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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. 1t 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 viii.

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.

February 1984



ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T1

T2a

T2b

T3

ET3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types

Transmitting tubes for communications, ceramic types

Klystrons, travelling-wave tubes, microwave diodes

Special Quality tubes, miscellaneous devices (will not be reprinted)
Magnetrons for microwave heating

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

Geiger-Miiller tubes

Gas-filled tubes
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display

Photo and electron multipliers

Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

Camera tubes and accessories

Microwave semiconductors and components

Vidicons and Newvicons

Image intensifiers . . .
9 Data collations on these subjects are available now.

Infrared detectors Data Handbooks will be published in 1985.

Dry reed switches

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

iv
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S$2b

S3

S4b

S5

S7

S8

S9

S$10

S11

S12

grfr?:le-s;ignal germanium diodes, small-signal 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

Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave semiconductors (to be published in this series in 1985)
At present available in Handbook T11

Surface acoustic wave devices
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INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES

IC1

IC2

IC3

IC4

IC5

1C6

IC7

IC8

[od)

IC10

IC11

Bipolar ICs for radio and audio equipment
Bipolar ICs for video equipment
ICs for digital systems in radio, audio and video equipment

Digital integrated circuits
CMOS HE4000B family

Digital integrated circuits — ECL (superseded by ICO8N)
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

Professional analogue integrated circuits

Signetics bipolar memories

Signetics analogue circuits

Signetics TTL logic (superseded by 1CO9N and IC15N)
Signetics Integrated Fuse Logic (IFL)

Microprocessors, microcomputers and peripheral circuitry

vi
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NEW SERIES

ICOIN Radio, audio and associated systems

Bipolar, MOS

ICO2N  Video and associated systems
Bipolar, MOS

ICO3N  Integrated circuits for telephony (published 1985)
Bipolar, MOS

ICO4N  HE4000B logic family
CMOS

ICO5N  HE4000B logic family uncased integrated circuits (published 1984)
CMOS

ICO6N  PC54/74HC/HCU/HCT logic families
HCMOS

ICO7N  PC54/74HC/HCU/HCT uncased integrated circuits
HCMOS

ICO8N 10K and 100K logic family (published 1984)
ECL

ICO9N  Logic series (published 1984)
TTL

IC1ION  Memories
MOS, TTL, ECL

IC11IN  Linear LSI (published 1985)

IC12N  Semi-custom gate arrays & cell libraries
ISL, ECL, CMOS

IC13N  Semi-custom integrated fuse logic
IFL series 20/24/28

IC14N  Microprocessors, microcontrollers & peripherals
Bipolar, MOS

IC15N  Logic series
FAST TTL (published 1984)

Note
Books available in the' new series are shown with their date of publication.

January 1985 vii
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

C1

Cc2
c3
Cc4
Cc5
Cé
c7
c8
c9

C10
c1

C12
c13
c14
C15
c16
c17
cis
c19
C20
c21

Programmable controller modules
PLC modules, PC20 modules

Television tuners, video modulators, 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
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators,
quartz crystal cuts for temperature measurements

Connectors

Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

Variable resistors and test switches

Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors*

Permanent magnet materials

Stepping motors and associated electronics
D.C. motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Assembilies for industrial use
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices

* Film capacitors are included in Data Handbook C22 which will be published in 1985. The September
1982 edition of C15 should be retained until C22 is issued.

viii
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INTRODUCTION

In the past decade advances in microcircuit technology have resulted in the development of
microprocessors, memories, and dedicated ICs that are now replacing traditional components of the
subscriber set, to the benefit of both its performance and appearance.

As an example, ICs for interrupted current-loop dialling (decadic or pulse) and for dual-tone
multi-frequency (DTMF) dialling allow the dial to be replaced by a push-button keyboard. Also, by
replacing the carbon microphone with an active type (electret or electro-dynamic) and using an
electronic anti-sidetone circuit, the speech and transmission functions can be performed by an
integrated circuit. Speech and dialling functions can now be integrated into one chip, and the bell will
eventually be replaced by an electronically-driven transducer with a variety of ringing tones.

Integrated circuits also allow incorporation of a host of new features, such as automatic redialling,
repertory dialling, automatic emergency-call dialling, dialled number display, tariff-unit metering,

speech synthesising, loudspeaking and cordless telephones, and possibly a limited amount of data

handling.

Research is also progressing into an Integrated Services Digital Network (ISDN) in which digitized
voice, circuit-switched data and digital signalling, combined with packet switched data, can be
processed. This trend will lead to the development of ICs for interface and protocol functions (firstly
in office communication systems, and eventually in public networks).

The long life of existing equipment together with the fact that its manufacture is often automated,
means that several years must elapse before new components can prove their operational and
economic superiority to the telephone authorities. Many of the new components will therefore have
to work alongside the old ones, and the order and speed of approach to all-electronic subscriber
equipment will not necessarily be the same in all countries. Because of this we are producing and
developing a wide range of integrated circuits for telephones of the present and for those of the future.
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SELECTION GUIDE

NUMERICAL INDEX

type brief description pins package 1’c page
number code * bus
CMOS
PCD3310 pulse and DTMF dialler with redial 20 P 25
28 T 25
PCD3311 DTMF generator with serial 1/0 14 P ° 29
and parallel data input 16 T . 29
PCD3312 DTMF generator with serial 1/0 8 P ] 29
8 T . 29
PCD3315 ten-number repertory dialler
with redial 28 P,T 47
PCD3320 18 P,D 53
PCD3321 18 P,.D 61
PCD3322 18 P,.D 83
PCD3323 pulse diallers with redial (see 28 P.D, T 97
PCD3324 section guide, page 10) 18 P.D 117
PCD3325A 18 P 133
PCD3326 18 P 149
PCD3343 microcontroller for telephone sets 28 P.D,T ® 165
PCD3360 programmable multi-tone ringer 16 P,T 205
PCD3361 programmable multi-tone ringer 8 PT 205
PCD5101 256 x 4-bit static RAM 22 P 219
24 T 219
PCD5114 1024 x 4-bit static RAM 18 P,D 227
20 T 227
PCD8571 128 x 8-bit static RAM with
serial 1/0 8 P.D,T . 235
PCF1251 micropower voltage detector 8 P,T 247
PCF2111 LCD duplex driver (64 segments) 40 P,T 251
PCF8570 256 x 8-bit static RAM with
serial 1/0 8 P o 261
PCF8573 clock/calendar with serial 1/0 16 P . 273
PCF8574 remote 8-bit I/O expander for
12 C bus systems 16 P,T . 291
PCF8576 1:4 MUX LCD driver with serial 1/0 56 T,U . 303
PCF8577 1:2 MUX LCD driver with serial 1/0 40 P,T . 335
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SELECTION GUIDE

type brief description pins package 1’C page
number code * bus
BIPOLAR
TDA7000 FM radio receiver 18 P 351
TDA7050 dual audio amplifier for line-powered

speaker-phones 8 T 359

©

TEA1042a transmission circuit for speaker-phone 24 363
TEA1046 DTMF dialler and transmission circuit 24 P 377

TEA10604a transmission circuit with dialler
interface: low-impedance input for
dynamic and magnetic microphones 18 P 391

TEA10614a transmission circuit with dialler
interface: high-impedance input for

electret and piezo-electric microphones | 18 P 391
TEA1075 DTMF dialler with line interface
and mute switch 18 P 405

* Add the package code suffix to all orders. o
D: ceramic (cerdip) package (DIL); P: plastic package (DIL); T: plastic mini-pack (SO, VSO) for
surface-mounting; U: uncased integrated circuit.

A See selection guide, page 12.
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SELECTION GUIDE

FUNCTIONAL INDEX

page
Single-chip telephone circuit
TEA1046 DTMF generator and transmission circuit 377
Transmission circuits (see selection guide, page 12)
TEA1042 transmission circuit for speaker-phone 363
TEA1060 transmission circuit with dialler interface:

low-impedance input for dynamic and magnetic microphones 391
TEA1061 transmission circuit with dialler interface:
high-impedance input for electret and piezo-electric microphones 391

FM radio receiver circuit
TDA7000 FM radio receiver circuit 351
Pulse dialler circuits with redial (see selection guide, page 10)
PCD3320 dialler with 2/3 mark/space ratio 53
PCD3321 dialler with 2/3 and 3/2 mark/space ratios 61
PCD3322 dialler with 3/2 mark/space ratio 83
PCD3323 dialler for sophisticated PABX applications 97
PCD3324 variant of PCD3321 with one auto-access pause 117
PCD3325A variant of PCD3321 133
PCD3326 variant of PCD3321 149
DTMF generators
PCD3311 DTMF generator with serial 1/0 and parallel data input 29
PCD3312 DTMF generator with serial 1/O 29
DTMF dialler
TEA1075 DTMF dialler with line interface and mute switch 405
Pulse and DTMF dialler combination
PCD3310 pulse and DTMF dialler with redial 25
Repertory dialler
PCD3315 ten-number repertory dialler with redial 47
Microcontroller
PCD3343 microcontroller for telephone sets 105

8 December 1984



SELECTION GUIDE

page
Tone ringers
PCD3360 programmable multi-tone ringer 205
PCD3361 programmable multi-tone ringer 205
Memories
PCD5101 256 x 4-bit static RAM 219
PCD5114 1024 x 4-bit static RAM 227
PCD8571 128 x 8-bit static RAM with serial 1/0 235
PCF8570 256 x 8-bit static RAM with serial 1/0 261
12C bus-compatible circuits
PCD3311 DTMF generator with serial 1/O and parallel data input 29
PCD3312 DTMF generator with serial I/0O 29
PCD8571 128 x 8-bit static RAM with serial 1/O 235
PCF8570 256 x 8-bit static RAM with serial 1/0 261
PCF8573 clock/calendar with serial 1/0 273
PCF8574 remote 8-bit 1/0 expander 291
PCF8576 1:4 MUX LCD driver with serial 1/0 303
PCF8577 1:2 MUX LCD driver with serial 1/0 335
Miscellaneous
PCF1251 micropower voltage detector 247
PCF2111 LCD duplex driver (64 segments) 251
TDA7050 dual audio amplifier for line-powered speaker-phones 359
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'SELECTION GUIDE

PULSE DIALLERS WITH REDIAL, PCD3320 FAMILY

PCD

parameter
3320 | 3321 | 3322 | 3323 | 3324 | 3325A | 3326

-
oo
N
[e5]
-
-

® 0606 00 @

Number of pins 18 1

Dialling pulse frequency 10 Hz
selectable with FO1, FO2 16, 20 Hz

Mark/space ratio 3:2| e
selectable with M/S 2:1

Interdigit pause duration 8xTpp °
selectable with IDP 9xTpp

Reset delay for line power breaks1,6 x Tpp ° ° °
selectable with RDS 3.2x Tpp

Access pauses repeated during redial

e 60 060 ™
® 60 00 @
® 06060 e 0

Manual insertion of access pauses

Automatic access pause insertion: max. 1 °
max. 2

Access pause duration 32xTpp
selectable with APD 64 x Tpp ° °
not automatically terminated °

M1, inverted mute output ° ° .
M2, strobe output

M3, AND function of mute (M1) and
inverted dialling pulse (DP) outputs °

CL, clock output
APO, access pause output

HOLD, dialling-interrupt input
APO+HOLD, internally connected ° o ° °
APR, access pause reset input

AAE, automatic access pause enable
APD, access pause duration selection input ° °

Tpp = dialling pulse period.

10 December 1984



SELECTION GUIDE

Features common to all PCD3320 family

ggg IONUT Jl on-chip oscillator input and output

X1 to X3, column keyboard inputs with on-chip pull-down

Y1 to Y4, row keyboard inputs with on-chip pull-up

CE, chip enable input

DP, dialling pulse drive output to external line-switching transistor or relay
M1, muting output

December 1984 1



SELECTION GUIDj L

TRANSMISSION CIRCUITS TEA1042, TEA1060, TEA1061

parameter TEA1042 TEA1060 TEA1061
Microphone inputs:
low sensitivity — dynamic or magnetic °
medium sensitivity — dynamic or magnetic L4 o
electret with source follower °
electret with preamplifier ° °
electret with preamplifier (loudspeaker) [
piezo-electric L4
Receiver outputs:
dynamic or magnetic ° ° °
piezo-electric ° °
output for loudspeaker amplifier L]
Mode switch, handset/loudspeaker °
Electronic mute input °
DTMF input ° °
Voltage regulator:
adjustable d.c. voltage °
adjustable d.c. resistance [
Power-down input °
Gain control:
control can be switched off . . .
adapted to 400 $2 feed °
adapted to 600 2 feed ° °
adapted to 800 €2 feed L)
adaptable to exchange supply voltage o ° °

12 December 1984
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ARCHITECTURE

ARCHITECTURE OF ELECTRONIC SUBSCRIBER SETS

The first step in converting subscriber sets to electronic operation is usually in the replacement of the
rotary dial by a push-button keyboard operating with a pulse generator for interrupted current-loop
dialling, or with a tone generator for DTMF dialling. This effectively divides electronic telephone
production into two main streams — one for pulse dialling and one for tone dialling. Subsequent steps
are in the replacement of the carbon microphone by an active transducer such as an electret or
electro-dynamic microphone, and replacement of the transformer hybrid by an integrated
speech/transmission circuit. The sequence continues with the inclusion of features such as repertory
dialling, last-number redial, extended redial, dialled number display, and tariff-unit metering. Some
sets will also have the capability of either pulse or DTMF dialling.

The ringer is a completely separate function and can therefore be replaced by electronics at any stage.

Telephones for pulse dialling

Fig. 1 shows the architecture of basic push-button subscriber sets for interrupted current-loop dialling
using the PCD3320 family of ICs.

In Fig. 1(a), an insert unit to perform the dial function is shown in a conventional set with a
transformer hybrid. A muting relay inhibits the speech function during dialling.

Fig. 1(b) shows a parallel circuit in which the line current flows through either the speech part or a
dummy load and is interrupted by the M3 output of the dialling IC. Note that the conventional speech
circuit operating with two wires may be replaced by a speech/transmission circuit (TEA1060/1061);
this allows the possibility of operating the speech IC in the handset with only a two-wire cable.

In Fig. 1(c), the dialling IC operates in conjunction with a transmission IC with common-line interface.
The latter works with either an electret or an electro-dynamic microphone and has a special input for
muting. For this function we have three speech/transmission ICs (TEA1042, 1060 and 1061).

all

PCD3320
FAMILY
M1
i
—_ 7
1 diallin
: ]
line i pulse
.
| | }0
! I P, E:]
b/a T 1 ' '
CONVENTIONAL PULSE
SPEECH HYBRID | DIALLING CIRCUIT
7289951.1

(a) Pulse dial insert unit replacing the rotary dial in a conventional telephone set.

14
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l LARCHITECTURE

7R é

line D
bla_ | BST74/76 I_I I-l
— —— -
| | PCD3320 -
; g ! M3 | FAMILY
I H
Vo Bst74/76  |M!
D———( TEA1042, (-
i | 10600r |
| | 1061 |
f I —
7289952.2
CONVENTIONAL SPEECH HYBRID PULSE
or DIALLING
SPEECH CIRCUIT CIRCUIT

(b) Pulse dial basic set with either conventional or electronic speech.

supply

mute r_u 1“1,‘
TE&?"Z' PCD3320 |0 AEE
10600r | FAMILY AEIE
D__ 1061 alofE)
alb BST74
line .L i 7289953.2
NS
b/a SPEECH / PULSE
TRANSMISSION DIALLING
CIRCUIT CIRCUIT

(c) Pulse dial basic set with two ICs and common line interface.

Fig. 1 Subscriber set architecture for current loop dialling (ringer cradle contact,
polarity guard and protection not shown).

December 1984
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ARCHITECTURE

Telephones for DTMF dialling )
Fig. 2 shows the architecture of four basic push-button sets for DTMF dialling.

In Fig. 2(a) a conventional speech circuit with a transformer hybrid is used together with a DTMF
generator; this requires a DTMF generator which has an output stage, line interface and mute switch.

Fig. 2(b) shows the same DTMF generator applied with an electronic speech circuit. Both DTMF
generator and speech circuit have interfaces to the line.

In Fig. 2(c) only the speech circuit interfaces to the line. The DTMF generator is connected to the
speech circuit which has a DTMF and a mute input for this purpose. The speech circuit incorporates
a voltage stabilizer and audio output stage for both speech and DTMF signals. Note that the speech
ICs in this application are the same as used for the pulse dial application shown in Fig. 1(c).

The application of a combined DTMF/transmission circuit (TEA10486) is shown in Fig. 2(d).

| r
=1 p e [

(a) DTMF set using a conventional speech circuit.

7293029

[ 1MH
D_ TEA1042, TEA1075

1060 0r 1061 .
a/b :* ]' 7

line

b/a

7293030

(b) Full electronic DTMF set.

16
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ARCHITECTURE

supply

| 1 i
D—TEA‘IOSO * DTME

or  |DTMF|GaeNeRATOR
D— TEA1061

72899566.1

SPEECH/TRANSMISSION DIALLING
CIRCUIT CIRCUIT

(c) DTMF basic set with two ICs and common line interface.

75 TEA1046
° o8
line

b/a

COMBINED DTMF DIALLING
&
SPEECH/TRANSMISSION CIRCUIT

7289957

(d) Electronic speech and DTMF on a single chip.

Fig. 2 Subscriber set architecture for dual-tone multi-frequency (DTMF) dialling
(ringer, cradle contact, polarity guard and protection not shown).

December 1984
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ARCHITECTURE

Multi-feature telephones

The subscriber set shown in Fig. 3(a) has added features including last-number redial, extended redial,
repertory dialling, register recall and dialled-number display. The PCF3343 telephone microcontroller
shown in this example interfaces with the I>C bus — a two-wire serial input/output data bus. The

1C bus allows peripheral devices to be added, such as up to eight CMOS RAMs (PCD8571) to
augment the ten 16-digit numbers which can be stored on-chip in the PCF3343. Other additions may
be an LCD driver (PCF2111), a clock/timer circuit (PCF8573) and DTMF generator (PCD3312).

A DTMF generator (PCD3311) which operates with a 4 or 8-bit microcontroller is also available.

Fig. 3(b) shows a variation using a general-purpose microcomputer with parallel input/output in
conjunction with the TEA1046 DTMF/speech/transmission IC (which has microcomputer -compatible
keyboard inputs).

18
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a/b

line

b/a

cradle

QU

1

supply
mute K
SPEECH/ 1
* DEDICATED
TRANSMISSION power down |\ ~Ho COMPUTER it
CIRCUIT oE K= o
L
TEA1060 FAMILY PCF3343 O
L| 1>
BST74/76 D
=0 - » DTMF
dialling pulse/ flash PCD3312
2 - —— — - — . —
I 1"Cbus|| ™| cp MODULE MB7020160
ELECTRONIC |
RINGER ! Lco 16.DIGIT
PCD3360 = DRIVER -
T | 7| pcF2111 Lco
!
RAM
S eeoasr
7289958.2

(a) Feature-phone using dedicated microcontroller PCF3343.

i

DTMF & SPEECH/
TRANSMISSION | A GENERAL
CIRCUIT PURPOSE
MICROCOMPUTER
TEA1046
R —
r LCD MODULE |
! DISPLAY [ ,
;I'> DRIVER DISPLAY |
| ..
ELECTRONIC
Y\ RINGER
PCD3360 LN Ram
=N TARIFF
METER
7289959.1

(b) Variation using a general-purpose microcomputer with parallel input/output.

Fig. 3 Multi-feature subscriber set architecture,

December 1984
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ARCHITECTURE

Cordless telephones

Our dedicated telephony ICs will enhance any attractive mobile telephone design. A concept of a
cordless telephone operating with carrier frequencies of 46/49 MHz (FCC standards) is shown in Fig. 4.
The remote handset has a 46 MHz FM receiver (TDA7000), a pulse dialler (PCD332X) and an
earpiece/loudspeaker amplifier (TDA7050). The base unit has a 49 MHz FM receiver (TDA7000),

a telephone line transmission circuit (TEA1060/61) and a ring-detector/ring-generator (PCD3360).

V,
Ve C

| |
46 MHz receive

Ve l
49 MHz transmit ~ 49MHz D
< < | < ~ <
x

mic

veo mute
4 ®
9 MHz l ] opl | |mn
49+3MHz o
standby off 11213
s ve —2 pepazax <: t1816
Ve e + ¢ 7|89
dial/talk
+
I charge =10 #
v Vp + mute  redial
i Ly
vp 3,58 MHz Ve
I - |
unlock Ve

speech > % —— £—D'———l
L 2 L1 toaz000 TDA7050 ﬁ]
= >[4

825Hz E
7 7292965

Fig. 4(a) Remote unit for pulse dialling cordless telephones.

46 MHz

N

ring
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ARCHITECTURE

Speaker-phone

The “speaker-phone” has a base unit which amplifies received speech and speech for transmission
without using the traditional handset, and is ideal for conference and other hands-free applications.
An outline of the system is shown in Fig. 5, this uses a specially developed IC, the TEA1042, which
has double transmission and receiving amplifiers. Increased gains in the send and receive channels can
be achieved without instability by the introduction of complementary-driven attenuators (VS1, VS2)
in the speech channels.

supply
P }...

telephone line ;,-

handset
microphone TEA1042 earpiece

IO———{>“|_O

{>—'—OE‘ CincuiT L—T—I—D—-
Do

S/L

base
loudspeaker

Vst /
7
base

microphone
PD2

7292964

Fig. 5 Basic speaker-phone system.
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples PCD331O

made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PULSE AND DTMF DIALLER WITH REDIAL

GENERAL DESCRIPTION

The PCD3310 is a single-chip silicon gate CMOS integrated circuit with an on-chip oscillator for a
3,58 MHz crystal. It is a dual-standard dialling circuit for either pulse dialling (PD) or dual tone
multi-frequency (DTMF) dialling.

Input data is derived from any standard matrix keypad for dialling in either PD or DTMF mode.
Numbers of up to 23 digits can be retained in RAM for redial and notepad facilities.

In DTMF mode bursts as well as pauses are timed to a minimum, in manual dialling the maximum
depends on the key depression time.

Features

Pulse and DTMF dialling
23-digit capacity for redial operation (cursor method)
Memory clear and electronic notepad
Mixed mode dialling; start with PD and end with DTMF dialling
Dual redial buffers for PABX and public calls
‘Four extra function keys; program, flash, redial, PD to DTMF (mixed dialling)
DTMF timing:

manuai diaiiing - minimum duration for bursts and pauses

redialling - calibrated timing
On-chip voltage reference for supply and temperature independent tone output
On-chip filtering for low output distortion (CEPT CS 203 compatible)
On-chip oscillator uses low-cost 3,58 MHz (tv colour burst) crystal
Uses standard single-contact or double-contact (common left open) keypad
Keyboard entries fully debounced at both edges
Flash (register recall) output

QUICK REFERENCE DATA

Operating supply voltage VDD 25t06,0 V
Standby supply voltage VDDO 18t06,0 V
Low standby current (on hook) at Vpppo =18V IDDOmax 5 uA
Operating currents at Vpp =3,0 V

conversation mode IDDC max. 60 uA

pulse dialling mode Ippp max. 200 uA

DTMF dialling mode IDDF max. 1,2 mA
DTMF voltage levels (r.m.s. values) Vione(rms) 150 and 192 mV
Pre-emphasis AV 2,1 dB
Total harmonic distortion dtot —25 dB
Operating ambient temperature range Tamb —25to +70 °C

PACKAGE OUTLINES

PCD3310P: 20-lead DIL; plastic (SOT-146).
PCD3310T: 28-lead mini-pack; plastic (S0-28; SOT-136A).
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Pulse and DTMF dialler with redial

PCD3310

DEVELUPMENT SAMPLE DATA

osci [1]] U
PO/DTMF [ 2 |
TONE [ 3 |
Vss[4]

FLD (5 |

Rs 6 |
Ra[7]

R3[ 8|

R2[ 9|

R1]10

PCD3310P

20 {0OSCO

[19]vop
18] CE
17w
16]oP/FLO
[15]cF
me
13]c3
[12]c2

[17]ct

osci [1] 28] 0sco
PB/OTMF[2 ] [27] Voo
TONE[3 | 26] CE
ne.[4] 25] n.c.
Ves [5 | 24| M1
ne. 6| 23|M1
ne[7 22|M2
FLDE PCD3310T Joemio
A5 [ 9| 20]cF
R4 [10 [19]ca
ne. [7] o
R3 [12 17]cs
A2 [13] [16]c2
Rt [1a [15]c1
7280592

7280591

Fig. 2 Pinning diagrams.
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production,

5 PCD331
| PCD3312

DTMF/MODEM/MUSICAL-TONE GENERATORS

GENERAL DESCRIPTION

The PCD3311 and PCD3312 are single-chip silicon gate CMOS integrated circuits. They are intended
to provide dual-tone multi-frequency (DTMF) combinations required for tone dialling systems in
telephone sets which contain a microcontroller for the control functions.

The various audio output frequencies are generated from an on-chip 3,58 MHz quartz crystal-con-
trolled oscillator.

The devices can interface directly to all standard microcontrollers by accepting a binary-coded parallel
input or serial data input (I12C bus).

With their on-chip voltage reference the PCD3311 and PCD3312 provide constant output amplitudes
which are independent of the operating supply voltage and ambient temperature.

An on-chip filtering system assures a very low total harmonic distortion in accordance with the CEPT
CS 203 recommendations.

In addition to the standard DTMF frequencies the devices provide 12 MODEM frequencies (300 to
1200 bits per second) used in simplex MODEM applications and two octaves of musical scale in steps
of semitones.

Features

Stabilized output voltage level

Low output distortion with on-chip filtering (CEPT CS 203 compatible)
Latched inputs for data bus applications

12C bus compatible

Mode select input (selection of parallel or serial data input)

MODEM and melody tone generators

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Operating supply voltage Vpp 2,5 - 6,0 \%
Operating supply current IbD - - 1,2 mA
Static standby current IDDO - - 3 HA

DTMF output voltage level
(r.m.s. values)

HIGH group VHG(rms) 158 192 205 mV

LOW group VLG(rms) 125 150 160 mV
Pre-emphasis of group AVg 1,85 2,10 2,35 dB
Total harmonic distortion THD - =25 — dB
Operating ambient temperature range Tamb -25 - +70 oc

PACKAGE OUTLINES

PCD3311P: 14-lead DIL; plastic (SOT-27K, M, T).
PCD3311T: 16-lead mini-pack; plastic (SO-16L; SOT-162A).
PCD3312P: 8-lead DIL; plastic (SOT-97A).

PCD3312T: 8-lead mini-pack; plastic (VSO-8; SOT-176).
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oscl  0sco Vop Vss
1(3) 2(4) T Ti3m
cLoC
[ oschLATORJ—->LGENEHATOR]— _Tﬁ___T_ _,I
I
tone generator HIGH group’ | I
MODE__ |3 +X1
7 | |
4
oles , !
Dy 12, SswiTcHED- | |
Dj 1,1 INPUT DIVIDER capaciToR | | SWITCHED- RESISTOR/ 6(5)
e CAPACITOR CAPACITOR | °®'| TONE
10 .| CONTROL [—-»| SELECTION BANDGAP 4-]
Dj | LOW - PASS LOW - PASS
*1 Locic (ROM) VOLTAGE l EILTER FILTER
D1/SDA _|9(8), ReFERENCE | ADDER |
Do/SCL_|8(7) |
> pAC |
A
STROBE |5 $ "—-—I
X2 - PCD3311
tone generator 'LOW group’ PCD3312
7(6)
7287673
Ao

oscl E
osco [2]
mooE [3 |

Fig. 1 Block diagram; the pin numbers in parenthesis refer to the PCD3312.

[14] Voo
[13] Vss

o5 [2] rcpzant [1] 03
sTROBE [5 | [10] D2
ToNE [6 | BEES
Ao [7] 8] pg/scL
7287674

Fig. 2 Pinning diagram

fo

r the PCD3311.

PINNING

1 0OSCl

2 0sco

3 MODE
4 Dg

5 STROBE
6 TONE

7 Ag

8 Dg/sCL
9 Dg/SDA
10 Doy

11 D3

12 Dy

13 Vsgs

14 Vpp

* MODE = HIGH.

oscillator input

oscillator output

mode select input; used for

the selection between serial

mode (MODE = LOW) and parallel
mode (MODE = HIGH)

parallel data input*

strobe input; used for the

loading of data in the parallel mode
frequency output for single

or dual tones

slave address input in the serial
mode; must be connected to

Vpp or Vss

parallel data input*

or serial clock line (12C bus)
parailel data input*

or serial data line (12C) bus)

parallel data inputs*

negative supply
positive supply

30
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DTMF/MODEM/musical-tone generators PCD33M1

DEVELOPMENT SAMPLE DATA

PCD3312
PINNING
1 Vsg negative supply
Vgg [I U E] SDA 2 Vpp positive supply
3 OSCI oscillator input
Voo [2] pCD3312 7] scL 4 0SCO oscillator output
oscl E EJ Ag 5 TONE frequency output for single
or dual tones
osco [+ ] 5] Tone 6 Ag slave address input in the
7287675 serial mode; must be connected
to Vpp or Vgs
Fig. 3 Pinning diagram 7 SCL serial clock line (12C bus)
for the PCD3312. 8 SDA serial data line (I2C bus)

FUNCTIONAL DESCRIPTION
Clock/oscillator (OSCI and OSCO)

The timebase for the PCD3311 and PCD3312 is a crystal-controlled oscillator with a 3,58 MHz quartz
crystal connected between OSCI and OSCO. Alternatively, the OSCI input can be driven from an
external clock.

Mode select (MODE)

This input selects the data input mode. When connected to V pp, data can be received in the parallel
mode (only for the PCD3311), or, when connected to Vgg or left open, data can be received via the
serial 12C bus (for both PCD3311 and PCD3312).

Parallel mode can only be obtained for the PCD3311 by setting MODE input HIGH.

Data inputs (Dg, Dq, Dp, D3, D4 and Dg)

Inputs Dg and D have no internal pull-down or pull-up resistors and must not be left open in any
application. Inputs Dy to Dg have internal pull-down. Dg and D4 are used to select between DTMF
dual, DTMF single, MODEM and melody tones (see Table 1). D3 to D select the combination of the
tones for DTMF or single-tone itself.

Table 1 Dg and D4 in accordance with the selected application

Dg Dg application

DTMF single tones; standby; melody tones
DTMF dual tones (all 16 combinations)
MODEM tones; standby; melody tones
melody tones

—_-a 00
-0 =0

1 =H = HIGH voltage level
0= L = LOW voltage level

Note: Tables 2, 3, 4 and 5 show all input codes and their corresponding output frequencies.
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PCD3311

PCD3312

FUNCTIONAL DESCRIPTION (continued)
Strobe input (STROBE, only for the PCD3311)

This input (with internal pull-down) allows the loading of parallel data into Dg to Dg when MODE
is HIGH.

The data inputs must be stable preceeding the positive-going edge of the strobe pulse (active HIGH).
Input data are loaded at the negative-going edge of the strobe pulse and then the corresponding tone
(or standby mode) is provided at the TONE output. The output remains unchanged until the negative-
going edge of the next STROBE pulse (for new data) is received.

Serial mode can only be obtained for the PCD3311 by setting MODE input LOW.

. tnf)o%fé‘j: N\ AN
A D ED I
S mrWimy
3 Wl sms
7 7 DD L
T 7 T T

oscillator OFF oscillator ON oscillator ON
7287676.1 no output tone |output tones

Fig. 4 Timing diagram showing control possibilities of the oscillator and the TONE output (e.g.
770 Hz + 1477 Hz) in the parallel mode (MODE = HIGH).

Serial clock and data inputs (SCL and SDA)

SCL and SDA are combined with Dg and D1 respectively. For the PCD3311 the selection of SCL and
SDA is controlled by the MODE input. SCL and SDA are serial clock and data lines according to the
12C bus specification (see “CHARACTERISTICS OF THE I2C BUS"). Both inputs must be pulled-up
externally to Vpp.

Address input (Ag)

Aq is the slave address input and it identifies the device when up to two PCD3311 or PCD3312 devices
are connected to the same I>C bus. In any case Ag must be connected to Vpp or Vgg.

32
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DTMF/MODEM/musical-tone generators RCD3311
PCD3312

UCVELUFNVIEN | DANIFLE UAILA

I2C bus data configuration (see Fig. 5)

The PCD3311 and PCD3312 are always slave receivers in the I2C bus configuration (R/W bit = 0).
The slave address consists of 7 bits in the serial mode for the PCD3311 as well as for the PCD3312,
where the least significant bit is selectable by hardware on input Ag and the other more significant

bits are internally fixed. In the serial mode the same input codes are used as in the parallel mode (see
Tables 2, 3, 4, and 5). Dg and D7 are don't care (X) bits.

acknowiedge acknowledge
from slave from slave

R/\Tv$ ‘

MSB
— T
[s]o 170 0 1 0 a0 D,AIX xosuanaozmoo[;\ 3
1 L 1 1 i I - 1 1 1 A1 I 1 1
LS

L

J [§ J

Y Y
slave address data internal STROBE
72876771 for data latching

Fig. 5 12C bus data format.

Tone output (TONE)

The single and the dual tones which are provided at the TONE output are filtered by an on-chip
switched-capacitor filter, followed by an active RC low-pass filter. Therefore, the total harmonic distor-
tion of the DTMF tones fulfils the CEPT CS 203 recommendations. An on-chip reference voltage
provides output-tone levels independent of the supply voltage. Table 3 shows the frequency tolerance
of the output tones for DTMF signalling; Tables 4 and 5 for the modem and melody tones.

Power-on reset

In order to avoid undefined states of the devices when the power is switched ON, an internal reset cir-
cuit sets them to the standby mode (oscillator OFF).

Table 2 Input data for control (no output tone; TONE at Vpp)

Dg Dg D3 Do D1 Do HEX oscillator
X 0 0 0 0 0 00/20 ON

X 0 0 0 0 1 01/21 OFF

X 0 0 0 1 0 02/22 OFF

X 0 0 0 1 1 03/23 OFF
1=H = HIGH voltage level

0= L = LOW voltage level

X=don't care
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PCD3311
PCD3312

FUNCTIONAL DESCRIPTION (continued)

Table 3 Input data for DTMF

Dg | D4 |D3 |D2 |Dq | Dg HEX symbol standard tone frequency
frequency output deviation
freq.

Hz Hz** % Hz
0|0 |1 |0 |0]O 08 697 697,90 +0,13 +0,90
0|0 |1 {0 |0 |1 09 770 770,46 + 0,06 + 0,46
00|10 |1]0 0A 852 850,45 -0,18 —1,65
0|0 |1 |0 |1 1 0B 941 943,23 +0,24 +2,23
o0 |1 |1 |00 ocC 1209 1206,45 -0,21 —2,55
o0 {111 |0 |1 0D 1336 1341,66 +0,42 + 5,66
0|0 |1 |1 110 OE 1477 1482,21 +0,35 +5,21
0|0 |1 |1 1 1 OF 1633 1638,24 +0,32 + 5,24
0 1 0|0 (0O 10 0 941+1336
0 1 0 |0 |0 |1 1 1 697+1209
0 1 0|0 |1 ]0 12 2 697+1336
0 1 0 |0 |1 1 13 3 697+1477
0 1 o |1 |00 14 4 770+1209
0 1 0|1 |0 {1 15 5 770+1336
0 1 0 |1 110 16 6 770+1477
0 1 0 |1 1 1 17 7 852+1209
0 1 110 |0 |0 18 8 852+1336
0 1 110 |0 |1 19 9 852+1477
0 1 1T 10 (1 {0 1A A 697+1633
0 1 110 |1 1 1B B 770+1633
0 1 1 {1 10 1}0 1Cc Cc 852+1633
0 1 1 1T 10 |1 1D D 941+1633
0 1 1)1 110 1E * 941+1209
0 1 1 |1 1 1 1F # 941+1477

Table 4 Input data for MODEM frequencies
Dg [Dg |D3 |Do |Dq |Dg HEX standard tone frequency remarks
frequency output deviation
freq.
Hz Hz** % Hz
1 o0 (1 0]O0 24 1300 1296,94 —0,24 —3,06 V.23
1 0O |0 |1 |0 |1 25 2100 2103,14 +0,15 + 3,14 ’
1 0|0 |1 110 26 1200 1197,17 —0,24 -2,83 Bell 202
1 0 |0 (1 1 1 27 2200 2192,01 —-0,36 -7,99
H O i (0 |0 |0 28 980 978,82 —0,12 —1,18 V.21
1 0 1 10 |0 |1 29 1180 1179,03 -0,08 -0,97
1 o (1 0|10 2A 1070 1073,33 +0,31 + 3,33 gell 103
1 o |1 |0 |1 1 2B 1270 1265,30 -0,37 —4,70
1 0 1 110 |0 2C 1650 1655,66 +0,34 + 5,66 V.21
1 0o |1 110 |1 2D 1850 1852,77 +0,15 +2,77 ’
1 0 |1 1 110 2E 2025 2021,20 -0,19 -3,80 Bell 103
1 0 1 1 1 1 2F 2225 2223,32 —0,08 —1,68

** Tone output frequency when using a 3,579 545 MHz crystal.
1= H = HIGH voltage level

0 = L= LOW voltage level

34

March 1984



DTMF/MODEM/musical-tone generator

PCD3311

PCD3312

Table 5 Input data for melody tones
Dsg Dy D3 Do D1 Do HEX note standard tone
frequency output

frequency

Hz* Hz **
1 1 0 0 0 0 30 D#5 622,3 622,5
1 1 0 0 0 1 31 E5 659,3 659,5
1 1 0 0 1 0 32 F5 698,5 697,9
1 1 0 0 1 1 33 F#5 740,0 7411
1 1 0 1 0 0 34 G5 784,0 782,1
1 1 0 1 0 1 35 G#5 830,6 832,3
1 1 0 1 1 0 36 A5 880,0 879,3
1 1 0 1 1 1 37 A#5 932,3 9319
1 1 1 0 0 0 38 B5 987,8 985,0
1 1 1 0 0 1 39 c6 1046,5 1044,5
1 1 1 0 1 0 3A C#6 1108,7 111,7
1 0 1 0 0 1 29 D6 1174,7 1179,0
z 1 1 1 0 1 1 3B D#6 12445 1245,1
< 1 1 1 1 0 0 3C E6 1318,5 1318,9
o 9 1 1 1 0 1 3D F6 1396,9 1402,1
4 0 0 1 1 1 0 OE F#6 1480,0 1482,2
g 1 1 1 1 0 3E G6 1568,0 1572,0
g 0 1 1 0 0 2C G#6 1661,2 1655,7
- 1 1 1 1 1 1 3F A6 1760,0 1768,5
Z o0 0 0 1 0 0 04 A#6 1864,7 1875,1
£ 0 0 0 1 0 1 05 B6 1975,5 1970,0
o 1 0 0 1 0 1 25 c7 2093,0 2103,1
o 1 0 1 1 1 1 2F C#7 221756 2223,3
20 0 0 1 1 0 06 D7 2349,3 2358, 1
a o 0 0 1 1 1 07 D#7 2489,0 2470,4

* Standard scale based on A4 = 440 Hz.
** Tone output frequency when using a 3,579 545 MHz crystal.

= H = HIGH voltage level

1
0= L = LOW voltage level
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PCD3311
PCD3312

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.

1 1
| X |
I |
; I
| ]
| I _———
| |
sct __/'__\__/_ L
i |
|
|

I

| data line | change

| stable : | of data

) data valid I allowed | 7287019

Fig. 6 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).

S —| L

start condition stop condition 7287005

Fig. 7 Definition of start and stop conditions.

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”.

36
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DTMF/MODEM/musical-tone generators PCD3311

PLVLELUNvic 1INV OANVITLE UATA

SDA
scL
[ ) [ { |
MASTER SLAVE MASTER
TRANSMITTER/ R:é:l\\l/EER TRANSMITTER/ MASTER . TRANSMITTER/
RECEIVER RECEIVER TRANSMITTE RECEIVER
7287004

Fig. 8 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
|

1

SCL FROM i
DATA OUTPUT y o
BY TRANSMITTER [
DATA OUTPUT -
BY RECEIVER

7287007

Fig. 9 Acknowledgement on the 12C bus.
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PCD3311
PCD3312

CHARACTERISTICS OF THE I°C BUS (continued)

Timing specifications

Within the I12C bus specifications a high-speed mode and a low-speed mode are defined. The ICs operate
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. 10.

SDA / K X
~—'BUF—> tg—>| [ e T
scL
—> '"HD;STA |*— = thigH =
—= tow le— —[» | -—- — |-—
HD;DAT tSU;DAT
SDA
— — — e
7287013 'SU;STA isu;STO
Fig. 10 Timing of the high-speed mode.
Where:
tBUF =t OWmin The minimum time the bus must be free before a new
transmission can start

tHD; STA t 2 tHIGHmIn Start condition hold time
t_OWmin 4,7 us Clock LOW period
tHIGHmMIN 4 us Clock HIGH period
tSU; STA t 2t OWmin Start condition set-up time, only valid for repeated start code
tHD: DAT t=>0pus Data hold time
tSU; DAT t=>250ns Data set-up time
tR t<1us Rise time of both the SDA and SCL line
tf t <300 ns Fall time of both the SDA and SCL line
tsyU; STO t 2t OWmin Stop condition set-up time
Note

All the timing values refer to V4 and V| levels with a voltage swing of Vgg to Vpp.
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DTMF/MODEM/musical-tone generators PCD3311
PCD3312

DEVELUFMEN | SAMPLE DATA

- , . -

SDA ! ! \
AR SV A O SV AW AR W
— m i DL i b i i Ve

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

Fig. 11 Complete data transfer in the high-speed mode.

Where:
Clock t| OWmin 4,7 us
tHIGHmin 4 s
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. 12.

«— tgyF —> IR —»| | tp—>) |

—
scL j
—| typ.sta |<— tHIGH l — |<—‘SU;DAT
' tow =— “tho DJ:T—
SDA
7287015 — tsu;sTA I I -~

Fig. 12 Timing of the low-speed mode.
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PCD3311
PCD3312

Timing specifications (continued)

Where:

tBUF t =105 ps (tL OWmin)
tHD; STA t >365 s (tHIGHmin)
tLow 130 us = 25 us
tHIGH 390 us + 25 ps

tSU; STA 130 us + 25 us *
tHD: DAT t= Opus

tsuU; DAT t> 250 ns

tR t< lus

tg t< 300 ns

tsy; STO 130 us + 25 us

Note

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

o /XX NS

—_ - [a— — L J [—
START START BYTE pummy REPEATED ADDRESS ACKNOWLEDGE ~ STOP
CONDITION ACKNOWLEDGE START CONDITION

CONDITION 7287016

Fig. 13 Complete data transfer in the low-speed mode.

Where:
Clock tLOWmin 130 us + 25 us
tHIGHMmIn 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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DTMF/MODEM/musical-tone generators PCD3311

DEVELOPMENT SAMPLE DATA

PCD3312
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VbpD -0,8 +8,0 \%
Input voltage range (any input) V) -0,8 Vpp+0.8 \)
D.C. input current (any input) ) - 10 mA
D.C. output current (any output) tlg — 10 mA
Supply current +1pp; tlgs - 50 mA
Power dissipation per output Po - 50 mwW
Total power dissipation per package Piot - 300 mW
Operating ambient temperature range Tamb -25 +70 oc
Storage temperature range Tstg —65 + 150 oC

CHARACTERISTICS

Vpp =2,6t06 V;Vgg =0 V; crystal parameters: fosc = 3,679 545 MHz, Rgmax = 50 ;
Tamb = —25 to + 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit

Operating supply voltage VpD 25 - 6,0 \%

Operating supply current (note 1)
oscillator ON; Vpp =3V

no output tone IpD - 50 100 HA
single output tone IpD - 0,5 1,0 mA
dual output tone Ipp - 0,6 1,2 mA

Static standby current
oscillator OFF; note 1 IDDO - - 3 HA

Inputs/outputs (SDA)

Dg to Dg; MODE; STROBE
Input voltage LOW ViL 0 - 0,3xVpp \
Input voltage HIGH VIH 0,7 xVpp - Vbbb \
D2 to Dg; MODE; STROBE; Ag
Pull-down input current

V|i=VpDp —iL 30 150 300 nA
SCL (Dg); SDA (D)

Output current LOW (SDA)

VoL=04V loL 3 - — mA
Clock frequency (see Fig. 10) fscL = - 100 kHz
Input capacitance; V| = Vgg Ci — — 7 pF
Allowable input spike pulse width ) — - 100 ns
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PCD3311
PCD3312

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit

TONE output (see Fig. 14)

DTMF output voltage levels
(r.m.s. values)

HIGH group VHG(rms) 158 192 205 mV

LOW group VLG(rms) 125 150 160 mV
D.C. voltage level Vpe - % Vpp - \
Pre-emphasis of group AVg 1,85 2,10 2,35 dB
Total harmonic distortion

Tamb=250°C

dual tone; note 2 THD - -25 - dB

modem tone, note 3 THD - —-29 - dB
Output impedance 1Zol - 0,1 0,5 k2
OSClI input
Maximum allowable amplitude

at OSCI Vosc(p-p) - -~ VbD—Vss v
Timing (Vpp =3V)
Oscillator start-up time tOSC(ON) - 3 - ms
TONE start-up time; note 4 tTONE(ON) - 0,5 - ms
STROBE pulse width; note 5 tSTR 400 - - ns
Data set-up time; note 5 tps 150 — - ns
Data hold time; note 5 tDH 100 - - ns

Notes to the characteristics

1. Crystal is connected between OSCI and OSCO; D@/SCL and D 1/SDA via a resistance of 5,6 k{2 to
Vpp: all other pins left open.

2. Related to the level of the LOW group frequency component (CEPT CS 203).

3. Related to the level of the fundamental frequency.

4. Oscillator must be running.

5. Values are referenced to the 10% and 90% levels of the relevant pulse amplitudes, with a total voltage
swing from Vgg to Vpp.

42
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DTMF/MODEM/musical-tone generators

PCD3311

DEVELOPMENT SAMPLE DATA

Voo > 1uF
TONE
PCD3311
PCD3312
50 pF 10kQ
Vss -"
7287678
Fig. 14 TONE output test circuit.
16 7287679 300 7287680
Tamb =
|Dgo i o amo,
(nA) apb (uA) -259C
1,2 -25°C +25°C
y e
+25°C 200 +700°¢C
’______.__-—-—1——+70°C //
08 i /
g I ;//
i 100 //
v,
0,4 //
0 0
0 2 4 6 8
0 2 4 GVDD(V)B Vpp (V)

Fig. 15 Standby supply current as a
function of supply voltage; oscillator OFF.

7287681
1.5 -
Tamb -
-25°C
'pp

+25°C
(mA) // 1700

AN

05

AN

Z

0

0 2 4 6 Voo (V) 8
Fig. 17 Operating supply current as a
function of supply voltage; oscillator ON;
dual tone at TONE.

Fig. 16 Operating supply current as a
function of supply voltage; oscillator ON;
no output at TONE.

6 7287682

0

0 1 2 3

Vi V)

Fig. 18 Pull-down input current as a
function of input voltage; Vpp =3 V.

March 1984
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A

7287683 7287684
-1 [ T 0,4
v
TONE _
(dBm) Tamb VTONE

~250¢ HIGH GROUP (dB)

-2 +250¢C
]
+70°C — T—— — 0 .
S— \.:\ amb
\:—25°c
—13 +269C —
T
™~
—-04 S

—14 N+70°C

—-25°C .| LOW GROUP

+25fC

+70°C

I \‘Q
—15 L -0,8
0 2 108 105

Vpp (V)

Fig. 19 DTMF output voltage levels
as a function of operating supply
voltage; R|_ =1 MQ.

0

104 103
R (Q)

Fig. 20 Dual tone output voltage
level as a function of output load
resistance.

7290599

level

(dBm)

o [l
[l

-100

frequency (kHz)

7290598

level

|
(dBm) 1
—~20 ML

. = m—

-40 S

—80

o 1 I1TY
L

-100

frequency (kHz)

Fig. 21 Typical frequency spectrum of a dual tone
signal after flat-band amplification of 6 dB.
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DTMF/MODEM/musical-tone generators

PCD3311
PCD3312

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

Vss Vop
I 1 mute
GENERAL
PURPOSE
MICROCONTROLLER
(40r8-BIT)
data bus 0SCO 0sCI STROBE

Fig. 22 PCD3311 driven by a microcontroller with parallel data-bus.

Do

.

' TONE
pg PCD3311

mobe Vop Vss

I_+ ]

7287686.1

Vss Voo
mute
% 3‘ TELEPHONY
E1[el)—r| MICROCONTROLLER
(el PCD3343
HEED)
0 0SC!_0SCo

3,581;1@&27 pF
T

12C bus

I
Il

0SCl 0SCO
scL

TONE
SPA pep3zt2
Ao Vss  Vbp

—t |

Fig. 23 PCD3312 driven by telephony microcontroller PCD3343 with serial 1/0 (I2C bus).
The PCD3343 is a single-chip 8-bit microcontroller with 3K ROM/224 RAM bytes. The same application
is possible with the PCD3311 with MODE = Vgs.

by Philips.

Purchase of Philips’ I?*C 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

October 1984
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples PCD3315

made available for evaluation. It does not necessarily
imply that the device will go into regular production.

CMOS REDIAL AND REPERTORY DIALLER

GENERAL DESCRIPTION

The PCD3315 is a single chip CMOS dialler I1C for telephone sets. It has two dialling modes; pulse
dialling (PD), and dual tone multi-frequency (DTMF) when used in conjunction with tone generator
PCD3312. As well as manual dialling it also features several automatic functions, e.g. redial, extended
redial, notepad and repertory dial.

Features

® Pulse dialling

® DTMF dial control of tone generator PCD3312

® Redial

® Extended redial

® Electronic notepad

® Ten repertory dial numbers

® 18-digit capacity for each autodial memory

® Maximum of 36 digits per call

® Flash or register recall

® Uses standard 4x4 keyboard (single or double contact)

® Four extra function keys: program/autodial, flash, redial, access pause

® Access pause generation and termination

® Automatic PABX-digit recognition; resulting in an access pause insertion
® Hold input and access pause output (APQ) to adjust the duration of the access pause and facilitate

use of tone recognisers

Four diode or strap functions: general/German, access pause time, reset delay time, general:
mark-space ratio/German: prepulse

® Manual reset of autodial RAM

® On-chip power-on reset

® Programmed for improved noise immunity

QUICK REFERENCE DATA

Operating supply voltage VDD 2,75t06,0 V
Standby supply voltage VDD min. 1V
Operating currents at Vpp = 3 V, conversation mode IDD typ. 300 A
Standby supply currentat Vpp = 1,8 V; Tamp = 25 °C DD typ. 1,2 uA
Crystal frequency f 3,68 MHz
Operating ambient temperature range Tamb —25to +70 °C

PACKAGE OUTLINES

PCD3315P: 28-lead DIL; plastic (SOT-117).
PCD3315T: 28-lead mini-pack; plastic (SO-28; SOT-136A).
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PCD3315

PINNING

ne. [T
e [Z
ne [3]
ROW 1 [4]
Row 2 5 |
ROW 3 [6 |
ROW 4 [7]

7_8] Vop
7] ne.
[25] scL
[24] spa
E M1

[22] OP/FLASH

rows [8 | Fepons [21] coL
DIoDE [9] [20] cou 3
APO [E 19] coL2
FOLD [11] 18] coL 1
ce [iz] [17] ReseT
Po/oTMF [13] [16] xTAL 2
Vs [14 [15] xTAL 1
7280594

Fig. 1 Pinning diagram.

TIMING DATA, GENERAL VERSION *
Reset delay time *

Reset delay time during access pause
Keyboard debounce time

Flash time

Pulse dialling

Dial frequency
Break/make time *
Interdigit pause
Access pause *

Mute hold-over time (only during access pause)

DTMF dialling

Tone transmission time

Tone pause time

Mute hold-over time during dialling
Mute hold-over time during access pause
Access pause *

* Value is determined by diode option.

irds
trds
tdb
tf

fd
tb/m
tidp

th

t

th
th
tap

160 or 320
320

20

95

10

60,40 or 67,33
840

3or

-

ms
ms
ms
ms

Hz
ms
ms

%)

min. 70 ms or key-down time
min. 70 ms
80 ms

1

S

1,50r25 s

48
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CMOS redial and repertory dialler

PCD3315

UCVELUrNVIEN | DAVIFLE DATA

TIMING DATA, GERMAN VERSION *
Reset delay time *

Reset delay time during access pause
Keyboard debounce time

Pulse dialling

Dial frequency

Break/make times

Interdigit pause

Access pause *

Mute hold-over time * (only during access pause)
Prepulse time * (if selected)

DTMF dialling

Tone transmission time

Tone pause time

Mute hold-over time during dialling
Mute hold-over time during access pause
Access pause *

Flash time

* Value is determined by diode option.

trds
trds
tdb

fd
th/m
tidp
tap
th
tpp

it

th
th
tap
tf

160 or 320 ms
320 ms
20 ms

10 Hz
60, 40 ms

840 ms
3or5 s
lor3 s

20 ms

min. 80 ms or key-down time
min. 80 ms
80 ms

1s

1,560r25 s
95 ms

November 1984
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PCD3315

KEY PROCEDURE

column 1 2 3 4
row
1 1 2 3 A
2 4 5 6 B
3 7 8 9 C
4 * 0 # D
5 P FL R AP

Table 1 Key procedure

Fig. 2 Keyboard.

mode operation program
redial R automatic
extended redial | P . R TN . P
notepad P. R dial . P. P. TN . P
repertory dial P. d P . TN
PABX digitis automatic P . R. dq (d2) R d3 (dg)
autodial RAM | hook-on: 2,5,8,0
reset
hook-off: 2,5,8,0
Where : = press and release P-key

= press and release R-key

TN = telephone number
d =digitOto9

P
P = press and keep P-key pressed
R

2,5,8,0 = press and keep pressed keys 2, 5, 8 and 0
2,5,8,0 = release keys 2, 5, 8and 0

50
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PCD3315

.

CMOS redial and repertory dialler
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PCD3320

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3320 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The circuit has the following features:

Operation from 2,5V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 uA.

Low static standby current; typ. 1 uA.

On-chip oscillator for 3,68 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
All inputs with pull-up/pull-down (except CE).

23-digit capacity for redial operation.

Circuit reset for line power breaks; > 160 ms.

Dialling pulse frequency: 10 Hz.

Test pulse frequency: 932 Hz.

Hold facility for lengthening the inter-digit period.

Memory overflow possibility (with internally disabled redial).
All inputs are internally protected against electrostatic charges.

High input noise immunity.

PACKAGE OUTLINES

PCD3320P : 18-lead DIL; plastic (SOT-102G).
PCD3320D: 18-lead DIL; ceramic (SOT-133).

February 1982
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PCD3320

PINNING

1 VDD
10 Vsg
Inputs

5 FO1

7 CE

1 X1 \
12 X2

13 X3 l
14 Y1 I
15 Y2

16 Y3 }
17 Y4

18 HOLD
Outputs

2 DP

3 m

4 M1

6 M3
Oscillator

8 0SCIN |
9 oscouT |

DP| 2 17|1Y4
M1 3 16| Y3
M1]| 4 15| Y2

ro1[5 | Pcp3320 Ew

M3 | 6 13| x3

CE|7 12| X2

OSCIN|8 1] x1

0SCOouT | 9 EVSS
7283263.1

Fig. 1 Pinning diagram.

positive supply
negative supply

the dialling pulse frequency is defined by the logic state of this input
Chip Enable; used to initialize the system; to select between the operational
mode and the static standby mode; to handle line power breaks.

column keyboard inputs with pull-down on chip

row keyboard inputs with pull-up on chip

interrupts dialling after completion of the current digit or immediately
following an inter-digit pause (tjq); further keyboard data will be accepted

Dialling Pulse; drive of the external line switching transistor or relay
Muting; normally used for muting during the dialling sequence

inverted output of M1

AND function, with DP and M1 as input, for direct drive of a switching
transistor for dialling pulses and muting.

input and output of the on-chip oscillator

54
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C-MOS interrupted current-loop dialling circuit

PCD3320

OSC IN 0SC OUT FO1
¥8 b O Y5 cL
F' N
PROGRAMMABLE TIMING 7
> > < CE
OSCILLATOR || OIVIDER COUNTER RESET
¥
z
} PCD3320 ? 1
v v v
READ 18
b appRess [ T HOLD
COUNTER
24x4BIT | ADDRESS l}
RAM DECODER CONTROL
. ADDRESS
< SELECT = LOGIC 3
+- M1
i d
> M1
WRITE
INPUT/ ADDRESS K= Bl ws
OUTPUT
COUNTER
OUTPUT l I {;7 —4— Voo
COUNTER KEYBOARD
R 10
DECODE ——vgg
Y2 411412413414 415416417
7283264.2
DP X1 X2 X3 Y1 Y2 Y3 Y4

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see also Fig. 2)
Clock oscillator (OSC IN, OSC OUT)

The time base for the PCD3320 is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set by input FO1 to provide one of two chip system
clocks; the ‘normal’ clock frequency (FO1 = LOW) and the test frequency (FO1 = HIGH).

Alternatively, the OSC IN input may be driven from an external clock signal.

February 1982
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PCD3320

Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time t,q (see Figs & s« 6 and timing data)
an internal reset pulse will be generated at the end of the t,q period. The system is then in the static
standby mode. Short CE pulses of <t,q will not affect the operation of the circuit. No reset pulses are
then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (X,) and the row keyboard inputs (Yp,) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as
shown in Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is
decoded into a 4-bit binary keycode by the keyboard decoder when one column input is connected to
one row input or, when one column input is set HIGH and one row input is set LOW, Any other input
combinations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock
pulse periods (entry period tg). The next keyboard entry will not be accepted until the previously
closed contact has been open for three or four clock pulse periods. The one clock pulse period of
uncertainty in the debouncing process arises because keyboard entries are not detected until the
trailing edge of the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. |f more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored,
automatic redialling is inhibited until the WAC has been reset by the first digit entry of the next
telephone call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset during entry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by one.

If the first pushbutton to be nressed ic redial {#) the WAC is not reset and the keycodes stored in the

RAM are sequenually recalled and converted mto correctly timed dialling pulses at output DP. During
redial no keyboard entry will be accepted and stored in the RAM. But, when all in the RAM stored
numbers have been pulsed out, new keyboard entry will be accepted, stored in the RAM and converted
into correctly timed dialling pulses.

