input/output bus (1%C)
® Automatic word address incrementing
® Programmable alarm, timer and interrupt function
PCF8583
1 Control /Status 00
0OSsCl »- OSCILLATOR R D“.“DER 100 HZ> Hundredths of a second | o4
2 32,768 kHz 1:256 Seconds
0SCo < ’ 100:128 Minutes
7 Hours
INT < ] Year/Date
8 Weekdays/Months
VoD Timer, 07
POWER ON CONTROL
v. 4 RESET LOGIC | __ Alarmcontrol___ | 59
SS Alarm registers
3 | __oRAM oF
A0 L
SCL 6 .2% : o
» BU! 256 8
s | WTERFACE »| ADDRESS ——_—_> (256x8)
sDA Sy REGISTER
FF
N N
< >
A\ 14
7281191.1
Fig. 1 Block diagram.
PACKAGE OUTLINES
PCF8583P: 8-lead DIL; plastic {SOT-97).
PCF8583T: 8-lead mini-pack; plastic (SO-8L; SOT-176).
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PINNING

1 0OsCl oscillator input, 50 Hz or event-pulse input
2 0Ssco oscillator output

3 A0 address input

4 Vgg negative supply

5 SDA serial data line 12C bus

6 SCL serial clock line

7 INT open drain interrupt output (active low)

8 Vpp positive supply

oscl [1] U 8] Voo
0500 (2} orgsure [21 N
ao [3] P 5] sou
vss [4] 5 | SDA

7281192

Fig. 2 Pinning diagram.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage range (pin 8); note 1 VpD -08t080 V
Voltage range on any input ] —08toVpp+0,8 V
D.C. input current (any input) I max. 10 mA
D.C. output current (any output) lo max. 10 mA
Supply current (pin 4 or pin 8) Ipp;lss  max. 50 mA
Power dissipation per package Ptot max. 300 mW
Power dissipation per output P max. 50 mwW
Storage temperature range Tstg —65 to + 150 °C
Operating ambient temperature range Tamb —40to +85 °C
Note

1. Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see
‘Handling MOS devices’).
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256 x 8-bit static RAM with 12C bus interface PCF8583

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION

The PCF8583 contains a 256 by 8-bit RAM with an 8-bit auto-increment address register, an on-chip
32,768 kHz oscillator circuit, a frequency divider, a serial two-line bidirectional 1%C bus interface and a
power-on reset circuit.

The first 8 bytes of the RAM (memory addresses 00 to 07) are designed as addressable 8-bit parallel
registers. The first register (memory address 00) is used as a control/status register. The memory ad-
dresses 01 to 07 are used as counters for the clock function. The memory addresses 08 to OF are free
RAM locations or may be programmed as alarm registers.

Counter function modes

When the control/status register is set a 32,768 kHz clock mode, a 50 Hz clock mode or an event-
counter mode can be selected.

In the clock modes the hundredths of a second, seconds, minutes, hours, date, month (four year
calendar) and weekdays are stored in a BCD format. The timer register stores up to 99 days. The event-
counter mode is used to count pulses applied to the oscillator input (OSCO left open). The event
counter stores up to 6 digits of data.

When one of the counters is read (memory locations 01 to 07), the contents of all counters are strobed
into capture latches at the beginning of a read cycle. Therefore faulty reading of the count during a
carry condition is prevented.

Alarm function modes

By setting the alarm enable bit of the control/status register the alarm control register (address 08) is
activated.

By setting the alarm control register a dated alarm, a daily alarm, a weekday alarm or a timer alarm
may be programmed. In the clock modes, the timer register (address 07) may be programmed to count
hundredths of a second, seconds, minutes, hours or days. Days are counted when an alarm is not
programmed.

Whenever an alarm event occurs the alarm flag of the control/status register is set. A timer alarm event
will set the alarm flag and an overflow condition of the timer will set the timer flag. The open drain
interrupt output is switched on (active LOW) when the alarm or timer flag is set (enabled).

When a timer function without any alarm function is programmed the remaining alarm registers
(addresses 09 to OF) may be used as free RAM space.

June 1986
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Control/status register

The control/status register is defined as the memory location 00 with free access for reading and
writing via the 12C bus. All functions and options are controlled by the contents of the control/status
register (see Fig. 3).