56
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C-MOS interrupted current-ioop dialling circuit

‘ L PCD3320

T T T common (left open)
—O —0 —O
19 [C2] 37
T T b—0 ” 0— ¢o0||0—q ¢#oO ” O
—O —O —O
1 °{ T v O P27 3] Y1
Bl B i T T T
77 87 97 v —oT[ot to][ot to][o-
I | I 540 | 959 | 1969
—O 0 L»—o#i va Y2
X3 —O || O— ’—O”O——' —O || O—¢
X2 —0 —O —O
o 79 8 7 99 3
7283265
o0q | T°#9
4
# Redial. L x3
X
7283266 X?
Fig. 3 Single contact keyboard. Fig. 4 Double contact keyboard.
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C-MOS interrupted current-loop dialling circuit PCD3320

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (typ) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tg) later, a prepulse with a duration of ten clock pulse periods (tgy) appears at outputs
M1 and M3. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period t, commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact {Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (typ) after CE goes
HIGH, the clock pulse generator starts and data entry period tg commences. After period to, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjq) ensues. M2 then goes HIGH (M2 is an internally generated signal, used for explanation
only), the RAC addresses the RAM and the first keycode is loaded into the register of the output
counter which generates the appropriate number of correctly-timed dialling pulses at outputs DP and
M3. When the digit has been pulsed out, M2 goes LOW, the RAC is incremented by one and the
procedure repeats until the WAC and RAC contents are equal (all digits pulsed out). Output M1 then
goes LOW, the circuit assumes the conversation mode. The circuit reverts to the static standby mode
if CE goes LOW for more than the reset delay time (t,q = 1,6 dialling pulse periods) at any time
during the conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW
although Vpp is maintained by a back-up supply (e.g. because an external diode isolates CE from the
back-up supply connected to Vpp). The RAM retains its contents for subsequent automatic redialling
as long as the back-up supply maintains Vpp above Vppo = 1,8 V.
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PCD3320

tid tid

RAC contents = _f
WAC contents

nT+ty

for last digit of number

handset handset
lifted replaced
CRADLE - - -
CONTACT r -l
: : VDD maintained from
i | +~ back-up supply
Voo |
| T
Il j=—trg =i | trg—|
1 . i I o _—— 1
cE | L 1 ! =
1 (no effect) ! !
iprepulse ' :
M1 N | | J L
S | I T
iton*tg | ! !
- - | ! ! al
M1 ] I ] I - - J-
Ity | | |
—| |- 1t 1 !
KEYBOARD H "ll ’ I l 1 |
ENTRY : : i : TT "'C4 I - : - J! *
"
I > contact bounce time + tg ! !
| contact ] |
M2 | bounce time l - "‘1 r_ - —I | L
T [ ty T t Ity T tg! !
[ I —| - = (- |
[ ! [ ' 1 |
DP 1 | Eainininn I L
1 [ [T 1 |
Il | tytm, I |
i | __ | (I [l |
m3 . LI - ' L

1 DIALLING MODE
LCONVERSATION

(await dialling tone)

* oscillator off.

CONVERSATION *STATIC
MODE STANDBY
MODE

7279967.1

all registers except WAC reset
keyboard input inhibited.
number stored in RAM until Vpp < 1,8V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply

via the cradle contacts). M2 is an internal signal.
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C-MOS interrupted current-loop dialling circuit PCD3320

tone) tig nT tid nT+tg

handset A handset
lifted replaced
CRADLE -- - "7
CONTACT
T Sierh !
COMMON ! ‘T—i« !
CONTACT . _— o o
I : : Vpp maintained from
: I | back-up supply
Vop | |
] 1
1 la—t,d—ﬂ
! - - - I
e 1] LI 1 |
I —elle— tgn = [
: ’: clock start time :
M1 i if o - L__ i
S r— ! !
| = ton +te ! :
— ! -
M1 | l J—
| i | |
e ! !
KEYBOARD . !
entay [ 3] __ [ - L |
I —elle— ! !
I te (see Fig.5) ! |
| | ) !
M2 | I | L L_- !
| [ [ | | |
| I | | ! !
I | | | | |
DP | | . =] 5] . =] ] L !
| | | ! [ |
. : | i |
[ - -
M3 | L1 L !
(await i
dialling ‘

DIALLING MODE |
CONVERSATION STATIC
STANDBY
MODE

7279968,

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the
cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after
point A. M2 is an internal signal.
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PCD3320

Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD input is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on M3

and DP until the HOLD input is set LOW again and an inter-digit pause has elapsed.

Fig. 8 Timing diagram showing the effect of activating the HOLD input during the transmission of

HOLD I’_‘— '-'_1

M1 1| ) [
|

| nT +tm :
| |
M2 l | I
! | | |
e, tmo | !
[ I | |
op I [1][z] [s]! ' [ ]
t ! T L oty | [ T
— :<—>I —| |- first pulse of next digit
[ | |
a7 1 M M M | 1
o N D N ) | I —
| start of tig |
Vpp > VpDO delayed until
CE = HIGH HOLD = tid
Low
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7279974

dialling pulses. M2 is an internal signal.
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C-MOS interrupted current-loop dialling circuit PCD3320

RATINGS

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

Supply voltage VpD —-0,3to8 V
Voltage on any pin 2 Vgs—0,3to Vpp +0,3 V
Operating ambient temperature range Tamb -25to0 +70 ©C
Storage temperature range Tstg —55to+ 125 OC

CHARACTERISTICS

Vpp =3 V; Vgg = 0 V; crystal parameters: fogc = 3,58 MHz, Rgmax = 100 Q2 (note 3); Tamp = 25 ©C;
unless otherwise specified

symbol | min. typ. max. conditions

Operating supply voltage VpDp 2,5 3 6 \Y
Standby supply voltage ‘ Tamb =—25t0+70°C
(note 1) VDDO 1,8 — 6 \Y
Operating supply current IpD — 40 - HA CE = HIGH; notes 2, 3
[ CE=HIGH;Vpp=6V;
DD - 50 100 HA | notes 2, 3
Standby supply current IpDO - 1 5 HA CE = LOW; note 2
_ - | Vbp=18V
'bbo 2 HA T\ Tamb = —25 to + 70 0C
Input voltage LOW Y - - 03V
P 9 IL b l1sv<vpp<6V
Input voltage HIGH ViH 07Vpp - - J
Input leakage current; CE
LOW - - - 50 nA CE = LOW
HIGH IH - - 50 nA CE = HIGH
Pull-down input current
FO1, HOLD NH 30 100 300 nA Vi=Vpp

Matrix keyboard operation

X ted to Y
Keyboard current Ik - 0 - HA connected to 1.

CE = HIGH
Keyboard ‘ON’ resistance RKoN |— — 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance | RKOFF | 1 — — MQ contact OFF; note 4
Other keyboard operation
Input current for X, ‘ON" | l1y - — 30 uA Vi=15t03V
Input current for Y, 'ON" | —Ij_ 10 - - HA Vi=0to25V
Input current Y, —I - - 0,7 mA | V| =Vgg
Output sink current loL 0,7 16 32 mA VoL=05V
Output source current —loy (0,65 1.3 27 mA| Vou=25V
Notes
1. Vppo = 1.8 V only for redial. 3. Stray capacitance between pins 8 and 9 < 3 pF.
2. All other inputs and outputs open. 4. Guarantees correct keyboard operation.
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TIMING DATA I

Vpp =3 V; Vgg =0 V; crystal parameters: foge = 3,568 MHz; Rgmax = 100

symbol | min. typ. max. conditions
Clock start-up time ton - 4 - ms Figs 6, 7; note 1
Initial data entry time
(tj = ton + te) timin | — 18 - ms | FO1=LOW } Fig. 7
timax | — 4 - ms FO1 = HIGH ’
TIMING DATA 11 (exact values)
VDD = 2,6 106 V; Vgg =0 V; foec = 3,58 MHz
symbol | FO1=LOW | FO1=HIGH conditions
(dialling) (testing)
Dialling pulse frequency fop 10,13 932,2 Hz note 2
Dialling pulse period; 1/fpp Top 98,7 1,073 ms Figs 6, 7
Prepulse duration; 1/3x Tpp | tgq 33 0,358 ms Figs 6, 7
Inter-digit pause; 8 x Tpp tid 790 8,68 ms Figs 6, 7
Break time; 3/5 x Tpp th 59,2 0,644 ms Fig. 6
Make time; 2/5 x Tpp tm 39,5 0,429 ms Fig. 6
Debounce time
min. 4/30x Tpp te min 13,2 0,143 ms Fig. 5
max.; 1/6 x Tpp te max 16,5 0,179 ms Fig. 5
Reset delay time; 1,6 x Tpp tg 158 1,7 ms Figs 5,6, 7

Notes

1. Stray capacitance between pins 8 and 9 < 3 pF.
2. Exactly 10 Hz and 920 Hz respectively when a 3,5328 MHz crystal is used.
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C-MOS interrupted current-loop dialling circuit PCD33 20
TYPICAL CURVES
8 7288361 80 7288360
Ibbo 'pp Tamb‘_
(uA) (nA) -25°C
p
6 60
1
Tamb = 1 +25°C
-25°C /
4 // | 40 — %
/ +25°C ] +70°C
V' X 100 ]
2 // 20 ,/'/‘
e
e
v
0 0
0 2 4 0 2 4 6 8
Voo (V) Vpp (V)

Fig. 9 Standby supply current as a
function of standby supply voltage.

5 7288362
]
(eA)
10
Tamb=
—26°C
+25°C
5 t
::;,—— +70°C
Y/
0 \
0 1 2 3

%

Fig. 11 Pull-down input current as a
function of input voltage at Vpp =3 V.

Fig. 10 Operating supply current as a
function of operating supply voltage.

400 7288363
HH
(nA)
300 Tamb=1
-25°¢
-~
200 ,/
//
/ |+ +25°C
100 / | -
| 4 +70°
/ ]
0 2 8
0 4 6
Vpp (V)

Fig. 12 Pull-down input current as a
function of supply voltage at V| = Vpp.
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TYPICAL CURVES (continued)

40 7288364
'k
(uA)
30 Tamb=
-25°C
20 //
L — +25°C
oA 1|
/ L1 | _1—+70%
1
0 1 |
0 2 4 8
6 Vpp (V)
Fig. 13 Keyboard current as a
function of supply voltage;
X-pins connected to Y-pins.
20 7288366
oL
(mA)
4
15
5
e
// L1 6 |
10 / L
L / /
v
5 1
7 _+—1,
13
0 |

VoL (V)

Fig. 15 Output (N-channel) sink
characteristics for M1, M1, M3 and DP.

Curves for Figs 15 and 16

Tamb IVDD=3V Vpp=6V

—250C 1 4
+250C 2 5
+70°C 3 6

40 7288365
|
X
Y
-y Y
(nA) Vpp=3V \VDD= 6V
30 \
ol || \\
\ \L__Ix
10 L Vpp=6V __|
X -
[\ Vop=3V
. AN
0 2 4 6 8
VyiVy (V)

Fig. 14 Keyboard input characteristics
at Tymp = 25 OC.

7288367

CFLE
///
V4

5 \‘x\

Vou (V)

Fig. 16 Output (P-channel) source
characteristics for M1, M1, M3 and DP.
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I L PCD3321

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3321 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The PCD3321 can regenerate access pauses during redial. During the original entry, access pauses are
stored either automatically or via the keyboard. A regenerated access pause can be terminated during
redial in three ways: automatically after a built-in time, or via the keyboard, or with an external dial
tone recogniser circuit. This makes the circuit very suitable for redial in PABX (Private Automatic
Branch Exchange) systems. The PCD3321 is pin to pin compatible with the DF320 and the MT4320
(however, including additional functions).

The circuit has the following features:

Operation from 2,5 V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 uA.

Low static standby current; typ. 1 pA.

On-chip oscillator for 3,58 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
23-digit capacity, including access pauses, for redial operation.
Memory overflow possibility (with internally disabled redial).
Selectable dialling pulse frequency: 10 Hz, 16 Hz and 20 Hz.
Test pulse frequency: 932 Hz.

Selectable dialling pulse mark/space ratios; 2 : 1 or 3: 2.

Hold facility for lengthening the inter-digit period.

Circuit reset for line power breaks; > 160 ms (10 Hz dialling pulse frequency).

Access pause generation automatically or via the keyboard.

Access pause reset:
automatically after 3 s (10 Hz dialling pulse frequency),
via the keyboard,
with external tone recogniser.

® All inputs with pull-up/pull-down (except CE).
® All inputs are internally protected against electrostatic charges.

® High input noise immunity.

PACKAGE OUTLINES

PCD3321P: 18-lead DIL; plastic (SOT-102G).
PCD3321D: 18-lead DIL; ceramic (SOT-133).
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Vpp | 1 U 18| HOLD/APO
DP | 2 17 I Y4
M1 | 3 16] v3
mM/s | 4 15 l Y2
FO1 | 5 PCD3321 14 Y1
Fo2 [ 6 13] x3
CE |7 12 I X2
OSCIN | 8 1] X1
0SC OUT | 9 10] Vss
72844911
PINNING Fig. 1 Pinning diagram.
1 Vbp positive supply
10 Vgs negative supply
Inputs
4 M/S controls the mark-to-space ratio of the line pulses
g ig; } the dialling pulse frequency is defined by the logic state of these two inputs
7 CE Chip Enable; used to initialize the system; to select between the operational mode
and the static standby mode; to handle line power breaks
11 X1
12 X2 l column keyboard inputs with pull-down on chip
13 X3 J
14 Y1 l
15 Y2 . . .
16 Y3 ‘ row keyboard inputs with pull-up on chip
17 Y4
Outputs
2 DP Dialling Pulse; drive of the external line switching transistor or relay
3 M1 Muting; normally used for muting during the dialling sequence
Input/output

18 HOLD/APQ This pin will go HIGH when an access pause code is read from the memory during
pulsing and will interrupt dialling. It can also be externally controlled; it will
interrupt dialling after completion of the current digit or immediately during an
inter-digit pause (tjq); further keyboard data will be accepted.

Oscillator

8 OSCIN | . - )
9 0SC OUT | input and output of the on-chip oscillator
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C-MOS interrupted current-loop dialling circuit PCD3321

0SC IN  OSC OUT FO1 FO2 Mm/S
"8 “9 v5 v 6 cL ‘74
A
PROGRAMMABLE TIMING 7
- »| RESET }— E
OSCILLATOR DIVIDER COUNTER ¢
A\ 4
4 PCD3321 1 1
v v v
READ
— AbDRESS |
COUNTER
24x4BIT | ADDRESS JJ
RAM DECODER Bl
< ADDRESS CONTROL [
SELECT A\’: LOGIC
WRITE
INPUT/ 18
ADDRESS < HOLD/
OUTPUT
COUNTER APO
4 APO
OUTPUT [ H— Voo
COUNTER KEYBOARD ACCESS
DECODER C::) PAUSE 0] veg
12 111412413214 215416117
DP X1 X2 X3 Y1 Y2 Y3 Y4 72844921

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see also Fig. 2)
Clock oscillator (OSC IN, OSC OUT)

The time base for the PCD3321 is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set (FO1 and F02) to provide one of four chip
system clocks; three ‘normal’ clock frequencies and one higher test frequency.

Alternatively, the OSC IN input may be driven from an external clock signal.

February 1982 69



PCD3321

Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time t,q (see Figs 5 and 6 and timing data)
an internal reset pulse will be generated at the end of the tyq period. The system is then in the static
standby mode. Short CE pulses of < t,.q will not affect the operation of the circuit. No reset pulses are
then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (Xp) and the row keyboard inputs (Yp) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as shown
in Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder when one column input is connected to one row
input or, when one column input is set HIGH and one row input is set LOW. Any other input combin-
ations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock pulse
periods {entry period tg). The next keyboard entry will not be accepted until the previously closed
contact has been open for three or four clock pulse periods. The one clock pulse period of uncertainty
in the debouncing process arises because keyboard entries are not detected until the trailing edge of
the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. If more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored, auto-
matic redialling is inhibited until the WAC has been reset by the first digit entry of the next telephone
call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset during entry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by
one. If the first pushbutton to be pressed is redial (#), the WAC is not reset and the keycodes stored

in the RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP.

If the redial pushbutton (#) is operated again during the redialling sequence it will be decoded as an
Access Pause Reset. This function will be described later during the description of the access pause
system of the PCD3321. During redial no keyboard entry will be accepted and stored in the RAM. But,
when all in the RAM stored numbers have been pulsed out, new keyboard entry will be accepted,
stored at the RAM position after the last digit code of the original entry and converted into correctly
timed dialling pulses.
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common (left open)

I I I
—O —O —O
127 P37
T T T piisg R pdiig il adike
»—04? »—05? 6 Q - 0,0 | 129 | 1°39 v
T T T T I I
»-071 "'oa‘f »—09? - »——o“o~ »—o”o—« »—o”o—
I |z T el OsT ] Oy L,
Cx 7 0l °#9 va T T I
piaigiaigEis
X3
X2 19 | P87 | e} Y3
X1
7283249 T I T
o7 rellet relles
* Access pause set. —O*i 0? L-o#? Ya
# Redial or Access Pause Reset. L x3
X2
X1
7283250
Fig. 3 Single contact keyboard. Fig. 4 Double contact keyboard.
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C-MOS interrupted current-loop dialling circuit PCD3321

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (ty,) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tg) later, a prepulse with a duration of ten clock pulse periods (ty) appears at output
M1. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period t, commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (ton) after CE goes
HIGH, the clock pulse generator starts and data entry period to commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjq) ensues. M2 then goes HIGH (M2 is an internally generated signal, used for explanation
only), the RAC addresses the RAM and the first keycode is loaded into the register of the output
counter which generates the appropriate number of correctly-timed dialling pulses at output DP.
When the digit has been puised out, M2 goes LOW, the RAC is incremented by one and the procedure
repeats until the WAC and RAC contents are equal (all digits pulsed out). Output M1 then goes LOW,
the circuit assumes the conversation mode. The circuit reverts to the static standby mode if CE goes
LOW for more than the reset delay time (t;q = 1,6 dialling pulse periods) at any time during the
conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW although Vpp is
maintained by a back-up supply (e.g. because an external diode isolates CE from the back-up supply
connected to Vpp). The RAM retains its contents for subsequent automatic redialling as long as

the back-up supply maintains Vpp above Vppo = 1,8 V.
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tig | nT tid nT+1tg \
' for last digit of number |
! DIALLING MODE | —————
LCONVE RSATION CONVERSATION STATIC
MODE MODE STANDBY
(await dialling tone) M

* oscillator off. 72844971

all registers except WAC reset
keyboard input inhibited .
number stored in RAM until Vpp < 1,8V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply
via the cradle contacts). M2 is an internal signal.
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PCD3321

handset handset
lifted replaced
CRADLE -- - -
conTACT—] 1
[ Stontte !
I |
COMMON | !
CONTACT .. .. - -
! : : Vpp maintained from
t i , J  back-up supply
Vop | | !
T 1
| [ —
i - . — |
CE | [ LT 1 |
I el g = i
! I clock start time !
] H - - !
M1 | i | !
[y — ] i
| Htj=ton +te ! !
[ | |
KEYBOARD ! - ¢ ! !
vty [ 3] __ [ - Lo !
I el ! !
I tg (see Fig.5) ! |
I | . !
M2 | | | [ | ] . |
[ | - | | | |
| ] i i ] |
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| | 1 | | | |
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I dialling | | ! { : :
| tone) | : nT | | nT+tg | |
| | |
| | |
1

DIALLING MODE

fae ———

STATIC
STANDBY
MODE

CONVERSATION
MODE

72844981

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the

cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after

point A. M2 is an internal signal.
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Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD/APO is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on DP
until the HOLD/APO is set LOW again and an inter-digit pause has elapsed.

HOLD/APO l_—__"—l

M1 [
[ T
| nT + tm | |
I | [
M2 ——l | 4,_-
| | | |
e, Imo | |
| | | |
DP L[] =] =] | ]
tm LTty 11 T TTTA
—| | —| |- first pulse of next digit
! (| |
| start of tig |
VbD > VDDO delayed until
CE = HIGH HOLD/APO| _ tid
= LOW ‘
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7284496

Fig. 8 Timing diagram showing the effect of activating the HOLD/APO during the transmission of
dialling pulses. M2 is an internal signal.
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Access pause regeneration during redial

During original entry, access pause codes can be stored at the appropriate positions in the RAM.

During redial the Access Pause Output (HOLD/APO)will go HIGH as soon as an access pause code is

read from the RAM, thereby interrupting dialling until HOLD/APO is made LOW again as described above.

In this way the normal inter-digit pause with a duration t;jq can be replaced by a proper access pause.

An access pause code is now automatically stored in the RAM during original entry, when M1 goes

LOW, after all digits so far entered have been transmitted (see Fig. 6). This occurs between entering of

the trunk exchange code and the subscriber code, whilst the access tone is available. Up to two access

pauses can be entered into the RAM in this manner. Alternatively, the access pause key (%) can still be

pressed to insert (more) access pauses manually (digits + access pauses < 23).

During redial, access pauses will be automatically regenerated.

Three methods of terminating an access pause:

1. Automatically, if the built-in time tap expires; HOLD/APO then goes LOW.

2. Manually, by pressing the redial key before tap expires.

3. With an external tone recogniser, by forcing HOLD/APO to LOW or HIGH respectively, for
shortening or lengthening an access pause.

M1 - 1. N

max. access pause = tap |

I
op _[1] 2] __Jo] = EIEIEE
| |
tm: | |
! |
HOLD/APO |" "_I |
o i T
de-mute mute |
DIALLING ! ' !
TONE - ! -_JWW_-.._______'
tig
-
DIALLING CONVERSATION  DIALLING
MODE MODE MODE
7284494
(1) a Accesc nause [t ) exnires or nrese redial before end of t
(1) a. Access pause (ta,) expires or press redial before end of tap,.

b. HOLD/APO controlled by tone recogniser:
HOLD/APO forced to LOW before tap expires; access pause < tgp
HOLD/APO forced to HIGH after tap eXpires; access pause > tap.

Fig. 10 Timing diagram showing Access Pause Reset.
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RATINGS

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

Supply voltage VpD —-0,3to8 V
Voltage on any pin Vi Vgg—03to Vpp +0.3 V
Operating ambient temperature range Tamb —25t0 +70 °C
Storage temperature range Tstg —55to +125 OC

CHARACTERISTICS

Vpp =3 V; Vgg = 0 V; crystal parameters: fogc = 3,68 MHz, Rgmax = 100 2 (note 3); Tamb = 25 °C;
unless otherwise specified.

symbol | min. typ. max. conditions
Operating supply voltage Vpp 2,5 3 6 \
Standby supply voltage l Tamb = —25 to +70°C
(note 1) Vppo | 1.8 - 6 \
Operating supply current IpD - 40 - nA CE = HIGH; notes 2, 3
_ { CE=HIGH;Vpp=6V;
'oD 50 100 HA \ notes 2, 3
Standby supply current IDDO — 1 5 HA CE = LOW; note 2
Vpp=18V
- - 2 (Vbp=1,
Ibpo HA || Tamp = —25 10 +70 °C
Input voltage LOW ViL - - 03Vpp | 1,8V<Vpp <6V
Input voltage HIGH ViH |[07Vpp— - f
Input leakage current; CE
LOwW L - - 50 nA CE = LOW
HIGH lH - - 50 nA CE = HIGH
Pull-up input current
M/s —hL 30 100 300 nA V| = Vss
Pull-down input current
FO1, FO2 I H 30 100 300 nA Vi=Vpp

Matrix keyboard operation
X connected to Y,

Keyboard current Ik — 10 - MA { CE = HIGH
Keyboard ‘ON’ resistance RKON - — 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance | RKQFF| 1 - - MQ | contact OFF; note 4
Other keyboard operation
Input current for X, ‘ON’ lIH - - 30 uA Vi=15t03V
Input current for Y, ‘'ON" | —lj_ 10 - - uA | V;=0to25V
Input current Yp, - — - 0,7 mA | V|=Vsgs
Notes
1. Vppo = 1.8 V only for redial. 3. Stray capacitance between pins 8 and 9 < 3 pF.
2. All other inputs and outputs open. 4. Guarantees correct keyboard operation.
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CHARACTERISTICS (continued)

symbol | min. typ. max. conditions
Outputs M1, DP
sink current loL 0,7 16 3,2 mA VoL=05V
source current —loH 0,65 1,3 2,7 mA VoH=25V
Latch output HOLD/APO
sink current loL 50 130 300 uA VoL=05V
source current —loH 45 110 250 HA VoH=25V
TIMING DATA
Vpp =2,51t06V;Vgg=0V;fys =3,5679545 MHz
input levels of FO1 and F02 VEo1 |LOW | HIGH| LOW |HIGH
(Vgg = LOW; Vpp = HIGH) VEQ2 [LOW [ HIGH| HIGH | LOW conditions
symbol (testmode)| (note 4)
Dialling pulse frequency 1/Tpp fop 10,13 15,64 1 19,42 {939,2 Hz | note 1
Dialling pulse period 1/fpp Tpp (98,7 |644 |51,5 |1,073 ms
Clock pulse frequency 30xfpp fcL |303,9 | 466,1| 582,6 | 27965 Hz
Break time (note 2) 3/5xTpp | tp 59,2 {386 |309 |0644 ms |M/S=H;n.c.
Make time (note 2) 2/5xTpp | tm 395 | 258 (20,6 (0,429 ms | M/S=H;n.c.
Break time (note 3) 2/3xTpp | tp 658 |429 (346 |0,715 ms ([M/S=L
Make time (note 3) 1/3xTpp | tm 329 |215 |17,2 (0358 ms |M/S=L
Inter-digit pause 8xTpp tid 790 | 515 412 (858 ms
Reset delay time 16xTpp | trg 168 103 (824 (1,72 ms
Access pause time 32xTpp tap 3,16 [ 2,06 | 1,65 |0,034 s
Prepulse duration 1/3xTpp | td 33 21,56 [ 17,2 {0,358 ms
Debounce time
min 4/30x Tpp| temin {132 | 8,58 | 6,87 (0,143 ms
max. 1/6xTpp | temax|16.5 | 10,7 | 8,58 (0,179 ms
Clock start-up time tontyp| 4 - - - ms SED:DV(i%t;)
Initial data entry
time (typ.) tontt t; 18 14 12 a ms
Notes

1. Exactly 10 Hz with 3,5328 MHz crystal.

2. Mark-to-space ratio: 3:2.
3. Mark-to-space ratio: 2:1.

4. In the n.c. (not connected) condition, the input is drawn to the appropriate state by the internal

pull-up/pull-down current.

5. Stray capacitance between pins 8 and 9: < 3 pF.

80

February 1982




C-MOS interrupted current-loop dialling circuit

J L PCD3321

TYPICAL CURVES

7288361
8 8

'opo
(uA)
6
Tamb=
/—25°c
4
4
/ +25°C
/ 200
+70°C
2 //
A
el
0
0 2 4 6 8
Vppo (V)

Fig. 11 Standby supply current as a
function of standby supply voltage.

15 7288362
il
(uA)
10
Tamb=
—25°C
+25°C
5 Y
/ +70°C
/4
0
° ! 2 v 3

Fig. 13 Pull-down input current as a
function of input voltage at Vpp =3 V.

80 7288360
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(uA) —25°

L
60 .
ol
+25°C
— l
40 [ i
1 +70°¢
/
1
20 L
0
0 2 4 6 8
Vpp (V)

Fig. 12 Operating supply current as a
function of operating supply voltage.

400 7288363
liH
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300 Tamb=1
-259%
200 /7
A
/ | +25°C
100 / 1\
/ /_l/— +70°C
Iz
0 —A
0 2 4 6 8
Vpp (V)

Fig. 14 Pull-down input current as a
function of supply voltage at V| = Vpp.
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TYPICAL CURVES (continued)

40 7288364
Ik
(nA)
30 Tamb=
-25°C
20 L
/ -
— +25°C
10 /] - sl |
L | +70°C
L—
0 -]
0 2 4 6 8
Vpp (V)

Fig. 15 Keyboard current as a function
of supply voltage;
X-pins connected to Y-pins.

20 7288366
oL
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15 ]
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Fig. 17 Output (N-channel) sink
characteristics for M1 and DP.

Curves for Figs 17 and 18

Tamb Vpp=3V Vpp=6V
-250C 1 4
+25 0C 2 5
+70 °C 3 6

40 7288365
Ix
Y Y
(uA) Vpp=3V Vpp =6V
30 \
20 \\ \\
| \ X
10 LT Vop=6Y __|
X
Voo =3V
. AN
0 2 4 6 8
Vi Vy (V)

Fig. 16 Keyboard input characteristics
at Tamp = 25 °C.

20 7288367
—lon N4
(mA) N

15 2 \\
BN
SO\
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= \\\ -

Y

ey
EEEEN

0

0 2 6

Vo (V)

Fig. 18 Output (P-channel) source
characteristics for M1 and DP.
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C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3322 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The circuit has the following features:

Operation from 2,5 V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 uA.

Low static standby current; typ. 1 nA.

On-chip oscillator for 3,568 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
All inputs with pull-up/pull-down (except CE).

23-digit capacity for redial operation.

Circuit reset for line power breaks; > 160 ms.

Dialling pulse frequency: 10 Hz.

Test pulse frequency: 932 Hz.

Hold facility for lengthening the inter-digit period.

Memory overflow possibility (with internally disabled redial.
All inputs are internally protected against electrostatic charges.
High input noise immunity.

PACKAGE OUTLINES

PCD3322P: 18-lead DIL; plastic (SOT-102G).
PCD3322D: 18-lead DIL; ceramic (SOT-133).
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VDD E U 18 | HOLD

DP| 2 17| va
M| 3 16]Y3
mMi| 4 15| Y2

m2[5] pcp3szz [14] v
Fo1[6 13] x3
ce[7 12] x2
oscIn[8 ] 1] x1

OSCOUT | 9 10| Vgg

7286367
Fig. 1 Pinning diagram.

PINNING

1 VbD positive supply

10 Vss negative supply

Inputs

6 FO1 the dialling pulse frequency is defined by the logic state of this input

7 CE Chip Enable; used to initialize the system; to select between the operational
mode and the static standby mode; to handle line power breaks.

11 X1

12 X2 l column keyboard inputs with pull-down on chip

13 X3 J

14 Y1 l

15 Y2

16 v3 ‘ row keyboard inputs with pull-up on chip

17 Y4

18 HOLD interrupts dialling after completion of the current digit or immediately
following an inter-digit pause (tjq); further keyboard data will be accepted

Outputs

2 DP Dialling Pulse; drive of the external line switching transistor or relay

3 M1 Muting; normally used for muting during the dialling sequence

4 M1 inverted output of M1

5 M2 strobe; HIGH during pulsing of each digit, LOW during an inter-digit pause

Oscillator

8 OSC IN . R .

9 0SC OUT f input and output of the on-chip oscillator
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C-MOS interrupted current-loop dialling circuit

PCD3322

0SC IN  0SC OuT FO1
Y8 49 Y6 CcL
'
PROGRAMMABLE TIMING 7
OSCILLATOR > <
CILLATOR f— DIVIDER COUNTER RESET CE
A 4
4 PCD3322 1 1
v v Jr
READ 18
- Aporess K 1 HoLp
COUNTER
24x4BIT | ADDRESS U
RAM DECODER
ADDRESS CONTROL
< SELECT — LOGIC 3
> M1
i | o
- > M1
WRI
INPUT/ 5
ADDRESS < K
> M2
OuTPUT COUNTER
OUTPUT l I ‘lv[ ! Vobp
COUNTER KEYBOARD
DECODER 10 |
—— Vss
\ ¥4 411412413414 415416417
DP X1 X2 X3 Y1 Y2 Y3 Y4 7286368

FUNCTIONAL DESCRIPTION (see also Fig. 2)

Clock oscillator

Fig. 2 Block diagram.

(OSC IN, OSC OUT)

The time base for the PCD3322 is a crystal controlled on-chip oscillator which is completed only by

connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set by input FO1 to provide one of two chip system
clocks; the ‘normal’ clock frequency (FO1 = LOW) and the test frequency (FO1 = HIGH).

Alternatively, the OSC IN input may be driven from an external clock signal.

February 1

982

85



PCD3322

Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time t,q (see Figs 5 and 6 and timing data)
an internal reset pulse will be generated at the end .of the t.q period. The system is then in the static
standby mode. Short CE pulses of < t.4 will not affect the operation of the circuit. No reset pulses
are then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (X,) and the row keyboard inputs (Y,) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as
shown in Fig.3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is
decoded into a 4-bit binary keycode by the keyboard decoder when one column input is connected to
one row input or, when one column input is set HIGH and one row input is set LOW. Any other input
combinations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock
pulse periods (entry period tg). The next keyboard entry will not be accepted until the previously
closed contact has been open for three or four clock pulse periods. The one clock pulse period of
uncertainty in the debouncing process arises because keyboard entries are not detected until the
trailing edge of the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. |f more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored,
automatic redialling is inhibited until the WAC has been reset by the first digit entry of the next
telephone call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset during entry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by one.
If the first pushbutton to be pressed is redial (#), the WAC is not reset and the keycodes stored in the
RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP. During
redial no keyboard entry will be accepted and stored in the RAM. But, when all in the RAM stored
numbers have been pulsed out, new keyboard entry will be accepted, stored in the RAM and converted
into correctly timed dialling pulses.
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J L PCD3322

I T I
19 29 239 .
T I T
0,0 159 1969 v
I | I | I
0,9 1059 1047 v
L | I
r—oo?__’_fii_\m

X3
X2
X1

7283265

# Redial.

Fig. 3 Single contact keyboard.

common (left open)

7283266

»—ozT 039 .,

»osj 0 6 0 .
»—o:ﬁ:o« »—ol o—4

0 g © 09 Q v

L—oo? —0 49 va

— X3

X2

X1

Fig. 4 Double contact keyboard.
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C-MOS interrupted current-loop dialling circuit PCD3322

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (top,) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tq) later, a prepulse with a duration of ten clock pulse periods (tq) appears at output M1.
This prepulse ensures that, if a polarized muting relay with two stable positions is used, it switches to
the de-muted position so that the circuit is then in the conversation mode whilst the subscriber awaits
the dialling tone. When the first digit of the required number is entered at the keyboard, data entry
period tg commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (tgp) after CE goes
HIGH, the clock pulse-generator starts and data entry period tg commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has

been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit

pause (tjq) ensues. M2 then goes HIGH, the RAC addresses the RAM and the first keycode is loaded
into the register of the output counter which generates the appropriate number of correctly-timed
dialling pulses at output DP. When the digit has been pulsed out, M2 goes LOW, the RAC is incremented
by one and the procedure repeats until the WAC and RAC contents are equal (all digits pulsed out).
Output M1 then goes LOW, the circuit assumes the conversation mode, The circuit reverts to the static
standby mode if CE goes LOW for more than the reset delay time (t,q = 1,6 dialling pulse periods) at any
time during the conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW
although Vpp is maintained by a back-up supply (e.g. because an external diode isolates CE from the
back-up supply connected to Vpp). The RAM retains its contents for subsequent automatic redialling
as long as the back-up supply maintains Vpp above Vppo = 1.8 V.
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handset handset
litted replaced
CRADLE lﬁ -- -- -
CONTACT 1
: : Vpp maintained from
| | o« back-up supply
Voo I
! 1
' j=—trd =i Jamtrg ]
- ] 1 . __d |
CE [_ LI 1 | L
: (no effect) ! [
Iprepulse ! :
M1 1 [ 1__ | .
[N | I T
1tonttd | I !
|- | I !
tg—l 1= Il te l |
! il | |
KEYBOARD I'—'_l
ENTRY : n: : i.t‘ ] - : - : -
| =il > contact bounce time + tg ! [
| COI’\(BC_‘ | |
M2 lbounce time J—“—"—l ——J’—“——'———L h N
T T T . i T gl ]
| | P M ) Ty e — |
| | [ ! ! |t 1 [ |
»]4 | | ||1 I2 |3I ]l1|]2ll$l|bll__ | L
[ t RN ! RN Ui |
I i BRI i Foytm, I i
I ! | | i RA = 4! 1
I |  Thaeme |
| o |
: X : | I i !
: ! tid | nT ! tid ! nT+tg | I
| |
| | ' for last digit of number | :
I | DIALLING MODE | TsTATIC
LCONVERSATION CONVERSATION STATIC
MODE MODE STANDBY
(await dialling tone) MODE
72844971

* oscillator off.
all registers except WAC reset .
keyboard input inhibited .
number stored in RAM until Vpp < 1,8V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply
via the cradle contacts).
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—— — ——
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Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the
cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after

point A.
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Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD input is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on DP
until the HOLD input is set LOW again and an inter-digit pause has elapsed.

HOLD/APO r—_——_"—L

T

M1 | ____I_"
[
|

| nT+tm :
-
|
|
M2 I | | |
| | | |
L% tm | | |
[ I | I
DP (|1|]2||3|( | || I
tm (B tm I | (4
— :-—»—sl —i - first pulse of next digit
[ | |
| start of tig |
Vop > Vppo delayed until
CE = HIGH HOLD/APO| _ tid
) = LOW
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7284496

Fig. 8 Timing diagram showing the effect of activating the HOLD input during the transmission of
dialling pulses.

92 February 1982



C-MOS interrupted current-loop dialling circuit PCD3322

RATINGS

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

Supply voltage Vbp —-03to8YV
Voltage on any pin Vi Vgg—0,3to Vpp + 0,3V
Operating ambient temperature range Tamb —25to+70°C
Storage temperature range Tstg —565to+ 125 0C

CHARACTERISTICS

Vpp =3 V; Vgg = 0 V; crystal parameters: fogc = 3,68 MHz, Rgmax = 100 £ (note 3); Tamp = 25 °C;
unless otherwise specified

symbol | min. typ. max. conditions
Operating supply voltage |Vpp 25 3 6 \%
Standby supply voltage Tamb = —25to+70°C
(note 1) Vppo | 1.8 - 6 \%
Operating supply current | Ipp - 40 - uA CE = HIGH; notes 2, 3
bp | - 50 100 pA {Sft;’;’g*’ Vbp =6V
Standby supply current IDDO - 1 5 HA CE = LOW,; note 2
lppo | - - 2 KA { \T/aDn?b s o+ 700
et tian (Wb | a7vpp = 2P| jrev<vop<ev
Input leakage current; CE
Low —L - - 50 nA CE = LOW
HIGH liH - - 50 nA CE = HIGH
Pull-down input current
FO1, HOLD IIH 30 100 300 nA Vi=Vpp
Matrix keyboard operation
Keyboard current Ik - 10 - kA { Z:(Eczna'lagt:d ¥,
Keyboard ‘ON’ resistance | RkoN | — - 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance| RkofFF| 1 - - M| contact OFF; note 4
Other keyboard operation
Input current for X, ‘ON’ | |4 - - 30 kA Vi=15to3V
Input current for Y, ‘ON’ | —Ij_ 10 - - MA Vi=0to25V
Input current Y, - - - 07 mA| V|=Vgg
Output sink current loL 0,7 16 32 mA| VorL=05V
Output source current —loH 0,65 13 27 mA VoH=25V
Notes
1. Vppo = 1,8 V only for redial. 3. Stray capacitance between pins 8 and 9 <3 pF.
2. All other inputs and outputs open. 4. Guarantees correct keyboard operation.
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TIMING DATAI

Vpp =3 V; Vgg =0 V; crystal parameters: fogc = 3,58 MHz; Rgmax = 100

symbol| min. typ. max. conditions
Clock start-up time ton - 4 - ms Figs 6, 7; note 1
Initial data entry time
(ti =ton*t te) ti min - 18 —-_ ms FO1=LOW Fia. 7
timax | — 4 - ms | FO1=HIGH [ ¥
TIMING DATA 11 (exact values)
Vpp =2,5t06V;Vgg =0 V; fogc = 3,68 MHz
symbol| FO1=LOW /| FO1=HIGH conditions
(dialling) (testing)
Dialling pulse frequency fpp 10,13 932,2 Hz note 2
Dialling pulse period; 1/fpp Top 98,7 1,073 ms Figs 6, 7
Prepulse duration; 1/3 x Tpp tg 33 0,358 ms Figs 6, 7
Inter-digit pause; 8 x Tpp tig 790 8,58 ms Figs 6, 7
Break time; 3/56 x Tpp th 59,2 0,644 ms Fig. 6
Make time; 2/5 x Tpp tm 39,5 0,429 ms Fig. 6
Debounce time
min. 4/30 x Tpp te min 13,2 0,143 ms Fig. 5
max.; 1/6 x Tpp te max | 16.5 0,179 ms Fig. 5
Reset delay time; 1,6 x Tpp trg 158 1,7 ms Figs 5,6, 7

Notes

1. Stray capacitance between pins 8 and 9 < 3 pF.
2. Exactly 10 Hz and 920 Hz respectively when a 3,56328 MHz crystal is used.
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TYPICAL CURVES
8 7288361
'boo
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Tamb =
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Fig. 9 Standby supply current as a
function of standby supply voltage.
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Fig. 11 Pull-down input current as a
function of input voltage at Vpp =3 V.
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Fig. 10 Operating supply current as a
function of operating supply voltage.
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Fig. 12 Pull-down input current as a
function of supply voltage at V| = Vpp.
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TYPICAL CURVES (continued)

.

40 7288364
w |
(uA)
30 Tamb =1
-25°C
20 ,/
I =
L— +25°C
10 yd Bl |
4 L1 |__|—+70%
—
0 ]
0 2 4 8 vpp (V) B
Fig. 13 Keyboard current as a
function of supply voltage;
X-pins connected to Y-pins.
20 7288366
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v s
0 A
/ 7/
5 7 74 1
74 2
‘ —3
0
0 2 4 6
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Fig. 156 Output (N-channel) sink
characteristics for M1, M1, M2 and DP.

Curves for Figs 15 and 16

Tamb Vpp=3V Vpp=6V
—2590C 1 4
+25 0C 2 5
+70 °C 3 6

40 7288365
1
X
-5 Y Y
(uA) Vpp=3V Vpp =6V
30 \
20 \\ \
| \ X
10 Vpp=6V __|
X
Vpp=3V
. N
0 2 4 6 8
Vi Vy (V)

Fig. 14 Keyboard input characteristics
at Tamp = 25 ©C.

20 7288367
—lon N4
(mA) ~N
s e N
~8 \\
\\ \\
10 \\
\E\
o= N
—=
eSS i
0
0 2 4 vou(v)

Fig. 16 Output (P-channel) source
characteristics for M1, M1, M2 and DP.

96 February 1982



J L PCD3323

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3323 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The PCD3323 can regenerate access pauses during redial. During the original entry, access pauses are
stored either automatically or via the keyboard. A regenerated access pause can be terminated during
redial in three ways: automatically after a built-in time, or via the keyboard, or with an external dial
tone recogniser circuit. This makes the circuit very suitable for redial in PABX (Private Automatic
Branch Exchange) systems.

The circuit has the following features:

® Operation from 2,5 V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 uA.

Low static standby current; typ. 1 uA.

On-chip oscillator for 3,58 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
23-digit capacity, including access pauses, for redial operation.
Memory overflow possibility (with internally disabled redial).
Selectable dialling pulse frequency: 10 Hz, 16 Hz and 20 Hz.

Test pulse frequency: 932 Hz.

Selectable dialling pulse mark/space ratios; 2 : 1 or 3: 2.

Selectable inter-digit pause (tjq); 8 or 9 times the pulse period (Tpp).
Hold facility for lengthening the inter-digit period.

Selectable circuit reset for line power breaks; > 160 ms or > 320 ms (10 Hz dialling pulse frequency).
Access pause generation automatically or via the keyboard.

Access pause reset:
automatically after 3 s or 6 s (10 Hz dialling pulse frequency),
via the keyboard,
with external tone recogniser.

® All inputs with pull-up/pull-down (except CE).

® All inputs are internally protected against electrostatic charges.

® High input noise immunity.

PACKAGE OUTLINES

PCD3323P : 28-lead DIL; plastic (SOT-117D).
PCD3323D: 28-lead DIL; ceramic (SOT-135).
PCD3323T: 28-lead flat pack; plastic (SO-28; SOT-136A).
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Vpp | 1 U 28| HOLD

CL|?2 27| APO

DP|3 EY“
M1 [ 4 [25] v3
mi [5 24] v2
m2 [ 6 23] v1

m/s 7 22] aPD
PCD3323

iop [ 8 21] APR
Fo1[o 20] Ane
Fo2 [10 19] RDS

m3 [11 18] X3

ce [12 17] x2

osc IN[13 16] X1
0sc ouT [14] [15] Vss

7283246.1

Fig. 1 Pinning diagram.

PINNING

1 VbD positive supply

15 Vss negative supply

Inputs

7 M/S controls the mark-to-space ratio of the line pulses

8 ICP Inter-Digit-Pause; this occurs before each digit appears at the line output; the
duration (tjq) can be controlled with this pin

9 FO1 . .

10 FO2 } the dialling pulse frequency is defined by the logic state cf these two inputs

12 CE Chip Enable; used to initialize the system; to select between the operational
mode and the static standby mode; to handle line power breaks

16 X1 l

17 X2 column keyboard inputs with pull-down on chip

18 x3

19 RDS Reset Delay Selection; delay select for chip enable (CE) activity.
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PCD3323

20 AAE
21 APR
22 APD
23 Y1

24 Y2

25 Y3

26 Y4

28 HOLD
Outputs

2 CL

3 DP

4 m

5 M1

6 M2

1" M3

27 APO
Oscillator

13 OSC IN
14 OSC OUT

|
J

Automatic Access Pause Enable; AAE = HIGH: the circuit generates a
maximum of two automatic pauses; AAE = LOW: only manual pauses
(via keyboard) are possible

Access Pause Reset; when any external circuit makes APR = HIGH, a

current access pause will be terminated

Access Pause Delay; selects the maximum duration of an access pause
if nc external Access Pause Reset appears.

row keyboard inputs with pull-up on chip

interrupts dialling after completion of the current digit or immediately
during an inter-digit pause (tjq); further keyboard data will be accepted

output of the internal system clock; external forcing is possible for
frequencies not selectable with FO1/F02

Dialling Pulse; drive of the external line switching transistor or relay
Muting; normally used for muting during the dialling sequence

inverted output of M1

strobe; HIGH during pulsing of each digit, LOW during an inter-digit pause
AND function, with DP and M1 as input, for direct drive of a switching
transistor for dialling pulses and muting

Access Pause Output; this output will go HIGH when an access pause code
is read from the memory during pulsing.

input and output of the on-chip oscillator
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OSC IN  0SC OUT FO1 FO2 cL M/S RDS
v13 4;14 Vg VTO 2 V7 v19
»
PROGRAMMABLE TIMING 12
| > T | CE
OSCILLATOR DIVIDER COUNTER RESE
Y
3 ¥y
4 PCD3323
v ¢V v
READ 8
= ADDRESS +1— IDP
COUNTER 28 HOLD
24x4BIT | ADDRESS Uv
RAM DECODER 4 M1
ADDRESS CONTROL >
SELECT VA:‘ LOGIC 5 __
> M1
il 6
—p- M2
WRITE
INPUT/ 11
oureur (7] aoRese e
COUNITER
OUTPUT II {} 1 Vpp
COUNTER KEYBOARD ACCESS
DECODER & PAUSE 1Bl vg
Y3 416417 418 423424425426 Y27422421420
DP X1 X2 X3 Y1 Y2 Y3 Y4 APOAPDAPRAAE 30472

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see alsc Fig. 2}
Ciock oscillator (OSC IN, OSC OUT)

The time base for the PCD3323 is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set (FO1 and F02) to provide one of four chip
system clocks; three ‘normal’ clock frequencies and one higher test frequency.
The system clock is available on pin CL and can be used for external logic. External forcing of CL is

possible for frequencies which are

not selectable with FO1/F02.

Alternatively, the OSC IN input may be driven from an external clock signal.
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C-MOS interrupted current-loop dialling circuit PCD3323

Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time tq (see Figs 5 and 6 and timing data) an
internal reset pulse will be generated at the end of the t,q period. The system is then in the static
standby mode. Short CE pulses of < t,q4 will not affect ihe operation of the circuit. No reset pulses

are then produced. The t;4 pulse duration is selected by the RDS input.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (X) and the row keyboard inputs (Y ) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as shown in
Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder when one column input is connected to one row
input or, when one column input is set HIGH and one row input is set LOW. Any other input combin-
ations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock
pulse periods (entry period tg). The next keyboard entry will not be accepted until the previously
closed contact has been open for three or four clock pulse periods. The one clock pulse period of
uncertainty in the debouncing process arises because keyboard entries are not detected until the
trailing edge of the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC reprents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. If more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored,
automatic redialling is inhibited until the WAC has been reset by the first digit entry of the next
telephone call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset during entry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by
one. If the first pushbutton to be pressed is redial (#), the WAC is not reset and the keycodes stored in
the RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP.

If the redial pushbutton (#) is operated again during the redialling sequence it will be decoded as an
Access Pause Reset. This function will be described later during the description of the access pause
system of the PCD3323. During redial no keyboard entry will be accepted and stored in the RAM. But,
when all in the RAM stored numbers have been pulsed out, new keyboard entry will be accepted,
stored at the RAM position after the last digit code of the original entry and converted into correctly
timed dialling pulses.
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I I I
1 P27 3%
T ey
"O:? "*’:‘f "OZT
”Ii “"E? ”01?

7283249

* Access pause set.

# Redial or Access Pause Reset.

Fig. 3 Single contact keyboard.

Y1

Y2

Y3

Y4

X3
X2
X1

common (left open)

T I T
o—o1<a n—-oz? '—Osf
T T T
a7 | 057 | %69
T ‘ T T
C 70 | P87 | ™99
%9 | =09 | %9

7283250

Fig. 4 Double contact keyboard.

Y1

Y2

Y3

va

X3
X2
X1
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C-MOS interrupted current-loop dialling circuit
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PCD3323

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (ty,) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (ty) later, a prepulse with a duration of ten clock pulse periods (tq) appears at outputs
M1 and M3. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period tg commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (ty,) after CE goes
HIGH, the clock pulse generator starts and data entry period tg commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjq) ensues. M2 then goes HIGH, the RAC addresses the RAM and the first keycode is loaded
into the register of the output counter which generates the appropriate number of correctly-timed
dialling pulses at outputs DP and M3. When the digit has been pulsed out, M2 goes LOW, the RAC is
incremented by one and the procedure repeats until the WAC and RAC contents are equal (all digits
pulsed out). Output M1 then goes LOW, the circuit assumes the conversation mode. The circuit reverts
to the static standby mode if CE goes LOW for more than the reset delay time (t,4 = 1,6 or 3,2 dialling
pulse periods) at any time during the conversation or dialling mode (e.g. because the handset is
replaced). CE remains LOW although Vpp is maintained by a back-up supply (e.g. because an
external diode isolates CE from the back-up supply connected to Vpp). The RAM retains its contents
for subsequent automatic redialling as long as the back-up supply maintains Vpp above Vppo =1,8 V.

104
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PCD3323

R T
b, 'm
|

() I

L mmn

T 1ty lte |
by, |
i

I I I A

EAEENA

handset handset
lifted replaced
CRADLE e - -
CON'I'ACT—I .1
t 1 VDD maintained from
H |« back-up supply
Voo [
| 1
| = trd - |a—Trq |
i . i ! - _—— !
ce | | 1 I L
! (no effect) ! :
| |
, prepu . - !
M1 | | L. ! L
T | 1 1
iton*tg ! ! !
it I el | [ ! H
Wi . |-
K ! [ !
R SCRTEN | i
keveoarp | b T i'—'—-lz e | |
ENTRY : : , I ﬂ -- : - : L
"t
||~ C > contact bounce time + tg ! |
| contact ) |
M2 | bounce time l l ‘ | | L
7 T T e T tal 0
i L L —" - et Ty — i
| | ! I I
DP ) | ' 1 l 2 I 3 l l 4 I | )
T |
| |
i ! I
|

I
nT tid

tid

RAC contents =
WAC contents

nT+ty

| !

w3 [
l
|

L coNVERSATION
MODE

(await dialling tone)

DIALLING MODE

for last digit of number

CONVERSATION *STATIC
MODE STANDBY
MODE

* oscillator off. 72799671
all registers except WAC reset .
keyboard input inhibited.
number stored in RAM until Vpp < 1,8V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply
via the cradle contacts).
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Vpp maintained from

handset handset
lifted replaced
CRADLE == - - j
CONTACT.
Ston+te !
e :
COMMON
CONTACT ] 1 - - -
|
1
1

/ back-up supply

tone)

i
|
I
!
|
I
I
Voo |
| I
1 latrg =l
| - - -
e 1] LJ 1
t —lla—ton = l
; “ clock start time :
M1 | I l__ 1
| || | — | l
1 Hty=toy +t | |
| 1 1 on e i . |
i | [
i
Pt | :
| [ | |
KEYBOARD
ENTRY | 3 . I 4 - U |
| —| f— 1 |
I tg (see Fig.5) : :
|
M2 | . I L1 L. !
i | 1 |
I | | |
| I m | |
op i [=1 e AEE A d
1 | 1) |
| | [ |
|
1 r—— - |
M3 | L rn._. !
(await
dialling
tig nT+ty

DIALLING MODE )
CONVERSATION  STATIC

MODE STANDBY
MODE

7279968.1

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the
cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after
point A.
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Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD input is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on M3
and DP until the HOLD input is set LOW again and an inter-digit pause has elapsed.

HOLD can be controlled by the Access Pause Output (see next section).

HOLD ]_——"_—l___

N

M1 I [

nT+tm !
| AL | |
‘ ! !
M2 I __ [ I
1 | | |
ot tmo | |
| 1 I | [
op | [] [2] [=] ! 1]
tg ' Tty P [ [ 4
— || | |- first pulse of next digit
! [ | |
M3 [ I O R
| start of tiq |
Vpp > Vppo delayed until
CE = HIGH HOLD = tid
‘ LOW
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7279974

Fig. 8 Timing diagram showing the effect of activating the HOLD input during the transmission of
dialling pulses.
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C-MOS interrupted current-loop dialling circuit PCD3323

Access pause regeneration during redial

During original entry, access pause codes can be stored at the appropriate positions in the RAM.
During redial the Access Pause Output (APQO) will go HIGH as soon as an access pause code is read
from the RAM. This can be used to make HOLD = HIGH, thereby interrupting dialling until HOLD is
made LOW again as described above. In this way the normal inter-digit pause with a duration t;q can
be replaced by a proper access pause.

Access pause codes can be stored in two ways:

® Manually, with AAE and APR both LOW. In this case access pause codes can only be stored by
pressing the access pause key (%) between entering the trunk exchange code and the subscriber code,
or at any other moment an access pause is required. The number of access pauses that can be
inserted in this manner is only limited by the capacity of the RAM (digits + access pauses < 23).

® Automatically, with AAE = HIGH and APR = LOW (see Fig. 9). An access pause code is now
automatically stored in the RAM during original entry, when M1 goes LOW, after all digits so far
entered have been transmitted (see Fig. 6). This occurs between entering of the trunk exchange code
and the subscriber code, whilst the access tone is available. Up to two access pauses can be entered
into the RAM in this manner. Alternatively, the access pause key can still be pressed to insert (more)
access pauses manually.

During redial, access pauses will be regenerated only if APR = LOW and with APO connected to HOLD;

they can be terminated in three ways (see Fig. 10 and next page).

APR = LOW :

access pause (tap) expires or

press redial before end of tap

APR controlled by tone recogniser :
set APR HIGH before t5, expires

M1 1 [

APO '

oL [ 1

DIALLING ! '

| |
TONE - _-J\’\M[—._______
tid

DIALLING CONVERSATION  DIALLING
MODE MODE MODE

7279975

Fig. 10 Timing diagram showing Access Pause Reset for APR = LOW or APR is controlled by tone
recogniser.
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Three methods of terminating an access pause:

1. Autcmatically, if the built-in time tap expires; APO then goes LOW; tap can be set to one of two
values with the Access Pause Delay (APD) select input.

2. Manually, by pressing the redial key before tap expires.

3. By making APR = HIGH before tap expires, with an external tone recogniser (see Fig. 11).

I

v
enable HOLD

DIALLING TONE

dialling | RECOGNISER
tone

PCD3323 APO

*»| APR

—| |-—
10 us min 7279979.1

Fig. 11 Circuit for automatic termination of an access pause during redialling by using a tone
recogniser to set APR to HIGH for more than 10 us.

Access pauses longer than tap can be obtained by connecting APO to HOLD via a latching device.

Figure 12 shows a tone recogniser circuit, which automatically terminates access pauses upon receipt
of the access tone, whether this is before or after tap expires.

set [ reset |

HOLD APO |—| SET
DIALLING TONE
PCD3323
Low RECOGNISER
—| APR RESET
dialling
tone 7279980.1

Fig. 12 Circuit for automatically shortening or lengthening an access pause under the controi of a tone
recogniser. For timing diagram see Fig. 13.
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RATINGS

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

Supply voltage Vbp —-03t08 V
Voltage on any pin Vi Vgs—0,3toVpp +0,3 V
Operating ambient temperature range Tamb —25t0 +70 °C
Storage temperature range Tstg —565to + 125 OC

CHARACTERISTICS

Vpp =3 V; Vgs =0 V; crystal parameters: fogc = 3,58 MHz, Rgmax = 100 & (note 3); Tamp = 25 °C;
unless otherwise specified

symbol | min. typ.  max. conditions
Operating supply voltage |Vpp 2,5 3 6 v l
Standby supply voltage [ Tamb=—25t0+70°C
(note 1) Vppo |1.8 - 6 \"
Operating supply current |Ipp - 40 - HA CE = HIGH; notes 2, 3
CE = HIGH; V =6V;
Iob |- 50 100 7 { notes 2, 3 DD
Standby supply current | - 1 5 MA CE = LOW; note 2
DDO
_ _ ] Vpp=18V
IbDO 2 HA 1| Tamb=—2510+70°C
Input voltage LOW A - - 03V
P g L DD l 1,8V<Vpp<6V
Input voltage HIGH VIH 0,7Vpp - - J
Input leakage current; CE
LOW —hL - - 50 nA CE = LOW
HIGH IH - - 50 nA CE = HIGH
Pull-up input current
M/S, APR -hL 30 100 300 nA V| =Vss

Pull-down input current
IDP, FO1, FO2, HOLD,
AAE, ADP, RDS K 30 100 300 nA Vi=Vpp

Matrix keyboard operation
X connected to Y,

—_——

Keyboard current Ik - 10 - uA

CE = HIGH
Keyboard ‘ON’ resistance |RxoN | — - 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance [Rxopf | 1 - - MQ contact OFF; note 4
Other keyboard operation
Input current for X, 'ON" {11 — - 30 MA Vi=15to3V
Input current for Y ‘ON" (=1 10 - - MA Vi=0to25V
Input current Yp, ~I - - 0,7 mA V| =Vss
Notes
1. Vppo = 1.8 V only for redial. 3. Stray capacitance between pins 13 and 14 < 3 pF.
2. All other inputs and outputs open. 4. Guarantees correct keyboard operation.
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PCD3323

CHARACTERISTICS (continued)

symbol | min. typ. max. conditions
Outputs M1, M1, M2, M3, DP
sink current loL 0,7 1,5 32 mA [VoL=05V
source current —loH 065 1,3 27 mA |Vou=25V
Qutputs CL, APO
sink current loL 50 130 300 wA |VoL=05V
source current —loy |45 110 250 uwA [VoH=25V
TIMING DATA
Vpp =3V, Vgg =0 V; fosc = 3,68 MHz
symbol | min. typ. max. conditions
Clock start-up time ton - 4 — ms |CE:Vgg —= Vpp (note)
APR-hold time tAPRH | 10 - - us |see Fig. 11

Note: stray capacitance between pins 13 and 14 <3 pF.
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TIMING DATA (continued)

VDD = 2,510 6 V; Vgg = 0 V; foe. = 3,579545 MHz

input levels of FO1 and F02 VEO1 LOW | HIGH [LOW | HIGH
(Vgg = LOW; Vpp = HIGH) VEo2 LOW | HIGH |HIGH | LOW conditions
symbol (test mode) | (note 4)
Dialling pulse frequency | 1/Tpp fop 10,13 {15,584 {19,42 1932,2 Hz | note 1
Dialling pulse period 1/fpp Tpp 98,7 (644 (515 (1,073 ms
Clock pulse frequency 30xfpp |foL 303,9 |466,1 |582,6 | 27965 Hz
Break time (note 2) 3/5xTpp | tp 59,2 |386 |309 |0,644 ms | M/S=H;n.c.
Make time {(note 2) 2/5xTpp |tm 395 |258 (20,6 |0,429 ms | M/S=H;n.c.
Break time (note 3) 2/3xTpp |tp 658 429 [346 |0,715 ms | M/S=1L
Make time (note 3) 1/3xTpp |tm 329 |215 [172 |0358 ms | M/S=L
Inter-digit pause 8xTpp |tig 790 |515 [412 |858 ms |IDP=L;n.c.
9xTpp tig 888 |579 |463 (965 ms |IDP=H
Reset delay time 1,6 xTpp |trg 158 103 824 |1,72 ms |RDS=L;n.c.
32xTpp |trg 316 |206 |[165 |3,43 ms |RDS=H
Access pause time 32 xTpp tap 3,16 |2,06 (165 |0,034 s APD =L; n.c.
64xTpp Itgp 632 14,12 1330 (0,069 s APD =H
Prepulse duration 1/3xTpp | tg 33 21,5 2 /0358 ms
Debounce time
min. 4/30xTpp|temin | 13,2 |8,58 [6,87 |0,143 ms
max. 1/6 xTpp |temax | 16,5 [10,7 |8,58 |0,179 ms
Initial data entry
time (typ.) ton tte t 18 14 12 4 ms
Notes

1. Exactly 10 Hz with 3,5328 MHz crystal.

2. Mark-to-space ratio: 3: 2.
3. Mark-to-space ratio: 2: 1.

4. In the n.c. (not connected) condition, the input is drawn to the appropriate state by the internal
pull-up/pull-down current.
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C-MOS interrupted current-loop dialling circuit J L PCD3323
TYPICAL CURVES
8 7288361 80 7Z|88380
1oD0 b Tamb= |
(nA) (uA) _259C
e
6 60 = L1
Tamb = 4 /J 259
~25°C / +
4 . / | 40 — %
/ +25°C 1 +70°C
V' X wa00c |
L—
2 /// — 20 ]
o
L~
0 0
0 2 4 0 2 4 6 8
Vppo (V) Vop (V)

Fig. 14 Standby supply current as a
function of standby supply voltage.

15 7288362
]
(uA)
10
Tamb=
—25°C
+25°C
5 T\
// +70°C
0
0 L 2 oy 3

Fig. 16 Pull-down input current as a
function of input voltage at Vpp =3 V.

Fig. 15 Operating supply current as a
function of operating supply voltage.

400 7288363
iH
(nA)
300 Tamb=1
-25°C
200 ,/
A
v |4 +25°
100 4 |
- +70°C
/ //
0
0 2 4

6
vop (V) ®

Fig. 17 Pull-down input current as a
function of supply voltage at V| = Vpp.
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TYPICAL CURVES (continued)

7288364

40
Ik
(uA)
30 Tamb={
-25°C
20 >
/ v
— +25°C
10— A |
4 | —+70%
(4] /\/
0 2 4 6 Voo (V) 8
Fig. 18 Keyboard current as a
function of supply voltage;
X-pins connected to Y-pins.
20 7288366
oL
(mA) 7-‘
15 ]
5
L~ ~ N
6
10 //,/
/ 7/
7z
Y 4+,
3
0
° 2 Vo (V)

Fig. 20 Output (N-channel) sink
characteristics for M1, M1, M2, M3 and DP.

Curves for Figs 20 and 21

Tamb IVDD=3V Vpp=6V
—-250C 1 4
+2590C 2 5
+700°C 3 6

40 7288365
1
...|X Y Y
Y
(uA) Vpp=3V \VDD=6\/
30 \
20 \\ \
\ M Ix
10 L] Vpp=6V
X
Vpp=3V
0 2 4 6 8
Vy:Vy (V)

Fig. 19 Keyboard input characteristics
at Tamp = 25 ©C.

7288367

20(
~loH V\
(mA)
NN \\
~e IS
10 \\\X
\i\
s A\
N
——— ~ |
0
0 2 6

Vou (V)

Fig. 21 Output (P-channel) source
characteristics for M1, M1, M2, M3 and DP.
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PCD3324

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3324 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The PCD3324 can regenerate access pauses during redial. During the original entry, only one access
pause is stored automatically or several via the keyboard. A regenerated access pause can be terminated
during redial in three ways: automatically after a built-in time, or via the keyboard, or with an external
dial tone recogniser circuit. This makes the circuit very suitable for redial in PABX (Private Automatic
Branch Exchange) systems. The PCD3324 is pin to pin compatible with the DF320 and the MT4320
(however, including additional functions).

The circuit has the following features:

Operation from 2,5 V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 pA.

Low static standby current; typ. 1 pA.

On-chip oscillator for 3,58 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
23-digit capacity, including access pauses, for redial operation.
Memory overflow possibility (with internally disabled redial).
Selectable dialling pulse frequency: 10 Hz, 16 Hz and 20 Hz.
Test pulse frequency: 932 Hz.

Selectable dialling pulse mark/space ratios; 2 : 1or 3 : 2.

Hold facility for lengthening the inter-digit period.

Circuit reset for line power breaks; > 160 ms (10 Hz dialling pulse frequency).

Access pause generation automatically or via the keyboard.

Access pause reset:
automatically after 3 s (10 Hz dialling pulse frequency),
via the keyboard,
with external tone recogniser.

® All inputs with pull-up/pull-down (except CE).
® All inputs are internally protected against electrostatic charges.

® High input noise immunity.

PACKAGE OUTLINES

PCD3324P : 18-lead DIL; plastic (SOT-102G).
PCD3324D: 18-lead DIL; ceramic (SOT-133).
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DP | 2 17 l Y4
M1 ] 3 16 I Y3
/s [4 15] v2
FO1 | 5 PCD3324 14| Y1
FO2 | 6 13 l X3
CE I 7 12 l X2
OSCIN | 8 1] X1
0SC OUT | 9 10| Vss
7284491.1A
PINNING Fig. 1 Pinning diagram.
1 VbD positive supply
10 Vgs negative supply
Inputs
4 M/S controls the mark-to-space ratio of the line pulses
g :zg; ; the dialling pulse frequency is defined by the logic state of these two inputs
7 CE Chip Enable; used to initialize the system; to select between the operational mode
and the static standby mode; to handle line power breaks
1" X1
12 X2 ’ column keyboard inputs with pull-down on chip
13 X3 J
14 Y1 ’
15 Y2 . . .
16 Y3 l row keyboard inputs with pull-up on chip
17 Y4
Outputs
2 DpP Dialling Pulse; drive of the external line switching transistor or relay
3 M1 Muting; normally used for muting during the dialling sequence
Input/output

18 HOLD/APQ This pin will go HIGH when an access pause code is read from the memory during
pulsing and will interrupt dialling. It can also be externally controlled; it will
interrupt dialling after completion of the current digit or immediately during an
inter-digit pause (tjq); further keyboard data will be accepted.

Oscillator

8 OSCIN | . - .

9 0SC OUT | input and output of the on-chip oscillator
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0SC IN  OSC OuT FO1 FO2 M/S
‘78 Ag VS v 6 cL 174
1 '
PROGRAMMABLE TIMING 7
] »| RESET }—<4— CE
OSCILLATOR DIVIDE COUNTER
\ 4
y
4 PCD3324 i i
v v v
READ
- apDRESS [
COUNTER
24x4BIT | ADDRESS {}
RAM DECODER Bl
ADDRESS CONTROL [
SELECT C: LOGIC
WRITE
INPUT/ 18
ADDRESS K HOLD/
OUTPUT
COUNTER APO
4 APO
OUTPUT ] l L 1 Vpp
COUNTER KEYBOARD ACCESS
DECODER VM“’ PAUSE 10] v
Y2 $11412413414 415416 %17
DP X1 X2 X3 Y1 Y2 Y3 Y4 7284492.1A

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see also Fig. 2)
Clock oscillator (OSC IN, OSC OUT)

The time base for the PCD3324 is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set (FO1 and F02) to provide one of four chip
system clocks; three ‘normal’ clock frequencies and one higher test frequency.

Alternatively, the OSC IN input may be driven from an external clock signal.
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Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time t,q (see Figs 5 and 6 and timing data)
an internal reset pulse will be generated at the end of the tyq period. The system is then in the static
standby mode. Short CE pulses of < tyg will not affect the operation of the circuit. No reset pulses are
then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (X;,) and the row keyboard inputs (Yy) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as shown
in Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder when one column input is connected to one row
input or, when one column input is set HIGH and one row input is set LOW. Any other input combin-
ations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock pulse
periods (entry period tg). The next keyboard entry will not be accepted until the previously closed
contact has been open for three or four clock pulse periods. The one clock pulse period of uncertainty
in the debouncing process arises because keyboard entries are not detected until the trailing edge of
the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. |f more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored, auto-
matic redialling is inhibited until the WAC has been reset by the first digit entry of the next telephone
call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset during entry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by
one. if the first pushbutton to be pressed is redial (#), the WAC is not reset and the keycodes stored

in the RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP.

If the redial pushbutton (#) is operated again during the redialling sequence it will be decoded as an
Access Pause Reset. This function will be described later during the description of the access pause
system of the PCD3324. During redial no keyboard entry will be accepted and stored in the RAM. But,
when all in the RAM stored numbers have been pulsed out, new keyboard entry will be accepted,
stored at the RAM position after the last digit code of the original entry and converted into correctly
timed dialling pulses.

120
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T I I
19 229 ©39

-
a1 57 6]

-
77 8] 0]
I I I
%7 0] I'°#9

7283249

* Access pause set.

# Redial or Access Pause Reset.

Fig. 3 Single contact keyboard.

Y1

Y2

Y3

Y4

X3
X2

’L\ PCD3324

common (left open)

—01? »-02? P—-O3T »
Hilpiklgice
—O p—O —O
»-07? r—OB? *-Og? va
—O*? L—00? ——O#? va
— X3
X2
— X1
7283250
Fig. 4 Double contact keyboard.
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C-MOS interrupted current-loop dialling circuit PCD3324

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (ton) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tq) later, a prepulse with a duration of ten clock pulse periods (tg) appears at output
M1. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period tg commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (tgp) after CE goes
HIGH, the clock pulse generator starts and data entry period tg commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjg) ensues. M2 then goes HIGH (M2 is an internally generated signal, used for explanation
only), the RAC addresses the RAM and the first keycode is loaded into the register of the output
counter which generates the appropriate number of correctly-timed dialling pulses at output DP.
When the digit has been pulsed out, M2 goes LOW, the RAC is incremented by one and the procedure
repeats until the WAC and RAC contents are equal (all digits pulsed out). Output M1 then goes LOW,
the circuit assumes the conversation mode. The circuit reverts to the static standby mode if CE goes
LOW for more than the reset delay time (t,q = 1,6 dialling pulse periods) at any time during the
conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW although Vpp is
maintained by a back-up supply (e.g. because an external diode isolates CE from the back-up supply
connected to Vpp). The RAM retains its contents for subsequent automatic redialling as long as

the back-up supply maintains Vpp above Vppo = 1,8 V.
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handset handset
lifted replaced
CRADLE ] == - -- _l
CONTACT i
| : VDD maintained from
! - | o~ back-up supply
Voo |
! 0
: i ] |- trd—e|
- - P !
CE ] | [ —l | L
: (no effect) | 1
| Prepulse ! :
M LT I L__ | L
1 ot | | T
iton*tg I | |
— |-— I l !
ty—e| l=— Il tg | |
KEYBOARD L [ I
ENTRY : I 3 I - 4 |I . [ T L
i T
—| | -— T i |
: contact > contact bounce time + tg ! :
M2 ‘bOUnCE time J'——_——l‘ —[—___"_——L | L
! ! Tt T tm T e T gl T
| | —| | — — —| - —| | -— !
| I [ ! 1 |
oP | | | l 1 ] 2 3 I 4 I | | L
! | oty Ity [ |
| I elbyim, I i
: : | RAC contents = } | |
| | 1 WAC contents | :
|
: ' 1 1 !
| : tid | nT +tg | |
| \ for last digit of number | |
[ Eetio DIALLING MODE =< sl — ——
LCONVERSAT!ON CONVERSATION STATIC
MODE MODE STANDBY
(await dialling tone) MODE
72844971

* oscillator off.
all registers except WAC reset
keyboard input inhibited .
number stored in RAM until Vpp < 1,8 V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply

via the cradle contacts). M2 is an internal signal.
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dialling circuit

PCD3324

tid

nT+1g

handset
handset
lifted '59'1“"
CRADLE -- - -
CONTACT. l “!
! Stontte |
b |
COMMON [ |
CONTACT ! f 1 . - -
| | : Vpp maintained from
1 : \ §/  back-up supply
! == - T
Voo i | |
: [
! - - -
ce | | I 1 :
| —lle— ton = i
: ’: clock start time |
M1 | i 1__ !
S — : !
| Htj=ton +te | '
KEYBOARD it s ) !
| ] 1 i |
ENTRY : l? - 4 - L |
- '
I tg (see Fig.5) { :
| |
M2 | | . | L_. !
| | | 1 |
| | | ; :
! ! !
DP | i [T1Iz] [z o MEUEUEL ‘I
| | | !
| ol | | |
| (await 1 | |
| dialling | | | |
| tone) 1 | 1 |
! | ! |
! |
]

DIALLING MODE

|
|
|
I
|
|
1

CONVERSATION
MODE

—— — ——
STATIC
STANDBY
MODE

72844981

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the

cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after

point A. M2 is an internal signal.
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Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD/APO is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on DP
until the HOLD/APO is set LOW again and an inter-digit pause has elapsed.

HOLD/APO r_——"-_l_

.

M1 1 ___[—"

|
|<__£tm_,l |
] | I
M2 | | |
[ | [
i tm ! I I
I ! | |
op 1 [r][2] [5] 1
tm [ T | tm I I |/
RS :<—>I —| |- first pulse of next digit
[ | |
| start of tig |
Vpp > Vppo delayed until
CE = HIGH HOLD/APO| _ tid
=LOW '
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7284496

Fig. 8 Timing diagram showing the effect of activating the HOLD/APO during the transmission of
dialling pulses. M2 is an internal signal.
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C-MOS interrupted current-loop dialling circuit
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Access pause regeneration during redial

During original entry, access pause codes can be stored at the appropriate positions in the RAM.

During redial the Access Pause Output (HOLD/APO)will go HIGH as soon as an access pause code is

read from the RAM, thereby interrupting dialling until HOLD/APQ is made LOW again as described above.
In this way the normal inter-digit pause with a duration tjq can be replaced by a proper access pause.

An access pause code is now automatically stored in the RAM during original entry, when M1 goes

LOW, after all digits so far entered have been transmitted (see Fig. 6). This occurs between entering of
the trunk exchange code and the subscriber code, whilst the access tone is available. Only one access
pause can be entered into the RAM in this manner. Alternatively, the access pause key (%) can still be
pressed to insert (more) access pauses manually (digits.+ access pauses < 23).

During redial, access pauses will be automatically regenerated.

Three methods of terminating an access pause:

1. Automatically, if the built-in time tap expires; HOLD/APO then goes LOW.

2. Manually, by pressing the redial key before tap expires.

3. With an external tone recogniser, by forcing HOLD/APO to LOW or HIGH respectively, for
shortening or lengthening an access pause.

l(ﬂ
M1 o L__ I[""—_

max. access pause = tap

HOLD/APO _ r"'—l_

DIALLING ' '

TONE - ! __.WW__-_._____
tig
-

——— | —_—

DIALLING CONVERSATION DIALLING
MODE MODE MODE
7284494

(1] a. Access pause (tap) expires or press redial before end of tap-

b. HOLD/APO controlled by tone recogniser:
HOLD/APO forced to LOW before tap expires; access pause < tap
HOLD/APO forced to HIGH after ta, expires; access pause > tap-

Fig. 10 Timing diagram showing Access Pause Reset.
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PCD3324

RATINGS

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

Supply voltage
Voltage on any pin

Operating ambient temperature range

Storage temperature range

CHARACTERISTICS

Vpp =3 V; Vgg =0V, crystal parameters: foge

unless otherwise specified.

= 3,68 MHz, Rgmax = 100 £ (note 3); Tymp = 25 °C;

Vbb
\7

Tamb
Tstg

-03to8 V

Vgs—0,3to Vpp +0,3 V

—-25to0 +70 ©C
—55to +125 OC

symbol | min. typ. max. conditions
Operating supply voltage Vpp 2,5 3 6 \
Standby supply voltage Tamb =—251t0 +70°C
(note 1) Vppo | 1.8 — 6 \% l
Operating supply current IbD - 40 - HA CE = HIGH; notes 2, 3
DD - 50 100 uA || :;;2"2“”00:6\"'
Standby supply current IppO — 1 2 HA CE = LOW; note 2
lbbo | =~ 2wl \T/fn?b e to +70 OC
Input voltage LOW ViL - - 03Vpp | 18V <Vpp<6V
Input voltage HIGH ViH 0,7Vpp— - j
Input leakage current; CE
Low - - - 50 nA CE = LOW
HIGH IH - - 50 nA CE = HIGH
Pull-up input current
M/S —hL 30 100 300 nA V| =Vgs
Pull-down input current
FO1, FO2 IIH 30 100 300 nA Vi=Vpp
Matrix keyboard operation
Keyboard current Ik — 10 - HA ]l é(é:c;n}:&]aét:d Y,
Keyboard ‘ON’ resistance RKON - - 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance RKOFF 1 — - MQ | contact OFF; note 4
Other keyboard operation
Input current for X, ‘ON’ IiH — - 30 HA Vi=15to3V
Input current for Y, ‘ON’ =hL 10 - - kA Vi=0to 25V
Input current Yy -1y - - 0,7 mA | V|=Vgg

Notes

1. Vppo = 1,8 V only for redial.
2. All other inputs and outputs open.

3. Stray capacitance between pins 8 and 9 < 3 pF.
4. Guarantees correct keyboard operation.
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CHARACTERISTICS (continued)

symbol | min. typ. max. conditions
Outputs M1, DP
sink current loL 0,7 1.6 32 mA VoL=05V
source current —loH 0,65 1,3 2,7 mA VoH=25V
Latch output HOLD/APO
sink current loL 50 130 300 MA VoL=05V
source current —loH 45 110 250 uA VoH=25V
TIMING DATA
Vpp=251t06V;Vgg=0V;fosc = 3,679545 MHz
input levels of FO1 and F02 VEQ1 |LOW | HIGH | LOW |HIGH
(Vgg = LOW; Vpp = HIGH) VEp2 |LOW [ HIGH| HIGH | LOW conditions
symbol (test mode) (note 4)
Dialling pulse frequency 1/Tpp fop 10,13 | 15,54 [ 19,42 |939,2 Hz [note 1
Dialling pulse period 1/fpp Tpp 98,7 |644 |515 [1,073 ms
Clock pulse frequency 30xfpp fcL 303,9 | 466,1 | 582,6 | 27965 Hz
Break time (note 2) 3/5xTpp | tp 59,2 |386 |309 |0,644 ms |M/S=H;n.c.
Make time (note 2) 2/5xTpp | tm 39,5 (25,8 |206 [0,429 ms |M/S=H;n.c.
Break time (note 3) 2/3xTpp | tp 65,8 | 429 346 |0,715 ms |{M/S=L
Make time (note 3) 13xTpp | tm 329 |215 | 17,2 |0358 ms |M/S=L
Inter-digit pause 8xTpp tid 790 | 515 |412 |858 ms
Reset delay time 1.6xTpp | trd 158 103 82,4 |1,72 ms
Access pause time 32xTpp tap 3,16 [ 2,06 | 165 [0,034 s
Prepulse duration 1/3xTpp | tg 33 21,5 [ 17,2 |0,358 ms
Debounce time
min 4/30xTpp| temin |13,2 | 8,58 | 6,87 |0,143 ms
max. 1/6xTpp | temax|16.5 | 10,7 | 858 | 0,179 ms
Clock start-up time tontyp| 4 - - - ms SIIED:DV(S”%;;)
Initial data entry
time (typ.) ton tte tj 18 14 12 4 ms
Notes

1. Exactly 10 Hz with 3,6328 MHz crystal.

2. Mark-to-space ratio: 3:2.
3. Mark-to-space ratio: 2:1.

4. In the n.c. (not connected) condition, the input is drawn to the appropriate state by the internal

pull-up/pull-down current.

5. Stray capacitance between pins 8 and 9: < 3 pF.
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C-MOS interrupted current-loop dialling circuit PCD3324
TYPICAL CURVES
8 7288361 80 7288360
'opo B 'bp Tamb = |
(nA) (uA) —25°C
—
6 ] 60 —
Tamb = / Y
—~259C / +2{5 C
AL 40
! 7l i r
/ +25°C +70°C
T
' X 100 —
2 /| 20 ,/‘/
7/ //
o
0 0
0 2 4 6 8 0 2 4 6 8
Vppo (V) Vop (V!

Fig. 11 Standby supply current as a
function of standby supply voltage.

15 7288362
h
(uA)
10
Tamb =
—25°C
+25°C
5
// +70°C
/]
0
0 1 2 3

Vi (V)

Fig. 13 Pull-down input current as a
function of input voltage at Vpp =3 V.

Fig. 12 Operating supply current as a
function of operating supply voltage.

200 7288363
YH
(nA)
300 Tamb=1
-25°C
//
200 /,
/ |+ +25°c
100 / / | o
| 4 +70°%
/ ] -
—
0 8
4 6
0 2 Vop (V)

Fig. 14 Pull-down input current as a
function of supply voltage at V| = Vpp.
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PCD3324

TYPICAL CURVES (continued)

20 7288364
Ik
(uA)
30 Tamb=
-25°C
20 ]

jat
/ /+l25°c

T7(7
|~ +70°C

\

L
0 2 4

6 8
Vpp (V)

Fig. 15 Keyboard current as a function
of supply voltage;
X-pins connected to Y-pins.

20 7288366
oL |
{mAj 4
15
5
///
6
10 A~ -
A
L /,//
iy ami
——-—1§
oL L J
0 2 4 ovgtvr 8

Fig. 17 Output (N-channel) sink
characteristics for M1 and DP.

Curves for Figs 17 and 18

e

Tamb Vpp=3V Vpp=6V
—250C 1 4
+25 0C 2 5
+70 °C 3 6

40 7288365
Ix
Y
—1y Y
(uA) Vpp=3V \VDD=6V
30 L \
20 % \‘
\ N x
10 L Vpp=6V __|
X
Vpp =3V
o \| 1 \
0 2 4 6 8
Vyi Vy (V)

Fig. 16 Keyboard input characteristics
at Tamp = 25 °C.

7288367
20

N |

BERRNNN

S E—

Fig. 18 Output (P-channel) source
characteristics for M1 and DP.

March 1983



imply that the device will go into regular production.

DEVELOPMENT SAMPLE DATA
This information is derived from development samples PCD3325A
made available for evaluation. It does not necessarily

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3325A is a single chip silicon-gate C-MOS integrated circuit. It converts pushbutton

keyboard entries into streams of correctly-timed line current interruptions. The input data is derived

from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The PCD3325A can regenerate access pauses during redial. During the original entry, access pauses are

stored via the keyboard. A regenerated access pause can be terminated during redial in two ways:

via the keyboard, or with an external dial tone recogniser circuit. This makes the circuit very suitable

for redial in PABX (Private Automatic Branch Exchange) systems. The PCD3325A is pin to pin
compatible with the DF320 and the MT4320 (however, including additional functions).

The circuit has the following features:

® Operation from 2,5 V to 6 V supply.
® Static standby operation down to 1,8 V.
® |ow current consumption; typ. 40 pA.
® | ow static standby current; typ. 1 pA.
® On-chip oscillator for 3,58 MHz crystal.
® Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
& 23-digit capacity, inciuding access pauses, for rediai operation.
® Memory overflow possibility (with internally disabled redial).
® Selectable dialling pulse frequency: 10 Hz, 16 Hz and 20 Hz.
® Test pulse frequency: 932 Hz.
® Selectable dialling pulse mark/space ratios; 2 : 1 or 3 : 2.
® Hold facility for lengthening the inter-digit period.
e Circuit reset for line power breaks; > 160 ms (10 Hz dialling pulse frequency).
® Access pause generation via the keyboard.
® Access pause reset:
via the keyboard,
with external tone recogniser.
® All inputs with pull-up/pull-down (except CE).

® All inputs are internally protected against electrostatic charges.
® High input noise immunity.

PACKAGE OUTLINE
18-lead DIL; plastic (SOT-102G).
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PCD3325A

Vbp l 1 U 18| HOLD/APO
DP I 2 17 I Y4
M1 |3 16 l Y3
M/s | 4 15] v2
FO1 { 5 PCD3325A 14| Y1
FO2 [ 6 13 | X3
ce [7 12] x2
oscIN [ 8 (1] x1
0SC OUT | 9 10] Vss
7284491.1B
PINNING Fig. 1 Pinning diagram.
1 Vpbp positive supply
10 Vgsg negative supply
Inputs
4 M/S controls the mark-to-space ratio of the line pulses
2 Eg; } the dialling pulse frequency is defined by the logic state of these two inputs
7 CE Chip Enable; used to initialize the system; to select between the operational mode
and the static standby mode; to handle line power breaks
11 X1
12 X2 l colurhn keyboard inputs with pull-down on chip
13 X3 J
14 Y1
15 Y2 . . .
16 Y3 row keyboard inputs with pull-up on chip
17 Y4
Outputs
2 DP Dialling Pulse; drive of the external line switching transistor or relay
3 M1 Muting; normaiiy used for muting during the dialling sequence
Input/output

18 HOLD/APQ This pin will go HIGH when an access pause code is read from the memory during
pulsing and will interrupt dialling. 1t can also be externally controlled; it will
interrupt dialling after completion of the current digit or immediately during an
inter-digit pause (tjg); further keyboard data will be accepted.

Oscillator
8 OSC IN . X X
9 0SC OUT input and output of the on-chip oscillator
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C-MOS interrupted current-loop dialling circuit

PCD3325A

DEVELOPMENT SAMPLE DATA

0SC IN  OSC OUT FO1 FO2 M/S
v8 49 v5 v6 cL v4
I’y
PROGRAMMABLE TIMING 7
+»| RESET < CE
OSCILLATOR DIVIDER COUNTER
v
4 PCD3325A 1 1
v v v
READ
+— ADDRESS K]
COUNTER
24x4BIT | ADDRESS {}
RAM DECODER Bl
< ADDRESS CONTROL [
SELECT — LOGIC
WRITE
INPUT/ 18
ADDRESS N HOLD/
OUTPUT
COUNTER APO
4 APO
OUTPUT rl J\; W Vvpp
COUNTER KEYBOARD ACCESS
DECODER = PAUSE 10] v
Y2 b11412413414 415416417
DP X1 X2 X3 Y1 Y2 Y3 Y4 728449218

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see also Fig. 2)
Clock oscillator (OSC IN, OSC OUT)

The time base for the PCD3325A is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set (FO1 and FO2) to provide one of four chip
system clocks; three ‘normal’ clock frequencies and one higher test frequency.

Alternatively, the OSC IN input may be driven from an external clock signal.
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PCD3325A

Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = LOW provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = HIGH the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time tyd (see Figs 5 and 6 and timing data)
an internal reset pulse will be generated at the end of the t,q period. The system is then in the static
standby mode. Short CE pulses of < t.q will not affect the operation of the circuit. No reset pulses are
then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (X,) and the row keyboard inputs (Yp) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as shown
in Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder when one column input is connected to one row
input or, when one column input is set HIGH and one row input is set LOW. Any other input combin-
ations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock pulse
periods (entry period tg). The next keyboard entry will not be accepted until the previously closed
contact has been open for three or four clock pulse periods. The one clock pulse period of uncertainty
in the debouncing process arises because keyboard entries are not detected until the trailing edge of
the first clock pulse after the entry.

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. |f more than
23 keycodes are written into the RAM, memory overflow results and the excess keycodes replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored, auto-
matic redialling is inhibited until the WAC has been reset by the first digit entry of the next telephone
call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset duringentry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by
one. If the first pushbutton to be pressed is redial (#), the WAC is not reset and the keycodes stored

in the RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP.

If the redial pushbutton (#) is operated again during the redialling sequence it will be decoded as an
Access Pause Reset. This function will be described later during the description of the access pause
system of the PCD3325A. During redial no keyboard entry will be accepted and stored in the RAM. But,
when all in the RAM stored numbers have been pulsed out, new keyboard entry will be accepted,
stored at the RAM position after the last digit code of the original entry and converted into correctly
timed dialling pulses.
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C-MOS interrupted current-loop dialling circuit

DEVELOPMENT SAMPLE DATA

T T T
—01? _ozf ©3 9

T
a7 057 ™6

-
77 8] [P}

I I I
L—O*L»oo? w#?

7283249

% Access pause set.

# Redial or Access Pause Reset.

Fig. 3 Single contact keyboard.

Y1

Y2

Y3

X3
X2

J L PCD3325A

common (left open)

o o Fof
4»—01? 0,9 | 139 "
I T T
oot rellet el
V-—O4? >—05? >—06? v
T I I
—ol[o1 relley el
'—07? P—OBT ’—09? v
I T I
5,9 | 0% | Pwg |
—— X3
X2
ﬂﬂﬂﬂﬂﬂﬂ X1
Fig. 4 Double contact keyboard.
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C-MOS interrupted current-loop dialling circuit PCD3325A

DEVELOPMENT SAMPLE DATA

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (ton) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tq) later, a prepulse with a duration of ten clock pulse periods (tq) appears at output
M1. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period tg commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (top) after CE goes
HIGH, the clock pulse generator starts and data entry period tg commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjg) ensues. M2 then goes HIGH (M2 is an internally generated signal, used for explanation
only), the RAC addresses the RAM and the first keycode is loaded into the register of the output
counter which generates the appropriate number of correctly-timed dialling pulses at output DP.
When the digit has been pulsed out, M2 goes LOW, the RAC is incremented by one and the procedure
repeats until the WAC and RAC contents are equal (all digits pulsed out). Output M1 then goes LOW,
the circuit assumes the conversation mode. The circuit reverts to the static standby mode if CE goes
LOW for more than the reset delay time (t,q = 1,6 dialling pulse periods) at any time during the
conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW although Vpp is
maintained by a back-up supply (e.g. because an external diode isolates CE from the back-up supply
connected to Vpp). The RAM retains its contents for subsequent automatic redialling as long as

the back-up supply maintains Vpp above Vppo = 1,8 V.
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PCD3325A

handset handset
lifted replaced
CRADLE -- - - 1‘

CONTACT -
[
: VDD maintained from
| o+~ back-up supply

i
1
Voo | o -
i
1
1
]
|
|

== trd =) [
- : ! . - |
CcE 1 ] 7 | L
(no effect) ! |
| prepulse . :
R | I [ .
1
1ton*tg | | |
- 1-— | il 1
ty—el 1= I} tg 1 1
KEYBOARD Lol | i
ENTRY : | 3 o ’I 4 ) o [ : L
[ T
1 | I
{ mm;; T contact bounce time + te ! :
M2 | bounce time | 1 | .
! ! Ity T tm! It T tyl ]
| | | My M N e — |
| | I ! | I ! I [
DP | | 1 L[z [= L[]z |3 4] | L
! ! Ity ey ! Uty 1 )
| | +|_.‘.-\4_ | R R [ |
l [ i‘[ f 1 RAC contents = § : :
WAC contents
| ! [a]; ! | ! |
| 1 | | | )
: | tid 1 nT ! tid | nT+ty | |
1 il I
| | ' for last digit of number ! !
I ! DIALLING MODE | e ——
L convERrsaTION CONVERSATION *STATIC
MODE MODE STANDBY
(await dialling tone) MODE
7284497

* oscillator off .
all registers except WAC reset
keyboard input inhibited .
number stored in RAM until Vpp < 1,8 V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply
via the cradle contacts). M2 is an internal signal.
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C-MOS interrupted current-loop dialling circuit

' I PCD3325A

DEVELOPMENT SAMPLE DATA

handset handset
lifted replaced
CONTACT _l

CRADLE l
1
|
|
!

COMMON
CONTACT L __.l.__!_ -

Vpp maintained from
/  back-up supply

) (await
| dialling

| tone) nT

CH

tid

nT +ty

|
I
!
|
|
|
|
I
|
|
1

!
|
I
Voo i
[l
I - trd I
! - - [
CE | | L[ !
I —elle— ton = |
; ;f clock start time :
M1 | 1} T o | |
| ]| — | |
| >|(|=10n+‘€ | |
: ":: >t ! 1
KEYBOARD
ENTRY | l 3 - 4 I . [ |
| —| l— ! |
I tg(see Fig.5) ; |
| |
M2 I f L. . |
| |
| |
I |
v | ML ininininiss '
! |
! !
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
!
|

DIALLING MODE

STATIC
STANDBY
MODE

72844981

CONVERSATION
MOD

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the
cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after

point A. M2 is an internal signal.
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PCD3325A

Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD/APO is set HIGH, the dialling
pulse-train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
that RAM. No further keycodes will be read from the RAM and converted into dialling pulses on DP
until the HOLD/APO is set LOW again and an inter-digit pause has elapsed.

HOLD/APO r—_—"—l

T

M1 I

|
e T ¥tm |
' |
M2 | | I
[ [ [
| tb tm | | |
| | | |
DP | [A][2] [5] | BE
tm VT L oty | (R4
—l || —| = first pulse of next digit
I [ |
| start of tjq |
Vop > Vbpo delayed until
CE = HIGH HOLD/APO| _ tid
I =LOW l
DIALLING CONVERSATION DIALLING
MODE MODE MODE
7284496

Fig. 8 Timing diagram showing the effect of activating the HOLD/APO during the transmission of
dialling pulses. M2 is an internal signal.
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C-MOS interrupted current-loop dialling circuit

J L PCD3325A

DEVELOPMENT SAMPLE DATA

DIAL
access pause
set
KEYBOARD
INPUT _I=1 N 7 B P
M1 [ ~ | I | |
’ — tig 14—
DP S 1 N 1 N 1 A - _ilIz
DIALLING ’
HOLD/APO I N
DIALLING CONVERSATION ~ '~ DIALLING
MODE MODE MODE
REDIAL
access pause
redial reset
KEYBOARD
INPUT #L__ ___I#=#1__
M1 | L__ |
— tid |-
Dp 11121 |3 lhl |2|
SE—— L A - |
DIALLING __ - —_—
TONE
HOLD/APO "1
- 7287239

Fig. 9 Dialling sequence showing how an access pause code is stored in the RAM (DIAL) and how the

access pause code is reset during the REDIAL.

Note: access pause can be reset by pressing any

key.
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Access pause regeneration during redial

During original entry, access pause codes can be stored at the appropriate positions in the RAM.
During redial the Access Pause Output (HOLD/APO) will go HIGH as soon as an access pause code is
read from the RAM, thereby interrupting dialling until HOLD/APO is made LOW again as described
above. In this way the normal inter-digit pause with a duration t;q can be replaced by a proper access
pause. An access pause code is stored in the RAM during original entry by pressing the access pause
key (*) between entering the trunk exchange code and the subscriber code, or at any other moment an
access pause is required. The number of access pauses that can be inserted in this manner is only limited
by the capacity of the RAM (digits + access pauses < 23).

During redial, access pauses will be automatically regenerated.
Two methods of terminating an access pause:

1. Manually, by pressing the redial key (#)
2. With an external tone recogniser, by forcing HOLD/APO to LOW.

‘(1)
M1 T 1. J""_—_

access pause

—| |-

I
tm: |
- |
HOLD/APO r !
T | [
de-mute mute |
DIALLING ! ! !
TONE - ' __JWW_.-__'.__
tig
-

DIALLING CONVERSATION DIALLING
MODE MODE MODE

7284494

(1) a. Access pause reset by pressing redial key (#).
b. HOLD/APO controlled by tone recogniser:
HOLD/APO forced to LOW.
Fig. 10 Timing diagram showing Access Pause Reset, during redial.

Note: access pause can be reset by pressing any key.
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C-MOS interrupted current-loop dialling circuit

UECVELUNVICIN I ODANIFLE UATLA

RATINGS

PCD3325A

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

Supply voltage
Voltage on any pin

Operating ambient temperature range

Storage temperature range

CHARACTERISTICS

Vpp = 3 V; Vgg = 0 V; crystal parameters: fogc = 3,58 MHz, Rgmax = 100  (note 3); Tamp = 25 oC;

unless otherwise specified.

VbbD
Vi
Tamb
Tstg

—03to8 V

Vss—0,3 to Vpp + 0,3 V

—25t0 +70 ©C
—565 10 +125 ©C

max.

symbol | min. typ. conditions
Operating supply voltage VpD 2,5 3 6 \
Standby supply voltage [ Tamb = —25t0 +70°C
(note 1) Vppo | 1.8 - 6 \
Operating supply current F5)») - 40 - LA CE = Vpp; notes 2, 3
CE=Vpp:;VpD=6V;
DD - 50 100 nA { notes 2, 3
Standby supply current IDDO - 1 5 uA | CE=VSS;note2
_ _ Vpp=18V
'bpo 2 HA { Tamb = —25 to +70 OC
Input voltage LOW ViL - - 03Vpp }1,8V<VDD<6V
Input voltage HIGH ViH 0,7Vpp— -
Input leakage current; CE
LOW L - - 50 nA CE = Vgg
HIGH K — - 50 nA CE=Vpp
Pull-up input current
M/S =L 30 100 300 nA V| =Vsg
Pull-down input current
FO1, FO2 IH 30 100 300 nA Vi=Vpp
Matrix keyboard operation
K d | 10 _ A | X connected to Y,
eyboard current K —_ M ' CE = HIGH
Keyboard ‘ON’ resistance RKON - - 500 Q contact ON; note 4
Keyboard ‘OFF’ resistance | RKQFF| 1 - - MQ | contact OFF; note 4
Other keyboard operation
Input current for X, ‘'ON’ | I1y - - 30 wA | V|=15t03V
Input current for Y, ‘ON" | —Ij 10 - - wA | Vy=0to25V
Input current Yp, -1 - - 0,7 mA | V|=Vgg

Notes

1. Vppo = 1.8 V only for redial.
2. All other inputs and outputs open.

3. Stray capacitance between pins 8 and 9 < 3 pF.

4. Guarantees correct keyboard operation.
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PCD3325A

CHARACTERISTICS (continued)

symbol | min. typ. max. conditions
Outputs M1, DP
sink current loL 0,7 1,56 3.2 mA VoL=05V
source current —loH 0,65 1,3 2,7 mA VoH=25V
Latch output HOLD/APO
sink current loL 50 130 300 uA VoL=05V
source current —loy |45 110 250 kA VoH=25V
TIMING DATA
Vpp =251t06V;Vgg =0V, fosc =3,579545 MHz
input levels of FO1 and F0O2 VEQ1 |LOW | HIGH| LOW |HIGH
(Vgg = LOW; Vpp = HIGH) VEg2 |LOW | HIGH| HIGH | LOW conditions
symbol (test mode) (note 4)
Dialling pulse frequency 1/Tpp fpp 10,13 15,54 { 19,42 1939,2 Hz | note 1
Dialling pulse period 1/fpp Tpp [98,7 |64,4 |51,56 |1,073 ms
Clock pulse frequency 30xfpp fcL [303,9|466,1|582,6 | 27965 Hz
Break time (note 2) 3/5xTpp | tp 59,2 | 386 |30,9 |0,644 ms |M/S=H;n.c.
Make time (note 2) 2/5xTpp | tm 395 (258 |206 (0,429 ms |M/S=H;n.c.
Break time (note 3) 2/3xTpp | tp 658 429 346 |0,715 ms |M/S=L
Make time (note 3) 13xTpp | tm 329 (215 (17,2 0358 ms |{M/S=L
Inter-digit pause 8xTpp tig 790 | 515 | 412 858 ms
Reset delay time 16xTpp | trg 158 | 103 |824 [172 ms
Prepulse duration 1/3xTpp | tg 33 21,5 | 17,2 | 0,358 ms
Debounce time
min 4/30x Tpp| temin |13.2 | 8,58 | 6,87 |0,143 ms
max. 1/6xTpp | temax|16.5 | 10,7 | 858 | 0,179 ms
Clock start-up time tontyp| 4 - - - ms SED:DV(Sr?ot;;)
Initial data entry
time (typ.) tonttg 1 18 14 12 4 ms
Notes

1. Exactly 10 Hz with 3,5328 MHz crystal.

2. Mark-to-space ratio: 3:2.
3. Mark-to-space ratio: 2:1.

4. In the n.c. (not connected) condition, the input is drawn to the appropriate state by the internal

pull-up/pull-down current.

5. Stray capacitance between pins 8 and 9: < 3 pF.
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Fig. 13 Pull-down input current as a
function of input voltage at Vpp =3 V.

Fig. 14 Pull-down input current as a
function of supply voltage at V| = Vpp.

C-MOS interrupted current-loop dialling circuit PCD3325A
TYPICAL CURVES
8 7288361 80 7ZiBBSGO
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/
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Fig. 11 Standby supply current as a Fig. 12 Operating supply current as a
function of standby supply voltage. function of operating supply voltage.
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TYPICAL CURVES (continued)

40 7288364
'k
(uA)
30 Tamb =
-25°C
20 / e
L~ +25°C
// — |
10 |
/ L |+ +70°C
/
0
0 2 4 6 8
Vpp (V)

Fig. 15 Keyboard current as a function
of supply voltage;
X-pins connected to Y-pins.

20 7288366
oL
(mA)
4
15
5
P
e 6
10 Z//
- /g//
5 / 1
7 —
e 3 —
0 |
0 2 Vo (V)
Fig. 17 Output (N-channel) sink
characteristics for M1 and DP.
Curves for Figs 17 and 18
Tamb Vpp=3V Vpp =6V
—250C 1 4
+25 0C 2 5
+70 °C 3 6

40 7288365
Ix
—ly Y Y
(uA) Vpp=3V Vpp=6V
30 l
20 ‘\ \\
| L Ix
10 L Vpp=6V __|
X
Vpp =3V
o NEEAN
0 2 4 6 8
Vx:iVy (V)

Fig. 16 Keyboard input characteristics
at Tamp = 25 °C.

7288367

1

N
NN
: N\

—3 \\ . J

Vou (V) 8

Fig. 18 Output (P-channel) source
characteristics for M1 and DP.
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J L PCD3326

C-MOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT

The PCD3326 is a single chip silicon-gate C-MOS integrated circuit. It is intended to convert pushbutton
keyboard entries into streams of correctly-timed line current interruptions. The input data is derived
from a telephone keyboard with a 3 x 4 pushbutton matrix. Numbers with up to 23 digits can be
retained in a RAM for redial. A delayed reset is built-in for line power breaks.

The PCD3326 can regenerate access pauses during redial. During the original entry, access pauses are
stored either automatically or via the keyboard. A regenerated access pause can be terminated during
redial in three ways: automatically after a built-in time, or via the keyboard, or with an external dial
tone recogniser circuit. This makes the circuit very suitable for redial in PABX (Private Automatic
Branch Exchange) systems.

The circuit has the following features:

Operation from 2,5 V to 6 V supply.

Static standby operation down to 1,8 V.

Low current consumption; typ. 40 uA.

Low static standby current; typ. 1 uA.

On-chip oscillator for 3,58 MHz crystal.

Fully decoded and debounced inputs for 3 x 4 matrix keyboard.
23-digit capacity, including access pauses, for redial operation.
Memory overflow possibility (with internally disabled redial).
Selectable dialling pulse frequency: 10 kHz, 16 Hz and 20 Hz.
Test pulse frequency: 932 Hz.

Hold facility for lengthening the inter-digit period.

Circuit reset for line power breaks; > 160 ms (10 Hz dialling pulse frequency).
Access pause generation automatically or via the keyboard.

Access pause reset:

automatically after 3 s or 6 s (10 Hz dialling pulse frequency),
via the keyboard,

with external tone recogniser.

® All inputs with pull-up/pull-down (except CE)
® All inputs are internally protected against electrostatic charges.
® High input noise immunity.

PACKAGE OUTLINES
PCD3326P: 18-lead DIL; plastic (SOT-102G).
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HoLD/APO [T ] U 18] v4
voo [2] 17] v3

op [3] [16] v2
m1[4] [15] v1
Fo1[5] Ppcpas2e [1a] ArD

Fo2 [ | [13] x3
ce[7] [12] x2

osCIN 8] 1] x1
0sc ouT E [10] Vss

7290907

Fig. 1 Pinning diagram.

PINNING

2 Vbp positive supply

10 Vss negative supply

Inputs

5 FO1 | - . : . .

6 F02 | the dialling pulse frequency is defined by the logic state of these two inputs

7 CE Chip Enable; used to initialize the system; to select between the operational mode
and the static standby mode; to handle line power breaks

1 X1 |

12 X2 column keyboard inputs with pull-down on chip

13 X3 J

14 APD Access Pause Delay; selects the maximum duration of an access pause.

15 Y1 ]

16 Y2 . . .

17 Y3 row keyboard inputs with pull-up on chip

18 Y4

Outputs

3 DP Dialling Pulse; drive of the external line switching transistor or relay

4 M1 Muting; normally used for muting during the dialling sequence

Input/output

1 HOLD/APO This pin will go HIGH when an access pasue code is read from the memory during
pulsing and will interrupt dialling. It can also be externally controlled; it will
interrupt dialling after completion of the current digit or immediately during an
inter-digit pause (tjq); further keyboard data will be accepted.

Oscillator

8 OSCIN |

9 0SC ouUT |

input and output of the on-chip oscillator

150

December 1984



C-MOS interrupted current-loop dialling circuit

PCD3326

0SC IN  0SC OUT FO1 FO2 M/S
| | |
8 ?9 5 is oL +4
PROGRAMMABLE TIMING 7
OSCILLATOR [=— DIVIDER COUNTER T RESET CE
PCD3326
v
READ
- ADDRESs  |G—]
COUNTER
24x4BIT | ADDRESS {}
RAM DECODER 4
| | ] ADDRESS CONTROL M1
ﬁ*— SELECT o= LoGIC
WRITE
INPUT/ 1
oUTPUT ADDRESS (}; 1] HoLp/
COUNTER APO
A
ouTPUT I ] {; 2 vpp
COUNTER KEYBOARD o ACCESS
DECODER PAUSE E—VSS
{3 nhi2fisfishefirdis 14
I T rT
opP X1 X2 X3 Y1 Y2 Y3 Y4 APD 7290906

Fig. 2 Block diagram.

FUNCTIONAL DESCRIPTION (see also Fig. 2)

Clock oscillator (OSC IN, OSC OUT)
The time base for the PCD3326 is a crystal controlled on-chip oscillator which is completed only by
connecting a crystal between the OSC IN and OSC OUT pins. The oscillator is followed by a frequency
divider of which the division ratio can be externally set (FO1 and F02) to provide one of four chip
system clocks; three ‘normal’ clock frequencies and one higher test frequency.

Alternatively, the OSC IN input may be driven from an external clock signal.
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Chip Enable (CE)
The CE input is used to initialize the chip system.

CE = Vgg provides the static standby condition. In this mode the clock oscillator is off and internal
registers are clamped reset with the exception of the WRITE ADDRESS COUNTER (WAC). The
keyboard input is inhibited, but data previously entered is saved in the RAM.

When CE = Vpp the clock oscillator is operating, the internal registers are enabled and data can be
entered from the keyboard.

If the CE input is taken to a LOW level for more than the time trq (see Figs 5 and 6 and timing data)
an internal reset pulse will be generated at the end of the t;q period. The system is then in the static
standby mode. Short CE pulses of < t,q will not affect the operation of the circuit. No reset pulses are
then produced.

Debouncing keyboard entries

The column keyboard inputs to the integrated circuit (Xp) and the row keyboard inputs (Yp,) are for
direct connection to a 3 x 4 single contact keyboard matrix (with or without common contact) as shown
in Fig. 3, or to a double contact keyboard with a common left open (see Fig. 4). An entry is decoded
into a 4-bit binary keycode by the keyboard decoder when one column input is connected to one row
input or, when one column input is set HIGH and one row input is set LOW. Any other input combin-
ations will be judged to be not valid and will not be accepted. Valid inputs are debounced on the
leading and trailing edges as shown in Fig. 5. Keyboard entries are only decoded into 4-bit binary
keycodes and written into the RAM if the keyboard contact remains closed for four or five clock pulse
periods (entry period tg). The next keyboard entry will not be accepted until the previously closed
contact has been open for three or four clock pulse periods. The one clock pulse period of uncertainty
in the debouncing process arises because keyboard entries are not detected until the trailing edge of
the first clock pulse after the entry. ,

Data entry

After each keyboard entry has been debounced and decoded, the keycode is written into the RAM,
and the WAC is incremented by one to select the next RAM location where the next keycode will be
stored. As each keycode is recalled from the RAM for line pulsing, the READ ADDRESS COUNTER
(RAC) is incremented by one to select the RAM location of the next keycode to be recalled.
Consequently, the difference between the contents of the WAC and of the RAC represents the number
of keycodes that have been written into the RAM but not yet converted into line pulses. |f more than
23 keycodes are written into the RAM, memory overflow results and the excess keycode replace the
data in the lower numbered RAM locations. In this event, since an erroneous number is stored, auto-
matic redialling is inhibited until the WAC has been reset by the first digit entry of the next telephone
call.

If the first pushbutton to be pressed is not redial (#), the WAC is reset duringentry time tg, the
corresponding keycode is written into the first RAM location, and the WAC is then incremented by
one. !f the first pushbutton 1o be pressed is rediai (#), the WAC is not reset and the keycodes stored

in the RAM are sequentially recalled and converted into correctly timed dialling pulses at output DP.

If the redial pushbutton (#) is operated again during the redialling sequence it will be decoded as an
Access Pause Reset. This function will be described later during the description of the access pause
system of the PCD3326. During redial no keyboard entry will be accepted and stored in the RAM. But,
when all in the RAM stored numbers have been pulsed out, new keyboard entry will be accepted,
stored at the RAM position after the last digit code of the original entry and converted into correctly
timed dialling pulses.
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C-MOS interrupted current-loop dialling circuit

J L PCD3326
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1
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7283249

* Access pause set.

# Redial or Access Pause Reset.

Fig. 3 Single contact keyboard.

Y1

Y2

Y3

Y4
X3

common (left open)

SiigRadicg R adike
it PPep | TRag |
240 | °s57 | 69 v2
79 | Psp | MPep | |,
sigleigjaichy
— X3
X2

Fig. 4 Double contact keyboard.

7283250
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STATIC STATIC
STANDBY MODE DIALLING MODE STANDBY MODE
2 . = LR

’

|
|
|
e | il
1
|
|

|
!
|
I
|
I
!
[
I
|

I
| T/30 |
~—|tonl= | — — X
1123 4 5 [ ’ 11 2 3 4 r | ]
o UL . NI .
! P ! ] T
: ; : : | ﬁﬂ/ further key entries :
[
KEYBOARD ENTRY : ! 1 ] : can be acceptfd X
o —JL I i I | | L
CONTACT NOISE ] I T - — == |
[ | | decoded dialled digit { | .
[ | written into RAM | | |
' -l — !
DEBOUNCED . i I |
KEYBOARD ' [ L . | .
ENTRY T | |
i - i |
t tg Max : | |
|

digit pulses :.‘.

being dialled|
|
w """ .
|
|
= HIGH or LOW M2 l L

7284495

Fig. 5 Timing diagram showing clock start-up, keyboard entry debouncing and the effect of
interrupting the supply to CE during the transmission of dialling.

N.B.: CL and M2 are internal signals.

154 December 1984



C-MOS interrupted current-loop dialling circuit PCD3326

Dialling sequence
The dialling sequence can be initiated under either of the following two conditions:

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts
(power supply before keyboard entry); see Fig. 6.

Then, approximately 4 ms (tg) after CE goes HIGH, the clock pulse generator starts and, ten clock
pulse periods (tg) later, a prepulse with a duration of ten clock pulse periods (tq) appears at output
M1. This prepulse ensures that, if a polarized muting relay with two stable positions is used, it
switches to the de-muted position so that the circuit is then in the conversation mode whilst the
subscriber awaits the dialling tone. When the first digit of the required number is entered at the
keyboard, data entry period t; commences.

® The supply to the integrated circuit is derived from the telephone lines via the cradle contacts in
series with a common keyboard contact (Fig. 7).

When the first digit of the required number is entered at the keyboard, the common keyboard contact
connects the line voltage to Vpp and CE becomes HIGH. Approximately 4 ms (ton) after CE goes
HIGH, the clock pulse generator starts and data entry period tg commences. After period tg, M1 goes
HIGH and the pushbutton can be released. The supply to Vpp and CE is then maintained via the
muting circuit controlled by M1.

The further dialling sequence will be described with the aid of Fig. 6. When the keyboard entry has
been decoded and written into the RAM, M1 goes HIGH to mute the telephone and an inter-digit
pause (tjq) ensues. M2 then goes HIGH (M2 is an internally generated signal, used for explanation
only), the RAC addresses the RAM and the first keycode is loaded into the register of the output
counter which generates the appropriate number of correctly-timed dialling pulses at output DP.
When the digit has been pulsed out, M2 goes LOW, the RAC is incremented by one and the procedure

repeats until the WAC and RAC contents are equal (all digits pulsed out). Qutput M1 then goes LOW,

repeats unith tne vwwAL anG nAL CONTENTS are equar (& Gigits pistC 0L LUt oes L

the circuit assumes the conversation mode. The circuit reverts to the static standby mode if CE goes
LOW for more than the reset delay time (t;q = 1,6 dialling pulse periods) at any time during the
conversation or dialling mode (e.g. because the handset is replaced). CE remains LOW although Vpp is
maintained by a back-up supply (e.g. because an external diode isolates CE from the back-up supply
connected to Vpp). The RAM retains its contents for subsequent automatic redialling as long as

the back-up supply maintains Vpp above Vppo = 1,8 V.
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handset handset
lifted replaced

CRADLE
CONTACT

: Vpp maintained from
| &+~ back-up supply

[

-
Vbbp ‘r - -
[

j=—trd | |=—trg—|
I 1
- - - |
CE LI 1 | L
: (no effect) ! |
| prepulse ! l
M1 I [ 1 I L
T | T T
1ton tty i ) |
| f— | I i
tyg—=l = i) e | I
| i \ |
KEYBOARD 1
ENTRY N T W - [ ! L
| 1 | I 1 |
: ‘C:rill:c‘(‘ = > contact bounce time + tg : |
M2 |b0unce time r——l J———————-———L : .
I ] tm N Y i
| | — — —— -l |
| | ! [ ' | |
bpP | | l1||2[]3 | 1[ z[ls ]4|| ! L
I ] ! T I tplty T
. \ LI . b !
| I ‘, : RAC contents = J : |
| | | | WAC contents | !
| | | I I !
I ! I t ! ! |
; ! i id | nT +ty | |
| | for last digit of number ! |
I I DIALLING MODE | lagm— ——
L conveRsaTiON CONVERSATION *STATIC
MODE MODE STANDBY
(await dialling tone) MODE
72844971

* oscillator off.
all registers except WAC reset .
keyboard input inhibited .
number stored in RAM until Vpp < 1,8 V.

Fig. 6 Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. supply
via the cradle contacts). M2 is an internal signal.
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tone)
| tone)
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handset A handset
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CONTACT I —I
! >ton*te ]
s !
commoN !
CONTACT 1 . - -
| | : Vpp maintained from
| : \ /  back-up supply
| - - -
Voo | | !
1 [
" ) :..rrd -]
| - - - |
CE | [ [ . 1 !
I el tgn = :
: “ clock start time |
M1 | 1] L__ !
[ — ! !
| Hti=ton +te ! !
: —~i >t : I
KEYBOARD
ENTRY | I 3 _— I 4 I - L |
| — | l— ] |
| tg (see Fig.5) : :
i
M2 | | | L_. !
| - I |
| | |
| I |
DP ) ] 7] [3] ELEL L )
T |
I |
| |
! |
i |
|
|

|

|

i |

| |

| |

| |

! |
(await | i
dialling } ;

! |

| |

|

I

|
|
|
|
|
|
|

DIALLING MODE

CONVERSATION  STATIC
MODE STANDBY
MODE

7284498.1

Fig. 7 Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the
cradle contacts in series with a common contact on the keyboard. See Fig. 6 for pulse timings after
point A. M2 is an initial signal.
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Hold function

As shown in Fig. 8, the hold function allows the interval between consecutive pulsed digits to be
prolonged under the control of external equipment. When the HOLD/APO is set HIGH, the dialling
pulse train is interrupted as soon as M2 goes LOW to signal that the current digit has been pulsed out.
In the hold condition, further keyboard entries will be accepted, debounced, decoded and stored in
the RAM. No further keycodes will be read from the RAM and converted into dialling pulses on DP
until the HOLD/APO is set LOW again and an inter-digit pause has elapsed.

HOLD/APO [_———“—-I

.

I<~.~nT+tm | |
| | |
M2 ] I | l
| 1
by Im : |
I ! | |
DP L zLE i A
t 1V Tty 1T
— | :<—>l —| |- first pulse of next digit
[ | |
| start of tjq |
Vpp > Vbpo delayed until
CE = HIGH HOLD/APO| _ tid
' =LOowW |
DIALLING CONVERSATION DIALLING
MODE MODE MODE

7284496

Fig. 8 Timing diagram showing the effect of activating the HOLD/APO
during the transmission of dialling pulses. M2 is an internal signal.
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If there are no further key entries
before this instant, M1 goes LOW after tqg
and an access pause keycode is 'l

X bounce time + tg
written into the RAM

—— -

S I SN 2

|

|

T | K

| | dialling sequence restarts
I

i

KEYBOARD__’_"L
INPUT 0 -

when another key is pressed

M1 L—-
[ |
nLE o joemue ke |
oP -_‘Il aigioigipigininiok ___ [z
[ byl tg |1
{

le————— last digit of access code ———————I

DIALLING | |
Tone -- = - — - ————

i i

1 ]

HOLD/APO [~ 1

|

|

[ [l
It — |-— | tid —y

1

|

1

access pause

I
I
|

DIALLING CONVERSATION DIALLING
MODE MODE MODE

CE = HIGH 7284493

Fig. 9 Dialling sequence showing how an access pause code is automatically stored in the RAM for
possible redialling if no further key entries are made until all of the previously entered digits have been
transmitted. The dialling sequence continues when another key is pressed.
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Access pause regeneration during redial

During original entry, access pause codes can be stored at the appropriate positions in the RAM.

During redial the Access Pause Output (HOLD/APO)will go HIGH as soon as an access pause code is

read from the RAM, thereby interrupting dialling until HOLD/APO is made LOW again as described above.

In this way the normal inter-digit pause with a duration tjg can be replaced by a proper access pause.

An access pause code is now automatically stored in the RAM during original entry, when M1 goes

LOW, after all digits so far entered have been transmitted (see Fig. 6). This occurs between entering of

the trunk exchange code and the subscriber code, whilst the access tone is available. Up to two access

pauses can be entered into the RAM in this manner. Alternatively, the access pause key (%) can still be

pressed to insert (more) access pauses manually (digits + access pauses < 23).

During redial, access pauses will be automatically regenerated.

Three methods of terminating an access pause:

1. Automatically, if the built-in time t,, expires; HOLD/APO then goes LOW; tap can be set to one
of two values with the Access Pause Belay (APD) select input.