MSB LSB
7 |6 |5 [4 |3 |2 |1 [0 | Memorylocationoo

l_ __I l reset state: 0000 0000

Timer flag (50% duty factor
seconds flag if alarm
enable bit is 0)

Alarm flag (50% duty factor
minutes flag if alarm
enable bit is 0)

Alarm enable bit:

0 alarm disabled
(memory locations 08 to OF
are free RAM space)

1 alarm active
(memory location 08 is the
alarm control register)

Mask flag:

0 read locations 05 to 06
unmasked

1 read date and month count
directly

Function mode:

00 clock mode 32,768 kHz
01 clock mode 50 Hz

10 event-counter mode

11 test modes

Hold last count flag:

0 count
1 store and hold last count in
capture latches

Stop counting flag:

0 count pulses
1 stop counting, reset divider

Fig. 3 Control/status register.
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256 x 8-bit static RAM with 12C bus interface

PCF8583

DEVELOPMENT DATA

Counter registers

In the different modes the counter registers are programmed and arranged as shown in Fig. 4. Counter
cycles are listed in Table 1.

In the clock modes 24 h or 12 h format can be selected by setting the most significant bit of the
hours counter register. The format of the hours counter is shown in Fig. 5.

The year and date are packed into memory location 05 (see Fig. 6). The weekdays and months are
packed into memory location 06 (see Fig. 7). When reading these memory locations the year and
weekdays are masked out when the mask flag of the control/status register is set. This allows the user
to read the date and month count directly.

In the event-counter mode events are stored in BCD format. D5 is the most significant and DO the
least significant digit. The divider is by-passed.

Control/Status

Hundredths of a second
1/10s__ | 1/100s

Seconds
10s | 1s

Minutes
10m | im

Hours
ioh | 1h

Year/Date
10d 1d

Weekday/Month
iom | 1m

Timer
10d | 1d

Alarm control

Hundredths of a second
1/10s | 1/100s

Alarm seconds

Alarm minutes

Alarm hours

Alarm date

Alarm month

Alarm timer

free RAM

/_\._______
CLOCK MODES

Control/Status
00
D1 Do
01
D3 D2
02
Ds D4
03
free
04
free
05
free
06
Timer
T1 | TO o7
Alarm control
08
Alarm Alarm
D1 DO 09
D3 D2
0A
D5 D4
o8
free
oc
free
oD
free
OE
Alarm timer
OF
free RAM
L
EVENT COUNTER
7281195

Fig. 4 Register arrangement.
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Counter registers (continued)

l7 |6 |5 |4 |3 I2 ﬁ IO J Memory location 04 (hours counter)
’ ‘ [ | ' ‘ reset state: 0000 0000

Unit hours BCD

Ten hours (0 to 2 binary)
AM/PM flag:

0 AM

1 PM

Format:

0 24 h format, AM/PM flag
remains unchanged

1 12 h format, AM/PM flag
will be updated

Fig. 5 Format of the hours counter.

msB LsSB

L7 rs [5 I 4 | 3 l 2 l 1 l 0 I Memory location 05 (year/date)
reset state: 0000 0001

l———-l l | l I | , Unit days BCD

Ten days (0 to 3 binary)

Year (0 to 3 binary, read as 0 if
the mask flag is set)

Fig. 6 Format of the year/date counter.

I 7 I 6 l 5 I 4 I 3 J 2 I 1 J 0 l Memory location 06 (weekdays/
months)
reset state: 0000 0001

Unit months BCD
Ten months

Weekdays (0 to 6 binary, read as 0
if the mask flag is set)

Fig. 7 Format of the weekdays/months counter.
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256 x 8-bit static RAM with 12C bus interface

PCF8583

DEVELOPMENT DATA

Table 1 Cycle length of the time counters, clock modes

unit counting carry to the contents of the
cycle next unit month counter
hundredths of
a second 00 to 99 99 to 00
seconds 00 to 59 59 to 00
minutes 00 to 59 59 to 00
hours (24 h) 00 to 23 23 to 00
hours (12 h) 12 AM,
01 AM to
11 AM,
12 PM,
01 PM to
11 PM 11 PM to 12 AM
date 01 to 31 31 to 01 1,3,5,7,8,10,12
01 to 30 30 to 01 4,6,9, 11
01 to 29 29 to 01 2,year=0
01 to 28 28 to 01 2, year=1,2,3
months 01to 12 12 to 01
year Oto3
weekdays Oto6 6to0
timer/days 00 to 99 no carry

June 1986
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Alarm control register