2. Manually, by pressing the redial key before tap expires.

3. With an external tone recogniser, by forcing HOLD/APO to LOW or HIGH respectively, for
shortening or lengthening an access pause.

jo
L | I

Max. access pause = tap

|
|
j—— |
LI K1 B Y I ) R R i U
el T ] T
tm! | i
|
- I
HOLD/APQO [T 1L |
- l (]
de-mute mute |
DIALLING ! ! J
TONE .___-._’-_.IVML_--'_.__.
tig _|

DIALLING CONVERSATION  DIALLING
ODE MODE MODE

7284494

(1) a. Access pause (tap) expires or press redial before end of tp.

b. HOLD/APO controlled by tone recogniser:
HOLD/APO forced to LOW before tap expires; access pause < tap
HOLD/APO forced to HIGH after tap expires; access pause > tap-

Fig. 10 Timing diagram showing Access Pause Reset.
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C-MOS interrupted current-loop dialling circuit

PCD3326

RATINGS

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

Supply voltage
Voltage on any pin

Operating ambient temperature range

Storage temperature range

CHARACTERISTICS

Vpp =3 V; Vgg = 0 V; crystal parameters: fogc

unless otherwise specified.

= 3,68 MHz, Rgmax = 100 & (note 3); Tymp = 25 °C;

Vbbp
Vi

Tamb
Tstg

—-03to8 V

Vgg—0,3to Vpp +0,3 V

—25to0 +70 ©°C
—55t0 +125 ©C

symbol | min. typ. max. conditions
Operating supply voltage VpD 2,5 3 6 \
Standby supply voltage ( Tamb = —25t0 +70 °C
(note 1) Vppo | 1.8 - 6 \% ’
Operating supply current DD - 40 - HA CE =Vpp: notes 2, 3
pp | - 50 100  uA || CEoVDDIVOD=EV:
Standby supply current IDDO - 1 2 uA | CE = Vgg; note 2
oo | = - 2w |y v
Input voltage LOW ViL - - 03Vpp | 1,8V <Vpp<6V
Input voltage HIGH ViH 07Vpp— - /
Input leakage current; CE
LOW -hL — - 50 nA CE = Vgs
HIGH 1K - - 50 nA CE =Vpp
Pull-up input current
m/s -hL 30 100 300 nA V| = Vgg
Pull-down input current
FO1, F02, APD I 30 100 300 nA Vi=Vpp
Matrix keyboard operation
Keyboard current Ik — 10 - MA ll Z:(é:o:n\r/ule)clt)ed oY,
Keyboard ‘ON’ resistance RkON - - 500 Q contact ON; note 4
Keyboard ‘OFF' resistance | RkofFf| 1 - - MQ | contact OFF; note 4
Other keyboard operation
Input current for X, ‘ON’ I'H - - 30 HA Vi=15t03V
Input current for Y, ‘ON’ -hL 10 -— — uA Vi=0to25V
Input current Yy, - - - 0,7 mA | V|=Vgs

Notes

1. Vppo = 1.8 V only for redial.
2. All other inputs and outputs open.

3. Stray capacitance between pins 8 and 9 < 3 pF.
4. Guarantees correct keyboard operation.
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CHARACTERISTICS (continued)

symbol min. typ. max. conditions
Outputs M1, DP
sink current loL 0,7 1,5 3,2 mA VoL=05V
source current —loH 065 13 27 mA | Voy=25V
Latch output HOLD/APO
sink current loL 50 130 300 wA VoL=05V
source current —loH 45 110 250 pA VoH=25V
TIMING DATA
Vpp =25t06V;Vgg=0V; fosc = 0V; fogc = 3,579545 MHz
input levels of FO1 and F02 VEo1 |[LOW |HIGH |LOW |HIGH
(Vgg = LOW; Vpp = HIGH) VEp2 [LOW |HIGH |HIGH |LOW conditions
symbol (test mode) | (note 3)
Dialling pulse frequency 1/Tpp fpp 10,13 (15,64 |19,42 |939,2 Hz |note 1
Dialling pulse period 1/fpp Tpp (98,7 [644 |51,5 |1,073 ms
Clock pulse frequency 30xfpp |(fcL (3039 |466,1 |582,6 [27965 Hz
Break time (note 2) 3/6xTpp |tp 59,2 (38,6 (30,9 (0,644 ms |M/S=H;n.c.
Make time (note 2) 2/5xTpp |tm 39,5 |25,8 |20,6 |0,429 ms |M/S=H;n.c.
Inter-digit pause 8x Tpp tid 790 |515 412 18,58 ms
Reset delay time 16xTpp |trg 158 (103 (82,4 |[1,72 ms
Access pause time 32x Tpp tap 3,16 2,06 |1,65 10,034 s ADP =L; nc
64xTpp |tap 6,32 (4,12 |3,30 [0,069 s ADP =H
Prepulse duration 1/3 x Tpop |td 33 21,5 |17,2 0,358 ms
Debounce time
min. 4/30 x Tpp| te min |13,2 (8,58 (6,87 [0,143 ms
max. 16 x Tpp |te max|16.5 [10,7 |8,68 (0,179 ms
Clock start-up time tontyp(4 4 4 4 ms SE: Vss —=
pD (note 4)
Initial data entry
time (typ.) ton *te tj 18 14 12 4 ms
Notes
1. Exactly 10 Hz with 3,5328 MHz crystal.
2. Mark-to-space ratio: 3:2.
3. In the n.c. (not connected) condition, the input is drawn to the appropriate state by the internal
pull-up/pull-down current.
4. Stray capacitance between pins 8 and 9: < 3 pF.
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J l PCD3326

TYPICAL CURVES
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Fig. 11 Standby supply currentas a
function of standby supply voltage.

5 7288362
li
(uA)
i0
Tamb=
—25°C
+25°C
5 Y
// +70°C
]
0 1 2

viiv) 3
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TYPICAL CURVES (continued)
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characteristics for M1 and DP.

Curves for Figs 17 and 18
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples PCD3343

made available for evaluation. It does not necessarily
imply that the device will go into regular production.

CMOS MICROCONTROLLER FOR TELEPHONE SETS

GENERAL DESCRIPTION

The PCD3343 is a single-chip 8-bit microcontroller fabricated in CMOS and is a member of the
PCF8500 family. It has special on-chip features for application in telephone sets.

The device is mask programmable, designed to provide telephone dialling facilities such as redial,
repertory dial, emergency call, keyboard scan and control for liquid crystal display, pulse dial and/or
DTMF dial via dedicated peripheral.

Features

8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DIL or SO package

3 K ROM bytes

224 RAM bytes

20 quasi-bidirectional 1/0 port lines .

Two test inputs: one of which is also the external interrupt input (CE/TO)

Single-level vectored interrupts: external, timer/event counter, serial 1/0

Serial 1/0 which can be used in bus systems with more than one master (serial 1/0 data via an
existing port line and clock via a dedicated line)

8-bit programmable timer/event counter
Qver 80 instructions (based on MARBS048 MARS400 and PCFR500)

Over 80 instructions (based on MAB8048, MA nd PCF8
All instructions 1 or 2 cycles

Clock frequency 100 kHz to 10 MHz

Single supply voltage from 1,8 Vto 6 V

Low standby voltage and current

STOP and IDLE mode

On-chip oscillator with output drive capability for peripherals (e.g. PCD3312 DTMF generator)
Configuration of all 1/0 port lines individually selected by mask: pull-up, open drain or push-pull
Power-on-reset circuit and low supply voltage detection

Reset state of all ports individually selected by mask

Operating temperature range: —25 to + 70 °C

PACKAGE OUTLINES

PCD3343P : 28-lead DIL; plastic (SOT-117D).
PCD3343D: 28-lead DIL; ceramic (CERDIP) (SOT-135A).
PCD3343T: 28-lead mini-pack; plastic (SO-28; SOT-136A).
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Fig. 1a Replacement of dotted part in Fig. 1, Fig. 1b Replacement of dotted part in Fig. 1,
for the PCF8500F bond-out version. for the PCF85008B ‘Piggy-back’ version.
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DEVELOPMENT SAMPLE DATA

PINNING

P22 [1] U 28] Voo
P23 [2] 27] P21
scik 3] 26] P20
POO [__4_' E P17
po1 [5] 23] P16
po2 [6] Z] P15
P [1] PCD3343 2] v
po4 8] [21] P13
pos [9] 20] P12
pos [10] [19] P11
P07 [17] 18] P10

ce/T0 [12 [17] RESET
m [i3 [16] xTAL2
Vss @ 15] xTAL1

7287783

Note CE/TO is labelled INT/TO on the PCF8500B and has inverted polarity.
Fig. 2 Pinning diagram: PCD3343 and bottom pinning PCF8500B.

PIN DESIGNATION

3 SCLK Clock: bidirectional clock for serial /0.
4-11 P00-PO7 Port 0: 8-bit quasi-bidirectional 1/0 port.
12 CE/TO Interrupt/Test 0: external interrupt input (sensitive to positive-going

edge)/test input pin; when used as a test input directly tested by
conditional branch instructions JTO and JNTO.

13 T Test 1: test input pin, directly tested by conditional branch instructions
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event
counter, using the STRT CNT instruction.

14 Vss Ground: circuit earth potential.

15 XTAL 1 Crystal input: connection to timing component {crystal) which determines
the frequency of the internal oscillator; also the input for an external
clock source.

16 XTAL 2 connection to the other side of the timing component.

17 RESET Reset input: used to initialize the processor (active HIGH), or output of
power-on-reset circuit.

18-25 P10-P17 Port 1: 8-bit quasi-bidirectional 1/0 port.

26,27,1,2 P20-P23 Port 2: 4-bit quasi-bidirectional 1/O port. P23 is the serial data
input/output in serial 1/0 mode.

28 VpD Power supply: 1,8 Vto6 V.
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PINNING (continued)

PCF8500B

Voo [7] U 5] Voo A0-a12 K A0-A1Z

(address bus)

101

D0-p7[_D0-D7
A7]3 26| Vp
:] l: b (data bus)
A6 Z] E A8 EPROM
As|5] [24] Ao max. 8K bytes PCF85008 . ScLK
CE PSEN BOND OUT CHIP
Aal6 ] 23] A -
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a2|s8] 2] a0
RESET
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p1 |12 17]os
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Vss
vss[1a]  [is]os
7287784
7287785

Fig. 3 Pinning diagram: PCF8500B
‘Piggy-back’ version top pinning;
to access a 2732 or 2764 EPROM.

PIN DESIGNATION

14, 22 Vss Ground

1,26-28 Vbp Power supply

10-3, 25, 24, 21,23,2 AO0-A12 Address outputs
11-13, 15-19 DO0-D7 Data

20 PSEN Program store enable
Notes

1. RAM capacity of PCF8500B is 256 bytes.
2. Access time for ROMS/EPROMS to be below 7 x 1/fxTAL-

3. Pin 12 CE/TO is on the PCF8500B, inverted and labelled INT/TO.

Fig. 3a Connection of EPROM to
‘Piggy-back’ package PCF85008B.
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DEVELOPMENT SAMPLE DATA

FUNCTIONAL DESCRIPTION
Bond-out version PCF8500F

The PCF8500F is a microcontroller that contains no on-board ROM, but has all address and data lines
brought-out to access an external ROM or EPROM. This version has more pins than the PCD3343
with on-board ROM (see Fig. 1a). The RAM has 256 bytes. It can address 8 K bytes of ROM.

‘Piggy-back’ version PCF85008B

The PCF8500B is a special package that has standard pinning to the bottom which facilitates insertion
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total
package height is greater than the standard DIL package. The RAM has 256 bytes and can also address
8 K bytes of program memory.

Program memory PCD3343

The program memory consists of 3072 bytes (8-bit words), in a read-only memory (ROM). Each
location is directly addressable by the program counter. The memory is mask-programmed at the
factory. Figure 4 shows the program memory map.

Four program memory locations are of special importance:

® [ocation 0; contains the first instruction to be executed after the processor is initialized (RESET),
® [ocation 3; contains the first byte of an external interrupt service subroutine,

® [ocation 5; contains the first byte of a serial 1/0 interrupt service subroutine,

® [ocation 7; contains the first byte of a timer/event counter interrupt service subroutine.

Program memory is arranged in banks of 2 K bytes, which are selected by SEL MB instructions. The
program memory is further divided into location ‘pages’, each of 256 bytes. This latter division applies
only for conditional branches. Memory bank boundaries can be crossed only by using the unconditional
branch instructions after the appropriate memory bank has been selected. A CALL instruction can
transfer control to a subroutine on any ‘page’; RET and RETR instructions can transfer control from

a subroutine back to the main program.

Data memory PCD3343

Data memory consists of 224 bytes (8-bit words), random-access data memory (RAM). All locations
are indirectly addressable using RAM pointer registers; up to 16 designated locations are directly
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer.
Figure 5 shows the data memory map.

Working registers

Locations O to 7 are designated as working registers, directly addressable by the direct register
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate
their contents, makes these locations suitable for storing frequently addressed intermediate results.
This bank of registers can be selected by the SEL RBO instruction.

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working
registers, instead of locations O to 7, and these are then directly addressable. This second bank of
working registers may be used as an extension of the first or reserved for use during interrupt service
subroutines saving the first bank for use in the main program. If the second bank is not used, locations
24 to 31 may serve as general purpose RAM.

The first locations of each bank contain the RAM pointer registers RO, R1, RO’ and R1’, which
indirectly address all RAM locations.

All RAM locations make efficient program loop counters when used with the decrement register and
test instruction DJNZ.
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FUNCTIONAL DESCRIPTION (continued)

PCD3343 [ 3072 (1
SELMB1
2048 T
2047 1
v
SELMBO
| 1024
1023 (1) The program memory of PCF8500
from 4 K to 8 K can be used
via SELMB2and SELMB3
instructions
8
7 location 7 : timer/counter interrupt vector
6
5 location 5 : serial 1/0 interrupt vector
4
3 location 3 : external interrupt vector
2
1
L 0 location O : reset vector 7287786

Fig. 4 Program memory map.

Program counter stack

PCF85008B

PCD3343

7287787

Fig. 5 Data memory map.

[255
USER
[223[ ~ Ram — ]
addressed
indirectly
through pointers
RO, R1, RO, R
32
31
BANK 1
WORKING directly
REGISTERS addressable
8x8 when bank 1
is selected
25 R1'
24 RO”
23
8 LEVEL
STACK | .
7 - or P2
USER RAM
16x8
8
7
BANK O
WORKING directly
REGISTERS addressable
8x8 when bank 0
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1 R1
L o RO

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as
general purpose RAM. The program counter stack (Fig. 6) enables the processor to keep track of the
return addresses and status generated by interrupts or CALL instructions by storing the contents of
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the
eight register pairs of the program counter stack will be loaded with next generated return address.

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first

subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long,
two bytes must be used to store each address.

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack
pointer decrements by one and the contents of the register pair on top of the stack are transferred to
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction.

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be
used as any other indirectly addressable RAM locations. Possible locations from 32 to 223 may be
used for storage of program variables or data.

Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack.
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111.
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DEVELOPMENT SAMPLE DATA

The value of the saved contents of the program counter is different for an interrupt CALL compared
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is
saved; with a subroutine CALL, the saved program counter value is one less than the program counter
return address.

STACK
POINTER 7287323
! R23
111 } 22
|
X 21
110 : 2
101 } 19
I
! 18
! 17
100 : 16
M 15
011 } "
|
j 13
010 } 12
! 1
|
001 }
| 10
000 PSW7[Pswe|PC12]PsWa | PC11]PCro[ PCo [PCa | 9
PC7 | PCq | PCs [ Pca | Pca[ ey Pt [Peo| RS

mMsB LSB
Fig. 6 Program counter stack.

IDLE and STOP modes
IDLE mode

When the microcontroller enters the IDLE mode via the IDLE instruction (H’01’) the oscillator,
timer/counter and serial 1/0 are kept running. The microcontroller exits from the IDLE mode by one
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro-
controller and a normal RESET sequence is executed (see Fig. 7).

program
counter =0
NORMAL MODE IDLE MODE NORMAL MODE
PROGRAM FLOW } fF
|
OSCILLATOR l 1 l l l l l l I
RESET 1,
| tRES 1866

>1us clock periods 7287788

Fig. 7 Exit from IDLE mode via a RESET.

August 1984

171



PCD3343

FUNCTIONAL DESCRIPTION (continued)

An active signal coming from an enabled interrupt causes the execution of the normal interrupt
routine since normal interrupt scanning is still being carried out. A LOW-to-HIGH transition on the
external interrupt pin (CE/T0) reactivates the microcontroller. A HIGH level applied to CE/TO will
reactivate the microcontroller only in the STOP mode. Thus, if CE/TO was HIGH before the micro-
controller entered the IDLE mode, it must go LOW before the microcontroller can be reactivated

(see Fig. 8).
m program
counter =003
<«—————— |DLE MODE ————>{
NORMAL MODE o NORMAL MODE
PROGRAM FLOW + 1f +-

|
oscicuator || [[[|[[[[[LCTLTLLLLCEL (OO
CE/TO % " / / 7

)

“>]>4 L'—->7—><— 60 —
clock clock clock
periods  periods periods 7287789

Fig. 8 Exit from IDLE mode via an interrupt.

Wake-up from the IDLE mode is ensured when CE/TO is LOW for 4 CP (clock periods) followed by a
HIGH for 7 CP. After the initial forced CALL H‘0O03’ operation (60 CP) the program continues with
the external interrupt service routine.

STOP mode

The microcontroller enters the STOP mode by the STOP instruction (H’22’). The oscillator is switched
off. The internal status of the CPU, RAM contents and the state of |/O ports are not affected. The
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt
input or by an external RESET signal. When one of these two signals is applied an internal delay of
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 9).
If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is

executed.
program counter =

Oor003
NORMAL MODE ,, STOP MODE l NORMAL MODE

PROGRAM FLOW } {f :

osewaror ||| IIINIIT o (OO IHHHIIHIHHIH

RESET

'RES | 1866 _ |
>1ups clock periods

ce/To VI PR /] //

o tNT L___ 1866 _ |
>1us clock periods 7287790

Fig. 9 Entering and exiting the STOP mode.

OR >
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DEVELOPMENT SAMPLE DAIA

If the microcontroller exits the STOP mode by pulling the external interrupt input pin HIGH, an
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro-
controller resumes the normal program sequence after returning from the interrupt routine, as in the
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the
instruction following the STOP instruction.

The microcontroller is restarted by a HIGH level applied at the CE/TO pin, and not by a LOW-to-HIGH
transition as in a normal interrupt mechanism.

When the CE/TO level is active during the STOP instruction then no STOP is executed.

A HIGH level on the external interrupt input of at least 1 us will cause the microcontroller to exit the
STOP mode.

1/0 facilities
The PCD3343 family has 23 1/0 lines arranged as:
® Port 0 parallel port of 8 lines (POO to P0O7)

® Port1 parallel port of 8 lines (P10 to P17)

® Port2 parallel port of 4 lines (P20 to P23)

® SCLK serial 1/0 consisting of a data line shared with a parallel port line (P23) and a separate
__ clock line SCLK

® CE/TO external interrupt and test input. When used as a test input can be directly tested by

conditional branch instructions JTO and JNTO
T test input which can alter program sequences when tested by conditional jump instructions
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter.

Parallel norts
a ports

All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional.
Output data written to a port is latched and remains unchanged until rewritten.
Input data is not latched and so must be present until read by an input instruction.

Input lines are fully CMOS compatible, output lines can drive one LS-TTL or CMOS load.

CYCLE 1 CYCLE 2 |

ANL
ORL

o
23
>

\

)
P0,P1,P2 X DATA OUT X

ALL PORTS FOR IN AND OUTL INSTRUCTIONS

7287791

Fig. 10 Timing diagram of all ports on IN and OUTL instructions; for ANL and ORL instructions,
the ports change on the time slot 7 of cycle 2.

Fig. 11 shows the quasi-bidirectional I/O interface with push-pull output and switched pull-up current
source.

Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 whenever
one of the two output latches contains a logic 1. This current provides sufficient source current for a
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to
be used for both input and output.
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FUNCTIONAL DESCRIPTION (continued)

When a logic 1 is written to the line for the first time (MQ = 1, SQ = 0), TR2 is switched on for the
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents
unnecessary current through external components connected to the port lines of the same port which
might be in the input mode and also connected to ground.

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability

is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written

to the line, otherwise TR1 will remain low impedance.

In telephone applications this switched pull-up source may not be sufficient. Therefore the PCD3343

offers the possibility to select individually 19 of the 20 parallel port pins (not P23), by the following

mask options:

Option 1- STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 100 uA
(typ.) and P-channel booster transistor TR2 (1,5 mA). TR2 is only active during 1 clock
cycle (0,28 us at 3,568 MHz).

Option 2- OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output.
Application as an output requires connection of an external pull-up resistor (Fig. 12).

Option 3- PUSH-PULL OUTPUT; drive capability of the output will be 1,5 mA (typ.) at Vpp =3V
in both polarities. To avoid a large current flowing through the output transistors during the
input mode, these push-pull pins must only be used as outputs (Fig. 13).

Also, individual mask selection of the RESET state of these port pins can be achieved by appending

the following options S and R to options 1, 2 or 3.

Option S-SET; after RESET this pin will be initialized to HIGH.
Option R-RESET; after RESET this pin will be initialized to LOW.

WRITE PULSE Vbp
SET TR2 TR3
",.;:' >—
Lo
DATA BUS D mMQ D sa TR4
L Lol constant | 100 A
— _ current 7 (typ.)
D MQ D sa source
D l 0O 1/0 PORT
T TR LINE

RESET _1:11,5 mA
,____ﬂ_, Vss
ORL/ANL /I

N 7287792

IN

Fig. 11 Standard output with switched pull-up current source.
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WRITE PULSE Vpp
SET
DATA BUS D MQ D sa
L Lof
»——{ >o0—{D Ma D Sa
. D 1/0 PORT
l TR1 LINE

RESET 511.5 mA
_—ﬂ__‘ Vss
ORL/ANL 1

N 7287793

IN

Fig. 12 Open drain output.

WRITE PULSE Vbp
SET Dc TR2 TR3 !
| 15mA [P= | =1
DATA BUS D MQ D sa | TR4
L Lof constant [P>——— 100 1A
— — current (typ.)
'—DO— D MaQ D sa source
: {7] /0 PORT
‘[ ‘rm LINE
RESET ___jjts mA
—ﬂé Vss
ORL/ANL 1

N 7287794

IN

Fig. 13 Push-pull output.
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FUNCTIONAL DESCRIPTION (continued)
Serial 1/0 (S10)

The PCD3343 has an on-chip serial 1/0 interface. This SIO interface is a versatile feature in an
intelligent telephone set, as shown in application diagram Fig. 32.

In this application the SIO is used to communicate with the different peripherals, such as:

® DTMF generator (PCD3312)
® LCD drivers (PCF8577)
® External RAM  (PCD8571)
® Clock calendar (PCB8573)

No extra hardware is required for decoding, addressing and data processing.

Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data,
the serial 1/0 interface detects, receives and converts the serial data stream into parallel format without
interrupting the execution of the current program. An interrupt is sent to the PCD3343 only when a
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission
the serial 1/0 interface performs parallel to serial conversion and subsequent serial output of the data.
The microcontroller is only interrupted in the execution of its programmed tasks when a complete
byte has been transmitted.

The design of the PCD3343 serial |/0O system allows any number of devices from PCF8500 family
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system.
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a
device reacts only to a message prefixed with its own address or the ‘general CALL’ address.

Address recognition is performed by the interface hardware so that operation of the microcontroller
need only be interrupted when a valid address has been received. This saves significant processing time
and memory space compared with a conventional microcontroller employing a software serial interface.
When the addressing facility is not required, for instance in a system with only two microcontrollers,
direct data transfer without addressing can be performed. In multi-master systems, an automatically
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission.

In NORMAL (running) and IDLE mode, the serial I/0 logic remains active; its internal system clock
will be switched off when there is no activity on the serial bus.

After execution of the STOP instruction, the oscillator of the PCD3343 is switched off. This means
that the serial 1/0 logic will remain in the state it was at the occurance of the STOP instruction. To
avoid ‘‘bus block’’ problems and to assure correct start-up of the bus after exit from the STOP mode,
the user should disable the serial logic (ESO = 0) prior to the execution of the STOP instruction. This
must be carried out only when the PCD3343 has finished a serial data transfer.

Serial 1/0 interface

Figure 14 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 3
(SCLK) while the data line shares pin 2 (serial data) with the /0O line P23 of port 2. When the serial
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain).

The microcontroller and interface communicate via the internal microcontroller bus and the Serial
Interrupt Request line. Data and information controlling the operation of the interface are stored in
four registers:

® Data shift register (SO)

® Serial 1/0 interface status word (S1)
® Serial clock control word (S2)

® Address register
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Data shift register (S0)

Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only
after a complete byte has been transmitted, or after a complete data byte, specific address or ‘general
CALL' address has been received. The most significant bit is transmitted first.

Serial 1/0 interface status word (S1)

Register S1 provides information concerning the state of the interface and stores information from the
microcontroller. Bits O to 3 are duplicated: control bits in these positions can only be written by the
microcontroller, while interface bits can only be read.

MST and TRX (see Table 1)
These bits determine the operating mode of the serial 1/0 interface.

Table 1 Operating modes of the serial 1/0 interface

MST TRX operating mode
0 0 slave receiver
1 0 master receiver
0 1 slave transmitter
1 1 master transmitter
BB: Bus Busy.

This is the flag which indicates the status of the bus.
PIN: Pending Interrupt Not

PIN = ‘0’ indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request
when the serial interrupt mechanism is enabled.

ESO: Enable Serial output

The ESO flag enables/disables the serial I/O interface: ESO = ‘1’ enables, ESO = ‘0’ disables. ESO can
only be written by software.

BCO, BC1 and BC2

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These
bits can only be written by software.

AL: Arbitration Lost

The arbitration lost flag is set by hardware when the serial |/O interface, as master transmitter, loses a
bus arbitration procedure.

AAS: Addressed As Slave

This flag is set by hardware when the interface detects either its own specific address or the ‘general
CALL’ address as the first byte of a transfer and the interface has been programmed to operate in the
address recognition mode.

ADQ: Address Zero

This flag is set by hardware after detection of the ‘general CALL' address when the interface is operating
in the address recognition mode.

LRB: Last Received Bit

This contains either the last data bit received or, for a transmitting device in the acknowledgement
mode, the acknowledgement signal from the receiving device.

Bits AL, AAS, ADO and LRB can only be read by software.

August 1984 177



PCD3343

FUNCTIONAL DESCRIPTION (continued)
Serial clock control word (S2)

Bits O to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When
a 3,58 MHz crystal is used, the frequency of the serial clock can be varied between 92 kHz and 580 Hz
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5.
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line,
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of
the serial 1/0. S2 is a write only register.

Address register

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO,
# data instructions, but only when ESQ = “0’,

Serial 1/0 interrupt logic

An EN Sl instruction enables and a DIS Sl instruction disables the interrupt logic. When the logic is
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a CALL to

location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1,
allowing the interrupt to be serviced. However, vectored interrupt will not occur.
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Table 2 SI0 clock pulse frequency control when using a 3,68 MHz crystal

hexadecimal fscLk (kHz)
$20-S24 code | divisor (approximate)
0 not allowed
1 39 92
2 45 80
3 51 70
4 63 57
5 75 48
6 87 41
7 99 36
8 123 29
9 147 24
A 171 21
B 195 18
Cc 243 15
D 291 12
E 339 1
F 387 9,2
10 483 7.4
1 579 6,2
12 675 53
13 771 4,6
14 963 3,7
15 1155 3,1
16 1347 2,7
17 1539 23
18 1923 1,9
19 2307 1,6
1A 2691 1,3
1B 3075 1,2
1C 3843 0,93
1D 4611 0,78
1E 5379 0,67
1F 6147 0,58
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FUNCTIONAL DESCRIPTION (continued)

Table 3 Serial I/O addresses for telephony peripherals

address
type 7 6 5 4 3 2 1 0 description
PCF8570A | 1 0o 1 0 A2 Al X R/W 2 K RAM
PCF8570 1 0 1 0 A2 Al A0 R/W 2 K RAM
PCD8571 1 0 1 0 A2 Al A0 R/W 1 K RAM
PCD3311 0 1 0 o0 1 0 AO R/W DTMF dialler
PCD3312 0 1 0 o0 1 0 A0 R/W DTMF dialler
PCE2111 0 0 o0 0 o© 0 1 0 LCD driver *
PCD8573 1 1 0 1 0 Al A0 R/W clock calendar
PCF8574 0 0O 1 1 A2 Al AD R/W 8-bit 1/0 expander
PCF8576 0 1 1 1 0 0 SA0 RW 1: 4 LCD driver
PCF8577 0 1 1 1 0 1 0 R/W 1:2 LCD driver

LCD driver requires an additional enable line.
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FUNCTIONAL DESCRIPTION (continued)

Interrupts (see Fig. 15)

When the external interrupt is enabled, a LOW-to-HIGH transition on the CE/TO input initiates an
external interrupt subroutine which causes a CALL to program memory location 3 following
completion of the current instruction.

The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next
instruction of the main program will be executed. Serial 1/0 interrupt, when enabled, causes a CALL
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer
interrupt is enabled.

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the
PSW have been saved in the program counter stack. Accumulator contents have to be saved by
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt
subroutines must reside in memory bank 0.

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After
executing RETR, the program continues in the main part; this is independent of the occurance of a
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously,
their priority is:

® (1) external

® (2) serial 1/0

® (3) timer/event counter

An external interrupt can be generated by using the timer/counter in the event counter mode. The
counter is first preset to (H'FF’), then EN TCNTI instruction is executed. A LOW-to-HIGH transition
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7.

On execution of a DIS | instruction, the PCD3343 always clears the digital filter/latch and the
External Interrupt Flag.

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET.
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled.
The microcontroller will exit the IDLE mode when any one of the following three interrupts is enabled:

® External

® Serial 1/0

® Timer/event counter

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12).
If required pin 12 must be externally connected to a resistor (R < 100 k§2). When the external
interrupt is not used pin 12 must be connected to Vsg.
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DEVELOPMENT SAMPLE DATA

RESET
DIS|
;=
]
< O
$3 g S
CLEAR R
o ¥ <
DIGITAL < Q E
— = £
CE/TO —»| FILTER/LATCH s ab— z £ 5
(3BITSR) - £ 0
TS5 2 o =
EXT. INT. X &5 E
FLAG
EXT. INT. T T T
ACKNOWLEDGED R
INTERRUPT
VECTOR
ENI s Q LOGIC
ENABLE
EXT. INT. T
FLAG
DIS | A 3
RESET L
PIN s al—
] INTERR.
IN
PROGR.
RETR FLAG _
RESETD_R a
ENSI S af—
ENABLE
SIO INT.
pisst =y~ |- _
ReseT—_ 7 |” <

TIMER

CONDITIONAL

OVERFLOW

JNTF,JTF R
RESET

EN
TCNT I

DIsS

TCNTI FLAG 5
RESET - R

Notes to figure 15

TIMER
FLAG

TIMER INT.
ACKNOWLEDGED

S Q
ENABLE
TIMER

INT.

7287808

JUMP LOGIC

Fig. 15 Interrupt logic.

1. CE/TO positive edge is always latched in the digital filter/latch.
2. Correct interrupt timing in ensured when CE/TO is LOW for > 4 CP followed by a HIGH for >7 CP.
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is

executed.

4. A DIS | instruction always clears a pending external interrupt.
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FUNCTIONAL DESCRIPTION (continued)
Oscillator (see Fig. 16)

The 3,58 MHz oscillator can be inhibited by the STOP instruction under software control. It is also
inhibited when a low-voltage condition is present to prevent discharge of a weak back-up battery.

Provided the supply voltage is within the operating range, the oscillator will be restarted after a STOP
instruction by a HIGH level at either the CE/TO or RESET pin.

PCD3343
inhibit
c2 g Rpias ; c1
— 1+
15 16
XTAL1 D XTAL2
358 MHz 7287795

Fig. 16 Oscillator with integrated elements.

The oscillator has the output drive capability for the DTMF generator (PCD3311/3312) via pin 16
(XTAL 2). An external clock can be applied to pin 15 (XTAL 1). A machine cycle consists of 10 time
slots, each time slot being 3 oscillator periods.

In telephony applications the 3,68 MHz crystal provides a 8,4 us machine cycle. The range of the clock
frequency is from 100 kHz up to a maximum which is a function of the supply voltage (see Fig. 23).

Timer/event counter (see Fig. 17)

An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or
machine cycles directly. Table 4 gives the instructions that control the counter and the prescaler, and
the functions performed.

When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler.
When used as an event counter, LOW-to-HIGH transitions on pin 13 (T 1) are counted. The maximum
rate at which the counter may be incremented is once every machine cycle (182,6 kHz for a 8,4 us
machine cycle). When the counter overflows, the timer flag is set. The flag can be tested and reset using
the JTF (jump if timer flag = 1) or JNTF instruction. Overflow also generates an interrupt to the
processor via setting of the Timer Interrpt Flag when the timer/event counter interrupt is enabled.
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DEVELOPMENT SAMPLE DATA

Table 4 Timer/event counter control

timer mode
function medulo-1, modulo-32* counter mode
CLEAR MOV T,A(A)=0 MOV T,A(A)=0
or RESET or RESET
PRESET MOV T,A MOV T,A
START STRTT STRT CNT
STOP STOP TCNT STOP TCNT
or RESET or RESET
TEST JTF/INTF JTF/INTF
READ** MOV A, T MOV AT
PRESCALER
XTAL +30 +32
s | s
L PS=1, ,PS=0
_jump if
load or read t|m§r1flag

|

EDGE 8-8IT .

T1 = o TIMER/ OVER
DETECTOR B > FLOW
o1 Event Frow

c COUNTER [P Ny
rig. 1/ iimer/event counter.
A= START TIMER cleared
B = START COUNTER on reset
C = STOP TIMER/COUNTER 7289148

Program status word (see Fig. 18)

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about
the current status of the microcontroller.

The PSW bits are:

® BitsOto 2
® Bit3

® Bit4

e Bit5
® Bit6

® Bit7

stack pointer bits (SPq, SP1, SP7)

prescaler select (PS);

0 = modulo-32; 1 = modulo-1 (no prescaling)

working register bank select (RBS);

0 = register bank 0; 1 = register bank 1

not used (1)

auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the
decimal adjust instruction DA A

carry (CY); the carry flag indicates that previous operation has resulted in an
overflow of the accumulator.

saved in saved in
the stack the stack stack pointer

A ———A——

[cv [Acl 1 Lﬁas} PS }SPZISPJSPO]
7 6 5 4 3 2 1 0
MSB LSB

7289149

Fig. 18 Program status word.

*  With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable.

* %

READ does not disturb the counting process.
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FUNCTIONAL DESCRIPTION (continued)
Program status word (continued)

All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and
bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot
be used at the end of an interrupt.

Program counter (see Fig. 19)

A 13-bit program counter is used to facilitate 8 K bytes of ROM being addressed. The arrangement of
the bits is shown in figure 19. During an interrupt subroutine PCq1 and PC19 are forced to logic 0.
All 13 bits are saved in the stack during CALL and interrupt routines.

'i’Cw]Pm 1IPCW’ PCQ‘ PCg‘PC7 ’ PCG] PC5I PCq ’ PC3J PCz] PCy ] PCo]

~—
Conventional Program Counter
* counts 000H to 7FFH
¢ overflows 7FFH to 000H

JMP or CALL instructions transfer the
contents of internal flipflop MBFFO to PC11
and MBFF 1 to PCy2

(MBFFO) « 0 by SELMBO or RESET
(MBFF1) « 0

(MBFFO) « 1 by SEL MB1
(MBFF1) «< 0
(MBFF0) « 0 by SEL MB2
(MBFF1) « 1
(MBFFOQ) « 1 by SELMB3
7289150 (MBFF1) « 1

Fig. 19 Program counter.

Central processing unit

The PCD3343 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction
permits efficient table look-up from the current ROM page.

Conditional brainch logic

The conditional branch logic within the processor enables several conditions, internal and external to
the processor, to be tested by the user’s program. Table 5 lists the conditional jump instructions used
to change the program sequence. The DJNZ instruction decrements a designated register or data
memory location and branches if the contents are not zero. This instruction is useful for looping
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents
of the accumulator.
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DEVELOPMENT SAMPLE DATA

Table 5 Conditional branches

test jump condition jump instruction
accumulator all bits zero Jz

any bit non-zero JNZ
accumulator bit test 1 JBO to JB7
carry flag 1 Jc

0 JNC
timer overflow flag 1 JTF

0 JNTF
test input TO 1 JNTO

0 JTO*
test input T1 1 JT1

0 JNT1
register non-zero DJNZ

Test input T1 (pin 13)
The T1 input line can be used as:

® A test input for branch instructions JT1 and JNT1
® An external input to the event counter

When used as a test input:

® JT1 instruction tests for logic 1 level
® JNT1 instruction tests for logic O level

When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for
>4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods
(1 machine cycle).

There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be
externally connected to a resistor (R = << 100 k2). When T1 is not used pin 13 must be connected to

Vpp or Vgs.

Reset (pin 17)
A positive-going signal on the RESET input/output:

Sets the program counter to zero

Selects location 0 of memory band 0 and register bank O

Sets the stack pointer to zero (000); pointing to RAM address 8
Disables the interrupts (external, timer and serial 1/0)

Stops the timer/event counter, then sets it to zero

Sets the timer prescaler to modulo-32

Resets the timer flag

Sets all ports according to reset states

Sets the serial 1/0 to slave receiver mode and disables the serial 1/0
Cancels IDLE and STOP mode

After the voltage is applied to RESET an internal delay of 1866 CP is introduced before the micro-
controller commences operation.

* Because of the inverted interrupt input CE/TO the conditional jump JTO is also inverted.
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FUNCTIONAL DESCRIPTION (continued)
Power-on-reset and low-voltage detection (see Fig. 20)

In telephony applications, correct operation of the PCD3343 during moments of slowly changing
supply voltages and low-voltage conditions is essential. This is achieved by the addition of an internal
power-on-reset and low-voltage detection circuit.

To allow an external RESET signal being fed into the PCD3343, the reset pin (pin 17) has been
configured as an input/output.

While a reset condition exists in the detection circuit, pin 17 is pulled HIGH by TR1 controlled by the
reset circuit.

When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces
pin 17 LOW thus removing the RESET signal from the microcontroller.

Since the level at pin 17 is recognized by the microcontroller, the reset time constant can be stretched
by connecting an external capacitor between Vpp and pin 17 (see Fig. 22).

The signal at pin 17 can also be used as an output to reset other devices in the system.

The internal reset circuit monitors the PCD3343 supply voltage. |f the voltage drops below the
switching level (typ. 1,3 V), a reset (HIGH) is applied to pin 17. This reset is removed (pin 17 goes
LOW), after a fixed delay (tq), when the supply voltage rises above the switching level again. The delay
ensures a complete reset even when the supply voltage quickly rises above switching level after initial
switch-on.

During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in figure 21.

28
Voo
oscillator
inhibit
T TR1
POWER r ram
Vret —»! ON > )
RESET 17
? <> RESET
r_l:] TR2
current —
source —~>—-|*‘-—7 n
(10 uA) ﬁ-
TR3 internal
PCD334
3 ':—jln reset
14
F1— vss
7287796

Fig. 20 Power-on-reset configuration.
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DEVELOPMENT SAMPLE DATA

3V low voltage condition —
SUPPLY
VOLTAGE ' RESET Py
ﬂ _—— — ——
Yo (!lror me;mqy [ ==-=--
RESET
g . -
Yoo <2 T (2)
OSCILLATOR ™ (2) (3) (1 2 (3)
2
—l ty l— > tq -
7287797
Where: (1) Oscillator inhibited
(2) Oscillator starting
(3) Oscillator running, but may be stopped with a STOP condition
Fig. 21 Timing of power-on-reset and low-voltage detection.
28 Vop
oscillator
inhibit
1 TR1 = Creset
POWER L 1=
Viet — ON —>- b e
RESET = 17| RESET
battery
é) current TR '—J supply
source ————P——JS n
(10 uA) /A
h3 <100 [] @D
internal kQ
PCD3343 =, ol
l 14
[
Vgs ZL 7287798

Fig. 22 Stretched power-on-reset with external capacitor.
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INSTRUCTION SET

The PCD33483 instruction set consists of over 80 one and two byte instructions and is based on the
MABB8048 instruction set. New instructions include those for serial /O operation and memory bank
selection. Program code efficiency is high because all RAM locations and all ROM locations on a

256 byte page require only a single byte address.

Table 8 gives the instruction set of the PCD3343. Table 7 shows the instruction map and Table 6
details the symbols and definition descriptions that are used.

Table 6 Symbols and definitions used in Table 8

symbol definition description

A accumulator

addr program memory address

Bb bit designation (b = 0-7)

RBS register bank select

C carry bit (bit CY)

CNT event counter

D mnemonic for 4-bit digit (nibble)
data 8-bit number or expression

| interrupt

MB memory bank

MBFF memory bank flip-flop

P mnemonic for ‘in-page’ operation
PC program counter

Pp port designation (p =0, 1 or 2)
PSW program status word

RB register bank

Rr register designation (r = 0-7)

Sn serial 1/0O register

SP stack pointer

T timer

TF timer flag

T0, T1 test 0 and 1 inputs

# immediate data prefix

@ indirect address prefix

(X) contents of X

((X)) contents of location addressed by X
« is replaced by

-« is exchanged with
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CMOS microcontroller for telephone sets
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CMOS microcontroller for telephone sets

PCD3343

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 28)

All input voltages

D.C. current into any input or output
Total power dissipation (see note)

Power dissipation per output
except P23, SCLK

P23, SCLK

Storage temperature range
Operating ambient temperature range
Operating junction temperature

Note

Thermal resistance (junction to ambient)

for SOT-117D
for SOT-135A
for SOT-136A

Vpbp

Vi

1, % lo
Piot

Po
Po

Rth j-a
Rthj-a
Rth j-a

-08to+8
0,8toVpp+ 0,8
max. 10
max. 500
max. 50
max. 180

—65 to + 150
—25to0 +70
max. 125
max. 120
max. 60
max. 150

\%
\%
mA
mW

mW
mW

oc
oc
oc

K/W
K/W
K/W
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PCD3343

D.C. CHARACTERISTICS

VpD =2,75t06 V; Vg5 =0V, Tamp =—25t0 + 70 OC; all voltages with respect to Vgg; f = 3,568 MHz

with Rg = 50 £; unless otherwise specified.

parameter symbol min. typ. | max. unit
Supply voltage
operating (see Fig. 23) VpD 1,8 - 6 \
STOP mode for RAM retention Vbp 1,0 - 6 \
Supply current
operating
at Vpp =3V (see Fig. 24) DD - 600 | — HA
IDLE mode
at Vpp =3V (see Fig. 25) DD - 300 | — MA
STOP mode (see Fig. 26 and note 1)
atVpp=18V; Tamp=25°C DD - 1,2 25 uA
at Vpp =1,8V; Tamp =55°C IpD - - 5 uA
atVpp=18V; Tamp=70°C IbpD - - 10 HA
RESET I/O
Switching level VRESET | — 13 - \
Sink current
at Vpp > VRESET loL - 7 - RA
Inputs
Input voltage LOW ViL 0 — 0,3Vpp| V
Input voltage HIGH ViH 0,7Vpp - VpD \%
Input leakage current
at Vgg <V, <Vpp ES T - — 1 uA
Outputs
Output voltage LOW
at V| = VggorVpp;llgl <1uA VoL - - 0,05 \%
Output sink current LOW
atVpp=3V;Vg=04V
except P23/SDA, SCLK (see Fig. 27) loL 0,75 15 - mA
P23/SDA, SCLK (see Fig. 28) loL 15 - - mA
Puii-up output source current HIGH (see Fig. 29)
atVpp=3V,;Vp=09Vpp —loH 25 - - A
atVpp =3V;Vp=Vgg —loH - - 200 uA
Push-pull output source current HIGH
at Vpp=3V;Vp=Vpp-04V —loH 0,75 1,5 - mA

Note 1

Crystal connected between XTAL 1 and XTAL 2; SCL and SDA pulled to Vpp via 5,6 kS2 resistor;

CE and T1 at Vgg.
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CMOS microcontroller for telephone sets

PCD3343

DEVELOPMENI SAMPLE DATA

7287799

fXTAL
(MHz)
10 (1)1
r (2)
T
. (// @3
A/
6 .4
yd
4 /; /
V4
) /
0
0 2 4 6 8 10
Vpp (V)

(1) Tamb =-250C
(2) Tamb =250C
(3) Tamb =700C

Fig. 23 Maximum clock frequency (fxTa)
as a function of the supply voltage (Vpp).

7287801

'bp
{mA)
M1
1 ] (2)
=~ 3) =
e
Y A
0,1 ,,'/
0,01
0 2 4 6 8 10
Voo (V)

(1) clock frequency = 4 MHz
(2) clock frequency = 2 MHz
(3) clock frequency = 500 kHz

Fig. 26 Typical supply current (Ipp)
in IDLE mode as a function of the
supply voltage (Vpp): Tamb = 25 °C.

'bp
(mA)

0,1

0,01

b
(uA)

7287800
=
- T
(2) T
A ] Al
[~ 7
— A
1‘7
7
0 2 4 [} 8 10
Vpp (V)

(1) clock frequency = 4 MHz
(2) clock frequency = 2 MHz
(3) clock frequency = 500 kHz

Fig. 24 Typical supply current (Ipp)

in operating mode as a function of the
supply voltage (Vpp); Tamb = 25 °C.

7287802

Y (1)
(2)

Vpp (V)

(1) Tamb = 70 °C
(2) Tamb = 25 °C

Fig. 26 Typical supply current (Ipp)
in STOP mode as a function of the
supply voltage (Vpp).
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7287803 7287804
- 8
oL ’ L ! ‘
oL
(mA) (mA)
4
1) Ml
1 6 /(
T LA@ 2
3 i 3)
L~ ¢
//5/ L3 . /////
2 1/// A
paa Vs
// vV P A
/] e
1 p
/]
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Vpp (V) Vpp (V)
(1) Tamp = —25°C (1) Tamp = —25 °C
(2) Tamp =25°C (2) Tamp = +25 °C
(3) Tamp = 70°C (3) Tamp = +70 °C
Fig. 27 Output sink current LOW (Ig ), Fig. 28 Output current LOW (I ),
except outputs P23/SDA and SCLK, as a outputs P23/SDA and SCLK, as a function
function of supply voltage (Vpp); Vg =04 V. of supply voltage (Vpp); Vo =04 V.
200 7287805
—loH
(uA)
160 A
120
@
/| L.
80 T—F==(3) T
et
40 - = ~-~
/”
0
0 2 4 6 8 10

Vpp (V)

(1) Tamb =25 °C; Vo = Vgg
(2) Tamb = 25 °C; Vo = 0,9Vpp
(3) Tamb =70°C; Vo = Vgg
(4) Tamp=70°C; Vo =0,9Vpp

Fig. 29 Output source current HIGH (—1gQ)
as a function of supply voltage (Vpp).
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PCD3343

DEVELOPMENT SAMPLE DATA

A.C.CHARACTERISTICS
Rise and fall times between 10 and 90% levels; C|_= 50 pF

symbol

at 70 OC max. value unit
t
parameter VDD 18 3,0 6,0 v
Fall time tf 200 100 70 ns
Rise time tr 200 100 80 ns B

SCLK \ / \

P23

ﬁ }‘_\\ ‘/A:

—-ltHD;STA e

ff
|

tFD

0,7 Vpp
| 0.3Vpp
|

- (HIGH"r -— T OW —>| I
;
17 /
' 0,7 Vpp
y — 0,3Vpp
/L
I \ ‘ 17
. AL L7 Il deesro—
tRC tHD;DAT SU;DAT tFC
.

7287806

Fig. 30 PCD3343 timing requirements for the P23 and SCLK /nput signals.

Table 9 Input timing shown in figure 30

symbol timing
tBUF = 14txTAL
tHD; STA = 14txTAL
tHIGH > 17txTAL
tLow > 17txTAL
tSY;STO > 14txTAL
tHD;DAT >0
tSU;DAT > 250 ns
tRD < Tus

tRC <1us

tFD <1us

tFe <0,3us

Notes to Table 9

txTAL = one period of the XTAL input frequency (fxTal)

=280 ns for fxTaL = 3,568 MHz.

These figures apply to all modes.
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A.C. CHARACTERISTICS (continued)

SCLK

= tHIGH —>| l==TtFC

~— tLOW —>

P23 /

acknowledge bit

— tHD;STA =

)< j L
17

—]

-— —
I‘SU;DAT taC
-

THD;DAT

VoLmax
09Vpp
VoLmax
- -
tsu;STO
- e
1SU;DAT 7287807

Fig. 31 PCD3343 timing requirements for the P23 and SCLK output signals.

Table 10 Output timing shown in figure 31

(slave transmitter
any DF

tHD; DAT
(master transmitter)
for DF < 51

for DF <99

tsu; DAT
(master transmitter)

for DF > 51

for DF > 99
for DF <51
for DF <99

tac

tFD. tFC

2 9XTAL
< 12txTAL

= 9txTAL
<12txraL

at Cp = 400 pF

timing

symbol normal mode low-speed mode

(ASC inS2=0) (ASCinS2=1)
tHD; STA % (DF +9) txTAL % (DF +9) txTAL
tHIGH % (DF)  txTAL % (DF)  txTAL
tLow % (DF) tXTAL % (DF) tXTAL
tsy; STO % (DF —3) txTAL % (DF —3) txTAL
HD; DAT

= 9txTAL
< 12txTAL

= 9txTAL
< 12txTAL

= 15t TAL
< 24ty TAL
Z 9txTAL
= 9txTAL

< T2txrTaL
< 100 ns

at Cp, = 400 pF

Notes to Table 10

txTAL = one period of the XTAL input frequency (fxtar)

=280 ns for fxTaL = 3,568 MHz.
DF = divisor (see Table 2 Serial 1/O section).
Cp = the maximum bus capacitance for each line.
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CMOS microcontroller for telephone sets PCD3343

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

A block diagram of an electronic featurephone built around the PCD3343 is shown in figure 32. It
comprises the following dedicated telephony IC's:

TEA1060/1061
PCD3312

PCD8571

PCD3360/3361

cradle
contact

a/b
telephone i
line

b/a

PCE2111 or PCF8577

transmission circuit for telephony

DTMPF generator with Serial 1/0

2 LCD drivers in LCD module MB7020160

1 K RAM's with Serial 1/0; the number of RAM's depends on the
required amount of stored telephone numbers

programmable multi-tone ringer

TRANSMISSION DIALLING

1
supply KEYBOARD
™
TRACI\‘I:'\élLlJSﬁ;ON e DEDICATED T_j
TEA1060 power down | MICROCONTROLLER Q: H
" TEA1061 N PcD3343 +H
DTMF HgH
: L*D'—*
BST76 l 3,58 MHz |
DP/flash ' L
| otmr
5090 PCD3312
L 1]
[ '
s
C TLecTR | scL y | SDA
L . A4
ED RINGER ramenan T
H L | 2*LcD r 1
BZWO3 PCD3360 | orvins || 1 160Gt |
173 PCE2111 or o H
1| pcres77 |fptyq €O
[ | S — -
12C BUS 1
RAM
| | | pcoss71 l
[
* max. 8
cLock
CALENDAR
+—— pcB8573
7287809
1
'

Fig. 32 Block diagram of electronic featurephone with common line interface.

A detailed application diagram of the PCD3343 with PCD3312 (DTMF), two PCD8571 (RAM) and
two PCE2111 (LCD display drivers) is shown in figure 33.

Row 5 of the keyboard contains the following special keys:

e P program and autodial

e FL flash or register recall

e R redial or extended redial
® AP access pause

Row 6 contains the different diode options.

Columns 5 and 6 contain the button keys MO to M9; single name keys for repertory telephone numbers.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCD3360
PCD3361

PROGRAMMABLE MULTI-TONE TELEPHONE RINGER

GENERAL DESCRIPTION

The PCD3360/61 are CMOS integrated circuits, designed to replace the electro-mechanical bell in
telephone sets. They meet most postal requirements, particularly with tone sequence possibilities and
input frequency selectivity. Output signals for a loudspeaker or for a piezo-electric (PXE) transducer
are provided. In the former application, no audio transformer is required since the loudspeaker is

driven in class D.

Features

7 basic frequencies (tones) and a pause
4 selectable tone sequences

4 selectable repetition rates

3 selectable impeadance settings

3-step automatic swell

Output for optical signal

Note

Delta-modulated output signal that approximates a sinewave
Input frequency discriminator with selectable upper and lower frequency limits

Output signals for electro-dynamic transducer (loudspeaker) or for piezo-electric transducer (PXE)

l‘ loudspeaker only

Tone sequences (up to 16 tones long), impedance settings and automatic swell levels are mask

programmable for customized versions.

QUICK REFERENCE DATA

Available frequencies (tones)

Number of intervals per tone sequence
Lower limits of frequency discriminator
Upper limits of frequency discriminator
Impedance settings (with 50 & loudspeaker)
Switch-on delay at 25 Hz

533/600/667/800/
1000/1067 and 1333 Hz

150r 16
13,33 0or 20 Hz
30 0r 60 Hz
approx. 7o0r10,50r 17,5 k2
max. 60 ms

PACKAGE OUTLINES
PCD3360P: 16-lead DIL; plastic (SOT-38).

PCD3361P: 8-lead DIL; plastic (SOT-97EE).
PCD3360T: 16-lead mini-pack; plastic (SO-16L; SOT-162A).
PCD3361T: 8-lead mini-pack; plastic (SO-8L; SOT-176).
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osc

fox = 32kHz
4 Os(céztﬁ:?R \‘ > TONE GENERATION (tone pattern) | yrpyt | 6
(32 kHz pulses) | CIRCUIT
TONE SEQUENCE GENERATION z
PCD3360
»—»—1 TIMING 4
DUTY CYCLE ENABLE 1
CONTROL CIRCUIT
s T:1 10 Te 3 |2 i3 | 8 o s e
| | 7287622.1
Voo Vss IS1  1S2  RR1 RR2 TS1 TS2 DM FDI FL FH

Fig. T Biock diagram.

TONE

OPT

ul
m
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Programmable multi-tone telephone ringer

PCD3360
PCD3361

UCVELUFNVIENT DANMFLE DAIA

FoE [1] U
RR2 [2] [15] FL
RR1 [3 | [12] FDI
osc [« PCD3360P [13] 751
vop [5] Pe033e0T 7] 752
Tone [ | [11] Vss
ot [7] 0] 151
om [&]] 9] 152

[16] FH

7287621.1

Fig. 2 Pinning diagram for PCD3360P
and PCD3360T.

RR II U E FDI
osc [2] PCD3361P 7] 1
Voo [3] P03 [5] 152

TONE [ 4] 5] Vss

7287620.1

Fig. 3 Pinning diagram for PCD3361P
and PCD3361T.

Note

PINNING
1 PDE
2 RR2
3 RR1
4  0sC
5 Vpp
6  TONE
7 OPT
8 DM
9 Is2
10 181
11 Vgs
12 TS2
13 TSI
14 FDI
15 FL
16 FH
PINNING
1 RR
2 0sC
3 Vpp
4  TONE
5 Vss
6  TS2
7 TSt
8  FDI

PCD3360 pins not available in the PCD3361 are at Vgg.

frequency descriminator enable
repetition rate selection

oscillator

positive supply

tone output

optical signal output

drive mode selection

impedance setting and automatic swell
negative supply

tone sequence selection

frequency discriminator input
lower frequency limit selection
upper frequency limit selection

repetition rate selection
oscillator

positive supply

tone output

negative supply

tone sequence selection

frequency discriminator input

November 1984

207



PCD3360
PCD3361

FUNCTIONAL DESCRIPTION (see Fig. 1)
Supply pins (Vpp and Vgg)

If the supply voltage (Vpp) drops below the standby voltage (Vgp), the oscillator and most other
functions are switched off and the supply current is reduced to the standby current (Igg). The
automatic swell register retains its information until Vpp drops further to a value Vg at which reset
occurs.

Oscillator (OSC)

The 64 kHz oscillator is operated via an external resistor and capacitor connected to pin OSC. The
oscillator signal is divided by two to provide the 32 kHz internal system clock.

Selection pins (FDE, RR2, RR1, DM, 1S2, I1S1, TS2, TS1, FL and FH)

These pins are pulled down internally by a pull-down current ||y when they are connected to Vpp,
and by a pull-down resistance R when they are connected to Vgg (see Fig. 4). Thus when the pins
are open-circuit they are defined LOW. Therefore only a single-contact switch is required to connect
the pins to Vpp; yet the supply current is only marginally increased as Iy is very small.

v

selection PS“?
pins
1S2

TS2 1
. =T

] PCD3360
Vss

7287947

(1) Transistor resistance = Rj|_ when switched on.
Fig. 4 Input circuit of selection pins.

Frequency discriminator circuit (pins FDE and FDI)

The frequency discriminator circuit prevents the ringer being activated by dial pulses, speech or other
unqualified signals.

The circuit is enabled or disabled by input FDE.

When FDE is HIGH, FDI acts as a logic enable input.

The circuit will produce tone sequences provided FDI is HIGH and Vpp exceeds Vgg.

When FDE is LOW, FDI acts as the frequency discriminator input.

The circuit will produce tone sequences provided Vpp exceeds Vgg and the signal at FDI fulfils the
conditions set by FL and FH.

When the frequency discriminator is enabled (Vpp > Vgg and FDE = LOW) the circuit will start to
produce tone sequences after two rising or two falling edges have occurred at FDI. The time between
these edges must be within the limits set by FL and FH.

208
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Programmable multi-tone telephone ringer PCD3360
PCD3361

UCVELUINVIEINT DANIFLE URAITA

The circuit will continue to produce tone sequences provided the time between subsequent falling edges
or between subsequent rising edges remains within the limits set by FL and FH, otherwise it will stop.
Because two edges are required for detection, either positive or negative, the switch-on delay will vary
between 1 and 1,5 cycles of the incoming ringing frequency.

FDI has a Schmitt-trigger action; the levels are set by an external resistor R2 (see Fig. 9) and an internal
sink current that is switched from 20 uA (typ.) for FDI = LOW to < 0,1 uA for FDI = HIGH. Excess
current entering FDI via R2 is absorbed by internal diodes clamped to Vpp and Vgs.

Selection of frequency discriminator limits (FL and FH)

With the frequency discriminator enabled (Vpp > Vgg and FDE = LOW) the lower and upper limits
of the input frequency are set by inputs FL and FH as shown by Table 1 and Table 2 respectively.

Table 1 Selection of lower frequency Table 2 Selection of upper frequency
discriminator limits (fogc = 64 kHz) discriminator limits (fog. = 64 kHz)
FL lower FH upper
input discriminator input discriminator
state limit (Hz) state limit (Hz)
Low 20 LOW 60
HIGH 13,33 HIGH 30

Selection of tone sequences (TS1 and TS2)

A tone sequence is composed of 15 or 16 equal time intervals. Each time interval may be filled with
one of seven available tones or with a pause; these are shown together with their corresponding internal
ROM tone code in Fig. 5.

if ) y J
EES = ESE=2E
tone key - c d e g b c e
frequency (Hz) 0 533 600 667 800 1000 1067 1333
frequency ratio 8 : 9 :10 : 12 :15 :16 : 20
tone code 0 1 2 3 4 5 6 7
7287948

Fig. 5 Available tones and their corresponding internal ROM tone code.
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PCD3361

FUNCTIONAL DESCRIPTION (continued)

Four tone sequences are programmed in the internal ROM (see Fig. 6). Inputs TS1 and TS2 determine
which tone sequence is selected and output at pin TONE. The sequences are mask programmable with
any length up to 16 time intervals.

The tone sequences are repeated continuously provided the enable conditions at inputs FDE and FDI
are valid and Vpp > Vgp; the first sequence always starts with the first tone shown in Fig. 6.

pin state tone sequence output at pin TONE

TS2 TS1

" e

tone code 333444222777 6¢6F¢6

tone code 1

tone code 4 545 4545454545 43%5

how R

tone code 4 440444044444400
7287949

Fig. 6 Tone sequences mask-programmed in the PCD3360/61.

Selection of repetition rates (RR1 and RR2)

The duration of a time interval within a tone sequence is determined by the state of inputs RR1 and
RR2 as shown in Table 3. The resultant variation of repetition rate acts as a distinguishing feature
between adjacent telephones.

Table 3 Duration of time intervals (fogc = 64 kHz)

input state time interval
RR1 RR2 ms

L L 15

L H 30

H L 45

H H 60

The repetition rate variation can be extended by mask programming (for customer defined versions)
the same tone combination for all 4 tone sequences, but with a different number of time intervals per
tone. Thus the repetition rate can be selected from 16 values by inputs RR1, RR2, TS1 and TS2.

210
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Programmable multi-tone telephone ringer PCD3360

PCD3361

DEVELUPMENT SAMPLE DATA

Drive mode selection (DM)

The output signal at pin TONE can be selected for application with electro-dynamic or piezo-electric
transducers. An example of both signals, for a tone frequency of 667 Hz, is shown in Fig. 7.

Loudspeaker mode

In the loudspeaker mode (DM = LOW), pin TONE outputs a delta-modulated signal that approximates
a sinewave sampled at a rate of 32 kHz. The output pulse duration is determined by pins IS1 and 1S2.
The resultant acoustic spectrum is aurally more acceptable and has greater penetration than a square
wave spectrum because more power is concentrated at the fundamental frequency.

PXE mode

In the PXE mode (DM = HIGH), pin TONE outputs a square wave. In this mode the ringer impedance
and sound pressure level are determined by the characteristics (e.g. the size) of the PXE transducer;
inputs IS1 and IS2 are inactive.

Setting of impedance, sound pressure level and automatic swell (IS1 and 1S2)

With DM = LOW (loudspeaker mode), inputs IS1 and 1S2 determine the pulse duration of the output
signal and thereby the d.c. resistance ny (seen at points x and y in Fig. 9) and also the Sound Pressure
Level (SPL). The selection of 3 impedance settings and automatic swell is shown in Table 4.

Table 4 Setting of pulse duration and automatic swell (DM = LOW)

input state ringing pulse duration Rxy Z) SPL
function burst (us) (kS (kS2) (dBr)
number
1S1 1S2 (N) fund. harm.
1 1,8 - 40 tbf tbf
L L automatic 2 2,6 - 20 17,5 -4
swell >2 3.9 1,6 5 7 0
L H - 2,6 - 20 17,5 -4
H L constant - 3,6 - 10 10,5 tbf
H H level - 5,0 - 5 7 0
Where:

1. Typical pulse duration values of the fundamental and harmonic frequencies are for fogc = 64 kHz
and fck = 32 kHz.

2. SPL is the relative Sound Pressure Level, and 0 dBr is defined as the SPL for IS1 = 1S2 = HIGH.

3. Values of the d.c. resistance Rxy. bell impedance (Z)) and SPL are valid for a value of input
voltage V| = 40 V¢ in Fig. 9.

November 1984
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PCD3361

FUNCTIONAL DESCRIPTION (continued)
Setting of impedance, sound pressure level and automatic swell

When pins IS1 and 1S2 are both LOW, the circuit operates in the automatic swell mode. The SPL then
increases in three steps so that the maximum level is reached for the third ringing burst.

Each time Vpp drops below V ag the automatic swell register is reset and the next ringing burst is
considered as N = 1 (see Table 4).

A buffer capacitor C3 (see Fig. 9) must hold Vpp > V ag during the time between two consecutive
ringing bursts of a series.

For each of the other three combinations of pins IS1 and 1S2 the pulse duration has a constant value.
Thus the ringer can be designed so that the impedance represented at the telephone line will comply
with postal requirements that vary in relation to parallel or series connections of more than one ringer.

To satisfy some applications, a harmonic signal is added to the fundamental frequency in the last step
of the automatic swell mode. The pulses representing this harmonic signal are interleaved with the
pulses of the fundamental signal (see Fig. 8). The difference in pulse duration shown in Table 4, is
chosen so that the harmonic level is 10 dB below the fundamental level.

The harmonic frequency range is from 2 kHz to 3,2 kHz. The individual harmonic frequencies for the
seven tone codes and the relative fundamental frequencies are shown in Table 5.

Table 5 Harmonic frequency in relation to tone code and fundamental frequency

tone frequency (Hz)

code fundamental harmonic
1 533 3200
2 600 2400
3 667 2667
4 800 3200
5 1000 2000
6 1067 2133
7 1333 2667

Using a single mask it is possible to program the following: —

® Addition of harmonics in all the other input states of IS1 and 1S2
® All pulse duration values
® Other even harmonic frequencies.

Optical output (OPT)

The OPT output is designed to drive an optical signal transducer or lamp. It is LOW when the ringer
circuit is enabled and HIGH when the ringer circuit is disabled. This output can also be used to switch
the transmitter ON and OFF in the base of a cordless telephone set.

212
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Programmable multi-tone telephone ringer
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PCD3360
PCD3361

RATINGS

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

Supply voltage range

Supply current

D.C. current into any input or output
All input voltages

Total power dissipation

Total dissipation per output

Storage temperature range

Operating ambient temperature range

Vbb
Ibp
£, %lp
Vi

Ptot

Po

Tstg
Tamb

-08t0o+9 V
max. 50 mA
max. 10 mA
-08VtoVpp+08 V
max. 300 mW
max. 50 mW

—65 to + 150 °C
—25to +70 OC

214

November 1984



Programmable multi-tone telephone ringer

PCD3360
PCD3361

DEVELUPMEN I SAMPLE DATA

D.C. CHARACTERISTICS

Vpp =6 V; Vgg = 0; fosc = 64 kHz; Tamp = —25 to + 70 OC; valid enable conditions at FDI and FDE;

unless otherwise specified

parameter symbol |[min. typ. max. unit
Supply
Operating supply voltage Vpb Vg +0,1| — 8,0 \%
Standby supply voltage (note 1) Vs tbf 4,8 5,7 \
Supply voltage for automatic swell reset (note 2) Vas - 0,5Vsp | — \Y
Operating supply current DD - 100 120 MA
Standby supply current
at Vpp < Vgg (note 3) IsB - 4 8 HA
Inputs
Input voltage LOW (any pin) ViL 0 - 03Vpp | V
Input voltage HIGH (any pin) ViH 0,7Vpp| — Vbp \
Pull-down circuits of inputs
FDE, RR1, RR2, DM, IS1, 1S2, TS1, TS2, FL, FH
pull-down resistance with input at Vgg RiL - 20 - k2
pull-down current with input at Vpp IiH - 0,1 - MA
Pull-down circuit of FDI
pull-down current with VEp| =0,3Vpp IsL tbf 20 thf uA
pull-down current with VEp| =0,7Vpp ISH - 0,1 - A
pull-down current with Vpp < Vgp Isx - 0,1 - HA
Current into input FDI (note 4) g - - 0,2 mA
Outputs
TONE, OPT
Output sink current
atVo_ =05V loL 1 2 — mA
Output source current
at Voq =Vpp—-0,5V —1oH 1 2 - mA

Notes see next page.

November 1984

215



PCD3360
PCD3361

A.C. CHARACTERISTICS

Vpp =6 V; Vgg = 0; fosc = 64 kHz; Tymp = —25 to + 70 OC; valid enable conditions at DIl and FDE;

unless otherwise specified

parameter symbol | min. typ. max. unit
Switch-on delay
(with FDE = LOW and ringing frequency within
limits set by FL and FH) td(on) |1 - 1,5 note 5
Switch-off delay (with FDE = LOW)

at FL = LOW td(off) | — — 75 ms

at FL = HIGH td(off) | — - 112,5 ms
Oscillator frequency

at Rgge = 365 kQ2; Cgc = 56 pF (note 6) fosc tbf 64 thf kHz
Frequency variation

at Vpp =5,7t0 8,0V Afgse - - 1 %

Notes to the characteristics
1. For Vpp < Vgg the circuit is in standby.

2. At Vpp = Vg the automatic swell register is reset.

3. The standby supply current is measured with all inputs and outputs open-circuit with the exception

of OSC.

4. The current l|g is clamped to Vpp and to Vgg by two internal diodes. Correct operation is ensured
with VEp| > Vpp or VEp| < Vgg, provided the maximum value of g is not exceeded. (The input
FDI has an extended HIGH and LOW input voltage range.)

5. The switch-on delay is measured in cycles of incoming ringing frequency.
6. Lead lengths of Ryge and Cqg, to be kept to a minimum.

216
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APPLICATION INFORMATION
Application of the PCD3360 in a telephone ringer circuit together with a loudspeaker is shown in Fig. 9.
The threshold levels Vi and V| of the frequency discriminator circuit are determined by:

® The logic threshold of input FDI (0,5Vpp typ. 3,4 V for Vpp =6,8 V)

® The pull-down current of input FDI (20 uA typ. for FDI <3,4 V)

® The value of R2 (680 k2 in Fig. 9)

For a positive slope, the voltage at R2 must exceed the value V4 before FDI will become HIGH; V4 is
the sum of the input threshold and the voltage drop across R2 thus:

VH =3,4+(680 x 10% x (20 x 10°6) =17 V.

For a negative slope, the voltage at R2 must decrease below the value V| before FDI will become LOW.
Because the current into FDI is negligible with FDI = HIGH the voltage drop across R2 can be
discounted, thus Vip=34V.

The minimum operating voltage across C3 is 17,7 V which is determined by:

® The minimum operating voltage of the PCD3360 (5,7 V)
® The supply current of the PCD3360 (120 uA max.)
® The value of R2 (100 k2 in Fig. 9)

The total switch-on delay equals approximately the time required to charge the supply capacitor C3 to
the minimum operating value, plus the specified switch-on delay of the PCD3360.

The high operating voltage combined with the class D output stage ensures optimal energy conversion
and thereby a high sound level. The design can easily be optimized for parallel or series connection of
more than one ringer. The diode bridge, zener diode (D1) and resistor R1 protect the ringer against
transients up to 5 kV. During these surges the voltage on the 68 V zener diode (RZWO03) can rise to

100 V; the DMOS transistor BST72 (TR 1) has a maximum drain-source voltage of 100 V. Up to 220 V,
50 Hz can be applied to the a/b terminals without damaging the ringer.

The choke (L1) in series with the 50 £ loudspeaker increases the sound pressure level by approximately
3 dB by suppression of the 32 kHz carrier frequency and its sidebands.

The flyback diode BAX18A (D2) is a fast type with low forward voltage to obtain high efficiency.
Application of the PCD3360 together with a PXE transducer is shown in Fig. 10. The only significant
difference between Fig. 9 and Fig. 10 is the output stage. Two BST72 transistors provide an output
voltage swing almost equal to the voltage at C3. Pins IS1 and 1S2 are inoperative because DM = HIGH.
Volume control is possible using resistor Ry,.

November 1984
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D1
Bzw03 ("¢} R3
% 509
_053<> c2 100k Q D2
10nF BAX18
|
D3 3mH
BZX79
GD-CGVB cs L+
1N50()30 ] 10uF 2
(4x
b % o | S I N
Vbp TS1 TS2 RR1 RR2
56 pF
z, R2 _
— [V FDI oPT
680kQ PCD3360
Ccl Ry osc TONE
b/a
1 uF 1k v J—
HE o) 365[ ], LVSS FL_FH DM ISl _IS2 FDE
“a T
e v 7287950
v -
vy = 17v7
N v, -34v
0 _/ e
t
Vepi
0
t
Fig. 9 Transformerless electronic ringer with PCD3360 and a loudspeaker.
D1
zwo3 (= R3 R5
B_cas QD c2 100kQ 100k
10nF TR2
L ria
B D3 J
Ay
TN BZX79 BST72
A )-cevs
1N5060 D2 c3__+
. (4x) | L L)) 10uF
* ca Vpp DM TSI TS2 RR1 RR2 _/
R2 56 oF] po BAX18
RZ I — TR1
FDI OPT |—
680K R PCD3360 ﬁ%j A
v
bra S R1 0sC TONE )
_ BST72
1uF zskv% 365 VSS FL_FH _IS1 _1S2_FDE
ka| (R4 T 1T T PXE L=
transducer‘[-
7287951

Fig. 10 PCD3360 ringer with PXE transducer.

218 November 1984



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 /0 systems.

Features
® Operating supply voltage range 25t055 V
® Low data retention voltage min. 1V
® Low power consumption in both operating and standby modes
® Access time 150 nsat Vpp =5 V; 400 ns at Vpp =3V
® Three-state outputs
® Ail inputs and outputs directly TTL compatible
® Choice of two package types
(24) 22
FUE EXCINEN +«———1—Vpp
3(3) 9)8
AT ooress RoW MEMORY ANEL ves
a2 2021 | ADDRESS VN A /| CELL ARRAY =]
O ETTI BUFFERS SELECT (48 x32)
as —21(23) ]
I PCD5101
a5 —|5(8)
AG —}6(6) | ADDRESS 4y coLuMN 4| muLTIPLEXER
74 BUFFERS SELECT
A7 >
(10
o1 210 (13) 12, o
02 2,1 para , | rReap/wriTE |, | ouTpuT »— 03
b3 41308 ' gyrrers 7 "]  CONTROL 7 BurFers |81 14,1 o
(17)16
pa —J18116) »1— Qy
R/W 20(22) _ADQ__——JV
aE —een
cea —17.019) [_: | )0""—4
20
o —118(200 ——D

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 (SO-24; SOT-137A).
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wm@ Y
a2 [2]
a1 (3]
Ao [4]
As [5]
A6 [6] pcosior
a7 [7]
vss []
o1 9]
a1 [io]
02 [E

[22] Voo
[21] A4
[20] R/
19] CEi
18] op
[17] ce2
[16] s
[15] D4
14] 03
73] b3
[12] a2

7287754

Fig. 2 Pinning diagram for PCD5101P.

A3 [1] U
a2 [2]
a1 (3]
A0 [4]
As 5|
A6 [:s:

v PCD5101T
ne. (8]
vss 9]
o1 [10]
a1 [11]
p2 [12]

[24] Voo
E] A4
[22] r/W
[21] CEi
20] o0
[19] ce2
18] n.c.
[17] aa
[16] D4
[15] a3
] 0s
[13] a2

7287755

Fig. 3 Pinning diagram for PCD5101T.

PINNING

D1 l
D2

D3
D4

data inputs

address inputs

R/W  read/write input

CET | .. .
CE2 Ichlpenable inputs

oD output disable
J data outputs

Vpp positive supply
Vgg  negat
n.c. not connected

ative supply

220
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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 VbD -0,3t08,0 V
Input voltage range (any pin) 7 Vgs —03to Vpp +0,3 V
Operating temperature range Tamb —25to +70 ©C
Storage temperature range Tstg —55to +125 ©C

July 1984
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D.C. CHARACTERISTICS (Vpp =5 V)
Vpp=5+05V;Vgg=0V; Tgmp=—25to +70°C

parameter symbol | min. typ. max. unit
Operating supply voltage Vbbp 4,5 5,0 55 \%
Operating supply current
at V| = Vpp or Vgs; f =1 MHz;
outputs open IpD - 10 17 mA
atV;=080r20V;f=1MHz;
outputs open Ipp - 10 17 mA
atV)=080r20V;f=5MHz
outputs open Ipp - 12 20 mA
Standby supply current at CE2 = Vgg IsB — 0,02 5,0 HA
Input leakage current

at V| = Vggto Vpp el - - 0,1 MA
Input voltage LOW ViL -0,3 - +0,8 \%
Input voltage HIGH ViH 2,0 — Vpp+0.3{ V
Output leakage current

at Vg = Vgg to Vpp:

OD = HIGH or chip disabled ol - - 0,2 nA
Output voltage LOW at Ig = 4,0 mA VoL - - 04 \%
Output voltage HIGH at —Ig = 2,0 mA VOH 2,4 - - \

D.C. CHARACTERISTICS (Vpp =3 V)
Vpp=3205V;Vgs=0V; Tgmp=—25to+70°C
parameter symbol | min. typ. max. unit
Operating supply voltage VbD 25 3,0 3,5 \Y
Operating supply current
at V| =Vpp or Vgg; f = 1 MHz;
outputs open IpD - 5 8 mA
atVy=040r16V;f=1MHz;
outputs open IpD - 5 8 mA
Standby supply current at CE2 = Vgg IsB - 0,02 5,0 HA
Input leakage current

at V| =Vggto Vpp ! — — 0,1 uA
Input voltage LOW ViL -0,3 - +0,4 A
Input voltage HIGH ViH 1,6 - Vpp+0,3| V
Output leakage current

at Vo = Vggto Vpp:

OD = HIGH or chip disabled llop! - — 0,2 MA
Output voltage LOW at Ig| = 1,0 mA VoL — — 0,3 \Y%
Output voltage HIGH at —Igy = 1,0 mA VOH 1,7 - - \%
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256 x 4-bit static RAM

PCD5101

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

Input pulse levels 08Vto20V
Input rise and fall times 5ns
Input timing reference levels 15V
Output timing levels 1,5V
Output timing levels for high/low

impedance 1,2V and 2,8V
Qutput load (2 TTL inputs and

load capacitance C| ) Fig. 4

A.C. CHARACTERISTICS (Vpp =5 V)

Voo

960 Q

data
output

510 Q

o
~L
/l/

7287756

Fig. 4 Test load.

Vpp=5+05V;Vgg=0V; Tagmp=—25t0 +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 tge | 150 - - ns
Address access time tAA - - 150 ns
Chip enable CE1 to output | tcon - - 150 ns
Chip enable CE2 to output L tcoz | - - 150 ns
Output disable OD to output \ toD - - 70 . ns
Data output to high impedance state | |

atC =6pF tDF 10 - 70 ' ns
Previously read data valid with i |

respect to address change toH1 | 10 - - . ns
Previously read data valid with i

respect to chip enable toH2 | 10 — - ' ns
Write cycle | :
Write cycle time twe | 150 - - ns
Write delay time tAW 0 - - ns
Chip enable CET to write tcw1 120 - - ' ns
Chip enable CE2 to write tcw2 120 - - ns
Data set-up time tpw 70 - - ns
Data hold time tpH 0 - - ns
Write pulse duration Wwp 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

Input rise and fall times

Input timing reference levels

Output timing levels

Output timing levels for high/low
impedance

Output load

A.C. CHARACTERISTICS (Vpp =3 V)

04VtolbV
5ns

1.0V

1,0V

0,7Vand 1,7V

Fig. 5

Vop

1920

data
output

1020

Fig. 5

CL
4 l/ 7287757

Test load.

Vpp=3%0,5V;Vgg=0V; Tymp =—25 to + 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 CET to output tcor | — - 400 ns
Chip enable CE2 to output tco2 - - 400 ns
Qutput disable OD to output o0 - - 200 ns
Data output to high impedance state

atC =5pF tDF 10 - 200 ns
Previously read data valid with

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

respect to chip enable toH2 10 - - ns
Write cycle
Write cycle time twe 400 - - ns
Write delay time tAW 0 - - ns
Chip enable CET to write tcw1 | 300 - - ns’
Chip enable CE2 to write tcw?2 300 - - ns
Data set-up time tpw 200 - - ns
Data hold time tDH 0 B 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

PCD5101

WAVEFORMS

trRC
ADDRESS
INPUTS
tAA TOH1 —| -
CET INPUT \\ ; \ j
tco1
CE2 INPUT f f f T

tco2

% r AN

[ top —>|

e tOH2 —>|
DATA VALID
OUTPUTS

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

tDF (min)

| L DF (max)
7287759

‘WC |
ADDRESS
INPUTS
— tWR -

| tewt

CE1 INPUT ;igi jV;;;
tcw2
CE2 INPUT f,( } E }
—|tAW |- -« twp ——>

R/W INPUT £

! yr\\\\\‘\\\\\\ \ -/

op

INPUT ton

i

l—tps ~>|/ tow

DATA L/ /3 BLE

INPUTS LA STA

Fig. 7 Write cycle timing.

7287758
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PCD5101

LOW SUPPLY VOLTAGE DATA RETENTION CHARACTERISTICS

CE2<0,2 V; Tamp = —25 to +70 °C.

parameter symbol | min typ. max. unit
Supply voltage for data retention VDR 1,0 - 5,5 \%
Data retention currentat Vpp =15V IDR — 0,02 2,0 MA
Chip deselect to data retention time tCDR 0 — - ns
Operation recovery time tR 0 - - ns
Vpp | «———————— data retention mode — ]

45y — N\

v, CE2 ‘CDR h\ /> tg e

VbR \

VSS 7287760

Fig. 8 Low supply voltage data retention characteristics.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCD5114

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
® Operating supply voltage 25Vto55V
® Low data retention voltage min. 1,0V
® [ow standby current ~ max. 10 uA
® Cycle time = access time max. 200 ns
® Static operation requiring no clock or timing strobe
® Low 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
A 15 t\;
A: {15 1 ' T
A7 i | MEMORY ARRAY
AG +|_ | ROW DECODER ‘\ (64 x64)
Ag —t2 i i
Ay 3 I\‘g .
E
?
170, —4 N L e |
INPUT DATA
10, —12 SENSE - AMPLIFIER
1104 —12
170, —1
w R
PCD5114
. L 14, € LAX _____ ”‘X
10 8 ‘1’!8 T; 4 |7 [6 |S
I ’ 728724
R/W CE Voo Vss Az A2 A1 Ag

Fig. 1 Block diagram.

PACKAGE OUTLINES

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

Fig. 2 Pinning diagram: PCD5114D; PCD5114P.

AG': w
ASE
A4E
A3E

PCD5114D
Ao L5 pcpsiiap
A [6
Ay [7

c [5]
Vss@

E Vbp
[17] A7
[15] A9
[12] 1704
13] 170,
12] 170,
[11] 170,
[10] R/W

72872411

Ap to A3 column inputs

Ag 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 voltage)
L = LOW logic level (the most negative voltage)

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

Supply voltage range

Input voltage range (any pin)

Storage temperature range

Operating ambient temperature range

HANDLING

As [ ] U 20] Voo
Ag E E Ay
Ay E E Ag
A3 E E Ag
ne. [5] 6] nc.
ro [5] PCD5114T 5] oy
Aq [I E 1/0,
A2 [&] 13] 1/03
cE Lg__ E 1104
vgs [10 1] RAW

7293008

Fig. 3 Pinning diagram: PCD5114T.

1/01 to 1/04 data input/output
Vss negative supply (ground)
VbD positive supply (+5 V)

Vpp —-0,3to+8 V
\7 Vgs—0,3to Vpp +0,3 V
Tstg —55to + 1256 °C
Tamb —25t0 +70 °C

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’’).
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1024 x 4-bit static RAM PCD5114

D.C. CHARACTERISTICS
Vpp =5V +0,5V;Vgs=0V; Tamb = —25 to + 70 OC; 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 | IppD - 10 17 mA

at V| =0,8V/2,0V;f=5 MHz;outputs open | IppD - 12 20 mA
Standby current

at CE=Vpp Isg - 0,02 10 HA
Input voltage HIGH VIH 2,0 - Vpp +0,3 \%
Input voltage LOW ViL -0,3 - +0,8 \%
Input leakage current

at V| =Vgsto Vpp L - - 0,1 A
Output voltage HIGH

at —lpH =2 mA VOH 2,4 - - \
Output voltage LOW

atlpL=4 mA VoL - - 0,4 \%
Output leakage current

at Vo =Vss to Vpp; CE = HIGH tloL - - 0,5 rA

DEVELOPMENT SAMPLE DATA

D.C. CHARACTERISTICS
Vpp=3V+0,5V;Vss=0V; Tamb = —25 to + 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply current

at V| = Vpp/Vss; f = 1 MHz; outputs open IpD - 5 8 mA

at V) =0,4V/1,6 V;f=1MHz; outputs open | IpD - 5 8 mA
Standby current

at CE=Vpp Isg - | 0,02 10 HA
Input voltage HIGH VIH 1,6 - Vpp +0,3 \Y%
Input voltage LOW ViL -0,3 - +0,4 \%
Input leakage current

at V| =Vgs to Vpp thL - - 0.1 uA
Output voltage HIGH

at —lgH=1mA VOH 1,7 - - Vv
Output voltage LOW

atlpL=1mA VoL - - 0,3 \%

Output leakage current
at Vg = Vss to Vpp; CE = HIGH oL - - 05 uA
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PCD5114

A.C. CHARACTERISTICS

Vpp =5V +0,5V;Vgg=0V; Tymp =—25 to + 70 °C; measured in Fig. 4, C_ = 100 pF; unless
otherwise specified

parameter 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 tcw 120 - - ns
Address set-up time taS 0 — - ns
Write pulse duration twp 140 - - s
Write recovery time tWR 0 - - ns
Data set-up time tps 80 - - ns
Data hold time tpH 0 - - ns
Output to high impedance from write enabled

at C_=5pF twz - — 60 ns
Output active from end of write

at C_ =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 15 V Voo
Output timing levels 15V 9600
Output timing levels for high/low impedance 1,2Vand 2,8 V

Output load 2 TTL gatesand C|_ =100 pF o

5109 cL
7 l/ 7287242

Fig. 4 Load for a.c.
test conditions
(Vpp=5Vz05V).
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1024 x 4-bit static RAM

PCD5114

DEVELOPMENT SAMPLE DATA

A.C. CHARACTERISTICS

Vpp=3V*+0,5V;Vgg=0V; Tamp = —25 to + 70°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
QOutput hold from chip select tOHC 20 - - ns
Output to low impedance from chip selection
at C_=5pF tcLz 20 - - ns
Output to high impedance from chip deselection
at CL = 5 pF tCHZ - - 200 ns
Write cycle
Write cycle time twe 500 - - ns
Chip selection to end of write tcw 300 - - ns
Adress set-up time tAS 0 — - ns
Write pulse duration tWwp 350 - - ns
Write recovery time twR 0 - - ns
Data set-up time DS 200 - - ns
Data hold time tDH 0 - - ns
Output to high impedance from write enabled
at CL =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 04Vtol16V
Input rise and fall times 5ns
Input timing reference levels 1,0V
Output timing levels 1,0V Voo
Output timing levels for high/low impedance 0,7Vand1,7V
Output load 2TTLgatesand C| =100 pF 1950
1/0
1,02kQ cL

7 l 7293009

Fig. 4 Load for a.c.
test conditions
(Vpp=5V+05V).
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PCD5114 J ‘

tre |
ADDRESS .
INPUT valid

—t - e e
DATA previous data .
OUTPUT valid valid
t don’t care state
< 'OHA —>

tAA 7287243

Fig. 6 Read cycle timing (1): R/W—is HIGH;-C—E is LOW for a read cycle.

tRe .
ADDRESS -
INPUT >( valid *
change from H to L change from L to H
CE
INPUT ‘ 7 /
UTel r valid ) S
OUTPUT ]
<tcLz —J don't care state
tac <tOHC
tAa < toHz
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

l L PCD5114

DEVELOPMENT SAMPLE DATA

| twe |
le— tAS —| < tyR >
ADDRESS .
INPUT valid
CE !
INPUT woN,
™~ change from L to H
\change fromH to L
R/W TR '
INPUT \\ N\ J
— tohHz —|
tcLz
<>
DATA (71 e T RS SN
INPUT A ARWAY #7777
high
impedance
DATA \ @ written
OUTPUT data
don’t //
care state
twz <~—tpg
toH
twp |
tRz
tow 7287245
Fig. 8 Write cycle (1): R/W controlled.
twe
tas [ tywR —>|
ADDRESS ;
INPUT >< valid

CE \
INPUT \\

/]

change from H to L

R/W ( (\S
INPUT

change from L to H

——
e

7777777/

s g
DATA J i
INPUT 3 valid X
high impedance don't care state
DATA
OUTPUT }
| | | | t
—
tcrz | twz DS on
twp
tcw 7287246

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

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

impedance state.
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PCD5114

CAPACITANCE
f=1MHz; Tymp=25°C

parameter symbol min. typ. max. unit
Input capacitance
at V| =Vgg C - - 5 pF
Output capacitance
at Vg = Vgg Co — - 5 pF
LOW Vpp DATA RETENTION CHARACTERISTICS
Tamb =—251t0+70°C
parameter symbol min. typ. max. unit
Vpp for data retention
at CE =Vpprt0,2V;V|=VppRorVss VDDR 1 - 5,5 \%
Data retention current
atVppr =15V IDDR - 0,02 5 HA
Chip deselect to data retention time tcR 0 - - ns
Operation recovery time tR 0 — — ns

«— data rentention mode —»|

: gosv_
Vop X 45V

SUPPLY

CE
INPUT

7287247

Fig. 10 LOW Vpp data retention.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCD8571

128 x 8-BIT STATIC RAM

GENERAL DESCRIPTION

The PCD8571 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 AO, 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 25Vtob6V ® Serial input/output bus (12C)
® Low data retention voltage min. 1,0V ® Address by 3 hardware address pins
® [ow standby current max. 5 uA ® Automatic word address incrementing
® Power saving mode typ. 50 nA ® 8-lead DIL package
Applications
® Telephony RAM expansion for stored numbers in repertory dialling
(e.g. PCD3340 applications)
® Radio and television channel presets
® Video cassette recorder
® General purpose RAM expansion for the microcomputer families MAB8400
and PCF84C00
WORD
PCD8571 ADDRESS ROW MEMORY
REGISTER —/-‘ SELECT mand CELL
1 ARRAY
AOQ
A1l 2
A2 -———:L——————j ‘ y
SCL 6 > 2
INPUT 12c COLUMN
SDA 43 FILTER | o] BUSCONTROL [ | seLecT [*| MULTIPLEXER
]
SHIFT =
L R/W
REGISTER CONTROL
8 POWER
Vob ON '
vgs —f4q | ReESET
TesT —-

7288371.2

Fig. 1 Block diagram.
PACKAGE OUTLINES

PCD8571P : 8-lead DIL; plastic (SOT-97A).
PCD8571D: 8-lead DIL; ceramic (cerdip) (SOT-151A).
PCD8571T: 8-lead mini-pack (SO-8L; SOT-176).
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PCD8571

PINNING
1t03 AO to A2 address inputs
4 Vss negative supply
5 SDA serial data line | 12C bus
6 scL serial clock line |
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 VpD positive supply
a0 [1] U (5] Voo
ISEE [ 7] Test
A2 E PCD8571 E scL
vgs [4 5] sba
7Z87034.1
Fig. 2 Pinning diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range (pin 8) Vpp -0,8to+8,0
Voitage range on any input Vi, -08toVpp+0,8
D.C. input current (any input) ET max. 10
D.C. output current (any output) tlg max. 10
Supply current (pin 4 or pin 8) +1pp:lss max. 50
Power dissipation per package Piot max. 300
Power dissipation per output P max. 50
Storage temperature range Tstg —65 to + 150
Operating temperature range Tamb —25t0+70

\

\
mA
mA
mA
mwW
mW
oc
oC
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128 x 8-bit static RAM PCD8571

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS
VpD =2,5106V;Vgg =0V; Tamp = —25 to + 70 ©C unless otherwise specified

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

Supply current at fgo = 100 kHz
V| =VggorVpp

operating IpD - - 200 uA

standby IDDO - - 5 uA
Power-on reset voltage level*

at VgoL = VspA = VDD VPOR 15 19 2,3 \%
Inputs; input/output SDA
Input voltage LOW** ViL -0,8 - 0,3xVpp \
Input voltage HIGH** ViH 0,7xVpp | — Vpp +0,8 \Y,
Qutput current LOW

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

at VoH =VpDp loH - - 100 nA
Input leakage current

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

at V|=Vgg Cy - - 7 pF
Tolerable spike width on bus tsw - - 100 ns

LOW Vpp data retention
Supply voltage for data retention VDDR 1 - 6 \
Supply current at Vppr =1V IDDR - - 2 HA

Power saving mode (Fig. 14)

Supply current at Tamp = 25 °C;
TEST=A0=A1=A2=VppR | Ipps - 50 200 nA

*

The power-on reset circuit resets the 1°C bus logic when Vpp <VpgR.

** If 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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PCD8571

CHARACTERISTICS OF THE I°C BUS

The I2C bus is for 2-way, 2-line communication between different |Cs 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.

=e

|

| data line { change

| stable: | of data

| data valid I 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).

start condition stop condition 7287005

Fig. 4 Definition of start and stop conditions.
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128 x 8-bit static RAM PCD8571

DEVELUFMENI DAMFLE UAILA

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 [ [ [ [
MASTER SLAVE MASTER
TRANSMITTER/ H:é:l\\//EEH TRANSMITTER/ TRXI’:SSJIE'FTER 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
s TN\ N\ N\ NS\
|
I ——
DATA OUTPUT y
BY TRANSMITTER !

|
S

DATA OUTPUT -
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the I12C bus.
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PCD8571

Timing specifications

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCD8571
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.

Y
SDA / X x
~— tBUF —>f —  tow |e— te — o
—--—
scL
—> ! tHD;STA |=— - ™ tHigH =
tR —] |- — |
tHD;DAT tsu;DAT
SDA /
7287013.1 —> |-— — I<———-
'SUiSTA 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 2 tHIGHmIN Start condition hold time
tLOWmin 4,7 us Clock LOW period
tHIGHmIn 4 us Clock HIGH period
tsu; STA t 2t 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
tR t<1us Rise time of both the SDA and SCL line
tg t <300 ns Fall time of both the SDA and SCL line
1Sy: STO 2t GWmin Stop condition set-up time

Note
All the timing values refer to V|1 and V| _ levels with a voltage swing of Vgg to Vpp.
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128 x 8-bit static RAM J I PCD8571

UEVELUFIVIEN | DANIIFLE UAITA

- . y -
o LA TN T
\ \
———— - —————d - [S—
— i i L i ) — 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 ps
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.

<«— tguF — —» tiow |=— tp ] |
scL
— tHD;STA I=— — YHIGH ’ — L—‘su DAT
R —] l<———
tHD;DAT
SDA
7287015.1 >l tgy;sTA = —"| l—

Fig. 9 Timing of the low-speed mode.
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PCD8571

Timing specifications (continued)

Where:

tBUF t =105 ps (t_ owmin)
tHD; STA t 2365 us (tH|GHmin)
tLow 130 us £ 25 us

tHIGH 390 ps = 25 us

tSU; STA 130 us + 25 us *

tHD; DAT t> Ous

tSU: DAT t>250ns

tR t< Tuws

tr t<< 300 ns

tsu: STO 130 us + 25 us

Note

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

R W | AR ST G WA
« UV U

START START BYTE DuUMMY 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 ps
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 *“I1Cs for digital systems in radio, audio and video equipment’’.

* Only valid for repeated start code.
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128 x 8-bit static RAM PCD8571

DEVELOPMENT SAMPLE DATA

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 >C bus
configuration for different PCD8571 READ and WRITE cycles is shown in Fig. 11.

acknowledge acknowledge acknowledge
from slave from slave fromlsiave
]

e e — —T T — T

LS SLAVE ADDRESS 0 I Al X WORD ADDRESS lA I DATA i A| P l
NN S S P S SR S

R/W L——— 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

T —T—TTr ——r—T T — —r—T—
i S I SLAVE ADDRESS 0 l A l X WORD ADDRESS ]Al S I SLAVE ADDRESS 1 |A DATA IA]-—‘—
vttt AN e
T_ at this moment master _ b
R/W transmitter becomes R/W n bytes
master receiver and R auto increment
PCD8571 slave receiver U
72870324 becomes slave transmitter word address

no acknowledge
from master

|
[ T[]

L——— last byte

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
S N S—
I S l SLAVE ADDRESS ‘IlAL DATA IA] I1] P ’
P P P R R
R/W t n bytes ‘ 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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PCD8571

APPLICATION INFORMATION

The PCD8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully
programmable (see Fig. 12).

1!0 1]0 Azlm A0 R/WI
group 1 group 2 —| 7287030.1
Fig. 12 PCD8571 address.
| Voo
Voo “ISPA  MasTER
1 o scL TRANSMITTER
LU P Vop
- sCL N 4}
of,, Pcoss7 y
P 1010°
0 |a, SDA
& TEST Vss
o
| Vop
v 1 \% up to PCD8571
0D « A0 oD scL % without additional
0 A1 PCD8571 hardware
- o
0
A
. ? TesT Vss Lo
w P
4 7 toVpp
—
| Vbp
Vpp «—1{a0 Voo scL J
1 PCD8571 RIR
Vpp +—of
DD ) Al 1010° R: pull-up resistor
v SDA ] )
DD «—]A2 TEST Vss R= Yrise

il I “Cgus

SDA SCL
(12.C bus) 7287029.3
Fig. 13 PCD8571 application diagram.

Note
A0, A1, and A2 inputs must be connected to Vpp or Vgg but not left open.
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128 x 8-bit static RAM

\ I PCD8571

DEVELOPMENT SAMPLE DATA

POWER SAVING MODE

With the condition TEST = A2 = A1 = A0 = VppR, the PCD8571 goes into the power saving mode.

power saving mode

—_— e

operating mode

———— v
TEST 05’/'3"
Vop
scL ) Voo
——— ov
> tgy |- —-| typ (=
Vop
SDA _______/ Voor
———- / ov
__—\ Vpp
Voo e Vppgr
-———= ov
L))
'pp /
——== lbps
7290281
Where:
tgy =>4 us
tHp =4 us Fig. 14 Timing for power saving mode.
+5V 40
T N\
;’ Voo
8
. SDA| 2
— VbDR
+
k SscL 6 A1l 1,2V
—— PCDBS71 2 (NiCd)
MICROCOMPUTER TEST 1120
1
4 4
J’Vss
b ”
7Z90280.1
Fig. 15 Application example for power saving mode.
Note

1. In the operating mode, TEST = 0 (A0, A1=0;A2=1).
2. In the power saving mode, TEST = A0 = A1 =A2=VppR-
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PCD8571

Purchase of Philips’ I2C components conveys a license under the
Philips’ I’C 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 SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into rertlar production.

PCF1251

MICROPOWER VOLTAGE DETECTOR

GENERAL DESCRIPTION

The PCF1251 is a CMOS micropower voltage detector and it is especially designed for power-on/off
voltage detection monitoring and reset. The IC has an extremely low current consumption and is
therefore particularly suited for battery operated applications. The internal bandgap reference voltage
is stable with temperature variations. The voltage trip-point and the hysteresis can be set independently
with external resistors. Two of the four outputs can be delayed with an external capacitor.

Features

® Extremely low current consumption
Built-in bandgap voltage reference

Wide range of voltage trip-points

°
°
® Two pairs of outputs; one pair with delay possibility
® 8-lead DIL or SO-8 mini-pack (plastic packages)

QUICK REFERENCE DATA

_ —
parameter symbol F min. typ. max. unit
Supply voltage range with respect to Vgg VbD 1 - 6 \
Supply current IDD - 1 — HA
Outputcurrentsat Vpp =1V lo - 2 — mA
Bandgap voltage reference VREF 1,0 1,15 1,3 \%
POWF CT RESET
8 PCF1251 vy 6
Vop
é‘ FL
BANDGAP
SWITCH-ON DELAY
VOLTAGE
DETECTOR PULSE CIRCUITRY
(1,15V) (> 1us) (10 us to >10ms)
"ﬁ N [ﬁ
Vss 3
2 5
7291307.2 POWF REGND RESET

PACKAGE OUTLINES

Fig. 1 Block diagram.

PCF1251P: 8-lead DIL; plastic (SOT-97A).
PCF1251T: 8-lead mini-pack; plastic (SO-8; SOT-96A).

October 1984

247



PCF1251

PINNING
9]

powF [ 1 ] 8] vop

POWF [ 2 | 7] cr

PCF1251

POWF power-fail output

POWF power-fail output (inverted)

1
2

Vss E [ 6 ] ReseT 3  Vsg negative supply voltage

REGND E E] RESET 4 REGND reset ground
5 RESET reset output (inverted; delayed)
reane 6 RESET reset output (delayed)
Fig. 2 Pinning diagram. 7 CT capacitor for additional delay

8 VbD positive supply voltage

FUNCTIONAL DESCRIPTION

The PCF 1251 consists of a bandgap voltage reference, a comparator and delay circuitry (see Fig. 1). The
supply voltage of the circuit (Vpp with respect to Vgg) is compared with an internal bandgap voltage
reference by means of a special comparator. This comparator is connected to the circuit supply voltage.
As long as the supply voltage is above the reference voltage level, the four open-drain outputs are all
switched off and an extended drain-source voltage of up to 6 V is allowed. When the supply voltage is
reduced and reaches the reference voltage level (VRgE), the power-fail outputs are switched on
(p-channel for POWF and n-channel for POWF outputs). After a delay, determined by an external
capacitor between pins CT and Vpp, the outputs RESET and RESET are switched on. The same delay
will be active when the supply voltage is increased again and exceeds the internal voltage reference,
resulting in switching off the outputs.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage with respect to Vgg Vbbp - 8 \
Output voltage at pin 2

Vpp with respect to Vo Vo - 8 Vv
Output voltage at pin 5 (pin 4 at Vgg)

Vpp with respect to Vg Vg - 8 \
Output voltage at pin 1

V1 with respect to Vgg V1 - 8 \
Output voltage at pin 6

Vg with respect to Vgg Vg - 8 "
Voltage at pin 7 (CT) Vy -05 |Vpp+05|V
Current at pin 7 (CT) I7 - 20 mA
Qutput currents atpins 1, 2,5 and 6 lfol — 25 mA
Total power dissipation Ptot — 150 mW
Operating ambient temperature range Tamb -40 +85 oC
Storage temperature range Tstg —55 +125 oC
HANDLING

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').

248
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Micropower voltage detector

PCF1251

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS

Vpp=11t06V;Vgg=0V; Tymp = —40 to +85 OC; unless otherwise specified

I

parameter symbol W min. typ. max. unit
Operating supply voltage VpD 1 - 6 | \%
Operating supply current

Vpp =6 V; all outputs open IDD - 1 3 HA
Bandgap voltage reference VREF 1,0 1,15 1,3 \%
Output current at pins 2 and 5 o 1 2 — mA

Tamb =25 °C; Vpp < VREgF:

Vo = 0,4 V with respect to Vgg
Output current at pins 1 and 6 -l 1 2 - mA

Tamb = 25°C; Vpp < VREF:

=V = 0,4 V with respect to Vpp L

B

VDD

CT

10
kQ

10
k2

7

PCF1251

POWF
RESET

RESET

POWF

- o 0N

Vss

REGND

10
kS

10
kS

)

72913081

Fig. 3 Test circuit for timing measurements.

POWF r
. |
RESET
a M.
tRESET treser| [ | [{ResET | |tRESET

= undefined

7291303

Fig. 4 Timing diagram for slow supply voltage changes.
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PCF1251

75%

+ 0/
(1) tReseT =32 "‘5—5092 x C1 (nF)

Fig. 5 Timing diagram for fast supply volt-

age switching on.

APPLICATION INFORMATION

R1

1

Jr2

~ R3
(1) VHYST— V1 xm' (0,4 V max.)

(2) VTRIP = VREF X

R1+ R2

R2

Fig. 7 Timing diagram for the circuit

of Fig. 6.

_—— 1,5V
ov
I
(1)
—| t _—
rowE > T8 RESET
EZEA = undefined 7291304.1
l R4 U []RS
Cr
Voo T.-T
7 , | POWE
5 | RESET
PCF1251
4
Vss REGND
R3
7291305
Fig. 6 Application circuit diagram.
—_— 1
v R
(2)
VTRIP t
FOWE
N\
RESET
7291306

tRESET

YRESET
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SUCCESSOR TO DATA SHEET PCE2111 OF MAY 1983 PCF2111

LCD DUPLEX DRIVER

GENERAL DESCRIPTION

The PCF2111 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal
Display) with up to 64 segments in a duplex manner; specially for low voltage applications. A three-line
bus structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS compatible.

Features

64 LCD-segment drive capability
Supply voltage 2,25 t0 6,5 V
Low current consumption

Serial data input

CBUS control

One-point built-in oscillator
Expansion possiblity

64-SEGMENT LCD

BP1 BP2 Y] F—— s32

SEGMENT ANALOGUE
DRIVERS VOLTAGE

A I ______ T —V-zoj_ 680

BACKPLANE &

DLEN | =»| LATCHES SCILLA o E
. 8US & o} L; TOR T p
LB pum—
CoNTROL | g DRIVER DIVIDER 0sC
DATA > CONTROL
T ______ I Ro 1MQ
> SHIFT PCF2111
»| REGISTER VSS

7284581.2

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF2111P: 40-lead DIL; plastic (SOT-129).
PCF2111T: 40-lead mini-pack; plastic (VS0-40; SOT-158A).
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PCF2111

RATINGS

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

Supply voltage with respect to Vgg Vbp -0,3to8 V
Voltage on any pin Vn Vgg —-0,3toVpp +0,3 V
Operating ambient temperature range Tamb —40to + 85 °C
Storage temperature range Tstg —55to + 125 OC
HANDLING

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’).

CHARACTERISTICS
Vpp =2251t065V;Vgg=0V; Tymp =—40 to + 85 °C; Ry = 1 MQ; C, = 680 pF; unless otherwise

specified
parameter condition symbol min. typ. max. unit
Supply current no external load Ipp - 10 50 MA
Supply current no external load;
Tamb=—25t0+85°C |Ipp - - 30 HA

Display frequency see Fig. 8; T = 680 us fLep 60 80 100 Hz
D.C. component

of LCD drive with respect to Vgx Vep - £10 | — mV
Load on each segment - — 10 MQ

driver — - 500 pF
Load on each backplane - - 1 MQ

driver - — 5 nF
Input voltage HIGH \ 2 - - \%

P 9 l see Fig. 9 IH
Input voltage LOW J ViL — — 0,6 \
Rise time

Vgp to Vgx max. load t - 20 - Hs
Inputs CLB, DATA, DLEN | see note on next page
Input capacitance for SOT-129 package CIN — - 10 pF

for SOT-158A package | Cin - - 5 pF

Rise and fall times see Fig. 2 ty, tf - - 10 us
CLB pulse width HIGH see Fig. 2 tWH 1 - — us
CLB pulse width LOW see Fig. 2 twL 9 — - us
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LCD duplex driver PCF2111

CHARACTERISTICS (continued)

parameter condition symbol min. | typ. max. | unit
Data set-up time

DATA —= CLB see Fig. 2 tSUDA 8 - —~ |wus
Data hold time

DATA —= CLB see Fig. 2 tHDDA 8 - - us
Enable set-up time

DLEN —» CLB see Fig. 2 tSUEN 1 - - us
Disable set-up time

CLB —» DLEN see Fig. 2 tsuDlI 8 - - us
Set-up time (load pulse)

DLEN —= CLB see Fig. 2 tsULD 8 - - us

Busy-time from load
pulse to next start of

transmission see Fig. 2 tBUSY 8 - - us
Set-up time (leading zero)
DATA —= CLB see Fig. 2 tsuLz 8 - - us
Note

All timing values are referred to V| min and V| max” (see Fig. 2). If external resistors are used in the
bus lines (see Fig. 9), the extra time constant has to be added.

* With an input voltage swing of V| max—0,1 V to ViHmin + 0,1 V.
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LCD duplex driver PCF2111

oLen __| - [

[1j.2 3 4 5 6 7 8 32 33 34 435
—] -t
test leading zero load pulse
DATA -
bitno. 0 1 2 3 4 5 6 7 31 32 33
output §  S1  S2 S3 S4 s5 S6 S7 $31 §32 f
leading zero load bit
7283444.3P

Fig. 3 CBUS data format.

Notes to Fig. 3

An LCD segment is activated when the corresponding DATA-bit is HIGH.
When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-latches
(BP2) are loaded. CLB-pulse 35 transfers data from shift register to selected latches.

The following tests are carried out by the bus control logic:

a. Test on leading zero.

b. Test on number of DATA-bits.

c. Test of disturbed DLEN and DATA signals during transmission.

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with DLEN
is LOW) and the driver is ready to receive new data.
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PCF2111

7286695

A
2 Sx\ -
\\ A
N
fon NN
NN S e
(kS2) OIS
\\ \
=
1 =
BP Sa._ | P
"
o [ |
0 2 4 6 8
Vpp (V)

Fig. 4 Output resistance of backplane and

segments.
Tamb = —400C; — — — Tamp =+ 25 9C;
—_—— Tamb =+85OC.
7282808.1
200
f \
LCD
(Hz) \
typ
100
_\\
~N
\
0
0 400 800 1200 1600
RoCo (H5)

Fig. 6 Display frequency as a function of
Rg x Cq time; Tamp = 25 °C.

7282809.1
100
f(LCD
Hz)
typ
—
— e
—1 T [— -
75
50 s .
0 4 6
Vpp (V)

Fig. 5 Display frequency as a function of
supply voltage; RgCq = 680 us.

Tamb = —40 gC; ———Tamb=*+25°C;
— . —Tamp = +85°C.
7282810.1
20
'op ,‘—/’,I/
(nA) /,/'
(L
15 / /o
~
%3
10 A5
e
5
° 8
0 2 4 8 Vop (V)

Fig. 7 Supply current as a function of

supply voltage.

Tamb = —40°C; — — — Tamp = +25 °C;
—-—-Tamp=+85°C.
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LCD duplex driver PCF2111

AL 7
UL T LT -
m L T
w1 -

1/f1cp |- 7284580.1

—

Fig. 8 Timing diagram.

BUS DRIVER PCF2111
Vppz VoD1
ry r
R 1 1k _]£
100k 1 1 1
A h
Vss Vss
7283448.20

Fig. 9 Input circuitry.

Note to Fig. 9

Vgg line is common. In systems where it is expected that Vpp2 >Vpp1 +0,5V, a resistor should
be inserted to reduce the current flowing through the input protection.

Maximum input current < 40 uA.
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PCF2111

o T

LC7020160-400

16-DIGIT PLUS 16 DECIMAL POINTS LCD

3 |

BP1 BP2 S1toS32 BP1BP2 S1t0S32
Vob
DLEN DLEN
cLe  PCF2111 OSC —Jcs  pcr211y OSC
DATA DATA
MASTER Vg SLAVE  vgg
DATA
cL8
DLENT —+—
DLEN2 — 7284579.4

(1) In the slave mode, the serial resistors between BP1 and BP2 of the PCF2111 and the backplane of
the LCD must be > 2,7 kS2. In most applications the resistance of the interconnection to the LCD
already has a higher value.

Fig. 10 Diagram showing expansion possibility for a 16-digit plus 16 decimal points LCD.

Note to Fig. 10

By connecting OSC to Vgg the BP-pins become inputs and generate signals synchronized to the single
oscillator frequency, thus allowing expansion of several PCF2111, PCF2110 and PCF2100 ICs up to
the BP drive capability of the master.

PCF2100 is a 40 LCD-segment driver; PCF2110 is a 60 LCD-segment driver plus 2 LED driver outputs.
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LCD duplex driver

PCF2111

cue [1] U [40] DLEN
Voo [2] EE] DATA
osc [3] 38] 81
Ves [4] 37] BP2
s32[s | 36] 51
s31[6 | 35] s2
$30 E 34] 53
s29 8| 33] s4
s28 9| 32) S5
s27 [10] 31] s6

PCF2111
s26 [11] [30] 57
s25 [12 29] s8
s24 [13] 28] 59
s23[14 27] s10

szzE 26] 511
s21 [16] 25] 512
s20 [17] 24] 513
s19 [18] 23] s14
s18 [19 [22] s15
s17 [20] 21] s16

7282806.2P

Fig. 11 Pinning diagram.

PINNING
Supply

2 Vpp
4 Vgs
Inputs

3 0sC
39 DATA
40 DLEN
1 CLB
Outputs
38 BP1 |
37 BP2 |
S1 to S32

Positive supply
Negative supply

Oscillator input

Data line ]

Data line enable CBUS
Clock burst I

Backplane drivers (common of
LCD)

LCD driver outputs
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCF8570

256 x 8-BIT STATIC RAM

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 AO, 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 25Vto6V

® Serial input/output bus (12C)

® |ow data retention voltage min. 1,0V ® Address by 3 hardware address pins

® |ow standby current max. 15 nA ® Automatic word address incrementing
® Power saving mode typ. 50 nA ® 8-lead DIL package

Applications

® Telephony RAM expansion for stored numbers in repertory dialling

(e.g. PCD3343 applications)

® Radio and television channel presets
® Video cassette recorder

® General purpose RAM expansion for the microcontroller families MAB8400

and PCF84C00

PCF8570 WORD
ADDRESS Row MEMORY
REGISTER [ SELECT CELL
1 'y ARRAY
A0 —1
a1 —f3
A2~—3.——————-——-~—1
6
SCL —=> INPUT [ 12c | COLUMN MULTIPLEXER
SDA 5{ FILTER | » BUS CONTROL SELECT
iy |

SHIFT

R/W

CONTROL

REGISTER [ ]
v 8 POWER
oD ON
ves —fiqy [ FESET
TEST — -

Fig. 1 Block diagram.

PACKAGE OUTLINES

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

7290775.1
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PCF8570

PINNING
1to 3 A0 to A2 address inputs
4 Vss negative supply
5 SDA serfal data line | 12C bus
6 SCL serial clock line /
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 Vpbp positive supply

o [1] U 8] Voo

a1 2] [7] Test

2 E PCF8570 E sl

vss [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) VbD -08to+80 V
Voltage range on any input V) —-0,8toVpp +0,8 V
D.C. input current (any input) £ max. 10 mA
D.C. output current (any output) tlp max. 10 mA
Supply current (pin 4 or pin 8) +1pp:lss max. 50 mA
Power dissipation per package Ptot max. 300 mwW
Power dissipation per output P max. 50 mW
Storage temperature range Tstg —65 to + 150 °C
Operating ambient temperature range Tamb —40to + 85 ©OC
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256 x 8-bit static RAM

PCF8570

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS

Vpp=251t06V;Vgg=0V; Tymp = —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 fgg|_ = 100 kHz IpD - - 200 uA

standby at fgo| = 0 Hz IDDO - - 15 MA

standby at Tymp=—~25t0+70°C | Ippo - - 5 HA
Power-on reset voltage level* VPOR 15 1,9 2,3 \%
Inputs; input/output SDA
Input voltage LOW** ViL ~0,8 - 03xVpp \Y
Input voltage HIGH** VIH 0,7xVpp | - Vpp +0,8 \%
Output current LOW

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

atVoy =Vpp loH — - 250 nA
Input leakage current

atV;=VgpnorVgg £ - - 250 nA
Clock frequency (Fig. 7) fscL 0 — 100 kHz
Input capacitance (SCL, SDA)

atV| = Vgg C - - 7 pF
Tolerable spike width on bus tsw - - 100 ns
LOW Vpp data retention
Supply voltage for data retention VDbDR 1 - 6 \%
Supply currentat Vppgr =1V IDDR - - 5 HA
Supply current at Vppr =1V;

Tamb=—25to+70°C IDDR - - 2 MA
Power saving mode (Figs 14 and 15)
Supply current at Tymp = 25 °C;

TEST:VDDR IDDR ol 50 400 nA

*

The power-on reset circuit resets the I2C bus logic when Vpp < VpgR.

** If 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.

=

|

| 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).

[ | ===
o \ __ | -

| | ! !

SDA | i | X SDA
| : -= t !
| | ! !

SCL ! } : : scL
S L
[ [RpS——

start condition stop condition 7287005

Fig. 4 Definition of start and stop conditions.
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256 x 8-bit static RAM PCF8570

DEVELOPMENT SAMPLE DATA

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
= | 1 | 1
MASTER SLAVE MASTER
R
TRANSMITTER/ R:,':Q\\’/ER TRANSMITTER/ TRX::’LETTER 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 isa 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
|

SCL FROM |
e NN AN DAY
i -
DATA OUTPUT y
BY TRANSMITTER ‘ -

DATA QUTPUT
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the 12C bus,
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Timing specifications

Within the I12C 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.

p r T
o / X ><
- tBUF —> — tlow |=— tp—>| |w— T
scL
—>{tHp;STA |=— Beline ™ tHigH =
R — -— |
tHD;DAT tsu;DAT
SDA
72870131 tsu;sTA a _TSU;STJ—
Fig. 7 Timing of the high-speed mode
Where:
tBUF t 2t OWmin The minimum time the bus must be free before a new
transmission can start

tHD; STA t 2 tH|GHmiIn Start condition hold time
tLOWmin 4,7 ps Clock LOW period
tHIGHmIn 4 us Clock HIGH period
tSU; STA t 2 tL.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
tR t<1ps Rise time of both the SDA and SCL line
tp t <300 ns Fall time of both the SDA and SCL line
tsy: 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 J L PCF8570

DEVELOPMENT SAMPLE DATA

e L TN O
[p—— - A - 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 us
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.

~<— tgUF —> —| tLow |*— e

scL /
—»l typ;sTA I THIGH ' = < tsu0ar
R | 14—
HD;DAT
SDA
7287015.1 > tsuisTA T tsu;sTO

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

Where:

tBUF t >105 ps (t) OWmin)
tHD; STA t =365 us (tH|GHmin)
tLow 130 us £ 25 us

tHIGH 390 us + 25 us

tSU; STA 130 us+ 25 us *

tHD; DAT t=> Oups

tsuU; DAT t>250ns

tR t< lus

tr t<300ns

tsyU: STO 130 us + 25 us

Note

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

o\ AR S SR WA
-~ U VU U U VU UV

[ L J —_ L . s —
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP
CONDITION ACKNOWLEDGE START CONDITION

CONDITION 7287016

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

Where:
Clock t| OWmin 130 us + 25 ps
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 PCF8570

DEVELOPMENT SAMPLE DATA

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
l S L SLAVE ADDRESS O—lAl WORD ADDRESS IAI DATA IAI P l
P I P P

R/W b 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

L e e e T a L e B T
l S I SLAVE ADDRESS OlA[ WORD ADDRESS IAI S ! SLAVE ADDRESS 1 [A
MR P L PR

{
o, ok

at this moment master

R/W transmitter becom:s R/W n bytes
master receiver an )
PCF 8570 slave receiver a::::or é":ég:f;:t
7290778 becomes slave transmitter
no acknowledge
from master
P
== DATA l 1 I p I

PR

L———— last byte

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

/ } }
[S] swavenoomess tfa]  opowma AL, 0] P]
f

n bytes jIT L last byte ﬁlr

auto increment auto increment
7290777 word address word address

L

R/W

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

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

1I0!1|0 A2

A1J A0 R/WI

group 1 group 2 —| 7287030.1

Fig. 12 PCF8570 address.

lVDD
VoD SDA masTeR
o . scL TRANSMITTER
AQ DD
7 sCL N Jy
o], Pcres7o d
P oo
0
> 102 TesT Vss
w
| Voo
1 v to 8 PCF8570
Vpp ] up
oD A0 0 sl without additional
0 Al PCF8570 hardware
)/;, o
0 A
A2 V.
o TEST ss -
Jr ’; [
4 ” It to Vpp
—r
| Voo
Vpp «—1a0 Vop J
; scL s [s
Vi < PCF8570
0D Al ‘1010* R: pull-up resistor
1 SDA
v J )
pD A2 Tst Vss f o tise
> 5 — " Cgus
4 »

SDA SCL
(12C bus)

Fig. 13 PCF8570 application diagram.