When the alarm enable bit of the control/status register is set the alarm control register (address 08) is
activated. All alarm, timer and interrupt output functions are controlled by the contents of the alarm
control register (see Figs 8a and 8b).

msB LSB

[7[6]5[4[3l211|0| Memory location 08
reset state: 0000 0000

l——-——‘ l l l Timer function:

000 no timer

001 hundredths of a second

010 seconds

011 minutes

100 hours

101 days

110 not used

111 test mode, all counters
in parallel

Timer interrupt enable:

0 timer flag, no interrupt
1 timer flag, interrupt

Clock alarm function:
00 no clock alarm
01 daily alarm
10 weekday alarm
11 dated alarm

Timer alarm enable:

0 no timer alarm
1 timer alarm

Alarm interrupt enable:

0 alarm flag, no interrupt
1 alarm flag, interrupt

Fig. 8a Alarm control register, clock modes.
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256 x 8-bit static RAM with 12C bus interface

PCF8583

DEVELOPMENT DATA

LSB

Memory location 08
resgt state: 0000 0000

Timer function:

000 no timer

001 units

010 100

011 10000

100 1000 000

101 not allowed

110 not allowed

111 test mode, all counters in
parallel

Timer interrupt enable:

0 timer flag, no interrupt
1 timer flag, interrupt

Event alarm function:

00 no event alarm
01 event alarm
10 not allowed
11 not allowed
Timer alarm enable:
0 no timer alarm
1 timer alarm

Alarm interrupt enable:

0 alarm flag, no interrupt
1 alarm flag, interrupt

Fig. 8b Alarm control register, event-counter mode.
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Alarm registers

All alarm registers are allocated with a constant address offset of hex 08 to the corresponding counter
registers.

An alarm goes off when the contents of the alarm registers matches bit-by-bit the contents of the
involved counter registers. The year and weekday bits are ignored in a dated alarm. A daily alarm
ignores the month and date bits. When a weekday alarm is selected, the contents of the alarm
weekday/month register will select the weekdays on which an alarm is activated (see Fig. 9).

MSB LSB
L7 IG 15 ’4 |3 l2 ]1 IO I Memory location OE

’ (alarm weekday/month)
Weekday 0 enabled when set

Weekday 1 enabled when set

Weekday 2 enabled when set

Weekday 3 enabled when set
Weekday 4 enabled when set
Weekday 5 enabled when set
Weekday 6 enabled when set

not used
Fig. 9 Selection of alarm weekdays.

Interrupt output

The open-drain n-channel interrupt output is programmed by setting the alarm control register. It is
switched on (active LOW) when the alarm flag or the timer flag is set. In the clock mode without
alarm the output sequence is controlled by the timer flag. The OFF voltage of the interrupt output
may exceed the supply voltage.

Oscillator and divider

A 32,768 kHz quartz crystal has to be connected to OSCI (pin 1) and OSCO (pin 2). A trimmer
capacitor between OSCI and Vpp is used for tuning the oscillator. The oscillator frequency is scaled
down to 128 Hz by the divider. A 100 Hz clock signal is derived from this signal.

In the 50 Hz clock mode or event-counter mode the oscillator is disabled and the oscillator input is
switched to a high impedance state. This allows the user to feed the 50 Hz reference frequency or an
external high speed event signal into the input OSCI.

Initialization

When power-up occurs the 12C bus interface, the control/status register and all clock counters are reset.
The device starts time keeping in the 32,768 kHz clock mode with the 24 h format on the first of
January at 0.00.00: 00.

A second level-sensitive reset signal to the 12C bus interface is generated as soon as the supply voltage
drops below the interface reset level. This reset signal does not affect the control/status or clock
counter registers.

It is recommended to set the stop counting flag of the control/status register before loading the
actual time into the counters. Loading of illegal states will lead to a clock malfunction but will not
latch-up the device.

68
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256 x 8-bit static RAM with 12C bus interface PCF8583

DEVELOPMENT DATA

CHARACTERICS OF THE 1°C BUS

The 12C bus is for bidirectional, two-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as
a control signal.

e

SDA /E X E L \
scL _%/—\_—il/—“—— \

data line | change
stable: | of data
data valid | allowed 7287019

Fig. 10 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH, is defined as the stop condition (P).

r——= | iy |
—_ | - | _

| | | |

SDA | " i i SDA
| -+ - +- |
| | 1 |

scL ! ! ! ! scL
s | I p |
| | | 1
[ SO [SS—

start condition stop condition

7287005
Fig. 11 Definition of start and stop condition.

System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is the '‘receiver’’. The
device that controls the message is the “master’’ and the devices which are controlled by the master
are the ‘'slaves’’.