7290774

Note
AQ, A1, and A2 inputs must be connected to Vpp or Vgg but not left open.
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DEVELUFMENI SAMPLE DAIA

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
_——— VDDR
TEST ov
Voo
scL * / %
—_—— DDR
——— N oy
- tgy |- > WD |-
| Voo
—— ov
/——-—— Vbp
Voo \ _—— VDDR
——— ov
bp
)} \
-—-- 'pps
7290773
Where:
tsy =4 us Fig. 14 Timing for power saving mode.
typ =4 us

+1 O/
;’—’ Vop
8
) soA| 2
v
—L— SCL * DDA
N 6 A1 1,2V
——] PCF8570 2 (Nicd)
MICROCOMPUTER TEST 1JAS
I 7
“ L
Vss
4 7 7290776

Fig. 15 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-
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Purchase of Philips’ I°C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the I°C specification defined
by Philips.
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCF8573

CLOCK/CALENDAR WITH SERIAL 1/0

GENERAL DESCRIPTION

The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar
in the Inter IC (12C) bus-oriented microcomputer systems. The device includes an addressable time
counter and an addressable alarm register, both for minutes, hours, days and months. Three special
control/status flags, COMP, POWF and NODA, are also available. Information is transferred serially via
a two line bidirectional bus (12C). Back-up for the clock during supply interruptions is provided by a
1,2 V nickel cadmium battery. The time base is generated from a 32,768 kHz crystal-controlled
oscillator.

Features

® Serial input/output bus (12C) interface for minutes, hours, days and months
Additional pulse outputs for seconds and minutes

Alarm register for presetting a time for alarm or remote switching functions
Battery back-up for clock function during supply interruption

Crystal oscillator control (32,768 kHz)

QUICK REFERENCE DATA

Supply voltage range (clock) Vpp—Vss1 1,1t06,0 V
Supply voltage range (12C interface) Vpp—Vss2 25t06,0 V
Crystal oscillator frequency fosc typ. 32,768 kHz

PACKAGE OUTLINES

PCF8573P: 16-lead DIL; plastic (SOT-38).
PCF8573T: 16-lead mini-pack; plastic (SO-16L; SOT-162A).
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FSJET MIN  SEC Vbp
1 9 10 16
32,768 kz =
. 15V
osco |14
i PRESCALER SECONDS POWER-ON |15
[ 13 | OSCILLATOR COUNTER —-
=_0scl 1:218 1:60 RESET Vsg1
l : Ls
Cr + 4_8lvss
Voo L ing o
4 6
SDA < 3 TIME COUNTER EXTPF
5 DAYS —»
SCL— MINUTES —» HOURS —» DATE =— MONTHS 71 e
s ] ! ! ! !
3
1 COMPARATOR ~«|_|._s_ comp
2
e [0 r 1 1 i}
FILTER CONTROL ALARM REGISTER 7‘-‘ LS TEST
I LS l | Ls ! LEVEL SHIFTER PCF8573
1 2
7286691.1
A0 Al
Fig. 1 Block diagram.
PINNING
1 A0 address input
U 2 A1l address input
16] Vob
A0 [I j 3 COmP comparator output
15| V 4 rial i
a1 [2] 5] Vss1 SDA sel !a' data Ilr_le ; 12C bus
comp [_—3: E 05C0 5 SCL serial clock line
6 EXTPF enable power fail flag input
SDA |:4j E osct 7 PFIN power fail flag input
[j hCrgorse st 8 Vss2 negative supply 2 (12C interface)
ScL |5 E 9 MIN one pulse per minute output
exter 6| [17] FseT 10 SEC one pulse per second output
11 FSET oscillator tuning output
PN [7] [10] sec 12 TEST test input; must be connected
to V when not in use
Vss2 |8 9| MmN vSs2 W
l: :] 13 0OSClI oscillator input
7286685.1 14 0sco oscillator input/output
Fig. 2 Pinning diagram. 15 Vss1 negative supply 1 (clock)
16 VpD common positive supply
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Clock/calendar with serial 1/0

PCF8573

UEVELUPMEN I SAMPLE DATA

FUNCTIONAL DESCRIPTION
Oscillator

The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the
prescaler. The frequency is determined by a single 32,768 kHz crystal connected between OSCIl and
OSCO. A trimmer is connected between OSCI and Vpp.

Prescaler and time counter

The prescaler provides a 128 -Hz signal at the FSET output for fine adjustment of the crystal oscillator
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter.
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively,
and are also readable via the 12C bus. The mark-to-space ratio of both signals is 1 : 1. The time counter
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and
months, and provides a full calendar function which needs to be corrected once every four years. Cycle
lengths are shown in Table 1.

Table 1 Cycle length of the time counter

unit number counting carry for content of
of bits cycle following month
unit counter
minutes 7 00 to 59 59 —= 00
hours 6 00 to 23 23—=00
days 6 01 to 28 28 —»01
or29 —=01 2 (see note)
0110 30 30 —=01 4,6,9, 11
01 to 31 31—=01 1,3,5,7,8,10,12
months 5 011t012 12 —=01

Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS.

Alarm register

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag
COMP. Details of writing and reading of the alarm register are included in the description of the
characteristics of the 12C bus.

Comparator

The comparator compares the contents of the alarm register and the time counter, each with a length
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN.
This set condition occurs once at the beginning of each minute. This information is latched, but can be
cleared by an instruction via the I12C bus. A clear instruction may be transmitted immediately after the
flag is set and will be executed. Flag COMP information is also available at the output COMP. The
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set.
Flag NODA can be set and cleared by separate instructions via the 12C bus, but it is undefined until

the first set or clear instruction has been received. Both COMP and NODA flags are readable via the
12C bus.
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FUNCTIONAL DESCRIPTION (continued)
Power on/power fail detection

If the voltage Vpp—Vgg1 falls below a certain value the operation of the clock becomes undefined.
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed.

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received.
The flag POWF can be set by an internally generated power fail level-discriminator signal for application
with (Vpp—Vsg1) greater than V11, or by an externally generated power fail signal for application
with (Vpp—Vsg1) less than V1. The external signal must be applied to the input PFIN. The input
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF

can be selected by input EXTPF as shown in Table 2.

Table 2 Power fail selection

EXTPF PFIN function

power fail is sensed internally
test mode

power fail is sensed externally
no power fail sensed

- =00
Q0o -=0

0 : connected to Vggq (LOW)
1 : connected to Vpp (HIGH)

The external power fail control operates by absence of the Vpp—Vgg2 supply. Therefore the input
levels applied to PFIN and EXTPF must be within the range of Vpp—Vgg1. A LOW level at PFIN
indicates a power fail. POWF is readable via the 12C bus. A power on reset for the 12C bus control is
generated on-chip when the supply voltage Vpp—Vgg2 is less than V2.

Interface level shifters

The level shifters adjust the 5 V operating voltage (Vpp—Vgg2) of the microcontroller to the internal
supply voltage (Vpp—Vgg1) of the clock/calendar. The oscillator and counter are not influenced by
the Vpp—Vss2 supply voltage. If the voltage Vpp—Vgg2 is absent (Vgg2 = Vpp) the output signal
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vgg2 and the Vpp—Vss1
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving
capability of these outputs is lost when the supply voltage Vpp—Vgg2 = 0.
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DEVELOPMENT SAMPLE DATA

CHARACTERISTICS OF THE 1°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 (see Fig. 3)

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 . |
| T |
i | I
il e e
| i |
I : ! _——
I \
scL —/———\—/_
i |
|
|

|

i data line | change

| stable: | of data

! data valid | allowed | 7287019

Fig. 3 Bit transfer.

Start and stop conditions (see Fig. 4)

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).

B T — S - [
scL fl ! \ / “ . : scL
S | |

L [

5 it op condition
start condition stop ! 7287005

Fig. 4 Definition of start and stop conditions.

System configuration (see Fig. 5)

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
1 1 1 I I
MASTER SLAVE MASTER
MASTER
TRANSMITTER/ RES(%:I\\//E;R TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig. 5 System configuration.
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CHARACTERISTICS OF THE I2C bus (continued)
Acknowledge (see Fig. 6)

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 isa 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. (See Fig. 13 and Fig. 14.)

start clock pulse for
condition acknowledgement
I

SCL FROM 1
MASTER : 1 2 8 9
DATA OUTPUT \ -
BY TRANSMITTER h

DATA OUTPUT
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the 12C bus.

Timing specifications

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8573
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
. ———
-— LBUF —> —»l tLow |- tF_’] -
SCL
—>/ tHDp;STA |*— R -~ > tHigH =T
| —
HD;DAT tsu;DAT
SDA
7287013.1 - ¢ -— "—" ]“—
SU;STA tsu;sTO

Fig. 7 Timing of the high-speed mode.
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DEVELOPMENT SAMPLE DATA

Where:

tBUF t 2t OWmin The minimum time the bus must be free before a new
transmission can start

tHD; STA t 2 tH|GHmiIn Start condition hold time

tL OWmin 4,7 us Clock LOW period

tHIGHmIn 4 us Clock HIGH period

tsuU; STA t =t OWmin Start condition set-up time, only valid for repeated start code

tHD: DAT t=0us Data hold time

tsy; DAT t>250ns Data set-up time

tR t<1us Rise time of both the SDA and SCL line

tp t <300 ns Fall time of both the SDA and SCL line

tSU; STO t =t OWmin Stop condition set-up time

Note

All the values refer to V| and V||_ levels with a voltage swing of Vpp to Vss2.

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 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
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CHARACTERISTICS OF THE 12C BUS (continued)

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.

SDA

le— tguF —»J

SCL

HD;STA |=—

SDA

7287015.1

Where:

tBUF
tHD; STA
tLow
tHIGH
tSU; STA
tHD; DAT
tSu; DAT
tR

tp

tSu; STO

Note

Fig. 9 Timing of the low-speed mode.

> tsu;sTA =

t
130 us + 25 us
390 us + 25 us
130 us + 25 us*
t=>0us

250 ns
1us

<300 ns

130 us + 25 us

\

Y

t
t
t

t =105 us (t| oWmin)
> 365 us (tHiGHmin)

tLow - tp—>| |-
¢ |
- HIGH —>  le—1sy;pDAT
R ) e
tHD;DAT —
R

tsu;sTO

Aii the vaiues refer to Vi and V|_levels with a voltage swing of Vpp to Vggo, for definitions see

high-speed mode.

* Only valid for repeated start code.
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I t PCF8573

DEVELOPMENT SAMPLE DATA

SDA

SCL

o . e
MV VYV YV T

START START BYTE DuMMY REPEATED ADDRESS ACKNOWLEDGE sTOP
CONDITION ACKNOWLEDGE START CONDITION
CONDITION 7287018

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

Where:
Clock t_OWmin 130 ps + 25 ps
tHIGHmIn 390 ps + 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 &llowed
Acknowledge clock bit must be provided by master
Note

The general characteristics and detailed specification of the I12C bus are described in a separate data
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment.
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ADDRESSING

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.

Slave address

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown
in Fig. 11.

MSB LsB

(T[]

Fig. 11 Slave address.

H/W}

7286686

The subaddress bits A0 and A1 correspond to the two hardware address pins AO and A1 which allows
the device to have 1 of 4 different addresses.

Clock/calendar READ/WRITE cycles

The 12C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12
and Fig. 13.

acknowledge acknowledge acknowledge
from slave from slave from slave
R/W‘ ‘Mse Lsai
CLOCK/CALENDAR " MODE POINTER AR
S ‘ADPRFSS 0[A MODE POINTER ]A DATA [A P l
L S S S S P S S S SR
l n bytes
(n=0,1,2,...)

auto increment

f B1, B0
H HH ’ ’
7286687

Fig. 12 Master transmitter transmits to clock/calendar slave receiver.

The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be
written into the time counter or alarm register.
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Clock/calendar with serial 1/0 PCF8573

DEVELOPMENT SAMPLE DATA

Table 3 CONTROL-nibble

C2 [ C1 | CO | function
0 |0 [0 |0 |executeaddress
0 |0 [0 |1 |readcontrol/status flags
0 (0 |1 0 | reset prescaler, including seconds counter; without carry for minute counter
0o |0 |1 1 | time adjust, with carry for minute counter (see note)
0o |1 0 |0 [reset NODA flag
0 |1 0 |1 |set NODA flag
0 |1 1 0 |[reset COMP flag
Note

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30s.
From the count 30 there is a carry which adjusts the time by max. + 30s.

Table 4 ADDRESS-nibble

B2

B1

ox}
o

addressed to:

[eNoNoNoNoNeNoNe)

_—-—m a0 000

~s00-==00

- 0=0-=0-=0

time counter hours
time counter minutes
time counter days
time counter months
alarm register hours
alarm register minutes
alarm register days
alarm register months

At the end of each data word the address bits B1, BO will be incremented automatically provided the
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2.

Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the
addressed part of the time counter and alarm register respectively.

Table _5 Placement of BCD digits in the DATA byte

MSB DATA LSB

upper digit lower digit
UD|UC|UB|UA|LD|LC|LB |LA |addressed to:
X |X |D |D {D |D |D |D |hours
X |D |D |D |D |D |D |D |minutes
X |X |D |D |D |D |D |D |days
X |X |X |D |D |D |D |D |months

Where ““X"" is the don’t care bit and *’D"’ is the data bit.
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6.
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Clock/calendar with serial 1/0

DEVELOPMENT SAMPLE DATA

ADDRESSING (continued)
Table 6 Slave receiver acknowledgement

acknowledge on byte
mode pointer address | mode pointer | data
c2({c1]|co B2 | B1 | BO
0(0 (0 {0 (0 | X |X {X |yes yes yes
0|0 (0 |0 |1 |X |X |X |vyes no no
00 (0 |1 X | X | X | X |yes yes no
0|0 {1 0 (X | X [X | X |yes yes no
0 0 1 1 X | X | X | X |yes yes no
0|1 |0 |0 [X | X |[X |X |yes yes no
0of1 0 |1 [ X | X | X |X |yes yes no
0|1 1 0 (X | X | X | X |yes yes no
0|1 1 1 X | X | X | X |yes no no
1 X [ X | X | X | X | X | X |yes no no

Where ““X"’ is the don’t care bit.

Table 7 Organization of the BCD digits in the DATA byte

MSB DATA LSB
upper digit lower digit
UD|UC|UB|UA|LD|LC LB LA addressed to
o |0 |{D {D |D |D D D hours
o |bD |D |{D (D |D D D minutes
0O (0 |D |D |{D |D D D days
o |0 |0 (D (D |(D D D months
0 |0 |0 |* |** |NODA| COMP | POWF | control/status flags

Where: ’D" is the data bit.
* = minutes.
** = seconds.

PCF8573
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PCF8573

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage ranges Vpp—Vssi —-0,3to +8
Vpp—Vss2 -0,3to+8
Voltage on pins 4 and 5 Vgg2—0,8 to Vpp +0,8
Voltage on pins 6, 7, 13 and 14 Vgg1—0,6 to Vpp +0,6
Voltage on any other pin Vgg2—0,6 to Vpp +0,6
Input current 1] max. 10
Output current lo max. 10
Power dissipation per output Po max. 100
Total power dissipation per package Ptot max. 200
Operating ambient temperature range Tamb —40 to + 85
Storage temperature range Tstg —b55to +125
HANDLING

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').

* Impedance min. 500 Q.

\%
\%
V*

< <

mA
mA

mW
oC
oc

286
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Clock/calendar with serial 1/0

PCF8573

DEVELUOPMENT SAMPLE DATA

CHARACTERISTICS

Vgs2 =0 V; Tamp = —40 to + 85 OC unless otherwise specified. Typical values at Ty = + 25 °C

parameter symbol min. typ. | max. unit
Supply
Supply voltage (12C interface) Vpp—Vss2 | 2,5 5 6,0 Y,
Supply voltage (clock) Vpp—Vssg1 | 1.1 15 |(Vpp—Vss2) \
Supply current Vgg1

at Vpp—Vss1 =15V —lsst - 3 10 uA

at Vpp—Vgg1 =5V —lss1 - 12 |50 uA
Supply current Vggo

at Vpp—Vgg2 =5V

(Ip = 0 mA on all outputs) —lss2 - - |50 A
Inputs SCL, SDA, A0, A1, TEST
Input voltage HIGH ViH 0,7 x Vpp - - \
Input voltage LOW ViL - - 0,3x Vpp Vv
Input leakage current

at Vy=Vggo to Vpp ] - - 1 A
Inputs EXTPF, PFIN
input voitage HIGH ViH—Vss1 | 0,7 x(Vpp—Vsg)|— - v
Input voltage LOW ViL—Vsst |0 - 0,3x(Vpp—Vss1)|V
Input leakage current

at V| = Vggq to Vpp +1 - - 1 A

at Tymp = 25 °C;

V| =Vsgsg1 to Vpp LT - - 0,1 uA
Outputs SEC, MIN, COMP, FSET
(normal buffer outputs)
Output voltage HIGH

at Vpp—Vgg2 =25 V;

—-l0=0,1TmA VoH Vpp—0.4 - - \

at Vpp—Vgg2 =4to6V;

—-lp=0,5mA VOoH Vpp-0.4 - - \
Output voltage LOW

at Vpp—Vgs2=2,5V;

10 =03mA VoL — - 0,4 Y

at Vpp—Vgg2=4to 6 V;

lo=16mA VoL — - 0,4 \Y)
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287



PCF8573

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
Output SDA
(N-channel open drain)
Output “ON": Ig =3 mA

at Vpp—Vss2=25t06V VoL - - 0,4 \
Output “OFF” (leakage current)

at Vpp—Vgs2 =6V, Vg=6V o - —- 1 uA
Internal threshold voltage
Power failure detection VTH1 1 1,2 1,4 \
Power ““ON"’ reset

at VscL = Vspa = VDD VTH2 1,5 2,0 25 \
Rise and fall times of input signals
Input EXTPF ty, tf - - 1 us
Input PFIN tr, tf - - oo us
Input signals except EXTPF and PFIN

between V|_and V |y levels

rise time ty — - 1 us

fall time i - - G,3 s
Frequency at SCL

at Vpp—Vgg2 =4to6 V
Pulse width LOW (see Figs 7 and 9) tLow 4,7 - - us
Pulse width HIGH (see Figs 7 and 9) tHIGH 4 - - us
Noise suppression time constant

at SCL and SDA input T 0,25 1 2,5 us
Input capacitance (SCL, SDA) C - - 7 pF
Oscillator
Integrated oscillator capacitance Cout - 40 - pF
Oscillator feedback resistance R¢ - 3 - MQ
Oscillator stability for:

A{Vpp—Vgg1) = 100 mV

at Vpp—Vsgt = 1,65 V;

Tamb =25°C f/fosc - 2x10° - -
Quartz crystal parameters
Frequency = 32,768 kHz
Series resistance Rg - - 40 k&2
Parallel capacitance CL - 9 - pF
Trimmer capacitance Ct 5 - 25 pF

288
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Clock/calendar with serial 1/0 PCF8573

DEVELOPMENT SAMPLE DATA

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the |2C-system
provided the system conforms to the 12C specifications defined
by Philips.
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PCF8573

APPLICATION INFORMATION

@ +5v
R: pull-up resistor Rﬁ [I}R
Voo SDA  MASTER DEVICE
PCD8571 scL MICROCONTROLLER
128 x 8 BIT STATIC CMOS RAM
Vss J’
; 7
4
32,768kHz b=
w
-t
Dl w I o
R1 U AT
Cr PCE2111
EXTPF Vpp OSCO OSCl 64 LCD
SDA SEGMENT DRIVER
PCF8573
PFIN SCL
A0 A1 _Vss2 TEST Vssi
R2 |[R3
‘—l—J’—L——‘ 12v |+ 8 DIGIT LCD
7 (NiCa) T
Y Rgp, ¢ resistor f
detection circuit ch * resistor for
with very high permanent charging
impedance ”
¥ 7286688.2
12C bus
Fig. 15 Application example of the PCF8573 clock/calendar.
+5V @ l
l c
+ 7
RH R[ l +15V
4
» SDA
1 y —» SCL
SCL SDA Vpp “ SCL SDA Vpp cr SCL SDA Vpp
A0
R
oscl
MASTER YA pcrgsra
MICRO - § TEST — PCD8571
CONTROLLER PFIN l
H 0sco
Y ExTPE
Vss Vss2  Vssi Vss

-

Fig. 16 Application example of the PCF8573 with common Vgg1 and Vgg2 supply.

; 7287945
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PCF8574

REMOTE 8-BIT I/0O FOR 12C BUS

GENERAL DESCRIPTION

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote /O expansion for the
MAB8400 and PCF8500 microcomputer families via the two-line serial bidirectional bus (12C).

It can also interface microcomputers without a serial interface to the 12C bus (as a slave function only).

The device consists of an 8-bit quasi-bidirectional port and an 12C interface.

The PCF8574 has low current consumption and includes latched outputs with high current drive
capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to
the interrupt logic of the microcomputer on the 12C bus. By sending an interrupt signal on this line,
the remote 1/0 can inform the microcomputer if there is incoming data on its ports without having to
communicate via the 12C bus. This means that the PCF8574 can remain a simple slave device.

Features
® Operating supply voltage 25Vto6V
® Low stand-by current consumption max. 10 A
® Bidirectional expander
® Open drain interrupt output
® 8-bit remote 1/0O port for the 12C bus
® Peripheral for the MAB8400 and PCF8500 microcomputer families
® |atched outputs with high current drive capability for directly driving LEDs
® Address by 3 hardware address pins for use of up to 8 devices (up to 16 possible with mask option)
PCF8574
— _ |13 INTERRUPT
iINT LOGIC LP FILTER
A0 !
Al 2 .
A2 3 « > PO
l 5 P1
14 6
scL - INPUT | 12c Bus « ; P2
SDA « | FILTER CONTROL SHIFT T /o P3
7 REGISTER PORTS 9 P4
10 P5
I i P6
121, p7
.
write pulse T [
16 read pulse
Vbp POWER-ON "—J
vgs —H8-] RESET
7285821.1

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF8574P: 16-lead DIL; plastic (SOT-38).
PCF8574T: 16-lead mini-pack; plastic (SO-16L; SOT-162A).
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PCF8574

PINNING

AO E U 18] Vop
a1 [2] E SDA
A2 [3] [14] scu
o [1] PCF8574 3] e
P1 5] 12] P7
P2 [Z [11] Pe
P3 [7] [10] Ps5
Vsg E E P4

7287597 Fig. 2 Pinning diagram.
1to3 A0 to A2 address inputs
4to7 POto P3| 8-bit i-bidirectional 1/0 port
- si-bidirectiona 0
9t012  P4toP7 | t quast P
8 Vss negative supply
13 INT interrupt output
14 SCL serial clock line
15 SDA serial data line
16 Vpp positive supply
Vbp
write pulse —
P 100 4A
N
data f
s, > a —= |
FF
C'R a D POtoP7
power-on g I -
reset ; 4‘

! C
|
read pulse —+—_®_—
i t
data to W—__. to llrtv;eircrup
shift register ¥ v

7287598

Fig. 3 Simplified schematic diagram of each port.
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Remote 8-bit 1/0 for 12C bus PCF8574

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS OF THE 12C BUS

The 12C bus is for 2-way, 2-line communication between different |Cs 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.

or/ T\

-

1 —
| |
i X |
L
I
|
I
{
|

.
|
1
}
|
I
|
)
1
|
|
I

I
I
|
SCL [
|
data line | change |
stable: | ofdata |
data valid I allowed | 7287019

Fig. 4 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).

[ E—

[E— L

i stop condition
start condition P 7287005

Fig. 5 Definition of start and stop conditions.

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
1 T 1 I T
MASTER SLAVE MASTER
MASTER
TRANSMITTER/ R:::-::X/EER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig. 6 System configuration.
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PCF8574

CHARACTERISTICS OF THE 12C BUS (continued)
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 isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which isaddressed 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
|

SCLEROM |
MASTER m ___/_8—\__/—9—\_
| —
DATA OUTPUT  \ T
BY TRANSMITTER
DATA OUTPUT -
BY RECEIVER

7287007

Fig. 7 Acknowledgement on the 12C bus.

Timing specifications

Within the 17C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8574
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. 8.

R r T

SDA

e— tBUF —» T | [

-

scL

- > tHiGH
— |- — |-
tHD;DAT tsu;DAT
SDA
7287013.1 > t -~ —_ -~
SU;STA tsu;sTO

Fig. 8 Timing of the high-speed mode.
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Remote 8-bit 1/0 for 12C bus PCF8574

DEVELOPMENT SAMPLE DATA

Where:

tBUF t 2t OWmin The mi.nimum time the bus must be free before a new
transmission can start

tHD: STA t 2 tH|GHmIn Start condition hold time

L OWmin 4,7 us Clock LOW period

tHIGHmIn 4 us Clock HIGH period

tsuU; STA 12 tLOWmin 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<1us Rise time of both the SDA and SCL line

tfF 1 <300 ns Fall time of both the SDA and SCL line

tSuU; STO t 2t OWmin Stop condition set-up time

Note

All the values refer to Vi and V_ levels with a voltage swing of Vgg to Vpp.

“ UL A YA

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

Fig. 9 Complete data transfer in the high-speed mode.

Where:
Clock t| oWmin 4,7 us

tHIGHmIN 4 s
The dashed line is the acknowledgement of the receiver

Mark-to-space ratio

Max. number of bytes

Premature termination of transfer

Acknowledge clock bit

1:1 (LOW-to-HIGH)

unrestricted

allowed by generation of STOP condition
must be provided by the master
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PCF8574

CHARACTERISTICS OF THE 12C BUS (continued)

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. 10.

SDA /

<«— tgyF —» —| tow - tp—)| |

scL /
—>! tHp;STA |=— - tHIGH [ —> |<—‘SU;DAT
] ]
tHD;DAT
SDA ’
7287015.1 > ty;sTA = - |‘

Fig. 10 Timing of the low-speed mode.

Where:

tBUF t =105 us (t_ owmin)
tHD; STA t=> 365 us (tHIGHmin!
tLow 130 us + 25 us

tHIGH 390 us + 25 us

tsU; STA 130 us + 25 us*

tHD; DAT t=>0us

tsU; DAT t=>250ns

tR t<<1us

tp t <300 ns

tsU: STO 130 us + 25 s

Note

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

* Only valid for repeated start code.
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Remote 8-bit 1/0 for 12C bus PCF8574

DEVELOPMENT SAMPLE DATA

VARV VR VARV VAV Vv

ot i a — [ gt —

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP

CONDITION ACKNOWLEDGE START CONDITION
CONDITION 7287016

Fig. 11 Complete data transfer in the low-speed mode.

Where:
Clock t_owmin 130 ps £ 25 ps
tHIGHmMIN 390 us + 25 us
Mark-to-space ratio 1: 3 (LOW-to-HIGH)
Start byte 0000 0001
Maximum 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

P S .

sheet (seriai data buses) in handbook: iCs for digitai systems in radio, audio and video equipment.
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J PCF8574

Remote 8-bit 1/0O for 12C bus
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PCF8574

Interrupt (see Figs 14 and 15)

The PCF8574 provides an open drain output (INT) which can be fed to a corresponding input of the
microcomputer. This gives these chips a type of master function which can initiate an action elsewhere
in the system.

PCF8574 PCF8574 PCF8574
VoD (1) (2) (8)
iNT INT INT
MICROCOMPUTER
INT . ——
7287599

Fig. 14 Application of multiple PCF8574s with interrupt.

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time
tjy the signal TNT is valid.

Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the
original setting or data is read from or written to the port which has generated the interrupt.
Resetting occurs as follows:

® In the READ mode at the acknowledge bit after the rising edge of the SCL signal.
® [n the WRITE mode at the acknowledge bit after the HIGH to LOW transition of the SCL signal.

Each change of the ports after the resettings will be detected and after the next rising clock edge, will
be transmitted as INT.
Reading from or writing to another device does not affect the interrupt circuit.

slave address data from port
4 A — r N
T T T T T T T I T T T T T T T
SDA [slo 1 0 0 A2 A1 A0 1||Al 1 |1|P|
1 1 1 1 L 1 1 .[ 1 1 1 1 1 1 1
" bt ! ¢
start condition R/W | acknowledge P5 stop
| from slave condition
|
]
scL 12\ /3\ 4\ J5\ e\ J7\J8
|
|
|
| |
DATA INTO P5 4 ¥
| |
| |
| |
| |
o |
INT I T
I B
- ety N 7287594

Fig. 15 Interrupt generated by a change of input to port P5.
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Remote 8-bit 1/0 for 1°C bus PCF8574

DEVELUPMENIT SAVIPFLE DAIA

FUNCTIONAL DESCRIPTION (continued)
Quasi-bidirectional 1/0 ports (see Fig. 16)

A quasi-bidirectional port can be used as an input or output without the use of a control signal for data
direction. The bit designated as an input must first be loaded with a logic 1. In this mode only a current
source to Vpp is active. An additional strong pull-up to Vpp allows fast rising edges into heavily
loaded outputs. These devices turn on when an output changes from LOW to HIGH, and are switched
off by the negative edge of SCL. SCL should not remain HIGH when a short-circuit to Vgg is allowed
(input mode).

slave address data to port data to port
A A A
N A
T T T T T T T T T T ; T T T T T
SDA rslo 10 0 A2 Al AD UIAJ 1 JJA] [4 ['A]PJ
¥ P R R T T T 7 T R R N MY I SR 7 M
from slave

f
— |
start condition R/W  acknowledge P3 | P3
|
|
|

ScL AW AWAWAWAWAWAWE)

P3

OUTPUT
VOLTAGE i
|

P3 N ! \
PULL-UP r' L
OUTPUT
CURRENT [ ¥

T IoH

7287595 !

Fig. 16 Transient pull-up current Igp while P3 changes from LOW-to-HIGH and back to LOW.

RATINGS

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

Supply voltage range VpDp —-05t0+7 V
Input voltage range (any pin) Vi Vgs—0,6to Vpp + 0,56 V
D.C. current into any input 1 max. 20 mA
D.C. current into any output tlg max. 25 mA
Vpp or Vgg current tlpp;lsg max. 100 mA
Total power dissipation Piot max. 400 mw
Power dissipation per output Po max. 100 mw
Storage temperature range Tstg —65 to + 150 °C

Operating ambient temperature range Tamb —40to +85 OC
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CHARACTERISTICS

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

parameter symbol | min. typ. | max. unit
Supply (pin 16)
Supply voltage Vpp |25 - 6 Vv
Supply current

at Vpp =6 V; no load, inputs at Vpp, Vgs

operating; (SCL = 100 kHz) Ipp |- 40 |100 HA

standby Ippo | — 156 |10 MA
Power-on reset voltage level (note 1) VREF | — 1,3 124 \
Input SCL; input/output SDA (pins 14; 15)
Input voltage LOW ViL -0,5V - 0,3Vpp \)
Input voltage HIGH VIH 0,7Vpp | — Vpp+05V |V
Output current LOW

atVoL =04V loL 3 — - mA
Input/Output leakage current [l — - 100 nA
Clock frequency (see Fig. 8) fscL | — — 100 kHz
Tolerable spike width

at SCL and SDA input ts - - 100 ns
Input capacitance (SCL, SDA)

at V| =Vgg C - - 7 pF
1/0O ports (pins 4 to 7; 9 to 12)
Input voltage LOW ViL -0,5V - 0,3Vpp \%
Input voltage HIGH VIH 0,7Vpp |— Vpp+05V |V
Maximum allowed input current

through protection diode

atV| > Vpp or < Vgg thyL | - - 400 nA
Qutput current LOW

atVopL=1V;Vpp=5V loL 10 30 |- mA
Output current HIGH

at VoH = Vsg (current source only) —-lony |30 100 | 300 LA
Transient pull-up current HIGH

during acknowledge (see Fig. 16)

at VoH = Vss —loHt | — 05 |— mA
Input/Output capacitance Cijo |- - 10 pF
Port timing; C|_ < 100 pF (see Figs 12 and 13)
Output data valid tpy — - 4 us
Input data set-up tps 0 - - us
Input data hold tph 4 - - us
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Remote 8-bit 1/O for I2C bus PCF8574

DEVELOPMENT SAMPLE DATA

parameter symbol | min. typ. | max. unit

Interrupt INT (pin 13)
Output current LOW

at VOL=0,4V IOL 1,6 - _ mA
Output current HIGH

at Voy = Vpp lou! |- - | 100 nA
INT timing; C|_ < 100 pF (see Fig. 13)
Input data valid tiv - — 4 us
Reset delay tir — — 4 us

Select inputs A0, A1, A2 (pins 1 to 3)

Input voltage LOW ViH -05V |- 0,3Vpp \%
Input voltage HIGH VIH 0,7Vpp |— Vpp+05V |V
Input leakage current
at V| =Vpp or Vgg IR} - - 100 nA
Note 1

The power-on reset circuit resets the 12C bus logic with Vpp < VREF and sets all ports to logic 1
(input mode with current source to Vpp).

Purchase of Philips’ 12C components conveys a license under the
Philips’ I2C patent to use the components in the |2C-system
provided the system conforms to the 12C specifications defined
by Philips.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples :' 3-

made available for evaluation. It does not necessarily = PCF8576
imply that the device will go into regular production. B@ﬂ

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES

GENERAL DESCRIPTION

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The
PCF8576 is compatible with most microprocessors and communicates via a two-line bidirectional bus
(12C). Communication overheads are minimized by a display RAM with auto-incremented addressing,
by hardware subaddressing and by display memory switching (static and duplex drive modes).

Features

® Single-chip LCD controller/driver

® Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

® Selectable display bias configuration: static, 1/2 or 1/3

® 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric
characters; or any graphics of up to 160 elements

40 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and
high-threshold (automobile) twisted nematic LCDs

Low power consumption

Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

12C bus interface

TTL/CMOS compatible

Compatible with any 4-bit, 8-bit or 16-bit microprocessors

May be cascaded for large LCD applications (up to 2560 segments possible)

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications
Space-saving 56-lead plastic mini-pack (VSO-56)

Very low external component count (at most one resistor, even in multiple device applications)
Compatible with Philips/Videlec chip-on-glass technology

Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8576T: 56-lead mini-pack; plastic (VSO-56; SOT-190).
PCF8576U: uncased chip in tray
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Universal LCD driver for low multiplex rates

PCF8576

DEVELOPMENT SAMPLE DATA

PINNING
spA [1 U 56] s3e
1 SDA
scL [2] [55] sas 2 SCL
svnc [3] [54] 537 3 SYNC
cik [4] 53] s36 4 CLK
Vob E E S35 5 VDD
osc [6 | 51] 534 6 0sc
7 A0
a0 [7] [50] s33 8 Al
a1[8] [49] 532 9 A2
A2 E E s31 10 SAO
1 \Y
sA0 [10 [47] s30 ! ss
12 ViLcD
vss [17] 40] s29 13 BPO
Vieo [12] Ej s28 14 BP2
15 BP1
8po [13 [44] 527 16 BP3
8pr2 [14 3] s26
poraze [0 17 SO
8P1[15 42| 525
I: :] 56 S39
83 [16] 4] s24
so [17 40] 523

s1 [18] E s22
s2 [19] 38] 521
53 [20] 37] s20
sa [21] 36] s19
s5 [22] 35] s18
s6 [23] [34] s17

s7[2a 33] s16
s8 [25) 32| s15
59 [26] 31] s14
s10 [27 [30] s13
s11[28 [29] 512
7291476.1

Fig. 2 Pinning diagram.

12C bus data input/output

12C bus clock input/output

cascade synchronization input/output
external clock input/output

positive supply voltage

oscillator input

12C bus subaddress inputs

12C bus slave address bit O input
logic ground
LCD supply voltage

LCD backplane outputs

J LCD segment outputs
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FUNCTIONAL DESCRIPTION

The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to
40 segments. The display configurations possible with the PCF8576 depend on the number of active
backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segmenets numeric alphanumeric

20 digits + 10 characters + 160 dots
4 160 20 indicator 20 indicator (4 x 40)

symbols symbols

15 digits + 8 characters + 120 dots
3 120 15 indicator 8 indicator (3 x 40)

symbols symbols

10 digits + 5 characters + 80 dots
2 80 10 indicator 10 indicator (2 x 40)

symbols symbols

5 digits + 2 characters + 40 dots
1 40 5 indicator 12 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig. 3. The host microprocessor maintains the 2-line I>C bus communication channel with the PCF8576.
A resistor connected between OSC (pin 6) and Vgg (pin 11) controls the device clock frequency. The
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only
other connections required to complete the system are to the power supplies (Vpp. Vss and V| ¢cp)
and to the LCD panel chosen for the application.

LCD PANEL

(up to 160
elements)

Vob
R< trise
2Cbus Voo |Vico
- SDA|, 5 12
- Sk 56( 40 =
RO 17-56 | 40 segment drives
RS PCF8576 !
PROCESSOR
0SC 6 13-16 4 backplanes
7 8 9 10 1
Rosc A0 |A1 [A2 [SAD|Vgg
Vss 72914641

Fig. 3 Typical system configuration.
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Universal LCD driver for low multiplex rates

DEVELOPMENT SAMPLE DATA

Power-on reset

At power-on the PCF8576 resets to a defined starting condition as follows:
1. All backplane outputs are set to Vpp.

. All segment outputs are set to Vpp.

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

. Blinking is switched off.

. Input and output bank selectors are reset (as defined in Table 5).

. The I?C bus interface is initialized.

N O O~ WwN

. The data pointer and the subaddress counter are cleared.

Data transfers on the 12C bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vqp) is obtained from Vpp — V| cp. The LCD voltage may be temperature
compensated externally through the V| cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre

resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vo = Vpp — V| ¢p and the resuiting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD.bias ) Voff(rms) Xglm D X_er(L”_’.sl
configuration Vop Vop - Voff(rms)

static (1 BP) static (2 levels) 0 1 oo

1:2MUX (2 BP) 1/2 (3 levels) \V2/4=0354 | \/10/4=0,791 | \/5=2,236

1:2MUX (2 BP) 1/3 (4 levels) 1/3=0,333 \/5/3=0,745 V5 =2,236

1:3MUX (3 BP) 1/3 (4 levels) 1/3=0,333 V/33/9=0,638 | /33/3=1915

1:4MUX (4 BP) 1/3 (4 levels) 1/3=0,333 \/313=0,577 V3=1,732
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LCD voltage selector (continued)

A practical value for Vi, is determined by equating Vipff(rms) With a defined LCD threshold voltage
(VthLcD). typically when the LCD exhibits approximately 10% contrast. In the static drive mode a
suitable choice is Vg 23 VihLCD-

Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the
contrast ratios are smaller (\/3_= 1,732 for 1 : 3 multiplex or\/2—1/3 = 1,528 for 1 : 4 multiplex).

The advantage of these modes is a reduction of the LCD full scale voltage Vop as follows:

1: 3 multiplex (1/2 bias) : Vop =+/6 Voft(rms) = 2.449 Voff(rms)
1: 4 multiplex (1/2 bias) : Vgp = 4\/5/3 Voff(rms) = 2,309 Voff(rms)
These compare with Vo = 3 Voff(rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this mode are shown in Fig. 4.

|<—Tf'“'"e—’l LCD segments
Vpp — — —
8P0 PN
VieD —— — b /
Vob — [ state1 state 2
(on) (off)
Sn
Viep —— —
VDD — —
Sn+1
Vico S— L
(a) WAVEFORMS AT DRIVER
Vop — —
state] 0 — At any instant (t):
Vstate 1(t) = Vg, (t) - Vgpo(t)
~Vop ——— _— Von(rms) = Vop
Vop —
Vstate 2(t) =Vs (1) - Vapolt)
=0V
swate2 0 — Voff(rms) =0
Vop —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig. 4 Static drive mode waveforms: Vop = VDD — VLCD-
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Universal LCD driver for low multiplex rates PCF8576

DEVELOPMENT SAMPLE DATA

When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

-~ Tframe —>
LCD segments

Vpp —————
BPO  (Vpp+Vicp)/2 ———L—I—__L'—
I i

Viep —

VLCD state 1
DD — _—l_—staie 2\

BP1  (Vpp+Vicp)/2—
Vicp ——
Vbp

Sn ‘
Vicp ——
Vpp ————— .

Sn+1 __I“I_T—J— —_—
Vieo — J

(a) WAVEFORMS AT DRIVER

Vop —— ._—l—_\ —J'— At any instant (t):
Yop/2 Vstate i{t) = Vs (t) — Vgpolt)
state 1 0 ———
~Vop/2 ———l L——_I___ Von(rms) - p\/— 0 791Vop
_\/op ——————
Vop ————— Vstate 2(t) = Vsn(t) —Vgp1(t)
Vop/2 ————
state2 0 ——————— _‘I——I—_ Voff(rms) = \/_ 0,354V
V)2 —————
—Vop 7291477

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = Vpp — VLCD-

September 1984 31



PCF8576 J L

LCD drive mode waveforms (continued)

<—— Tirame —|

Vpp ———
Vpp—Vop/3 —
gpo DD 'op
VDD—2Vpp/3 —
Ve ———

el
state 1

VoD ——— state 2
BP1 VoD~ Vop/3 __—I_l_L_J_‘_I_ ™

Vop—2Vep/3 —

Viecp——

Vbp ————
Vbp—Vop/3 — —]_
VDD —2Vop/3 —

Vieo

VoD ———— _J——'—I_
iy

LCD segments

Sn

VDD_VOp/3 _
Vpp—2Vop/3—
Vico

Sn+1

(a) WAVEFORMS AT DRIVER

Vop __—J'_— At any instant (t):

2Vgp/3

Vop/3 Vstate 1(t) = Vg (t) — Vppo(t)

state 1 0 —

~Vop/3

~2Vop/3

_Vop
Vop ——— Vstate 2(t) = Vs, (t) — Vgp1 (1
2Vgp/3

Vop/3 ——— Vop
~Vop/3

~2Vp/3
—Vop ———— 7291466
(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Vop
L Von(rms) = 3 \/g = 0r745V0p

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VDD — VLCD-

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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Universal LCD driver for low multiplex rates

i PCF8576

DEVELOPMENT SAMPLE DATA

BPO

BP1

BP2

Sn

Sn+1

Sn+2

state 1

state 2

-«  Tirame ————> LCD segments
Vpp ——————
VDD‘Vop/ 3
Vpp—2Vop/3 —
Vico — S

v state 1
Db state 2

Vbp—Vop/3 —
Vpp—2Vop/3 —
Viep

Vop ——
VDD_Vop/3 —_
Vpp—2Vop/3 —
Vieo

VoD
VDD‘Vup/3 -
Vpp—2Vop/3 —
Vico — —
Vop

Vbp—Vop/3 — —J
\/DD—ZVop/3-—
Vieo

v _,—_r_h
=gl

Vop—Vop/3 —
Vpp—2Vop/3 —
Viep

(a) WAVEFORMS AT DRIVER

Vo ———— — any instant {t):
2Vgp/3 _l
vol:;)a Vstate 1(t) = Vg, (t) — Vgpo(t)
0o——— Vo
~Vop/3 ——— Von(rms) = *éE /33 =0,638V¢p
~2Vp/3

~Vop Vstate 2(t) = Vg, (t) — Vgp1(t)

r

Vop
\
2Vgp/3 ———— _ Vop _
\,O:/pa Voff(rms)= 3 0,333Vep
— LI 1 L
~Vop/3———
—~2Vgp/3
__VO:p____..___ 7291478

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vpp — VLCD-
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LCD drive mode waveforms (continued)

Ttrame | LCD segments
Vbp
VDD‘Vop/3 _
Vpp—2Vop/3 —
V
VLCD state 1
DD state 2
VDD —Vop/3 — \
BP1 VDD —2Vep/3— —C
Vico

Vpp —————
Vpp—Vop/3—

BP2 Vpp-2 Vop/3 — _CHP—Q}’_
Vico ——

BPO

Voo —
Vpp—Vop/3—

873 VDD —2Vop/3 — _(E_(

Viep ———

Vop —————
Vpp—Vop/3 ——-—I_
VbD—2Vgp/3 —

Viep —— —
VoD ———  —— 1
Vbp—Vop/3 —
VDp—2Vgp/3—
Viecp ——— — —
Vpp ———

Vpp—Vop/3 —

VDD —2Vep/3 —

Viep ——— —
Vbp — — —
VDD —Vop/3 —
VD ~2Vop/3 —
Viep ——— — —

Sn

Sn+1

Sn+2

-

(a) WAVEFORMS AT DRIVER

Vop ————— At any instant (t):
f/vo%a_J— Vstate 1(t) =
op
state 1 0 ———— Vsn(t) — Vgpolt)
~Vop/3 ——— v _
~2Vgp/3 —— on(rms)

~Vop Vop /20577y
V3=0,577V,

Vop —————— 3 P
2Vgp/3 ———r
Vop/3 - Vstate 2(t) =
state2 0 ————— | | I I I | l Vg (t) — Vgp1(t)
~Vop/3 —— n -
~2Vgp/3 7291479 Voff(rms) =
~Vop Vop
(b) RESULTANT WAVEFORMS —==10,333Vgp

AT LCD SEGMENT

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop =VDD — VLCD-
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Universal LCD driver for low multiplex rates PCF8576

DEVELOPMENT SAMPLE DATA

Oscillator
Internal clock

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator
or from an external clock. When the internal oscillator is used, frequency control is performed by a
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig. 9. In this case, the
output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system.

7291467

1000 T

foLk
(kHz) g0

max
100 NN

50

mint{ NN

20
Fig. 9 Oscillator frequency

10 as a function of Rggc:
100 200 500 1000 2000 5000 osc
Rosc (kS2) foLk = (3,6 x 107 /Rpgc) kHz* Q.

External clock

The condition for external clock is made by tying CSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

The clock frequency (fc|_ k) determines the LCD frame frequency and the maximum rate for data
reception from the 12C bus. To allow I2C bus transmissions at their maximum data rate of 100 kHz,
fcLK should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in ad.c.
state.

Timing

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer
of display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by the choice of value for Rgyge when
internal clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8576 mode recommended Rgge (kS2) fframe nominal fframe (Hz)
normal mode 200 fcLk /2880 64
power-saving mode 1200 fcLk/480 64
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Timing (continued)

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which

the device is operating. In the normal mode, Rggc = 200 k€2 will result in the nominal frame frequency.
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be
reduced by a factor of six and for the same frame frequency Rggc will be 1,2 M. The reduced clock
frequency and the increased value of Rggc together contribute to a significant reduction in power
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large
amounts of display data are transmitted on the 12C bus: When a device is unable to ‘digest’ a display

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored.
This slows down the transmission rate of the 12C bus but no data loss occurs.

Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data are displayed.

Segment outputs

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 40 segment outputs are
required the unused segment outputs should be left open.

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi-
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BP0 and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected-in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with

BP1, BP2 and BP3 respectively.
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Universal LCD driver for low multiplex rates

UCVELUFVICIN I DANVIFLE UAITA

display RAM addresses (rows) / segment outputs (S)
6 1 2 3 4 35 36 37 38 39

display RAM bits 0
(columns) /
backplane outputs
(BP}) 2

7291468

Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.

When display data are transmitted to the PCF8576 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit 0 of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data

bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter
The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied

to A0, A1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress
counter is also incremented when the data pointer overflows.
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Subaddress counter (continued)

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode).

Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

In the 1 : 3and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD
segments can be blinked by selectively changing the display RAM data at fixed time intervals.

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can

be effectively performed by resetting and setting the display enable bit E at the required rate using the
MODE SET command.
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Blinker (continued)
Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio fblink (Hz)

off - - blinking off

2 Hz fcLk/92160 fcLk/15360 2

1 Hz fcLk/184320 fcLk/30720 1

0,5 Hz fcLk/368640 fcLk/61440 05

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.

1

| data line | change

| stable: | of data

| data valid | allowed 7287019

Fig. 12 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

A DR R ) [ [ N W o I IR R & SO [ D e LR 1080 AL oA L L - H £
qaia (int wiiie tne CIOCK IS i iS agiined as uie swarw conaiuton (o). A LUW-To-riam wransiuon ol
the data line while the clock is HIGH is defined as the stop condition (P).

-
|
|
|

[ SR [EpS—

start condition stop condition ;05505

Fig. 13 Definition of start and stop conditions.
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DEVELOPMENT SAMPLE DATA

System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is a ‘‘receiver’. The

g
device that controls the message is the ““master’’ and the devices which are controlled by the master
are the “slaves”’.

SDA
7 r 1 1 I
MASTER SLAVE MASTER
SLAV
TRANSMITTER/ REéElstn TRANSMITTER/ TRXQ:;ffTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig. 14 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte 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.

clock pulse for

start
acknowledgement

condition
|

SCL FROM i
I
| _—
DATA QUTPUT y /
BY TRANSMITTER | _
!
s

DATA QUTPUT
BY RECEIVER
7287007

Fig. 15 Acknowledgement on the I2C bus.

Note

The general characteristics and detailed specification of the I°C bus are described in a separate data
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment.

September 1984

321



PCF8576

PCF8576 I°C bus controller

The PCF8576 acts as an IC slave receiver. It does not initiate I2C bus transfers or transmit data to an
I2C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected
devices. Device selection depends on the 1°C bus slave address, on the transferred command data and on
the hardware subaddress.

In single device applications, the hardware subaddress inputs A0, A1 and A2 are normally tied to Vgg
which defines the hardware subaddress 0. In multiple device applications A0, A1 and A2 are tied to Vgg
or Vpp according to a binary coding scheme such that no two devices with a common 12C slave address
have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 2C bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

I2C bus protocol

Two 12C bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C bus which allows:

(a) up to 16 PCF8576s on the same I2C bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same I°C bus.

The I>C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the
12C bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s
with the corresponding SAQ level acknowledge in parallel the slave address but all PCF8576s with the
alternative SAO level ignore the whole I2C bus transfer. After acknowledgement, one or more command
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8576s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8576 device. The acknowledgement after each byte is made only by the (A0, A1, A2)
addressed PCF8576. After the last display byte, the I2C bus master issues a stop condition (P).

322

September 1984



PCF8576

Universal LCD driver for low multiplex rates

DEVELOPMENT SAMPLE DATA

_ acknowledge by

R
W (A0, A1, A2)—selected
it
slave address l acknowledge by all PCF8576 only
—r— { addressed PCF8576's ;
T T 177 s T T 17 17 177 1T 1 T T T 7T
Sf{o 1 11 0 0|AlO|A|C COMMAND A DISPLAY DATA Al P
[ T B ' T R N I | T T T N B W |
. ) ) J T
Y Y 2
1 byte m = 1 bytes n =0 bytes
update data pointer
7291470.1 and, if necessary,

subaddress counter

Fig. 16 12C bus protocol.

Command decoder

The command decoder identifies command bytes that arrive on the I1>C bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates
the last command byte of the transfer. Further bytes will be regarded as display data.

0 = last command
1= commands continue

+ T T

C| REST OF OPCODE
T N T N B §
msb Isb

7291471

Fig. 17 General format of command byte.

The five commands available to the PCF8576 are defined in Table 5.
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Command decoder (continued)

Table 5 Definition of PCF8576 commands

[c|1 10 0[A2 A1 A0

3-bit binary value of 0 to 7

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET .
static (1 BP) 0o 1
1:2MUX (2BP) 1 0
IC}1 OILPJEJB]M1|M(ﬂ 1:3MUX (3BP) 1 1
1:4MUX (4 BP) 0o O
Defines LCD bias configuration
LCD bias bit B
1/3 bias
1/2 bias 1
Defines display status
display status bit E The possibility to disable the
display allows implementation
disabled (blank) 0 of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LOAD DATA POINTER Six bits of immediate data,
bits P5 P4 P3 P2 P1 PO |bitsP5 to PO, are transferred
[d Ol P5 P4 P3 P2 P1 PO] to the data pointer to define
6-bit binary value of 0 to 39 one of forty display RAM
addresses
DEVICE SELECT i Three bits of immediate data,
bits A0 A1 A2

bits AO to A2, are transferred
to the subaddress counter to

define one of eight hardware

subaddresses

324
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DEVELOPMENT SAMPLE DATA

command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)
c[1 11100
RAM bit 0 | RAM bitsO, 1| 0
RAM bit 2 | RAM bits 2, 3 | 1
Defines output bank selection
static 1:2MUX bit O | (retrieval of LCD display data)
RAM bit 0 | RAM bits0, 1| O
RAM bit 2 | RAM bits 2, 3| 1
The BANK SELECT command has
no effectin 1 : 3and 1 : 4 multi-
plex drive modes
BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO
Ic[1 11 o]a]BF1 BFO]
off 0 0
2 Hz 0 1
1Hz 1 0
0,5 Hz 1 1
blink mode bit A |Selects the blinking mode;
normal operation with frequency
normal blinking 0 |set by bits BF1, BFO, or

alternation blinking

—_

blinking by alternation of

display RAM banks. Alternation
blinking does not apply in 1: 3
and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the

status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading
display data into the display RAM as required by the filling order.
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Cascaded operation

In large display configurations, up to 16 PCF8576s can be distinguished on the same I°C bus by using
the 3-bit hardware subaddress (AO, A1, A2) and the programmable 1°C slave address (SAOQ). It is also
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute
additional segment outputs but their backplane outputs are left open (Fig. 18).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8576s with differing SAQ levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19.

LT |
ERERRR |
LCD PANEL
(up to 2560
Voo _[Vico elements)
SDA|, 12
SCL
—12 17-56 | 40 segment drives
SYNC|, PCF8576 :
CLK 4
osc| 13-16
7 8 9 10 11 BPO — BP3 (open)
A0 [A1 |A2 |SAO]Vgs
Vico
Vbp |l|
f< tise  [1[]
2Cpus U Voo | Vico
SDA 1 5 12
SCLl, 17-56| 40 segment drives
HOST SYNG
MICRO- 3 PCF8576
PROCESSOR CLK 4
osc o 13-16 4 backplanes
7 8 9 10 1
Rosc A0 |A1 [A2 [sao|vgg
Vss 7291480.1

Fig. 18 Cascaded PCF8576 configuration.
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DEVELOPMENT SAMPLE DATA

= ] I

(a) STATIC DRIVE MODE

BP1

(Y, bias) |
BP1

(/3 bias)

(b) 1:2 MULTIPLEX DRIVE MODE U

o _‘_—I__I'_—I_I_

f

SYNC

=

:

SYNC | U
(¢) 1:3 MULTIPLEX DRIVE MODE

SYNC I U
(d) 1:4 MULTIPLEX DRIVE MODE

7291481

Fig. 19 Synchronization of the cascade for the various PCF8576 drive modes.

For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information.
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RATINGS

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

Supply voltage range Vbp —05to+11 V
LCD supply voltage range Vicd Vpp—11to Vpp V
Input voltage range (SCL;_S_Di;

A0 to A2; OSC; CLK; SYNC; SA0) 2 Vgg ~0,5to Vpp +0,5 V
Output voltage range (SO to S39;

BPO to BP3) Vo Vicp—-05toVpp+0,5 V
D.C. input current e T max. 20 mA
D.C. output current tlp max. 25 mA
Vpp. Vgs or V| ¢cp current tlpp.tlss. t 1 cD max. 50 mA
Power dissipation per package Ptot max. 400 mW
Power dissipation per output Po max. 100 mW
Storage temperature range Tstg —65 to + 150 °C

D.C. CHARACTERISTICS
Vgg=0V;Vpp=2to9V; V| cp=Vpp—2toVpp—-9V;
Tamb = —40 to + 85 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply voltage VbD 2 - 9 \
LCD supply voltage (note 1) Vieb Vpp—9 - Vpp—2 \
Operating supply current

at fok = 200 kHz (note 2) Ipp — - tbf uA
Power-saving mode supply current

atVpp=35V:V cp=0V;

foLk = 35 kHz (note 2) ILp — - tbf A
LCD supply current

at fo| k = 200 kHz (note 2) ILep - - tbf HA
Logic
Input voltage LOW ViL Vss - 0,3Vpp \%
Input voltage HIGH ViH 0,7Vpp - Vpp \
Output voltage LOW at | = 0 mA VoL - - 0,05 \%
Output voltage HIGH at Ig = 0 mA VOH Vpp-0,05 - — \")
Output current LOW (CLK, SYNC) at

VoL=10V;Vpp=5V loL1 1 - - mA
Output current HIGH (CLK) at

VoH=40V;Vpp=5V IOH - - -1 mA
Output current LOW (SDA; SCL) at

VoL=04V;Vpp=5V loL2 3 —_ - mA
Leakage current (SAQ; A0 to A2; CLK;

SCL;SDA) at V) =Vggor Vpp 11 - - 1 uA
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DUEVELUPMEN | SAMPLE DATA

parameter symbol min, typ. max. unit
Leakage current (OSC)
atV)=Vpp tl9 - -~ 1 MA
Pull-up resistor (SYNC) RsyYNC 30 60 100 kS
Power-on reset level (note 3) VREF 0,8 1,2 1,6 \Y
Tolerable spike width on bus tow - - 100 ns
Input capacitance (note 4) C — — 7 pF
LCD outputs
D.C. voltage component (BPO to BP3)
at Cgp =3bnF +Vgp - 20 - mV
D.C. voltage component (SO to S39)
atCg=5nF +Vg - 20 - mV
Output impedance (BP0 to BP3)
at Vi cp=Vpp-b5 V (note 5) Rgp - - 5 k2
Output impedance (SO to S39)
at Vi cp = Vpp-5 V (note b) Rg - — 7,0 kQ
A.C. CHARACTERISTICS (note 6)
Vgg=0V;Vpp=2t09V;V cp=Vpp—2toVpp—9V;
Tamb = —40 to + 85 OC; unless otherwise specified
parameter symbol min. typ. max. unit
Oscillator frequency (normal mode)
at Vpp =5 V; Rggc = 200 k2
(note 7) foLk 125 185 288 kHz
Oscillator frequency (power-saving
mode) at Vpp = 3,6 V; Rogc = 1.2 MQ foLkLp 21 31 48 kHz
CLK HIGH time tCLKH 1 - - us
CLK LOW time tCLKL 1 - - us
SYNC propagation delay tPSYNC - - 200 ns
SYNC LOW time tSYNCL 1 - - us
Driver delays with test loads at
Vicp=Vpp-5V tPLCD - - 30 us
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A.C. CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
I2C bus high-speed mode
Bus free time tBUF 4,7 - - us
Start condition hold time tHD; STA 4 — - us
SCL LOW time tLow 4,7 - - us
SCL HIGH time tHIGH 4 - - us
Start condition set-up time

(repeated start code only) tSU; STA 4,7 — - us
Data hold time tHD; DAT 0 - - us
Data set-up time tSU; DAT 250 - - ns
Rise time tR - - 1 Hs
Fall time tg - - 300 ns
Stop condition set-up time tsyU; STO 4,7 — - us
I2C bus low-speed mode
Bus free time tBUF 105 - - us
Start condition hold time tHD; STA 365 - - Hs
SCL LOW time tLow 105 - 155 us
SCL HIGH time tHIGH 365 - 415 us
Start condition set-up time

(repeated start code only) tSU; STA 105 - 155 us
Data hold time tHD; DAT 0 - — us
Data set-up time tsU; DAT 250 — - ns
Rise time tR — — 1 us
Fall time tg - - 300 ns
Stop condition set-up time tsu; STO 105 - 155 us

Notes to characteristics
1.ViLcp <Vpp-3 V for 1/3 bias.

2. Outputs open; inputs at Vgg or Vpp; external clock with 50% duty cycle; I12C bus inactive.

3. Resets all logic when Vpp < VREF.

5. Outputs measured one at a time.

6. All timing values referred to Vi and V| levels with an input voltage swing of Vgg to Vpp.

7. At fo K < 125 kHz, I2C bus maximum transmission speed is derated.
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DEVELOPMENT SAMPLE DATA

36kQ 1,5k
CLK 0,7Vpp SDa, sCL Voo
(pin 4) 2%) (pins 1, 2) 2%)
SYNG 36k v
lpin3) %) oo
BPO to BP3 S0to0 S39
(pins 13t0 16) 3 lioag = 25 A (pins 17 to 56) 2 lioag = 1B HA
72914721
Fig. 20 Test loads.
1 )
fouk
tcLKH
a ) 0,7Vpp
CLK &
03Vpp
f 0,7Vpp
SYNC K 7 93VoD
tpSYNC
iy —
tsyncL
/ 05V
BPO to BP3 t
SO to 39 (Vpp =5V)
\ v
N 05V
<«— tpLcD —> 7291473.1

Fig. 21 Driver timing waveforms.
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SDA
TBUF — — tOW |e— tg -
scL
—> | THD;STA |=— - > tyigH =
tR — |- |—
tHD;DAT tsU;DAT

SDA

72870131 - - _ .| |.

SU;STA tsu;sTO

Fig. 22 12C bus high-speed mode timing waveforms.
SDA
— tgyF — —=| tiow - tp—| |-
sCL
—>1 t4p;STA |=— > tHIGH I > l<—‘su;DAT
tr — |<—
HD;DAT

SDA

72870151 —> tsy;STA I=— _"ISU-STlt)<

Fia 22 120 bue low snoed mada $imin s oo g
Tige &0 W OUS iCW-SPECT MGGE timing waverorms
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APPLICATION INFORMATION (continued)
Chip-on-glass cascadability in single plane

In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is
important that the devices may be cascaded without the crossing of conductors, but the paths of
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576
bonding pad layout (Fig. 25). Pads needing bus interconnection between all PCF8576s of the cascade
are Vpp, Vss, CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of the
next PCF8576 through the wide opening between the V| cp pad and the backplane output pads.
The only bussed line that does not require a second opening to lead through to the next PCF8576 is
VLcD. being the cascade centre. The placing of V| ¢p adjacent to Vgg allows the two supplies to be
tied together.

$33 §31  $29  §27 $25  S23  s21 s19
s« 00000000 OOOOOooOoonQ Oswe
s32 S30 S28  S26 s24 S22 s20 s18
s35 ] Os1e
s36 ] [Oss
s37] Os14
s3s[] Os13
s39[] Os12
soal] PCF8576 Osn
sc. [ Os10
sync [ [Ose
ck[d Oss
voo O Os7
osc[] Ose
Ao[] cascade Oss
SAO _ centre BP2 _BP3 _ S1 _ S3
A0 00 DOveo OO0O0O0O00000ss
A2 Vs BPO  BP1  Sp s2
72914741

Fig. 256 PCF8576 bonding pad layout.

Fig. 26 shows the connection diagram for a cascaded PCF8576 application with single plane wiring.
Note the use of the open space between the V| cp pad and the backplane output pads to route Vpp,
Vgs, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade,
wherever most convenient for the connector.

When an external clocking source is to be used, OSC of all devices should be tied to Vpp. The pads
OSC, A0, A1, A2and SAO have been placed between Vgg and Vpp to facilitate wiring of oscillator,
hardware subaddress and slave address.

334 September 1984



J L PCF8576

Universal LCD driver for low multiplex rates
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PCF8576

Viddlee

Purchase of Philips’ I12C components conveys a license under the
Philips’ I°C patent to use the components in the I2C-system provided
the system conforms to the I2C specifications defined by Philips.

Videlec is a joint venture of BBC Brown Boveri and Philips
specializing in liquid crystal display technology to meet
the requirements of original equipment manufacturers.

Videlec AG
Hardstrasse 5
Lenzburg CH5600
Switzerland.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

i L PCF8577

LCD DIRECT/DUPLEX DRIVER WITH 12C BUS INTERFACE

GENERAL DESCRIPTION

The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays
with up to 32 segments directly, or 64 segments in a duplex manner.

The two-line 12C bus interface substantially reduces wiring overheads in remote display applications.
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub-
addressing and display memory switching (direct drive mode).

Features

Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device
Operating supply voltage: 2,5 to 9 V

Low power consumption

12C bus interface

Optimized pinning for single plane wiring

Single-pin built-in oscillator

Auto-incremented loading across device sub-address boundaries
Display memory switching in direct drive mode

May be used for 12 C bus output expander

System expansion up to 256 segments

Power-on-reset sets all segments off (to blank)

PCF8577
% 11 s32
scL > /
2 SEGMENT BYTE BACKPLANE '
12¢ BUS INPUT 1%c BUS REGISTERS AND !
FILTERS CONTROLLER AND SEGMENT '
SDA 40 MULTIPLEX !
| LOGIC - DRIVERS 32 s1
331 gp1

—
| N 1 > 341 A2/BP2
1
{ 371 aososc

5
Vob .__3—1_.
POWER - CONTROL REGISTER OSCILLATOR
ON - AND — AND
RESET COMPARATOR DIVIDER

38
s,

7287556.1

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF8577P: 40-lead DIL; plastic (SOT-129).
PCF8577T: 40-lead mini-pack; plastic (VSO-40; SOT-158A).
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s32 [1] U [40] spa :'NN"NG
u
31 [Z E se 35pp ’ VpD positive supply
$30 E [38] Vss 38 Vss negative supply
s29 [4] [37] Aososc 12C bus
s2s 5] l3:‘5| Al 40  SDA 12C bus data line
s27 [6] [35] Voo 39 SCL 12C bus clock line
s26 [7] [34] A2/8P2 Inputs
525 [8] BES 36 Al hardware address line
s24 [3] =l 1 37 AQ/OSC  hardware address line/oscillator pin
s23 [10] @ s2 Outputs
s22 [17] Per8s77 @ s3 1—-3281—S32 segment outputs
s21 [12] [20] 54 Input — Output
$20 E 2?_[ S5 34 A2/BP2 harware address line/cascade sync
s19 [a] [27] s 33 BP1 ::r;gs:c/igasi/kn‘z:l?:;&L;:)Zg;plane output
s1s [15] [26] 57 :
s17 [16] [25] s8
st6 [17] 24] s9
s15 [18] E $10
s14 [19] [22] s11
s13 [20] 21] s12

7287557
Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION

Hardware sub-address A0, A1, A2

The hardware sub-address lines AO, A1, A2 are used to program the device sub-address for each PCF8577

on the bus. Lines A0 and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements.

A0/OSC Line AQ is defined as LOW (logic 0) when this pin is used for the local oscillator or when
connected to Vgg. Line AO is defined as HIGH (logic 1) when connected to Vpp.

A1l Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vgg or Vpp
respectively.

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vgg or,
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as
HIGH (logic 1) when connected to Vpp.

In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is
undefined. In this mode device selection is made exclusively from lines AQ and A1.
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LCD direct/duplex driver with 12C bus interface PCF8577

DEVELUPMENT SAMPLE DATA

Oscillator AO/OSC

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals
are usually common to all devices and only one oscillator is needed. The devices which are not used for
the oscillator are put into the expansion mode by connecting the AO/OSC pin to either Vpp or Vss
depending on the required state for AO. In the expansion mode each PCF8577 is synchronized from the
backplane signal(s).

User-accessible registers

There are nine user-accesible 1-byte registers. The first is a control register which is used to control the
loading of data into the segment byte registers and to select display options. The other eight are segment
byte registers, split into two banks of storage, which store the segment data. The set of even numbered
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B.

All PCF8577 have the same slave address (see Fig. 14). All devices load the second byte into the
control register and each device maintains an identical copy of the control byte in the control register
al all times (see 12C bus protocol Fig. 15).

The control register is shown in more detail in Fig. 3. The least-significant bits select which device and
which segment byte register are loaded next. This part of the register is therefore called the Segment
Byte Vector (SBV).

The upper three bits of the SBV (V5 to V3) are compared with the hardware sub-address input signals
A2, A1 and AQ. If they are the same then the device is enabled for loading, if not the device ignores
incoming data but remains active.

The three least-significantbits of the SBV (V2 to VO0) address one of the segment byte registers within
the enabled chip for loading segment data.

‘-——-—CONTROL REGISTER—] I_ SEGMENT BYTE REGISTERS —l
DISPLAY

CONTROL SEGMENT BYTE VECTOR (SBV)
N
-

msb 1sb mab -

T T T T r T T T T T T T N
I , lvs 1z valvz Vi vo] ol —,

L L L L 1 1 1 1 L 1

W segment byte
I register address 2 [ T T T T T T T |
— T SR TR S SR T L

o BANK ‘A’

T T T T T T T
| a
1 T I S| ! L 1

comparison

@
S
N

* . 1| T T T T T T T
A2 A1 A0 I SR R S S S

device sub-address

L— BANK ‘B’

BANK

1 BANK 'B’

7

I i SN (S B

T T T T T T T
0 BANK ‘A’ 5 [

“

0 | DIRECT DRIVE

pispLay (1) Bits ignored in duplex mode.
1 | DUPLEX DRIVE MODE 7287558.1

Fig. 3 PCF8577 register organization.
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FUNCTIONAL DESCRIPTION (continued)

The control register also has two display control bits. These bits are named MODE and BANK. The
MODE bit selects whether the display outputs are configured for direct or duplex drive displays.
The BANK bit allows the user to display BANK A or BANK B.

Auto-incremented loading

After each segment byte is loaded the SBV is incremented automatically, thus auto-incremented
loading occurs if more than one segment byte is receiived in a data transfer.

Since the SBV addresses both device and segment registers, auto-incremented loading may proceed
across device boundaries provided that the hardware sub-addresses are arranged contiguously.

Direct drive mode

The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to
logic O selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B).

In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may
be completely or partially loaded irrespective of which bank is being displayed. Direct drive output
waveforms are shown in Fig. 4.

BP1

OFF ON
VSS —
V
bo Segment X
(8X)
VSS —_—

2(Vpp = Vss! BP1—SX

VON = VDD — Vss
fLeo 7287559.1 VOFF =0

Fig. 4 Direct drive mode display output waveforms.

Duplex mode

The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV
bit V5 are undefined. The SBV auto-increments by one between loaded bytes.

All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is
ignored.

Duplex mode output waveforms are shown in Fig. 5.
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DEVELOPMENT SAMPLE DATA

LCD direct/duplex driver with 12C bus interface PCF8577

OFF /OFF ON/OFF OFF /ON ON/ON

Vpp ——mM8M8M8M8M8M8™—

Vgg

Voo

05 (Vpp—Vgg) —— .L_I._’—L _I_r_r-l. _LI_I—L BP2

Vgg ———

Voo l_ Segment X

l I I | l | I (SX)

Vgg ——————

2 (Vpp - Ves) J_l_u_ J_r-l_L _I_'_J—L —LL ——
'L.U_I' _I_rLL L_P _I_L 8p2 5%

.
fLeo 7287560.1

Von =079 (Vpp — Vss)
VoFF =0,35 (Vpp — Vss)

Fig. 5 Duplex mode display output waveforms.
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CHARACTERISTICS OF THE 1°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
data line | change

1 L |
|

SDA/f »XI

1 i 1

| | ]

| i |

| | |

| }

|

|

|

|

|

| stable : { of data

| data valid | allowed | 7287019

Fig. 6 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).

(A L ——

ition
start condition stop conditiol 7287005

Fig. 7 Definition of start and stop conditions.

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
SCL

1 I I [ [

MASTER SLAVE MASTER
R
TRANSMITTER/ R:(E“EAI\\//EER TRANSMITTER/ TRXICSSAIIETTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig. 8 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 byte is followed by one acknowledge bit. The acknowledge

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which isaddressed 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
[

| |
SCL FROM |

|
‘ —-——

DATA OUTPUT \

BY TRANSMITTER h
! _—

s

DATA QUTPUT
BY RECEIVER

7287007

Fig. 9 Acknowledgement on the 12C bus.

Timing specifications

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8577
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. 10.

I -
SDA

e— tBUF —>| — tLow |e— tp -—
scL

—>| tHD;STA |=— > |- ™ tHigH
tR —> |- —| |—
tHD;DAT tSuU;DAT
SDA
7287013.1 — -— — l—
tSU;STA tsu;sTO

Fig. 10 Timing of the high-speed mode.
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CHARACTERISTICS OF THE 12C BUS (continued)

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<1us Rise time of both the SDA and SCL line

tE t <300 ns Fall time of both the SDA and SCL line

tsu; STO t =t OWmin Stop condition set-up time

Note

All the timing values referred to V| and V||_levels with a voltage swing of Vgs to Vpp.

- ’ - . . -
/ /
o LT N
———— - ———t - [Sm——]
L it L 5L i s L )L " P —

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

Fig. 11 Complete data transfer in the high-speed mode.

Where:
Clock t_OWmin 4,7 ps
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
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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. 12.

<— 1gUF —»| — oW | tp—| |
scL
—>| typ;STA = - THIGH } — L—‘su DAT
R - |
HD;DAT
SDA /
7287015.1 — ‘SU;STA - —h(-[ ‘4-—
SU;STO
Fig. 12 Timing of the low-speed mode.
Where:
tBUF t = 105 ps (tLOWmin)
tHD; STA t > 365 us (tHIGHmin)
tLow 130 ps = 25 ps
tHIGH 390 ps * 25 s
tsu; STA 130 us * 25 ps*
tHD; DAT t=>0us
tSU; DAT t=> 250 ns
tR t<1us
tp t <300 ns
tsuU; STO 130 us = 25 ps
Note

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

* Only valid for repeated start code.
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CHARACTERISTICS OF THE 12C BUS (continued)

o\ X=X A/
- MM VT Y YV Y Y

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

Fig. 13 Complete data transfer in the low-speed mode.

Where:
Clock t|_ owmin 130 us + 25 us
tHIGHmIn 390 us + 25 us
Mark-to-space ratio 1: 3 (LOW-to-HIGH)
Start byte 0000 0001
Maximum 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.

ADDRESSING

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.

Slave address
The slave address for PCF8577 is shown in Fig. 14,

$/01 1101 00]A

L siave aporess —
7287561.1

Fig. 14 PCF8577 slave address.
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LCD direct/duplex driver with 12C bus interface

12C bus protocol
The PCF8577 12C bus protocol is shown in Fig. 15.
acknowledge by

acknowledge by acknowledge by

all PCF8577 all PCF8577 selected PCF8577 only
l lmsb Isb i
T T T T T T Wy T T T T T T T T T T T T
Qlz SEGMENT
S SLAVE ADDRESS |O|A g g BYTE VECTOR A SEGMENT DATA Al P
1 1 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 1

!

R/W L— control byte —— L——— n bytes —— Tr

auto increment
segment byte vector
7287553.2

Fig. 15 12C bus protocol.

The PCF8577 is a slave receiver and has a fixed slave address (Fig. 14). All PCF8577 on the same bus
acknowledge the slave address in parallel. The second byte is always the control byte and is loaded into
the control register of each PCF8577 on the bus. Subsequent data bytes are loaded into the segment
registers of the selected device. Any number of data bytes may be loaded in one transfer and in an
expanded system rollover of the SBV from 111 111 to 000 000 is allowed. If a stop (P) condition is
given after the contro! byte acknowledge the segment data remains unchanged. This allows the BANK
bit to be toggled without changing the segment register contents. During loading of segment data only
the selected PCF8577 gives an acknowledge. Loading is terminated by generating a stop (P) condition.

DISPLAY MEMORY MAPPING

The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in
Tables 1 and 2.

Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows
swapping of display information. If BANK is set to logic O even bytes (BANK A) are displayed; if
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output
in the direct drive mode.

Table 1 Segment byte — segment driver mapping in the direct drive mode.

MODE BANK| V2 | V1 |VO ls:: GN:E:JRB'T M_,s Bls |5 |a |3 |2]1|" (s, B lsackpLaNE
o | ololo]o 0 s8 (s7 s |ss [s4 [s3 |s2 |s1 BP1
o | 1o o] 1 s8 |s7 |s6 |ss |s4 |s3 |s2 |s1 BP1
ol ofol1]o 2 s16 |s15 |s1a [s13 [s12 [s11 [s10 |so BP1
0 'BERE 3 S16 |S15 |s14 |s13 [S12 |s11 |s10 |so BP1
o | of1{0]o 4 s24 |s23 |s22 [s21 [s20 (s19 |s18 |s17 BP1
o | 111 o1 5 s24 |s23 |s22 [s21 |s20 |s19 |sis |s17 BP1
o | o1 ]1]o 6 s32 [s31 |s30 |s20 |s28 |s27 [s26 |s25 BP1
o | 111 7 s32 |s3a1 |s30 |s29 |s28 [s27 |s26 |s25 BP1

Mapping example: bit O of register 7 controls the LCD segment S25 if BANK bit is a logic 1.
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DISPLAY MEMORY MAPPING (continued)

Even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to back-
plane 2 (BP2).

Table 2 Segment byte — segment driver mapping in the duplex mode.

MODE|BANK| V2 | V1 | V0 E:s;::;f” M7S B 6 5 4 3 2 1 L z B BACKPLANE

1 X 0 0 0 0 S8 S7 S6 S5 sS4 S3 S2 S1 BP1

1 x 0 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP2

1 X 0 1 0 2 S16 |S15 |[S14 [S13 [S12 ([S11 [S10 |S9 BP1

1 X 0 1 1 3 S16 |S15 |S14 |S13 [S12 {S11 |S10 {S9 BP2

1 x 1 0 0 4 S24 |S23 (S22 |S21 |S20 (S19 |[S18 [S17 BP1

1 X 1 0 1 5 §24 |S23 |S22 |S21 |S20 |S19 |S18 |S17 BP2

1 x [1]1]o0 6 $32 |S31 |S30 [S29 |S28 (S27 |S26 |S25 BP1

1 x [ 1111 7 $32 |S31 [s30 [s29 [s28 (s27 |s26 |S25 BP2
X =don't care. Mapping example: bit 7 of register 5 controls the LCD

segment S24/BP2,

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range Vpp —-0,5 to 11 \%
Voltage on any pin \7 Vgg—0,8to Vpp +0,8 \
D.C. input current 1 max. 20 mA
D.C. output current tlp max. 25 mA
Vpp or Vgg current +1pp, Iss max. 50 mA
Power dissipation per package Ptot max. 500* mW
Power dissipation per output P max. 100 mW
Operating ambient temperature range Tamb —40to +85 ocC
Storage temperature range Tstg —65 to +150 oc

* Derate 7,7 mW/K when Tamp > 60 ©C.
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LCD direct/duplex driver with 1?C bus interface PCF8577

WEVELUIIVIDINTG ORANVIT LE WAL A

CHARACTERISTICS
VpD =251t 9V;Vss=0V; Tamp = —40 to + 85 OC unless otherwise specified

parameter symbol| min. typ.* | max. unit
Supply voltage VpD 25 - 9,0 \
Supply current
fscL = 100 kHz; no load; Rgsc = 1 MQ IpD - 80 250 uA
fscL =0;no load; Rosc = 1 MQ; \_/r|a3r|:b—=52\é,oc oD _ 35 70 uA
Power-on-reset level* * VREF | — 11 2,0 \Y,
Input SCL; input/output SDA
input voltage LOW ViL 0 - 0,8 Vv
input voltage HIGH ViH 2,0 - 9,0 \%
output current LOW at Vo = 0,4 V loL 3.0 - - mA
output leakage current HIGH at Vo = Vpp IoH - - 250 nA
tolerable spike width on bus tow - - 100 ns
input capacitance at V| = Vgg C - - 7 pF
A1 inputleakage currentat V) = Vgg or Vpp Iy - - 250 nA
A2/BP2 input current at V| = Vpp I - 2,0 - HA
AOQ/OSC input current at V| = Vgg or Vpp £ - 5,0 - uA
DC component of LCD driver +Vgp | — 20 - mV
Segment loads Csx - - 5 nF
Rsx 1 - - M
Segment output current
atVoL=04V;Vpp=5V loL 0,3 - - mA
Segment output current
atVoy=Vpp—-04V;Vpp=5V —loH 0,3 - - mA
Backplane load (direct drive) Cgp - — 50 nF
RBp 100 - - k&2
Backplane loads (duplex drive) Cgp - - 35 nF
Rgp 100 - - k2
Rise and fall times (Vgp — Vgx)
at maximum load ty, tf — - 200 us
Display frequency
at Cogc = 680 pF; Rogc =1 MQ fLeb 65 90 120 Hz

* Vpp=5V;Tamb= 25 °C.
** The power-on-reset circuit resets the 12C bus logic with Vpp < VREF.
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LCD direct/duplex driver with 12C bus interface
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APPLICATION INFORMATION (continued)

32 output lines
.Q....lll.....Tl

S2
S1

BP1

Vop Voo

S
SCL m CL
SDA SDA |—

PCF8577

device sub-address
A2, A1, AD = 000

7287562 v} expansion

Notes

1. MODE bit must always be set to 0 (direct drive)

2. BANK switching is permitted

3. BP1 must always be connected to Vgg and AO/OSC must be
connected to either Vpp or Vgg (no LCD modulation)

Fig. 18 Use of PCF8577 as 32-bit output expander in 12 C bus application.

Purchase of Philips’ 12 C components conveys a license under the
Philips’ 12 C patent to use the components in the 12 C-system provided
the system conforms to the 12 C specifications defined by Philips.
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples TDA?OOO

made available for evaluation. It does not necessarily
imply that the device will go into regular production.

FM RADIO CIRCUIT

GENERAL DESCRIPTION

The TDA7000 is a monolithic integrated circuit for mono FM portable radios, where a minimum on
peripheral components is important (small dimensions and low costs).

The IC has an FLL (Frequency-Locked-Loop) system with an intermediate frequency of 70 kHz. The
i.f. selectivity is obtained by active RC filters. The only function which needs alignment is the resonant
circuit for the oscillator, thus selecting the reception frequency. Spurious reception is avoided by means
of a mute circuit, which also eliminates too noisy input signals. Special precautions are taken to meet
the radiation requirements.

The TDA7000 includes the following functions:

R.F. input stage

Mixer

Local oscillator

|.F. amplifier/limiter

Phase demodulator

Mute detector

Mute switch

QUICK REFERENCE DATA

Supply voltage range (pin 5) Vp 2,7t0 10 V
Supply currentat Vp=4,5V Ip typ. 8 mA
R.F. input frequency range fri 1,5to 110 MHz

Sensitivity for —3 dB limiting
(e.m.f. voltage)

(source impedance: 75 £; mute disabled) EMF  typ. 1,5 uv
Signal handling (e.m.f. voltage)

(source impedance: 75 ) EMF typ. 200 mV
A.F. output voltage at R =22 k2 Vo typ. 75 mV

PACKAGE OUTLINE
18-lead DIL; plastic (SOT-102HE).
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TDA7000

rf. input
* 1
l =
= = = =
«r 1
18 17 é:e 15 |14 13 [12 1 |0
14V
CORRE-
LATOR 27kQ 7009 I 7009
10kQ 10k =HD—
AP o ] /f}— 12k
L I . “ -
ILF. LIMITER \.F. FILTER
a7[] a7
X
DEMODULATOR MIXER TDA 7000
136k

s

mute control LOOP 2,2k 2,2k
FILTER g N
vco
v
P el
Lh l NOISE ] N Ll

o Lo )j

1 2 3 4 5 6 7 8 9

Vp

e o |
I e

VP } CV CS
(+45V) ] 7286939.1

a.f. output

Fig. 1 Block diagram.
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FM radio circuit

TDA7000

DEVELOPMENT SAMPLE DATA

RATINGS

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

Supply voltage (pin 5)
Oscillator voltage (pin 6)
Total power dissipation

Vp max. 12V
Vg5 Vp—05toVp+0,5 V
see derating curve Fig. 2

Storage temperature range Tstg —55 to + 160 °C
Operating ambient temperature range Tamb Oto +60 °C
2 7287251
Ptot
(w) \
1,6
1 \
05
N
: A\
—50 0 50 100 150
Tamb (°C)
Fig. 2 Power derating curve.
D.C. CHARACTERISTICS
Vp=4,5V; Tamp = 25 OC; measured in Fig. 4; unless otherwise specified
parameter symbol min. typ. max. unit
Supply voltage (pin 5) Vp 2,7 4,5 10 \
Supply current
atVp=45V Ip - 8 - mA
Oscillator current (pin 6) lg — 280 - nA
Voltage at pin 14 Via-16 - 1,35 - Vv
Output current at pin 2 Io - 60 — uA
Voltage at pin 2; Ry =22 kQ V.16 - 1.3 - \4
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TDA7000

A.C. CHARACTERISTICS

Vp=4,5V; Tamp = 25 0C; measured in Fig. 4 (mute switch open, enabled); f; = 96 MHz (tuned to
max. signal at 5 uV e.m.f.) modulated with Af =+ 22,5 kHz; f,, = 1 kHz; EMF = 0,2 mV (e.m.f. voltage
at a source impedance of 75 §2); r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz);
unless otherwise specified.

parameter symbol min. typ. max. unit

Sensitivity (see Fig. 3)
(e.m.f. voltage)

for —3 dB limiting;

muting disabled EMF - 1,5 - uVv

for —3 dB muting EMF - 6 - uv

for S/N = 26 dB EMF - 556 - uv
Signal handling (e.m.f. voltage)

for THD < 10%; Af =+ 75 kHz EMF - 200 - mV
Signal-to-noise ratio S/N — 60 - dB
Total harmonic distortion

at Af =+ 225 kHz THD - 0,7 - %

at Af =+ 75kHz THD - 2,3 - %

AM suppression of output voltage
(ratio of the AM output signal
referred to the FM output signal)
FM signal: f, = 1 kHz; Af =+ 75 kHz

AM signal: f; = 1 kHz; m = 80% AMS - 50 - dB
Ripple rejection (AVp = 100 mV;

f=1kHz) RR - 10 - dB
Oscillator voltage (r.m.s. value)

at pin 6 V6-5(rms) —_ 250 — mV
Variation of oscillator frequency

with supply voltage (AVp =1 V) Afpge - 60 - kHz/V
Selectivity S+300 - 45 - dB

S_300 - 35 - dB

A.F.C. range Af ¢ - + 300 - kHz
Audio bandwidth at AV, = 3 dB

measured with pre-emphasis (t =50 us) | B - 10 - kHz
A.F. output voltage (r.m.s. value)

at R =22kQ Vo(rms) - 75 - mV
Load resistance

atVp=45V RL - - 22 k2

atVp=9,0V RL - - 47 k2
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FM radio circuit TDA7000

DEVELOPMENT SAMPLE DATA

7287252
VO
(dB)
S+N
0
P2 7
2
~ /
-20 >
N THD
™
1>E§ (%)
™
-40 \\ 10
N THD
q ay NOISE 5
_
-60 0
10-6 10-5 10~4 10-3 10-2 101 1

EMF (V)atRg=75Q

Fig. 3 A.F. output voltage (V) and total harmonic distortion (THD) as a function of the e.m.f. input
voltage (EMF) with a source impedance (Rg) of 756 : (1) muting system enabled; (2) muting system
disabled.
Conditions: 0dB =75 mV; f t =96 MHz.

for S+ N curve: Af =+ 22,5 kHz; fp = 1 kHz.

for THD curve: Af =+ 75 kHz; fr, = 1 kHz.

Notes
1. The muting system can be disabled by feeding a current of about 20 uA into pin 1.

2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent
tuning can be achieved by omitting this capacitor.
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TDA7000

N

ﬁ/‘ fof EMF
1 ci8 c17 c1s L ci4 759 L c12 cit L cio
T 220pF T 330pF 100nF T T 220pF L. T 180pF  33nFT | 330pF
. 13 =¢ g
4r 220pF LU
18 17 ,J::G 15 |14 13 [12 1 [0
CORRE- 14v
10k 1082 {
I AP r < I _/'|— 12k2
_AJ I )
J LF. LIMITER \F. FILTER
47[] a7
X = X |l ke
X
DEMODULATOR MIXER TDA 7000
13,6k
3
MUTE
mute control Loop 22kQ  2,2kQ
FILTER g
vCco
Vp Ak 4
L NOISE | N 4>t
P SOURCE ,_.ip_l
1 2 3 4 5 6 7 8 9
v
R1 Pl L1 senH c7
T
10kQ c
L R P 33nF
==C1 L c2 = ©C3 C4 — c5 p—n} |
- [~ r‘5F° 2 I,BnF 22nF 10nF 10nF c8 == 180pF
i n
enabled disabled ’ . 4 _}‘F____.”._._
Vp Cy Cs
(+45V)  mute switch 7286940.1
a.f. output
Fig. 4 Test circuit; for printed-circuit boards see Figs 5 and 6.
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FM radio circuit

TDA7000

DEVELOPMENT SAMPLE DATA

7286938.1

Fig. 5 Track side of printed-circuit board used for the circuit of Fig. 4.

7286937.1

Fig. 6 Component side of printed-circuit board showing component layout used for the circuit of Fig. 4.
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

TDA7050T

LOW VOLTAGE MONO/STEREO POWER AMPLIFIER

GENERAL DESCRIPTION

The TDA7050T is a low voltage audio amplifier for small radios with headphones (such as watch, pen

and pocket radios) in mono (bridge-tied load) or stereo applications.

Features

Operates with supply voltage down tc 1,6 V
No external components required
Very low quiescent current

® 006 00 00

QUICK REFERENCE DATA

Limited to battery supply application only (typ. 3 and 4 V)

Fixed integrated gain of 26 dB, floating differential input
Flexibility in use — mono BTL as well as stereo
Small dimension of encapsulation (see package design example)

Supply voltage range Vp 1,6 to 6,0 V
Total quiescent current (at Vp = 3 V) ltot typ. 3,2 mA
Bridge tied load application (BTL)
Output power at R| =32 Q

Vp=3V,;dior=10% Po typ. 140 mW
D.C. output offset voltage between the outputs |AV] max. 70 mV
Noise output voltage (r.m.s. value)

atf=1kHz; Rg=5kQ Vho(rms)  typ. 140 uV
Stereo application
Output power at R| =32 Q

diot = 10%; Vp =3V Po typ. 35 mW

digt = 10%; Vp=4,5V Po typ. 75 mW
Channel separation at Rg=0%Q;f=1kHz o typ. 40 dB
Noise output voltage (r.m.s. value)

at¥=1KkHz; Rg=5k& Vno(rms)  typ. 100 uV
PACKAGE OUTLINE
8-lead mini-pack; plastic (SO-8; SOT-96A).
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TDA7050T

RATINGS

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

Supply voltage

Peak output current
Total power dissipation
Storage temperature range
Crystal temperature

A.C. and d.c. short-circuit duration
at Vp = 3,0 V (during mishandling)

400

Ptot

(mw)
300

200

100

SO PACKAGE DESIGN EXAMPLE

7291365
50 150
Tamb (°c)

Fig. 1 Power derating curve.

Vp max. 6 V
lom max. 150 mA
see derating curve Fig. 1

Tstg —55 to + 150 °C
Te max. 100 °C
tsc max. 5s

To achieve the small dimension of the encapsulation the SO package is preferred with only 8 pins.
Because a heatsink is not applicable, the dissipation is limited by the thermal resistance of the 8-pin

SO encapsulation until:
Tj max — Tamb _ 100-60 _

0,1
Rth j-a 300 !

362
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Low voltage mono/stereo power amplifier TDA7050T

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS
Vp=3V;f=1kHz; R =32 Q; Tamp = 25 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Supply

Supply voltage Vp 1,6 - 6,0 \%
Total quiescent current ltot - 3,2 4 mA

Bridge-tied load application (BTL); see Fig. 4
Output power*

Vp=3,0V;dor = 10% Po - 140 - mW

Vp=4,5V;dior = 10% (R =64 ) Po - 150 - mw
Voltage gain Gy - 32 - dB
Noise output voltage (r.m.s. value)

Rg=5k®; f=1kHz Vho(rms) - 140 - uV

Rg=0; f=500 kHz; B=5kHz Vho(rms) - tbf - mv
D.C. output offset voltage (at Rg =5 k&2) |AV| - - 70 mV
Input impedance (at Rg = ) 1Z;| 1 - - MQ
Input bias current li — 40 - nA
Stereo application; see Fig. 5
Output power*

Vp =3,0 V; diot = 10% Po - 35 — mwW

Vp=45V;diot = 10% Po - 75 - mw
Voltage gain Gy - 26 - dB
Noise output voltage (r.m.s. value)

Rg=5k&; f=1kHz Vno(rms) — 100 — ny

Rg=0Q; f=500kHz; B =5 kHz Vho(rms) - tbf — Inv
Channel separation

Rg=0%;f=1kHz « 30 40 — dB
Input impedance (at Rg = =) 1Z;l 2 - - M
Input bias current li - 20 - nA

* Output power is measured directly at the output pins of the IC. It is shown as a function of the
supply voltage in Fig. 2 (BTL application) and Fig. 3 (stereo application).
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TDA7050T

200 7291366 200 7291367
Po V Po R =
(mw) R =320 /419 (mW) wat
100 A 100 // 329,
A 17
71507
50 // 50 // //
%
/ A/
20 20 / /
10 10 /
0 4 v O 2 T O

Fig. 3 Output power across the load impedance
(RL) as a function of supply voltage (Vp) in
stereo application. Measurements were made at
f=1kHz; dggt = 10%; Tamp = 25 °C.

Fig. 2 Output power across the load impedance
(R ) as a function of supply voltage (Vp) in
BTL application. Measurements were made at

f =1 kHz; dyot = 10%; Tampb = 25 °C.

APPLICATION INFORMATION

Vp v
input I 8 Ieft_ channel I 8
input
Rg Rg
! 2
22 A 22 ~
kQ ) 7 e ; ;
N
N / K| + 50 Lt
4 uF
R
L
TDA7050T E:(] AL right channel TDA7050T
input ’
R
L 22 1S 3
¥ 6 Kk 6
3 < 14
P Al * 50 l,*
4 WF
R,
T =2
7291364 ’J» 1291363 7/; ;

Fig. 4 Application diagram (BTL);
aliso used as test circuit.

Fig. 5 Application diagram (stereo);
also used as test circuit.
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imply that the device will go into regular production.

DEVELOPMENT SAMPLE DATA
This information is derived from development samples TEA1042
made available for evaluation. It does not necessarily

TELEPHONE TRANSMISSION CIRCUIT
FOR HANDSFREE LOUDSPEAKING

GENERAL DESCRIPTION

The TEA1042 is a bipolar integrated circuit performing all speech and line interface functions in
electronic telephone sets. It is especially designed for handsfree loudspeaking equipment.

Its features are:

® Supplied from telephone line current

Voltage regulator with adjustable d.c. voltage drop and d.c. resistance
High and low-impedance handset microphone inputs
High-impedance base microphone input

Handset/base selection input

Muting input for pulse or DTMF dialling

Gain setting facility on all amplifiers

Line current dependent gain control facility with corrections for the exchange supply voltage and
its feeding bridge resistance

® Supply output for additional circuits.

QUICK REFERENCE DATA

Line voltage at ljjpne = 15 mA Vline typ. 42V
Line current operating range line 10 to 140 mA
Telephone line impedance 1Zjinel nom. 600 2
Supply current lcc typ. 1 mA
Voltage gain, transmitting amplifier

MIC1 input Ayd typ. 44,1 dB

MIC2 input Ayd typ. 20 dB

MIC3 input Ayd typ. 20 dB

DTMF input Ayd typ. 25,6 dB
Voltage gain, receiving amplifier Avd typ. 27 dB
Gain adjustment range

transmitting amplifier AAyg typ. + 6 dB

receiving amplifier AAyg typ. + 8 dB
Range of gain control with line current,

all amplifiers AAyg typ. 6 dB
Exchange supply voltage range Vexch 24 t0 60 V
Exchange feeding bridge resistance Rexch 400 or 800 2
Operating ambient temperature range Tamb —25to +70 ©°C

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A).
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TEA1042 ‘

Vee  RX BRDG ~ CXx2 GAT1  GAT2 RCX
|21 |14 J15 |13 2 3 22
CURRENT CONTROL

REFERENCE [~ | CURRENT b

ﬂﬁ

mict 2 + /"K P 1

REF / Loo r-[— l L‘W — LN
+

MIC2 1—8— ] ;L. _ >_‘

24
— RA
MiCc3 —g-—l dB ! +
- 4
TEA1042
otme 2311 a8 + K
(= — >
16
M

MUTE 7 I \ 5

—/ QTEL
12 _]
IR § o\. - .——g
> aLsp
INTERNAL
REFERENCE
7288489.1 6 |4 9 |7 23
cxi VEE GAL GAP GALN

Fig. 1 Block diagram. The blocks marked dB are attenuators. The M and MUTE inputs operate
analogue switches that activate or inhibit the inputs and outputs as required by their function.
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Telephone transmission circuit for handsfree loudspeaking

TEA1042

DEVELOPMENT SAMPLE DATA

PINNING
1 LN
0 2 GAT1
K 24| RA 3 GAT2
GAT1] 2 23| GALN 4 Vee
GAT2[ 3 22] Rex 5 QTEL
6 CX1
Vee | 4 ZIVCC 7 GAP
aTeL[ 5 20] OTMF g qusp
9 GAL
cxis 19] mic3
TEA1042
10 MICT
GAP|[ 7 18] MIC2
:l 11 REF
aLsp |8 [17] mute 12 IR
13 CX2
GAL| 9 16] m I
..... — — 15 BRDG
MIiC 1T _JDT(UU
16 M
REF [11 14| RX
j 17 MUTE
iR [12 13| cx2 18 MIC2
19 MIC3
7288486 20 DTMF
21 Vce
Fig. 2 Pinning diagram. 22 RCX
23 GALN
24 RA

positive line terminal

gain adjustment; transmitting
amplifier

gain adjustment; transmitting
amplifier

negative line terminal
handset telephone output
reference decoupling

gain adjustment; telephone
amplifier

loudspeaker preamplifier output

gain adjustment; loudspeaker
preamplifier

low-impedance handset microphone input
reference voltage

receiving amplifier input

external stabilizing capacitor

external resistor

selection input for gain control adaptation
to feeding bridge impedance

mode (handset/base selection) input

mute input

high-impedance handset microphone input
base microphone input

dual-tone multi-frequency input

positive supply

line voltage adjustment and voltage
regulator decoupling

gain control with line current;
all amplifiers

d.c. resistance adjustment
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TEA1042

FUNCTIONAL DESCRIPTION

The TEA1042 contains two receiving amplifiers, a transmitting amplifier, means to switch the inputs
and the outputs, means to adjust the gain of all amplifiers individually, means to vary the gain with the
line current and means to adjust the d.c. voltage drop and d.c. resistance. See the block diagram, Fig. 1.

Supply: LN, Ve, VEE, RA, CX1 and CX2 (pins 1, 21,4, 24,6 and 13)

The circuit is supplied from the line current, the arrangement is shown in Fig. 3. The circuit develops
its own supply voltage at Vg (pin 21). This supply voltage may also be used to supply an external
circuit, e.g. a CMOS pulse or DTMF dialler or an electret microphone amplifier stage. The current
available for this circuit depends on external components, see Fig. 4.

All line current has to flow through the circuit. If the line current exceeds the current required by the
circuit itself via V¢ (pin 21), i.e. about 1 mA, plus the current required by the peripheral circuits
connected to this pin, then the excess current is diverted via LN, the positive line terminal (pin 1),

to RA (d.c. resistance adjustment; pin 24).

The minimum line voltage may be chosen by external resistor R5 and the variation with line current
by external resistor R10. The circuit regulates the line voltage at Tamb = 25 °C to:

+
Viine = VLN =R5—R§E§x 0,62+ 1 N x R10,

I LN being the current diverted via LN.

A regulator decoupling capacitor has to be connected between RCX (pin 22) and VEE, the negative
line terminal (pin 4), a smoothing capacitor has to be connected between Vg (pin 21)and VEE, and
a stabilizing capacitor between CX2 (pin13)and Vgg. Further a decoupling capacitor has to be
connected between CX1 (reference decoupling; pin 6) and Vg (pin 4).

The dynamic impedance that the circuit presents to the line in the speech band is determined primarily
by resistor R1 connected between LN (pin 1) and Vg (pin 21).

Mode (handset/base selection) input M (pin 16)

The mode input permits selection of operation via the handset or via the base. A HIGH level on the M
input or an open circuit selects handset operation, i.e. it activates the microphone inputs MIC1 and
MIC2 and the handset telephone output QTEL. A LOW level on M selects the base microphone input
MIC3 and the loudspeaker preamplifier output QLSP.

Microphone inputs MIC1, MIC2 and MIC3 (pins 10, 18 and 19)

Handset and base may be equipped with a sensitive microphone, e.g. an electret microphone with pre-
amplifier. This has to be connected to the MIC2 or MIC3 input respectively. The available gain from
these inputs is typ. 20 dB.

The handset may also be equipped with an insensitive low-impedance microphone, e.g. a dynamic or
magnetic microphone. This has to be connected between MIC1 (pin 10) and (REF (pin 11). The available
gain from this input is typ. 44,1 dB.

Dual-tone multi-frequency input DTMF and mute input MUTE (pins 20 and 17)

A HIGH level on the MUTE input inhibits all microphone inputs and the telephone and loudspeaker
outputs QTEL and QLSP and enables the DTMF input, a LOW level does the reverse. Switching the
MUTE input will not produce any clicks on the line or in the telephone or loudspeaker. The available
gain from the DTMF input is typ. 25,6 dB.

368

January 1983



Telephone transmission circuit for handsfree loudspeaking TEA1042

DEVELOPMENT SAMPLE DATA

Telephone output QTEL and loudspeaker preamplifier output QLSP (pins 5 and 8}

As described before, the M input determines which of the outputs QTEL and QLSP will be

activated. The receiving amplifier input IR (pin 12) is the input for both outputs. For both outputs the
available gain is typ. 27 dB. The output QTEL is intended for telephone capsules with an impedance of
150 2 or more. The QLSP output is intended to drive a power amplifier. Its output impedance is less
than 1 k2.

Gain adjustment: GAT1, GAT2, GAP and GAL (pins 2, 3, 7 and 9)

The gain of the transmitting amplifier may be adjusted by an external resistor R2 connected between
GAT1 and GAT2 (pins 2 and 3; see Fig. 9). This adjustment influences the sensitivity of the inputs
MIC1, MIC2, MIC3 and DTMF to the same amount. The gain is proportional to R2 and inversely
proportional to R10 and R12.

The gain of the telephone amplifier may be adjusted by an external resistor R14 between GAP (pin 7)
and CX1 (pin 6). The gain is proportional to R14 and inversely proportional to R12.

The gain of the loudspeaker preamplifier may be adjusted by an external resistor R13 between GAL
(pin9) and CX1 (pin 6). The gain is proportional to R13 and inversely proportional to R12.

Gain control with line current: GALN (pin 23)

The circuit offers a facility to automatically vary the gain of all its amplifiers with the line current. In
this way the circuit compensates for differences in line attenuation. The variation is accomplished by
connecting an external resistor R11 between GALN (pin 23) and Vg (pin 4). The value of this resistor
should be chosen in accordance with the supply voltage of the exchange (see Figs 5 and 6).

If no gain variation with line current is required the GALN connection may be left open. All amplifiers
have their maximum gain then.

Selection input for gain control adaptation to feeding bridge impedance: BRDG (pin 15)

A LOW level at the BRDG input optimizes the gain control characteristics of the circuit for a 400 £
feeding bridge in the exchange, a HIGH level for 800 2.

Side tone suppression

In the circuit diagram shown in Fig. 9 side tone suppression is obtained with components C2, R3, R4,
R7 and R8. Their component values have to be chosen to suit the cable type used. This network
attenuates the signal from the telephone line to the IR input of the receiving amplifier. This attenuation
may be adjusted by choosing the value of R7 without affecting the side tone suppression.

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

d.c. line max. 140 mA
non-repetitive (t <100 h) line max. 250 mA
Storage temperature range Tstg —40 to +125 ©OC
Operating ambient temperature range Tamb —25 to +70 ©°C
Junction temperature T max. 150 ©C
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TEA1042

CHARACTERISTICS

lline = 10 to 140 mA; f = 1000 Hz; Tamp = 25 ©C, unless otherwise specified.

parameter symbol min. typ. max unit
Supply: LN and Vgg (pins 1 and 21)
Line voltage

lline= 15mA Viine 4 4,2 4,4 \

lline= 50mA Viine - - 58 | v

lline = 100 mA Viine - - 73 1V
Variation with temperature —AV)ine/AT 8 10 12 mV/K
Line current operating rage line 10 - 140 mA
Supply current atVoc =2V Icc — — 1 mA
Mode (handset/base selection) input M (pin 16)
Input voltage

HIGH level ViH 1 - Vce \

LOW level ViL 0 - 0,2 \%
Input current -l16 - 8 20 HA
Attenuation of non-selected signals —-AAyg 45 — - dB
Low-impedance handset microphone input MIC1 and reference voltage pin REF (pins 10 and 11)
Input impedance [Z10-11l - 3 - k§2
Voltage gain, see Fig. 7 Ayd 43,1 441 45,1 dB
High-impedance handset microphone input MIC2 (pin 18)
Input impedance |Z218.4] 40 48 - k§2
Voltage gain, see Fig. 7 Ayd 19 20 21 dB
Base microphone input MIC3 (pin 19)
Input impedance |Z19.4] 40 48 - k2
Voltage gain, see Fig. 7 Avd 19 20 21 dB
DTMF input (pin 20)
Input impedance |1220.4) 10 15 - k2
Voltage gain, see Fig. 7 Avd 24,6 25,6 26,6 dB
Gain adjustment pins; transmitting amplifier: GAT1 and GAT2 (pins 2 and 3)
Gain adjustment range AAyg - +6 - dB
Gain variation with frequency,

f =300 to 4000 Hz AAy - +0,5 - dB
Gain variation with temperature at

lline = 50 MA; Tamp = —5 to +45 0C AAyd - +0,5 - dB
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Telephone transmission circuit for handsfree loudspeaking

TEA1042

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
Transmitting amplifier output LN (pin 1)
Output voltage at ljjne = 15mA; Rjjne =60082;d=2%| VL N(rms) 14 - - Vv
Psophometrically weighted* noise output
voltage at ljjne = 15 mA; Rjjpe = 600 Q2 VLN(rms) - 245 - uVv
MUTE input (pin 17)
Input voltage
HIGH level ViH 1 - Vee \Y
LOW level ViL 0 - 0,2 \
Input current —117 - 8 20 uA
Attenuation of non-selected signals —AAy 45 - - dB
Receiving amplifier input IR (pin 12)
Input impedance iZ12.4! — 10 — k&2
Telephone output QTEL (pin 5)
Voltage gain at ljjne = 15 mA;
Rioad = 150 2; R13 = 15 k€; see Fig. 8 Ayd 26 27 28 dB
Gain variation with frequency,
f =300 to 4000 Hz AAyq — +0,5 — dB
Gain variation with temperature at
lline = 50 MA; Tamp = —5 to +45 9C AAvd - 05 — dB
Maximum output voltage at ljjne = 15 mA;
Rioad = 150 2; d = 2% vO(rms) | 350 - - mV
Psophometrically weighted* noise output
voltage at ljjpe = 15 MA VO(rms) - 40 - inY%
Gain adjustment pin; telephone amplifier: GAP (pin 7)
Gain adjustment range AAvd - +8 - dB
Loudspeaker preamplifier output QLSP (pin 8)
Voltage gain at ljjne = 15 mA;
Rioad = 10k2; R14 = 15 k2; see Fig. 8 Avd - 27 — dB
Gain variation with frequency,
f =300 to 4000 Hz AAvd - 6 — dB
Gain variation with temperature AAvd — +0,5 — dB
Psophometrically weighted* noise output
voltage at l|jne = 15 mA vO(rms) - 40 - uv
Output impedance |zg 4l - - 1 k2
Gain adjustment pin; loudspeaker preamplifier: GAL (pin 9)
Gain adjustment range AAyd - +8 - dB
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CHARACTERISTICS (continued)

parameter ' symbol l min. typ. max. unit
Selection input for gain control adaptation to feeding bridge impedance BRDG (pin 15)
Input voltage
HIGH level ViH 1 — Vee \
LOW level ViL 0 — 0,2 \Y
Input current —l15 - 8 20 uA
Gain control with line current pin GALN (pin 23)
Gain control range AAyg - 6 - dB
Highest line current for maximum gain,
R11 =105 kQ;
BRDG = HIGH (Rgxch =800 Q) line 22,5 25 27,5 mA
BRDG = LOW (Rgxch =400 ) Hine 31,5 35 38,5 mA
Lowest line current for minimum gain,
R11 =105 k&;
BRDG = HIGH (Rgxch = 800 £2) Hine 49,5 55 60,5 mA
BRDG = LOW  (Rgyxch =400 £2) line 81 90 99 mA
* P53 curve.
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Telephone transmission circuit for handsfree loudspeaking

DEVELOPMENT SAMPLE DATA

line

R1 p
> °- 1 I,
g — 14 B
1 21 :
N V,
L CcC |
|
I
t l: |
R5 RCX CX1 |RA cx2 VEeE 6
telephone 22 6 24 13 4 peripheral
line circuit
+ + +
RO cas2 .%Ece ==C5 =c9 T
|
|
I
R10 |
|
PR ——
7288493
Fig. 3 Supply arrangement.
Tamb =55°C
3 R9 =20kQ
| R10 =200
P line =151t0 120 mA
(mA) line
24
R5=150k
1_
R5 = 110k
0 T T T :
0 1 2 3 4
7288492 Vee (V)

Fig. 4 Maximum current Ip available from V¢ for external (peripheral) circuits.
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7288501
R11=oo
0 « \NER
LAy \ \ \ \\
(dB) \ \ \\ \\
-2
N N \\
N N
\ N
-4 N
Vexch =\24V \\35v \tsv \{)v
| |
T T \ \
R11=\47kQ 75kQ \105k9 Qom
-6
0 10 20 30 40 50 60 70
5432 1 0 linelength (km) lline (MA)
Vexch=24V L_LL_J__I_:; ) .
0
36V 5¢
54 3 2 1 0
a8V FA N X
60V P 4 3 2 ! 0

Fig. 5 Gain variation with line current, with R11 as a parameter, and with the BRDG input HIGH, i.e.
the circuit optimized for 800 2. The values chosen for R11 suit the usual values for the supply voltage
of the exchange. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km
and a d.c. resistance of 176 2/km.

7288502
I
R11 =00
0
BAd \\ N
(dB) \ N
-2 \
AN N
N\ \
NB N
» NN
Vexeh =\24V 36V _\45v Neov
| N \
T
R11=\47k9 \75kn \oskn N 140k
-6 N
) 20 40 60 80 100 120 140
5432 1 0 linelength (km) Nine (MA)
Vexch=24V 11
36V 543 2 °
48v 543 2 ! 0
0
60V >4 3 ¢ ! 0

Fig. 6 Gain variation with line current, with R11 as a parameter, and with the BRDG input LOW, i.e.
the circuit optimized for 400 §2. The values chosen for R11 suit the usual values for the supply voltage
of the exchange. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km
and a d.c. resistance of 176 Q/km.
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Telephone transmission circuit for handsfree loudspeaking
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples TEA1046

made available for evaluation. It does not necessarily
imply that the device will go into regular production.

DTMF/SPEECH TRANSMISSION INTEGRATED CIRCUIT
FOR TELEPHONE APPLICATIONS

This integrated circuit is a dual-tone multi-frequency (DTMF) generator and a speech transmission
circuit on a single chip. It supplies frequency combinations in accordance with CCITT recommendations
for use in push-button telephones. It can be operated with a single contact keyboard or via a direct
interface with a microcomputer. |2 L technology allows digital and analogue functions to be implement-
ed on the same chip.

The speech-transmission part incorporates microphone and telephone amplifiers, anti-sidetone and line
adaption. The microphone inputs, suitable for different types of transducer, are symmetrical to allow
long cable connections with good immunity against radio-frequency interference.

The logic inputs contain an interface circuit to guarantee well defined states and on and off resistance
of the keyboard contacts.

Features

stabilized DTMF levels to be set externally

wide operating range of line current and temperature
no individual DTMF level adjustments required
microcomputer compatible logic inputs

gain setting for microphone and receiver amplifiers
internally generated electronic muting

low spreads on amplifier gains

low number of external components

on-chip oscillator for 3,68 MHz crystal

QUICK REFERENCE DATA

Line voltage 78 typ. 48 V
Line current L 10 to 120 mA
Adjustable dynamic resistance Rj 600 to 900
Microphone signal amplification Am typ. 50 dB
Receiver signal amplification AT typ. 20 dB
DTMF tone levels (adjustable)

lower tones Vg max. —6 dBm

higher tones VHg max. —4 dBm
Operating temperature range Tamb —25to+70 °C

PACKAGE OUTLINES
TEA1046P: 24-lead DIL, plastic (SOT-101).
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TEA1046
Row1[19 —
—a>| | }—>
Row2[17 | | = |1 ' 1 | w0l et
rowsie | n 3} 5 [ 1 | 0 scaLer | | | PAC
ROW4|15 | T —>| u [ >
3
€ T 1 1
coLa[23] ¢ L
cois|z2] A — O > 8 .
c -
cotzf1| ¢ 3 V[t = m SCALER | ! DAC  femnteed
coL1]20 F— ¢ — R
L L
MUTE
oscleaj osci- | | | ., DTMF 18| TLS
LATOR REF
Mic1|13
M o
mic2|14 D - \ = <
MICROPHONE ACTIVE 11vn2
AMPLIFIER BUFFER ouTPUTSTAGE  [——¥N2
F2|9 [> [>
AT|8 —]
vi|1 7|21
T ) i
DC 5]QR
REGULATOR >
]
IR |4
-0 12| VR
(;,/.- — D +——  Vref
4 RECEIVER
AMPLIFIER
s 5 T
Vg Im: 'VN1 2287751

Fig. 1 Functional block diagram.
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DTMF/speech transmission integrated circuit TEA1046

DEVELOPMENT SAMPLE DATA

PINNING
1 VL positive line voltage
2 VN1 negative line voltage
3 VS voltage stabilizer filter
vi [1 U 24] osc 4 IR receiver amplifier input
VN1 E —2_3] coLs 5 QR receiver amplifier output
6 i.c. internally connected
vs [3 Z] coLs . T
7 Zi impedance setting input
" E E coL2 8 AT anti-sidetone output
an 5] cout 9 F2 second filter
ie. [6] [19] Rows 10 F1 first filter
TEA1046 -
Z1 E: E Tis 11 VN2 negative line voltage
AT E E ROW2 12 VR reference voltage output
E :] 13 MiIC1 microphone input (pos.)
F2 [ 16
Rows 14 MiC2 microphone input (neg.)
1 o] [15] rowa 15 ROW4  row input 941 Hz/BCD input
wn2 [i1] [14] mic2 16 ROW3  row input 852 Hz/BCD input
vr [12] E} mIC1 17 ROW2 row input 770 Hz/BCD input
72873001 18 TLS DTMF level setting
19 ROW1 row input 697 Hz/BCD input
Fig. 2 Pinning diagram. 20 coL1 column input 1209 Hz/mute input

21 COL2 column input 1336 Hz/mute input
22 COL3  column input 1477 Hz/enable input
23 COL4 column input 1633 Hz/mute input
24 0OSC oscillator input

FUNCTIONAL DESCRIPTION
Voltage regulator (Fig. 3)

Different line lengths and feeding bridge resistances of the exchange cause a large line current range to
supply this circuit. As all functions on this chip are working within a total current of 10 mA, the rest of
the line current is shunted by the voltage regulator circuit. It regulates the voltage drop over the circuit
on a nominal level of 4,8 V.

The capacitor connected to input VS provides a low-pass filter function to avoid influence of the audio
signals on the line.

The static behaviour of the voltage regulator is expressed by:
Vi =V + (I —1j) R13

where Vo =48V at Typp =25°Cand R13=5Q, |;= 10 mA.

The dynamic impedance of the regulator is equivalent to a resistor in series with a simulated inductor:
Zr (W) = Rgq *jwleq

where Rgq =R13=50Q
Leq ~ 5 H (Cyg = 68 uF).
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TEA1046

VN1

-
I
Cvs 68uF

7287299
Fig. 3 Voltage regulator principle.

Within limited values, the d.c. level V| can be decreased by connecting a resistor in parallel with R12,
or increased by connecting a resistor in parallel with Cy/g. The shunt regulator contains a thyristor
which short-circuits R12 for a short period during switch-on time; this reduces the overshoot voltage
to only 1V above the level set by the regulator.

Active output stage

The amplifier consists of a voltage to current converter with a class-A output stage. Because of the
feedback from the line to the input the circuit acts as a dynamic resistance (R). This resistance can be
adjusted by the external resistor Rz (Fig. 11) and the value can be found by:

R, =893 x Rz (£2)

The total dynamic resistance R;j equals R, parallel with the resistance Rp of all other circuits parts,
which value is approximately 7 k2.

With Rz =75 Q, R; = 670 Q and Rj= 610 Q.

For Rz} =120Q, Rz =1070 € and R; = 900 .

Microphone amplifier (Figs 4 and 5)

Pins 13 and 14 respectively are the non-inverting and inverting inputs for the microphone. The purely
symmetrical inputs are suitable for low ohmic dynamic or magnetic capsules. The input impedance
equals 4 k2. The voltage amplification from microphone input to pin 1 (VL) is 50 dB and if a lower
gain is required the attenuation for a series resistor Ryg will be:

—
Cvs o
[ e AniRums 7 0) 4 (Rute in'k€2)
1 = mn
Am(Rms=0) 4+ Rps MS
Rmp
1 Vi
T AM = |7

7289994 .A —

Fig. 4 Symmetrical microphone connection. Resistor Rpmp may be used to lower the microphone
termination resistance.
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DTMF/speech transmission integrated circuit

DEVELOPMENT SAMPLE DATA

The microphone amplifier also has an excellent behaviour for connection of an electret microphone
with built in FE T-source follower. In this condition pin 14 is decoupled for a.c. and the amplifier is
driven at pin 13. The input impedance in this asymmetrical mode is 22 k2. If attenuation of the
amplification is required the value of RpA is given by:

Mic2
Am(R 0 22+R
mi MA 7 0) = MA (Rpma in k2)
Am(Rpma =0) 22+ 11RpmA
MIC1
Vi
i Vmici
L
7289994 .A

Fig. 5 Electret microphone circuit.