SDA
] I 1 I )i
MASTER SLAVE MASTER
SLAV
TRANSMITTER/ RE(!-:IVEER TRANSMITTER/ TRZ:SS;F‘:TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

7287004

Fig. 12 System configuration.
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Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknow!-
edge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge
after the reception of each byte. Also a master must generate an acknowledge after the reception of
each byte that has been clocked out of the slave transmitter. The device that acknowledge has to pull
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during
the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data
to the transmitter by not generating an acknowledge on the last byte that has been clocked out of the
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a
stop condition.

start clock pulse for
condlmon acknowledgement

]
SCL FROM |
MASTER : 1 2 8 9

DATA OUTPUT -
BY TRANSMITTER |
. | -
s
DATA OUTPUT -
BY RECEIVER

7287007

Fig. 13 Acknowledgement on the 1C bus.
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256 x 8-bit static RAM with 12C bus interface PCF8583

DEVELOPMENT DATA

Timing specifications
All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to Vy_and V| with an input voltage swing of Vgg to Vpp.

parameter symbol min. typ. max. unit
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus tsw - - 100 ns
Bus free time tBUF 4,0 - - us
Start condition set-up time tSyU; STA 4,0 - - us
Start condition hold time tHD; STA 4,7 - - us
SCL LOW time tLow 4,7 - — us
SCL HIGH time tHIGH 4,0 — — us
SCL and SDA rise time iR — - 1,0 us
SCL and SDA fall time tg - — 0,3 us
Data set-up time tSU; DAT 250 - - ns
Data hold time tHD; DAT 0 - - ns
SCL LOW to data out valid tvD; DAT - - 34 us
Stop condition set-up time tsy; STO 4,0 - - us
START BIT7 BIT 6 BIT 0 ACKNOW- | sToP
PROTOCOL CONDITION MSB LsB LEDGE CONDITION
(S) ) (A7) (A6) (R/W) (A) (P)
'SU;STA tLow HIGH tscL
T IR
scL / \ / \ )
- .Il - ]
tBUF R tF
- 7 7
- A T
7281193.1 HD;STA tsU:DAT  'HD;DAT tvD; DAT tsu;sTO

Fig. 14 12C bus timing diagram.
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12C bus protocol

Before any data is transmitted on the 12C bus, the device which should respond is addressed first.
The addressing is always done with the first byte transmitted after the start procedure. The 1°C bus
configuration for the different PCF8583 READ and WRITE cycles is shown in Fig. 15.

acknowledge acknowledge acknowledge
from slave from slave from slave
| S l SLAVE ADDRESS 0 I AI WORD ADDRESS |A| DATA |A| P I
R/W L n bytes |
auto increment
7z87031.2 memory word address

Fig. 15a Master transmits to slave receiver (WRITE mode).

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master
T R e e e e —T T T
| S I SLAVE ADDRESS 0 | Al WORD ADDRESS |A| S I SLAVE ADDRESS 1 |A DATA |A l---7
P b P e
T__ at this moment master T_. b
R/W transmitter becomes R/W n bytes
master receiver and —_— .
7296262 PCF 8583 slave receiver auto increment
becomes slave transmitter word address

no acknowledge
from master

{
i BRECONNEN

t——— last byte

auto increment
word address

Fig. 15b Master reads after setting word address (WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master
lSl SLAVE ADDRESS 1IA| DATA IAI DATA l1| PJ
PR P P A S
R/W ! n bytes | L last byte
7296263 auto increment auto increment
word address word address

Fig. 15¢ Master reads slave immediately after first byte (READ mode).
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256 x 8-bit static RAM with 12C bus interface PCF8583

DEVELOPMENT DATA

CHARACTERISTICS
Vpp =2,01t06,0 V;Vgg =0 V; Tamp = —40 to + 85 OC unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage (operating) VpD 2,5 - 6 \%) -
Supply voltage (clock) VbD 1,0 — 6 \) -
Supply current -
Tamb =0 to 70 °C -
operating at fgc| = 100 kHz IpD - - 200 uA
Clock at Vpp =5V IpDO - 10 50 HA -
Clock at Vpp =1V IDDO