Receiver amplifier and anti-sidetone network (Fig. 14)

This amplifier is a non-inverting, fixed feedback amplifier with a class-A output stage. The gain is fixed
and measures 20 dB from pin 4 (IR) to pin 5 (QR). The output is intended to drive dynamic capsules of
nom. 220 Q2. For capsule impedances (ZT) less than 220 2 the maximum output voltage swing is
determined by ZT and the bias current of 3,9 mA. For Z greater than 220 2 the maximum voltage
swing is determined and soft-limited internally. The received line signal is attenuated by the anti-sidetone
network an can be adjusted using RoT. The amplification from the line to the telephone output is

given by:

RaT Z7

AT=10 g r+7s X Z7+Ro

Zg is the impedance of the anti-sidetone network
Z is the capsule impedance
R is the amplifier output resistance

Optimum side-tone suppression is obtained as Zg (Rp1, Ra2 and Ca) equals

. K Z| x Rj
sTNzoem

Z|_ = line terminating impedance

Rj = output stage impedance // passive circuit impedance

K =200

In the application of Fig. 14 the network is optimized for 2 km of twisted copper wire (¢ 0,5 mm) cable

with a d.c. resistance of 176 §2/km. The side-tone suppression in the range from 0 to 10 km is at least

10 dB compared with the case when no compensation is applied.
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Keyboard inputs

Inputs for the logic control are compatible with different types of keyboard. Using a keyboard, tone
combinations are generated:
— by connecting one of the row inputs to one of the column inputs by means of a single switch of the

matrix
— by applying a dual contact keyboard having its common row contact tied to VN1 and the common

column contact tied to VR.
Single tones can be generated by connecting the column input to VR or the row input to VN1.

An anti-bounce circuit eliminates switch bounce for up to 2 ms. Two key roll-over is provided by blocking
other inputs as soon as one key is pressed.

Microcomputer mode (Figs 6 to 10)

The inputs for keyboard connections can also be used for direct connection to a microcomputer. |f the
column inputs are interconnected and made HIGH (= VR) the row inputs are changed to another mode,
allowing the circuit to be driven by 4-bit data plus an enable signal. In this mode, it is also possible to
connect a separate mute enable signal on inputs COL1, 2 and 4 and a tone enable input on COL3.

B
ROW3, x
1101 ROW1 ROW4 X X X
1/02 ROW2
1103 ROW3
1/04 ROW4 Egt; I\ I\
oo TEA1046 cois / \ / \
1108 MUTE = ENABLE coLt coLa
coL2
1/06 }— coL3
LINE
coLa SIGNAL
SPEECH DTMF SPEECH DTMF SPEECH
Fig. 6 Microcomputer mode. Fig. 7 Tone/speech waveform in circuit
All column inputs interconnected. diagram Fig. 6.
ROW1
ROW?2,
| rows, X X XX
ROW4
/01 ROW1 o1
o2 ROW2 coL2 N
1703 ROW3 and ——/ \-——
coL4
/04 ROW4
MICRO-
TEA1046
COMPUTER o5 MUTE coL3 __/__\ / \
coL1
coL2
1106 ENABLE coL3 LINE
_‘ coLa SIGNAL
| SPEECH DTMF SILENCE DTMF SIL. SPEECH
7291000.A
Fig. 8 Microcomputer mode. Fig. 9 Tone/speech waveform in circuit
Column inputs COL1, 2 and 4 diagram Fig. 8.
interconnected.
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DTMF/speech transmission integrated circuit

TEA1046

UEVELUFIVIEN I DAMIFLE UAITA

Truth table microcomputer mode

row column
tones
I
1 2 3 4 | 1,24] 3 Hz symbol | mute
H H H H L L - - off
X X X X H L - - on
H H H H H H 697/1209 1 on
H H H L H H 697/1336 2 on
H H L H H H 697/1477 3 on
H H L L H H 697/1633 A on
H L H H H H 770/1209 4 on
H L H L H H 770/1336 5 on
H L L H H H 770/1477 6 on
H L L L H H 770/1633 B on
L H H H H H 852/1209 7 on
L H H L H H 852/1336 8 on
L H L H H H 852/1477 9 on
L H L L H H 852/1633 C on
L L H H H H 941/1209 * on
L L H L H H 941/1336 0 on
L L L H H H 941/1477 # on
L L L L H H 941/1633 D on
ROW1
R— M
| i
ROW?2 é {
| |
| |
ROW3 / *
! |
ome 1
owa i |
I
coL3 f *
} |
cou,2,4_/—__’_\___
| o
[
LINE [
SIGNAL WWWWW
SPEECH DTMF SIL. SPEECH
7287296
Fig. 10 Waveform tones 697/1336 Hz (dialling number 2).
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Dial tone generator

The crystal oscillator frequency (3,579 545 MHz) is divided by a factor of nine to give the clock
frequency. A maximum division error of 0,25% is achieved in the TEA1046; CCITT recommendations
are that tones should be within 1,5% of the specified frequencies.

The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave
pulses which contain considerable odd-numbered harmonics. The lower order odd numbered harmonics
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxi-
mations. Each half cycle of the tone waveform comprises seven discrete amplitudes for the lower
frequency tones and nine discrete amplitudes for the higher frequency tones. Each amplitude increment is
generated by switching on and off an individual current source for the duration of each step of the
sinewave. The frequency of the tones is varied by changing the duration of each step. This circuit

allows the connecting of two low-pass first order filters to pins 9 and 10 to reduce distortion of the
DTMF harmonics.

The second filter is also used for filtering the microphone signal. If lower requirements for the distortion
can be applied the filter at pin 10 can be omitted. In that case the filter at pin 9 must have a lower
cut-off frequency (1800 Hz) to achieve a correct pre-emphasis since the roll-off of the filters is
compensated internally.

RATINGS

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

Supply current Ip max. 150 mA
Surge current (tp < 250 us) Is max. 850 mA
Operating ambient temperature range Tamb —25 to +70 °C
Storage temperature range Tstg —55 to +125 °C
Junction temperature Tj max. 1256 ©C

CHARACTERISTICS
Tamb = 25 ©C; I| .= 15 mA; f = 1 kHz; unless otherwise specified. See also Fig. 11.

parameter symbol min. typ. max. | unit
Supply
Line voltage d.c.
IL= 15mA VL 4,3 4,8 53 \
I = 50mA Vi 4,5 5,0 5,5 \%
I =120 mA \2% 5,0 54 6,5 V
Temperature coefficient TC - -10 - mV/K
Line current range I 10 - 120 mA
Stabilized voltage (pin 3)
IL= 15mA Vg - 3,4 - \%
I =120mA Vg - 4,0 - \%
Reference voltage (pin 12) VR — 1,0 - \%

386
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DTMF/speech transmission integrated circuit

TEA1046

DEVELOPMENT SAMPLE DATA

parameter symbol min. typ. max. unit
Microphone
Input resistance (symmetrical) R;j 13-14 | — 4 - k&
Input resistance (asymmetrical) R; 13 - 22 — k2
Voltage amplification

R =600 Am 49 50 51 dB
Temperature coefficient TC - 0,01 — dB/K
Common mode rejection ratio CMRR 60 - - dB
Distortion at V|_= 3 dBm d¢ - - 2 %
Noise output voltage

Z_ =600 ; psophometrically weighted

(P53 curve) VNO - - —65 dBmp)
Amplification reduction

during dialling AAM 70 - — dB
Anti-sidetone
Voltage amplification, microphone to

anti-sidetone output (RAT = 3,9 kQ2) AAT -~ 25 - dB
Transmitter output stage
Dynamic resistance setting range Rj 600 — 900 Q
Variation of output impedance over

line current range

Rj =600 AZ, - 100 - Q
Balance return loss from 300 up to 3400 Hz

at600 Q2 (Rz; =758, C_=10nF) BRL 20 - - dB

at 900 2 (Rz; =120 , C_=30nF) BRL 20 - - dB
Receiver amplifier
Voltage amplification

RT =350 Q AT 19 20 21 dB
Amplification variation

f =300 to 3400 Hz AAT/f - 0 - dB
Amplification variation in temperature

and current range AAT/T - - -0,5 dB
Ampilification reduction during dialling AAT 60 - - dB
Qutput voltage swing (d; = 10%) Vo(p-p) 1300 1600 - mV
Output impedance Zy - 4 7 Q
Input impedance Z; - 100 - kQ
Output distortion

level <—7 dBV do — 2 %
Output noise voltage psophometrically

weighted (P53 curve) Vho(rms) | — - 150 nY
Bias current M - 3,9 - mA
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TEA1046

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit

DTMF generator

Tone frequencies

low tones (row inputs) 697, 770, 852, 941 Hz

high tones (column inputs) 1209, 1336, 1477, 1633 Hz
Dividing error

crystal frequency = 3,58 MHz Afg —-0,25 - —0,05 %
Tone output level

IL>10mA

lower tones Vig -1 — -6 dBm

higher tones VHG -9 - -4 dBm
Distortion with respect to total level diot — -34 —-25 dB

Tolerance on output level
over temp. and current range AVq -2 - 2 dB

Pre-emphasis higher tones
over temp. and current range

at Cp1=Cg2=10nF AVHG 1 2 3 dB
Tone delay

after key actuation tq - 10 - us
Switch delay time speech/mute

after key release t4 — 10 — us
Switch bounce elimination tsh - 2 — ms

Keyboard inputs

Contact off resistance RKoff 250 - - k&
Contact on resistance RKkon - — 10 k&
Lower frequency inputs (ROW1, 2, 3, 4)
voltage LOW ViL — — 1,1 \Y
voltage HIGH ViH 1,5 - - \
current LOW T8 - 20 - HA
current HIGH (maximum allowable = 1 mA) ||y 0 - - KA
Higher frequency inputs (COLT1, 2, 3, 4)
voltage LOW ViL - - 0,5 \
voltage HIGH VIH 0,9 - - \
current LOW he 0 - - BA
current HIGH (maximum allowable = 1 mA) ||y - 20 - uA
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DTMF/speech transmission integrated circuit J L TEA1046

DEVELOPMENT SAMPLE DATA

ROWA S~
ROW3 5
ROW2 >~
ROWT S~ g
w, 15 16, 17 19 T
. 2fO8 S~ |
osc|,, 21 |S0L2 5~ |
,_{Di _ 20 O SN
12252 ronF . 13 MIC1 I
— 1° TEA1046 Vi
VN2 1., MIC2

Ed
3
2
0
4
2
12
®
(&) ;
[}
+ w
w
=
n

10-120 2
mA L

600
2

{1
i
F
50
s
2
=]
o
»
w
<
"
<
N
@
>
=S
<N
o
_nO
- [¥)

7287302.1

N

Fig. 11 Test circuit for measuring amplifier voltage gains and frequencies and levels of DTMF generator.
X = 3,58 MHz.

) _| _ _| VAT s -
(Vr1=0) Ar=|—— | (Vm=0) AAT = a7 (VT1=0)
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0 7287320 v
rms
(mV)
tone
level 3600
(dBm)
} +500
_s T~
—
:" P~ high frequency +400
—| tone group
I \\

t
| \\\ | RLg max

| RLg min /4\\\ ] L ] 1300

| -

| low frequency \\\\

-10 I tone group
f | | 0 B e
1
; || I | 200
35 40 45 50 0
55 60 Ry g(kq) 65

Fig. 12 DTMEF level selection. The curve is valid for a dynamic impedance of 600 2 (Rz| =75 Q).

4 logic
5k 2 logic
coL; —
VN
7787298 3757397 VN
(a) (b)

Fig. 13 Equivalent configuration of inputs: (a) COL1, 2, 3 and 4; (b) ROW1, 2, 3 and 4.
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TEA1046

DTMF/speech transmission integrated circuit

DEVELOPMENT SAMPLE DATA

coL4
coL3
coL2
coLl
23 22 21 20 rl
VL ROW1
1 19 G E
ROW?2
Ry 1MQ i ow EEEE
=K R EEE
ROW4
) ‘ 15 [0 # [
L X Lle
. jajmict 4
i F2lqo
10g-- 10nF TEA1046
n
VN2
1 1a|MIC2
RA1[] CA R
36k2| | 1nf LS or
LTI P 5-——in:ﬂ
RA2
43kQ c
AT IR VN1I-
1+ 4 2
100nF 3 7 8 1210
VS |zt AT [VR [F1
R
+ F1 _I_
Cys []RZI Rar| 7.5 Cgq
68 uF | e 10nF
2,2nF ==
Cin hCvr
T 33#F

7287301.2

Fig. 14 Application diagram TEA1046 using dynamic transducers, Rpms, RAT, Rz) and RT g
determined by transducers and system requirements.

May 1984 391






DEVELOPMENT SAMPLE DATA

This information is derived from development samples TEA1O 60
made available for evaluation. It does not necessarily
imply that the device will go into regular production. TEA1061

VERSATILE TELEPHONE TRANSMISSION CIRCUITS
WITH DIALLER INTERFACE

GENERAL DESCRIPTION

The TEA1060 and TEA1061 are bipolar integrated circuits performing all speech and line inter-
face functions required in fully electronic telephone sets. The circuits internally perform electronic
switching between dialling and speech.

Features

Voltage regulator with adjustable static resistance

Provides supply for external circuitry

Symmetrical low-impedance inputs for dynamic and magnetic microphones (TEA1060)
Symmetrical high-impedance inputs for piezoelectric microphone (TEA1061)
Asymmetrical high-impedance input for electret microphone (TEA1061)
DTMF signal input

Mute input for pulse or DTMF dialling

Power down input for pulse dial or register recall

Receiving amplifier for magnetic, dynamic or piezoelectric earpieces

Large amplification setting range on all amplifiers

Line loss compensation facility, line current dependent

Gain control adaptable to exchange supply

QUICK REFERENCE DATA

Line voltage at ljjne = 15 mA VLN typ. 4,35 V
Line current operating range line 10 to 140 mA
Supply current

power down input LOW lec typ. 1 mA

power down input HIGH [Yolo typ. 50 uA
Voltage amplification range microphone amplifier

TEA1060 Ayd 44 to 60 dB

TEA1061 Ayd 30 to 46 dB

receiving amplifier Ayd 17 to 39 dB
Amplification control range AAyg typ. 6 dB
Exchange supply voltage range Vexch 24 to 60 V
Exchange feeding bridge resistance range Rexch 400 to 1000 £
Operating ambient temperature range Tamb —25 to +75 °C

PACKAGE OUTLINE
18-lead DIL; plastic (SOT-102A).
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TEA1061

Vee LN
15 1

IR % 6 GAR
L [ :

TEA1060 QR+

TEA1061

8

I—'—‘—\
>
MIC+ ] +dB(”+ ——+% 1 2 onst
L
>

miC— - - -

1
DTMF 3 dB

I L L 3 aas2

14

MUTE
SUPPLY AND
po 12
REFERENCE
CONTROL
CURRENT
-
+
/ CURRENT l
(o) REFERENCE
10 116 17 9 18
VEE REG AGC STAB 7286758.1 SLPE

Fig. 1 Block diagram. The blocks marked ‘“dB’’ are attenuators. The block marked (1) is only present
in the TEA1061.

394 August 1983



Versatile telephone transmission circuits TEA1060
with dialler interface TEA1061

DEVELOPMENT SAMPLE DATA

PINNING
1 LN positive line terminal
2 GAS1 gain adjustment; transmitting

amplifier
3 GAS2 gain adjustment; transmitting
o [1] U 18] sipe amplifier
GAS1 E 1___7_] AGC 4 QR-— inverting output; receiving amplifier
GAS2 [_T_ E REG 5 QR+ non-inverting output, receiving amplifier
6 GAR gain adjustment; receiving
QR-| 4 15| Vq
E TEAT060 :] ce amplifier
ar+ 5] TEA1061 ‘—_4] MUTE 7 MIC— inverting microphone input
GAR 6] [13] pTmE 8 MIC+ non-inverting microphone input
mic-[7] [12] PO 9 STAB current stabilizer
MiC+ E E . 10 VEEg negative line terminal
sTAB E E Ver 11 IR receiving amplifier input
12 PD power-down input

72867461 13 DTMF dual-tone multi-frequency input

. — . 14 MUTE mute input
Fig. 2 Pinning diagram. . .
15 Ve  positive supply decoupling
16 REG voltage regulator decoupling
17 AGC automatic gain control input

18 SLPE slope (d.c. resistance) adjustment

FUNCTIONAL DESCRIPTION
Supply: Vge, LN, SLPE, REG and STAB

The circuit and its peripheral circuits usually are supplied from the telephone line. The circuit develops
its own supply voltage at Vg and regulates its voltage drop. The supply voltage V¢ may also be used
to supply external peripheral circuits, e.g. dialling and control circuits.

The supply has to be decoupled by connecting a smoothing capacitor between Vo and VEE; the
internal voltage regulator has to be decoupled by a capacitor from REG to Vgg. An internal current
stabilizer is set by a resistor of 3,6 kS2 between STAB and VEE.

The d.c. current flowing into the set is determined by the exchange supply voltage Vgxch, the feeding
bridge resistance Rgych, the d.c. resistance of the subscriber iine R|jne and the d.c. voitage on the
subscriber set (see Fig. 3).

If the line current |}j,e exceeds the current I + 0,6 mA required by the circuit itself (g = 1 mA),
plus the current !p required by the peripheral circuits connected to V¢, then the voltage regulator
diverts the excess current via LN.

The voltage regulator adjusts the average voltage on LN to:

VLN = Vref *ISLPE X R9 = Vef + (ljine — Icc — 0,6.10°° — Ip) x R9.
Vref being an internally generated temperature compensated reference voltage of 4,1 V and R9 being an
external resistor connected between SLPE and Vg g. Under normal conditions Igy pg >=>Icc +0,5 mA +Ip.

The static behaviour of the circuit then equals a 4,1 V voltage regulator diode with an internal resistance
R9. In the audio-frequency range the dynamic impedance equals R1.
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TEA1060
TEA1061

FUNCTIONAL DESCRIPTION (continued)

The current Ip available from V¢ for supplying peripheral circuits depends on external components,
and on the line current. Figure 4 shows this current for Voc = 3 V min., this being the minimum supply
voltage for most CMOS circuits including a diode voltage drop for an enable diode. |f MUTE is LOW the
available current is further reduced when the receiving amplifier is driven.

Microphone inputs MIC+ and MIC-- and gain adjustment pins GAS1 and GAS2
The TEA1060 and TEA1061 have symmetrical microphone inputs.

The TEA1060 is intended for low-sensitivity, low-impedance dynamic or magnetic microphones. Its
input impedance is 2 x 4 k§2 and its voltage amplification is typ. 52 dB.

The TEA1061 is intended for a piezoelectric microphone or an electret microphone with built-in FET
source follower. Its input impedance is 2 x 20 k2 and its voltage amplification is typ. 38 dB.

The arrangements with the microphone types mentioned are shown in Fig. 5.

The amplification of the microphone amplifier in both types can be adjusted over a range of + 8 dB to
suit the sensitivity of the transducer used. The amplification is proportional to external resistor R7
connected between GAS1 and GAS2.

An external capacitor C6 of 100 pF between GAS1and SLPE is required to ensure stability. A larger
value may be chosen to obtain a first-order low-pass filter. The cut-off frequency corresponds with the
time constant R7 x C6.

Mute input MUTE

A HIGH level at MUTE enables the DTMF input and inhibits the microphone inputs and the receiving
amplifier, a LOW level or an open circuit does the reverse. Switching the mute input will cause negligible
clicks at the telephone outputs and on the line.

Dual-tone multi-frequency input DTMF

When the DTMF input is enabled, dialling tones may be sent onto the line. The voltage amplification
from DTMF to LN is typ. 26 dB and varies with R7 in the same way as the amplification of the
microphone amplifier. The signalling tones can be heard in the earpiece at a low level (confidence tone).

Receiving amplifier: IR, QR +, OR— and GAR

The receiving amplifier has one input IR and two complementary outputs, a non-inverting output QR +
and an inverting output QR—. These outputs may be used for single-ended or for differential drive,
depending on the sensitivity and type of earpiece used (see Fig. 6). Amplification from IR to QR +is
typ. 25 dB. This will be sufficient for low-impedance magnetic or dynamic earpieces; these are suited
for single-ended drive. By using both outputs (differential drive) the amplification is increased by 6 dB.
This makes differential drive possible, which is required for high-impedance dynamic, magnetic and
piezoelectric earpieces with load impedances exceeding 450 2.

The output voltage of the receiving amplifier is specified for continuous-wave drive. The maximum
output voltage will be higher under speech conditions, where the ratio of peak and r.m.s. value is higher.

The amplification of the receiving amplifier can be adjusted over a range of + 8 dB to suit the
sensitivity of the transducer used. The amplification is proportional to external resistor R4 connected
from GAR to QR +.

Two external capacitors C4 = 100 pF and C7 = 10 x C4 = 1 nF are necessary to ensure stability. A
larger value of C4 may be chosen to obtain a first-order, low-pass filter. The “cut-off”’ frequency
corresponds with the time constant R4 x C4.
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Versatile telephone transmission circuits TEA1060
with dialler interface TEA1061

DEVELOPMENT SAMPLE DATA

Automatic gain control input AGC

Automatic line loss compensation will be obtained by connecting a resistor R6 from AGC to VEgE.
This automatic gain control varies the amplification of the microphone amplifier and the receiving
amplifier in accordance with the d.c. line current. The control range is 6 dB. This corresponds with a
line length of 5 km for a 0,5 mm diameter copper twisted-pair cable with a d.c. resistance of 176 £/km
and an average attenuation of 1,2 dB/km.

Resistor R6 should be chosen in accordance with the exchange supply voltage and its feeding bridge
resistance (see Fig. 7 and Table 1). Different values of R6 give the same ratio of line currents for begin
and end of the control range.

If automatic line loss compensation is not required AGC may be left open. The amplifiers then all give
their maximum amplification as specified.

Power-down input PD

During pulse dialling or register recall (timed loop break) the telephone line is interrupted, as a conse-
quence it provides no supply for the transmission circuit. These gaps have to be bridged by the charge
in the smoothing capacitor C1. The requirements on this capacitor are relaxed by applyinga HIGH
level to the PD input, which reduces the supply current from typ. 1 mA to typ. 50 nA.

A HIGH level at PD further disconnects the capacitor at REG, with the effect that the circuit’s
impedance equals a 4,1 V voltage regulator diode with an internal resistance equal to R9. This results
in rectangular current waveforms in pulse dialling and register recall.

When this facility is not required PD may be left open.

Side-tone suppression

Suppression of the transmitted signal in the earpiece is obtained by the anti-side-tone network consisting
of R2, R3, R8 and Z},,| (see Fig. 10). Maximum compensation is obtained when Zy,,|/k equals the line
impedance Zjjne as seen by the set (scale factor k = Rg/R1).

In practice Zjjne varies strongly with line length and cable type; consequently an average value has to

be chosen for Zp,,). The suppression further depends on the accuracy with which Zpg /k equals the
average line impedance.

The anti-side-tone network attenuates the signal from the line. With R8 = 390 §2 and R9 = 20 Q the
attenuation is 32 dB. The attenuation is nearly flat over the audio-frequency range.
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TEA1060
TEA1061

RATINGS

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

Positive line voltage VLN max. 132 V
Line current
average lline(Av) max. 140 mA
non-repetitive (tyax = 100 hours) Nine(S) max. 250 mA
non-repetitive peak (tyax = 1 ms) lline(SM)  max. 1A
Voltage on all other pins \ max. Vec+ 0.7 V
-V max. 0,7 V
Total power dissipation Piot max. 640 mW
Storage temperature range Tstg —40 to +125 °C
Operating ambient temperature range Tamb -25 to +75 °C
CHARACTERISTICS
lline = 10 to 140 mA; VEg = 0 V; f = 800 Hz; Tamp = 25 OC; unless otherwise specified.
parameter symbol min.  typ. max. unit
Supply: LN and Vg (pins 1 and 15)
Voltage drop over circuit
at ljjne =5 MA VLN - 4,15 - \Y,
at ljjne = 15 MA VLN 4,15 4,35 4,55 Y
at ljjne = 100 MA VLN — 6,0 7 \%
Variation with temperature at ljjne = 15 mA AV N/AT| -4 -2 0 mV/K|
Supply current
atVoc=28V;PD=LOW Icc - 0,96 1,25 mA
at Voc=2,8V;PD=HIGH Icc - 50 - HA
Microphone inputs MIC+ and MIC—
Input impedance
TEA1060 1zjg| — 4 - k&
TEA1061 lzjs! - 20 - k2
Standard deviation on input impedance o - 12 — %
Common-mode rejection ratio; TEA1060 kcMR - 80 - dB
Voltage amplification at
lline = 15 mA; R7 =68 k2
TEA1060 Avd 51 52 53 dB
TEA1061 Avd 37 38 39 dB
Variation with frequency
at f = 300 to 3400 Hz AA /AT | — 02 - dB
Variation with temperature at
lline = 50 MA; Tamp = —25 to +75 °C AAG/AT | — 0,5 - dB
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Versatile telephone transmission circuits TEA1060
with dialler interface TEA1061

DEVELOPMENT SAMPLE DATA

parameter symbol min.  typ. max. unit

Dual-tone multi-frequency input DTMF

Input impedance zjgl — 20 - k&
Standard deviation on input impedance o - 12 - %
Voltage amplification

at ljjne = 15 mA; R7 =68 kQ2 Ayd 25 26 27 dB
Variation with frequency

at f = 300 to 3400 Hz AA /AT | - 0,2 -— dB
Variation with temperature at

lline =50 mMA; Tymp = —25t0 +75 °C AAG/AT | — +05 — dB

Gain adjustment pins GAS1 and GAS2

Amplification variation with R7,
transmitting amplifier AAyg -8 — +8 dB

Transmitting amplifier output LN

Output voltage at ljjne = 15 mA;
dtot = 2% VLN(rms) 1,4 2,3 ot \"

diot = 10% VLN(rms)| — 26 - \

Noise output voltage
at ljjne = 15 mA; R7 =68 kQ2;
psophometrically weighted (P53 curve) Vho(rms) | — -70 - dBmp

Receiving amplifier input IR
Input impedance lzjgl - 20 - k2

Receiving amplifier outputs QR + and QR—
Output impedance; single-ended [zos! - 4 - Q

Voltage amplification
at ljjne = 15 mA; R4 = 100 k2;

single-ended; R|_ = 300 Ayd 24 25 26 dB

differential; R|_= 600 2 Avd 30 31 32 dB
Variation with frequency,

at f = 300 to 3400 Hz AAg/Af | — 0,2 - dB
Variation with temperature at

lline = 50 MA; Tymp = —25 to +75 °C AAG/AT | — 05 - dB
Output voltage at I = 0; dyot = 2%; sine-wave drive

single-ended; R|_= 150 Vo(rms) 03 0,38 - \

single-ended; R|_ =450 Q Vo(rms) | 0.4 052 - \

differential; C|_=47 nF + R|_=100; f=3400Hz| Vo(rms) 0,8 1,0 - \Y

Noise output voltage
at ljjne = 15 mA; R4 = 100 kQ2;
psophometrically weighted (P53 curve)
single-ended; R|_ =300 Vno(rms) | — 50 - InY

differential; R|_= 600 Q Vno(rms) | — 100 - uVv
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TEA1061

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
Gain adjustment pin GAR
Amplification variation with R4,

receiving amplifier AAyq -8 - +8 dB
MUTE input
Input voltage

HIGH ViH 15 - Vee Vv

LOW ViL — - 0,3 \
Input current IMUTE - 8 15 HA
Reduction of voltage amplification from
MIC+and MIC—to LN at MUTE = HIGH —-AAyd - 70 - dB
Voltage amplification from DTMF to QR +or QR—

at MUTE = HIGH; single-ended load;

R =300 & Avd - -18 - dB
Power-down input PD
Input voltage

HIGH VIH 1,56 - Vece \

LOW ViL - - 0,3 \%
Inputcurrent IpD - 5 10 HA
Automatic gain control input AGC
Amplification control range —AAyg - 6 - dB
Highest line current for maximum

amplification at R6 = 110 k2 lline - 22 - mA
Lowest line current for minimum

amplification at R6 = 110 k2 line - 60 - mA
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Versatile telephone transmission circuits TEA1 060

with dialler interface TEA1061
R;;
line line R1 _—
I pg +0.5mA Icc ,
1 15 te
TEA1060 LN Vec l
Rexch [J TEA1061 - '
DC 0,5mA b
AC l ¢ cg peripheral
Vexch C) T circuits
REG STAB SLPE VEE 7
l}s o] g e 418 10 :
c3 RS R9 |
T x
—_——
7286754.2
Fig. 3 Supply arrangement.
<
o
g
o]
N
: 7Z86750.1
= 1,5
% . lline = 15 mA
E A R S R1 =620Q
z R9 = 20Q
= 1 |
a
] [
a b
W b e e e e o ——
>
] |
D 0,5 l
0 : : | :
0 1 2 3 v (v) 4

Fig. 4 Maximum current |, available from V¢ for external (peripheral) circuitry with Vcc =3 V.
Curve ““a" is valid when the receiving amplifier is not driven or when MUTE = HIGH, curve “’b"’ is valid
when MUTE = LOW and the receiving amplifier is driven, Vg (rms) = 150 mV, R|_= 150 Q.
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MiC+

MIC—

(a)

(b)

MIC+

MIC—

7286748.1

(c)

Fig. 5 Alternative microphone arrangements. (a) magnetic or dynamic microphone, TEA1060. The
resistor marked (1) may be connected to lower the terminating impedance. (b) electret microphone,
TEA1061. (c) piezoelectric microphone, TEA1061.

QR+ 5 QR+ 5

ar- |4

vee 110 ar- |4
(a) (b)

(2)
QR+ QR+ 1]

QR— QR—

7286747.1

(c) (d)

Fig. 6 Alternative receiver arrangements. (a) dynamic telephone with less than 450 £2 impedance.
(b) dynamic telephone with more than 450 §2 impedance. (c) magnetic telephone with more than
450 2 impedance. The resistor marked (1) may be connected to obtain an appropriate acoustic

frequency characteristic. (d) piezoelectric telephone. The resistor marked (2) is required to increase

the phase margin.
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Versatile telephone transmission circuits

TEA1060

DEVELOPMENT SAMPLE DATA

with dialler interface TEA1061
7286749.1
R6 =00
o -
AA
(dB)
-24
i R9=20Q
—a 48,7kQ \78,7 k2
-6 4
0 20 40 60 80 100 120 140
lline (MA)
Fig. 7 Variation of amplification with line current, with R6 as a parameter.

Table 1. Values of resistor R6 for optimum line loss compensation, for various usual values of exchange

supply voltage Vgycp and exchange feeding bridge resistance Reych-

Rexch (£2)
400 | 600 | 800 | 1000
R6 (k)
24 619 | 487 X X
36 100 78,7 68 60,4
Vexch VI 14 | 140 | 110 931| 82
60 X X 120 | 102
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TEA1060

R1 IIine,I
I
-
6209
15 1
Vee LN 4
LI OR-I1— 100+L,
R4 uF
8 100k2 R Vo
mIC+ OR+ 600
Vi ; ca @
Mic— 100 pF
TEA1060
6 c7
+] 13 TEA1061 GAR —
€152 100uF DTMF 1nE 10 to 140mA
gl 2
10 uF GAS1
LS~ mure R7
Vi ) 68 kQ
12360 Gasz |2 c6
VEE REG AGC STAB SLPE 100pF
10 le 17 9 18
+ R5 hRo
c3 R6 36 X
47 uFT o 204
7286755.2

Fig. 8 Test circuit for defining voltage amplification of MIC+, MIC— and DTMF inputs. Voltage ampli-
fication is defined as: Ayq = 20 log |[Vo/Vjl. For measuring the amplification from MIC+ and MIC— the
MUTE input should be LOW or open, for measuring the DTMF input MUTE should be HIGH. Inputs

not under test should be open.

R1 lline
—
—
6200 i:
15 1 100 uF
Vee LN
LRE PP QR-— 6008
f il MIC+
v, 10 uF , QR+
~) —mic-
TEA1060
+ 13
S 100 uF —{ oT™F TEA1061 GAR P ewm 140mA
2
1 GAS1 lll
— MUTE
R7
12 3 l]" Lce
—rD GAS2 T 100pF
VEE REG AGC STAB SLPE
10 ljs 17 9 18
RS
+
c3 rRe []3e []R®
4,7,.FT ke (1209
7286756.2

Fig. 9 Test circuit for defining voltage amplification of the receiving amplifier. Voltage amplification
is defined as: Ayq =20 log |V,/Vjl.
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TEA1060
TEA1061

APPLICATION INFORMATION (continued)

cradle
contact

1

1

telephone
line -|‘E]>

cradle
contact

T

telephone .I

line

cradle
contact
T

telephone

line i
o

LN Vge Voo
DTMF DTMF
TEA1060 DTMF
teatoer  MUTE v DIALLER
PO ——fFL
Vee Vss
1 l I 7286751.1
I
—_————— e ——— —
(a)
N Vee Voo
DTMF
PCD3320
TEA1060 "
TEA1061 FAMILY
PD DP
VEE Vss
l I [] I 7286752.1
(b)
N Vge Vob
DTMF
>+ TEA1060
Teatos) | MUTE ] PCD3340
PD DP/FL
VEE Vss
DTMF
b PCD3312
7286753.1
(c)

Fig. 11 Typical applications of the TEA1060 or TEA1061 (simplified).
(a) DTMF set with a CMOS DTMF dialling circuit. The dashed lines show an optional flash (register

recall by timed loop break).

(b) Pulse dial set with one of the PCD3320 family of CMOS interrupted current-loop dialling circuits.
(c) Dual-standard (pulse and DTMF) feature phone with the PCD3340 CMOS telephone controller and
the PCD3312 CMOS DTMF generator with 12C bus.
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples TEA1075
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

DTMF GENERATOR FOR TELEPHONE DIALLING

This integrated circuit is a dual tone multi-frequency (DTMF) generator with line interface for use in

push button telephone sets containing an electronic speech circuit or a conventional hybrid transformer.

The IC containsa mute switch handling the full line current, which allows two-wire connection between
dial and speech parts. The logic inputs can be operated with a single contact keyboard or via a direct
interface with a microcomputer. |12L technology allowsdigital and analogue functionsto be implemented
on the same chip. The line interface incorporates a filter amplifier, an output stage and a voltage
stabilizer all of which are switched off when the speech circuit is connected to the line. The tone
generator is supplied by a temperature compensated current stabilizer and is be driven by a 3,58 MHz
crystal.

The logic inputs contain an interface circuit to guarantee well-defined states of the keyboard.

Features:

two wire connection between dial and speech parts allowed
wide operating line current and temperature range
operating voltage downto 1,7 V

no individual tone level adjustment required

few external components required

all mute functions on chip

common inputs for keyboard and microcomputer
temperature and line current independent signal levels
all pins protected against electrostatic discharges
on-chip output stage and line regulator

single tone generation possibility

QUICK REFERENCE DATA

Operating voltage Vi typ. 33V
Line current range L 10 to 120 mA
DTMF levels (adjustable)
low frequency VLG —11to —6 dBm
high frequency VHG —9to —4 dBm
Pre-emphasis VHG—VLG max. 2 dB
Operating temperature range Tamb —25t0 +70 °C

PACKAGE OUTLINE
TEA1075P: 18-lead DIL, plastic (SOT-102HE).
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TEA1075

ROW1 8 —‘ —
ROW2 (3 — 1
I N +n DAC
ROWS14 | N > p | ! SCALER
ROW417 | T > u [
E T
£ [ 4 10{DpAC
coL4lis | F L
cowslie | & > 9 w [
coLziia | & —a 1] | m SCALER | i bac ™
coL1[13 —>| > . —>|
o
0sc 12 | osciL- -9 DTMF ° 5 |MUTE
LATOR : REF. T
Y
L v
18 ouTPUT N
M STAGE &
Vsi17 FILTER 9|Fi
AMPL.
=
REGULATOR
1 6
NS Z, Fo 72877491

Fig. 1 Functional block diagram.

VNE U

Fo E
ROW2 E
ROW3 E

MuTe [5] TEAT075

2, [
row4 [7 |
row1 8|

F 9]

5] v,
“
. coL3
5] coLs
14] cov2
[13] coun
E osc
[11] ns
[10] pAc

7287748.1

Fig. 2 Pin designation.

PINNING

1 VN

2 Fo

3 ROW2
4 ROW3
5 MUTE
6 Z)

7 ROW4
8 ROW1
9 Fy

10 DAC
1 NS

12 0SC
13 coL
14 coL2
15 coL4
16 COoL3
17 Vg

18 Vi

negative line voltage

filter output

row input 770 Hz/BCD input

row input 852 Hz/BCD input
mute switch

impedance setting terminal

row input 941 Hz/BCD input

row input 697 Hz/BCD input
filter input

DTMF level setting

noise suppression input

oscillator input

column input 1200 Hz/mute input
column input 1336 Hz/mute input
column input 1633 Hz/mute input
column input 1477 Hz/enable input
voltage stabilizer filter

positive line voltage

408
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DTMF generator for telephone dialling TEA1075

DEVELOPMENT SAMPLE DATA

FUNCTIONAL DESCRIPTION
Voltage regulator

The voltage regulator switches on as a keyboard button is pressed. It regulates the voltage drop across

the IC to a nominal level of 3,3 V, shunting excess line current to maintain a working current of 8 mA
within the chip. The voltage regulator is switching to a higher voltage level when the keyboard switch

is released.

The capacitor connected to input Vg provides a low-pass filter function to avoid influence of audio
signals on the line. For a short period during switch-on time the capacitor is directly connected to the
line to reduce overshoot voltages to only 1 V above the voltage set by the regulator.

In order to adapt the nominal d.c. level to the level as set by the speech circuit, a resistor can be
connected either between V|_and Vg or between Vy and Vg. This will decrease or increase the level
respectively. During the time the device is in the stand-by mode the voltage stabilizer circuit will
conduct again as the d.c. line voltage set by the speech part achieves 6,0 V. Part of the line current
then will flow through this stabilizer.

Active output stage

The transmitter amplifier consists of a voltage to current convertor with a class-A output stage. The
circuit acts as a dynamic resistance (R,) because of the feedback from the line to the input. This
impedance can be set by output Z| at pin 6:

Ra =900 Q if pin 6 is left open

Ra =600 £ if pin 6 is connected to V| (pin 1).

The impedance is extremely high as long as no key is depressed (stand-by mode).

Speech muting

Figure 3 shows the connection of the dial circuit with a speech circuit TEA1060/61. All mute functions
are performed by internal switches. Pressing any keyboard push button switches the TEA1075 to
operating mode and isolates the speech circuit from the line.

The line adaption then is taken over by the dial circuit which causes:

@ line voltage to be set by the voltage regulator TEA1075

® impedance to be set by the active output stage TEA1075

@ audio output stage to be connected to the line for DTMF tone transmission.

During the stand-by mode (no key pressed) the voltage on the line is set by the speech circuit. The
minimum d.c. operating voltage of the dial circuit for guaranteed detection of push button operation on
the keyboard is 2,5 V. The impedance is approximately 10 k§2 and the current consumption 2 mA.
The stand-by current is used for the logic part as well as driving current for the internal mute switch
which can switch the full line current available.

N v v

TEA1075 TEA1060
’—‘ﬁ ) TEA1061

—C]
—Ol

line Vn|  [MuTE IvN

72877471

Fig. 3 Muting system.
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TEA1075

FUNCTIONAL DESCRIPTION (continued)
OSC and DTMF generator

The crystal oscillator frequency (3,579 545 MHz) is divided by a factor of nine to give the clock
frequency. A maximum division error of 0,31% is achieved in the TEA1075; CCITT recommendations
are that tones should be within 1,5% of the specified frequencies.

A bias resistor of 1 to 4,7 MQ2 must be connected between the oscillator input and Vp. An external
frequency generator can be connected instead of a crystal (see Fig. 5).

Vi
“ 18 18
) TEA1075 TEA1075
oscly, _Do_| oscl,,
7287746.1 7287745.1
Fig. 4 Quartz crystal oscillator. Fig. 5 External frequency generator.

The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave
pulses which contain considerable odd-numbered harmonics. The lower order odd-numbered harmonics
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxi-
mations. Each half cycle of the tone waveform comprises seven discrete amplitudes for the lower
frequency tone and nine for the higher frequency tone. Each amplitude increment is generated by
switching on and off an individual current source for the duration of each step of the sine wave.

The frequency of the tones is varied by changing the duration of each step. This circuit allows the
connection of a first or second order filter, depending on the distortion requirements (see filter and
DTFM level).

Deviation of ROW and COLUMN frequencies

freq. deviation real freq. deviation real

Hz % Hz Hz % Hz
ROW1 697 -0,24 695,33 coL1 | 1209 | —0,31 1205,23
ROW2 770 —0,28 767,81 coL2 | 1337 | —0,10 1334,66
ROW3 852 -0,256 849,84 COL3 | 1477 | —0,27 1473,06
ROW4 941 -0,31 938,04 coL4 | 1633 | —0,18 1630,03

Filter and DTMF level

The output current from the DAC causes a voltage drop across R g at nin 10, At this peint the
signal path is broken to allow insertion of filter components in series with the amplifier input at pin 9.
The output of this amplifier is brought out to pin 2 to allow connection of filter components in

the feedback path to provide additional attenuation of the higher-order odd harmonics of the tone
frequencies.

The output amplitude of the tones is directly proportional to the value of RTLs and can therefore be
adjusted to meet specific requirements. Fig. 6 shows the output level as function of RT| g and R, = 600 €.
I1f Rz =900 Q Rt g must be devided by 1,25.
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DTMF generator for telephone dialling J L TEA1075

DEVELOPMENT SAMPLE DATA

tone level
(dBm) 7290945
_a- ” 500
1/ (rms)
—5 low frequency tone group _/, (mV)
—6 400
T
_7 / /‘/
]
-84 |~ low frequency tone group
300
-9 / //
L1
~10 4 ]
—11 4 —
200
3 4 5 6 Rris (kS2) 7

Fig. 6 DTMF level selection.

When Ry g is selected for the required tone level, Cg can be calculated to avoid too much influence
of the filter characteristic on the pre-emphasis parameter, the time constant for a single pole filter is:

RTLS * CE| = 26 us (see Fig. 16).
If higher attenuation is required a second-order filter can be applied. The time constant for such is:
RTLS *CFo = REg * CF| = 46 us (see Fig. 15).

Keyboard inputs

Inputs for the logic control are compatible with different types of keyboards. Using a keyboard, tone

combinations are generated:

— by connecting one of row inputs to one of the column inputs by means of a single switch of the
matrix

— or by applying a dual contact keyboard having its common row contact tied to V\y and the common
column contact via 68 k&2 to V..

Single tones can be generated by connecting a row input to Vi (pin 1) or one of the column inputs a

68 k2 resistor to V_ (pin 18).

An anti-bounce circuit eliminates switch bounce.

VL
1
A
) logi
5k logic aie
coL; —i
VN
7287298 7287297 N
Fig. 7 Configuration of column inputs. Fig. 8 Configuration of row inputs.

Microcomputer mode

The inputs for the keyboard connections can be used for direct connection to a microcomputer. If the
column inputs are interconnected and made ‘HIGH' (> 1 V or Icq = 30 pA) the row inputs are
changed to another mode, allowing the circuit to be driven by 4-bit data plus an enable signal. In this
mode, it is possible to connect a separate mute enable signal on inputs COL1, 2 and 4 and a tone
enable input on COL3.

October 1984

411



TEA1075

FUNCTIONAL DESCRIPTION (continued)
Truth table microcomputer mode

row column tones
symbol mute *

1 2 3 4 1,24 3 Hz

H H H H L L - - off
X X X X H L - - on
H H H H H H 697/1209 1 on
H H H L H H 697/1336 2 on
H H L H H H 697/1477 3 on
H H L L H H 697/1633 A on
H L H H H H 770/1209 4 on
H L H L H H 770/1336 5 on
H L L H H H 770/1477 6 on
H L L L H H 770/1633 B on
L H H H H H 852/1209 7 on
L H H L H H 852/1336 8 on
L H L H H H 852/1477 9 on
L H L L H H 852/1633 [ on
L L H H H H 941/1209 * on
L L H L H H 941/1336 0 on
L L L H H H 941/1477 # on
L L L L H H 941/1633 D on

* Mute “on’’ = switch open.
ROW1 / \

ROW2

)

ROW3

]

ROW4

N
R

coL3

]

|
COL1,2,4fL
!

|
!

LINE
SIGNAL

%

|

SPEECH DTMF SIL. SPEECH

7287296

Fig. 9 Waveform tones 697/1336 Hz (dialling number 2),
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J L TEA1075

DEVELOPMENT SAMPLE DATA

/01 ROW1
1102 ROW2
1103 ROW3
mero. 104 ROW4
ICRO-
TEA1075
COMPUTER -
108 MUTE = ENABLE oLt
coL2
1106 }— coL3
coL4
Fig. 10 Microcomputer mode.
All column inputs interconnected.
1/01 ROW1
1102 ROW2
1103 ROW3
1/04 ROW4
MICRO-
COMPUTER MUTE TEA1075
1/05 coLt
coL2
1106 ENABLE coL3
L—coLa
Fig. 12 Microcomputer mode.
Column inputs COL1, 2 and 4
interconnected.
RATINGS

XX X X

LINE

st VWA

SPEECH DTMF SPEECH DTMF SPEECH

Fig. 11 Tone/speech waveform
in circuit diagram Fig. 10.

ROW2,
ROW3,
e X ¢
coL1
coz / -
coL4
coL3 / \ / \
s VI e
SPEECH DTMF SILENCE DTMF SIL. SPEECH
7Z91000A

Fig. 13 Tone/speech waveform
in circuit diagram Fig. 12,

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

Supply current

Surge current (tp < 250 ps)
Operating ambient temperature range
Storage temperature range

Voltage on any pin

Line voltage

Power dissipation

Ip max. 150 mA
Is max. 1000 mA
Tamb —25to +70 ©°C
Tstg —55t0 +125 OC
2 (VN=0,3) to (V|_+0,3) V

VLN max. 10 V

Ptot max. 750 mW

October 1984
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TEA1075

CHARACTERISTICS

Tamb = 25 OC; I_= 15 mA; f = 1 kHz; unless otherwise specified. See also Fig. 14.

description symbol min. typ. max. unit
Supply
Line voltage d.c. (operating mode)

IL= 15mA \2% - 3,3 - Vv

IL= 50mA Vi - 3,7 - Vv

IL=120 mA Vi - 45 - v
Line voltage d.c. (stand-by mode) Vi - - 6,5 A
Temperature coefficient TC - -8 - mV/K
Line current range L 10 - 120 mA
Transmitter output stage
Dynamic resistance setting range

pin 6 open R - 900 — Q

pin 6 connected to V\ Rj - 600 - Q
Variation over line current

R; =600 Q AZ, — 100 — Q
Gain ATL _ t.b.f. dB
Balance return loss from 300 up to 3400 Hz

at 600 BRL 20 - - dB

at 900 £ (C_= 30 nF) BRL 20 - - dB
Total harmonic distortion with respect
to total output level (second-order filter) diot — —-40 —25 dB
DTMF generator
Tone frequencies

low tones (row inputs) 697, 770, 852, 941 Hz

high tones (column inputs) 1209, 1336, 1477, 1633 Hz
Dividing error

crystal frequency = 3,579545 MHz Afy -0,31 — -0,1 %
Tone output level (adjustable)

IL>10mA

lower tones ViGg -1 - -8 dBm

higher tones VHG -9 — -6 dBm

IL>12mA

lowei tones VLG -1 - —6 dBm

higher tones VHG -9 — -4 dBm
Tolerance on output level

over temp. and current range AVq -2 —_ 2 dB
Pre-emphasis higher tones/lower tones

over temp. and current range AVyg 1 2 3 dB
Tone delay

after key actuation tq - — 5 ms
Switch bounce elimination tsh — 2 — ms
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DTMF generator for telephone dialling TEA1075

DEVELUPMEN | SAMFPLE UATA

description symbol min. typ. max. unit
Mute
Mute output sink current (no key pressed) Imss - - 120 mA
Saturation voltage (Ijg = 75 mA) VMT(sat) | — 150 500 mV
Maximum voltage

(voltage set by speech part) vmT — — 10 \
Stand-by current (V| =45 V) IsTB ~ 2 2,5 mA
Switch delay

after key release tq ~ - 10 us
Resistance Rm - 10 - k&2

Keyboard inputs (microcomputer inputs)

Contact off resistance RKoff 300 - - k2
Contact on resistance RKon - - 10 kQ
Lower frequency inputs (ROW1, 2, 3, 4)
voltage LOW ViL - - 1,1 \
voltage HIGH ViH 15 - - \
current (d.c.) at V||_dial mode ITH)) - 30 - HA
Higher frequency inputs (COL1, 2, 3, 4)
voltage LOW ViL - — 0,5 \%
voltage HIGH ViH 09 - - \
current {d.c.) at V1 dial mode {IHD - 30 - uA
COL4 ~
CcoL3 :\.
COL2 ~
coL1 ~
@ Yeaaw
v 1815 16 14 138 ROW1 1
3 ROW2
6008 . TMQ 4 ROW3 ~
Vot L osc|,, ,lrowa s
+ ma 120 3,58 MHz TEA1075
l -[-L?:o 150k s
B Ve _ 104F |
ol S ~—
________ MUTE| L1fo
l 10 1
DAC |Vy Fy
Fig. 14 Test circuit measuring amplifier v T I V1o
voltage gain (AT ) frequencies and tone Voac Vo
output levels of the generator ™ Rris | (N
VTLO l 120 mA
ATL=

72877441

VTLI
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TEA1075

DTMF generator for telephone dialling
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PACKAGE
OUTLINES

CROSS-REFERENCE LIST: ICs TO PACKAGE OUTLINES

type number description package code page
PCD3310P 20-lead DIL; plastic SOT-146 438
PCD3310T 28-lead mini-pack; plastic S0-28; SOT-136A 436
PCD3311P 14-lead DIL; plastic SOT-27K, M, T 421

PCD3311T 16-lead mini-pack; plastic SO-16L; SOT-162A 441

PCD3312P 8-lead DIL; plastic SOT-97A 424
PCD3312T 8-lead mini-pack; plastic S0-8L; SOT-176 443
PCD3315P 28-lead DIL; plastic SOT-117D 431

PCD3315T 28-lead mini-pack; plastic S0-28; SOT-136A 436
PCD3320P 18-lead DIL; plastic SOT-102G 428
PCD3320D 18-lead DIL; ceramic (cerdip) SOT-133A, B 434
PCD3321P 18-lead DIL; plastic SOT-102G 428
PCD3321D 18-lead DIL; ceramic (cerdip) SOT-133A,B 434
PCD3322P 18-lead DIL; plastic SOT-102G 428
PCD3322D 18-lead DIL; ceramic (cerdip) SOT-133A, B 434
PCD3323P 28-lead DIL; plastic SOT-117D 432
PCD3323D 28-lead DIL; ceramic (cerdip) SOT-135A 435
PCD3323T 28-lead mini-pack; plastic S0-28; SOT-136A 436
PCD3324P 18-lead DIL; plastic SOT-102G 428
PCD3324D 18-lead DIL; ceramic (cerdip) SOT-133A, B 434
PCD3325A 18-lead DIL; plastic SOT-102G 428
PCD3343P 28-lead DIL; plastic SOT-117D 432
PCD3343D 28-lead DIL; ceramic (cerdip) SOT-135A 435
PCD3343T 28-lead mini-pack; plastic S0-28; SOT-136A 436
PCD3360P 16-lead DIL; plastic SOT-38 422
PCD3360T 16-lead mini-pack; plastic SO-16L; SOT-162A 441

PCD3361P 8-lead DIL; plastic SOT-97EE 425
PCD3361T 8-lead mini-pack; plastic S0-8L; SOT-176 443
PCD5101P 22-lead DIL; plastic SOT-116 430
PCD5101T 24-lead mini-pack; plastic S0-24; SOT-137A 437
PCD5114P 18-lead DIL; plastic SOT-102G 428
PCD5114D 18-lead DIL; ceramic (cerdip) SOT-133A, B 434
PCD5114T 20-lead mini-pack; plastic S0-20; SOT-163A 442
PCD8571P 8-lead DIL; plastic SOT-97A 424
PCD8571D 8-lead DIL; ceramic SOT-151A 439
PCD8571T 8-lead mini-pack; plastic SO-8L; SOT-176 443
PCF1251P 8-lead DIL; plastic SOT-97A 424
PCF1251T 8-lead mini-pack; plastic S0-8; SOT-96A 423
PCF2111P 40-lead DIL; plastic SOT-129 433
PCF2111T 40-lead mini-pack; plastic VS0-40; SOT-158A 440
PCF8570 8-lead DIL; plastic SOT-97A 424

420
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PACKAGE

OUTLINES
type number description package code page
PCF8573 16-lead DIL; plastic SOT-38 422
PCF8574P 16-lead DIL; plastic SOT-38 422
PCF8574T 16-lead mini-pack; plastic SO-16L; SOT-162A 441
PCF8576T 56-lead mini-pack; plastic VS0-56; SOT-190 444
PCF8576U uncased chip in tray
PCF8577P 40-lead DIL; plastic SOT-129 433
PCF8577T 40-lead mini-pack; plastic VS0-40; SOT-158A 440
TDA7000 18-lead DIL; plastic SOT-102HE 429
TDA7050T 8-lead mini-pack; plastic S0-8; SOT-96A 423
TEA1042 24-lead DIL; plastic SOT-101A 426
TEA1046 24-lead DIL; plastic SOT-101A 426
TEA1060 18-lead DIL; plastic SOT-102A 427
TEA1061 18-lead DIL; plastic SOT-102A 427
TEA1075 18-lead DIL; plastic SOT-102HE 429

December 1984
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PACKAGE

OUTLINES
14-LEAD DUAL IN-LINE; PLASTIC (SOT-27KM,T)
r—*w—»*-nm 18,5 max —————— 741 <—— 8,25max ——#
@ T ! ——
s [T
2 | | i
E | 051 | |
[ ’ - ’ - - e T2 ’ l
389 less[[T " e i
,* L ! \ | 13:( i f | max | DO U {f\
22 1 25 | ’ | |l 77— |
max 0
L73 mul 83 7286804
I 13 12 1 9 )

@ Positional accuracy.

- . . . (M) Maximum Material Condition.

(1) Centre-lines of all leads are
1 2 3 L 5 6 7 within £0,127 mm of the nominal
i ' position shown; in the worst case,
jww the spacing between any two leads
' ' ' ' ' may deviate from nominal by

top view 0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

Dimensions in mm

SOLDERING

1. By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 OC it must not be in contact for more than 10 seconds; if between
300 ©OC and 400 ©C, for not more than 5 seconds.

2. By dip or wave

eratuie must lIUL l)b' III
successive solder waves

[}
o
3
=
o
Q
3
o I
‘D
o
=

must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

3. Repairing soldered joints

The same precautions and limits apply as in (1) above.
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OUTLINES

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38)

seating plane

22 max |<+—- 8,25max ———l

7255041.8

16 15 16 13 12 1 10 9 @ Positional accuracy.
M Maximum Material Condition.

(1) Centre-lines of all leads are
within 0,127 mm of the nominal

1 2 3 A 5 6 7 L .
8 position shown; in the worst case,
the spacing between any two leads
! ! i ! ] ! ! may deviate from nominai by
+
top view +0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

Dimensions in mm

SOLDERING

1.

2.

By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 2C it must not be in contact for more than 10 seconds; if between
300 ©C and 400 ©C, for not more than 5 seconds.

By dip or wave

The maximum permissible temperature of the solder is 260 ©C; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

. Repairing soldered joints

The same precautions and limits apply as in (1) above.

424,
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8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A)

- 5,0 - 5,2 o
4.8 > | 46
° 1,25 4,0
‘ TI[Tee 1 085 3.8 ~
0% 5
6 1,45
¥ 125 112 8°
v 20, |
d L 3 8'%(5)
N - Vo U oThin|™
0,7 max 2220 | lf 019 6.2 ’
- [127] l= - 5,8 72682607
4 3 2 1 top view
Dimensions in mm
@ Positional accuracy.
M Maximum Material Condition.
5 6 7 8
SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 ©C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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8-LEAD DUAL IN-LINE; PLASTIC (SOT-97A)

® 10 max <+—— 8,25 max —»
g
= .
= T 4,2
g | max
] | y 0,51 i ' |
1 S S
LA b VI o - - '— min |
A I | . 2 !
3,43 3 0,76 i
3,05 s | | 053 f, Il
’ 6x ] 0,38 " i\
vl VO epg) i
1 i - ' ' '
ol e 2 o 7,62 - |
115 95
«—
max 813 7273585.5
112max'® 173 max
’[ |4 *| [‘ @ Positional accuracy.
1 ! @ Maximum Material Condition.
8 5 top view (1) Centre-lines of all leads are
within 0,127 mm of the nominal
- _}, [ position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
1 4 £0,254 mm.

1 ! (2) Lead spacing tolerances apply
from seating plane to the line

. . . indicated.
Dimensions in mm

(3) Only for devices with
asymmetrical end-leads.

SOLDERING

1. By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 OC it must not be in contact for more than 10 seconds; if between
300 °C and 400 °C, for not more than 5 seconds.

The maximum permissible temperature of the solder is 260 OC; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds. :

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

3. Repairing soldered joints
The same precautions and limits apply as in (1) above.

426
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8-LEAD DUAL IN-LINE; PLASTIC (SOT-97EE)

° - 10 max - | 8,25 max
[ =4
8
a
+ 9!
o max I
] 4 051 | ‘ |
N =t (2) :
3,43 30,76 il
3,05 i
v y [@lozse@ " !
Sl
> - | | |
1,15 9,5
max 83 7273565.5
112max'? 1,73 max
’] " ’l ]‘ {B Positional accuracy.
! ! (M) Maximum Material Condition.
8 5 top view (1) Centre-lines of all leads are
within 0,127 mm of the nominal
1 _\ _ B position shown; in the worst case,
J l the spacing between any two leads
may deviate from nominal by
1 4 +0,254 mm.

| ! (2) Lead spacing tolerances apply
from seating plane to the line

. . indicated.
Dimensions in mm

(3) Only for devices with
asymmetrical end-leads.

SOLDERING

1. By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 ©C it must not be in contact for more than 10 seconds; if between
300 OC and 400 ©C, for not more than 5 seconds.

2. By dip or wave

The maximum permissible temperature of the solder is 260 ©C; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

3. Repairing soldered joints

The same precautions and limits apply as in (1) above.
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24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A)

f 32 max
£
¢ |
< f
a
2 5.1
s max
b —— 0,51 L
| S min
D 1 @2
39 0,76
3,4
' (elo2sa @)
22| 'S4 |
- le—
1,7 max

top view

Maximum Material Condition.

Centre-lines of all leads are

within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by

Lead spacing tolerances apply
from seating plane to the line

26 23 22 21 2 19 18 17 16 15 1w 13
3)
1 2 3 4 5 6 7 8 9 10 1 12
*—————————— 15,8 max e et
@ Positional accuracy.
<——————— 14,1 max ——
| ™
u_l side view
1[ (1)
T
1
+0,254 mm.
15,24 (2)
17,15 7273670.5
15,90

Dimensions in mm

SOLDERING
See SOT-27K, M, T. '

(3)

indicated.

Index may be horizontal as shown,
or vertical.
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OUTLINES
18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A)
- 23,5 max
. |
g T )
TR — i
g 47
'..c.; v max
$l — 0,51 i
Y i ’ ’ ’ ' . -—lo7e®@
39 053
iy 10 = m
! : - . ' [2.56]! : '
I1,75] ¢ I (um— |
max
1,4 max
A
18 17 16 15 14 13 12 1N 10 top view
(3)
I B} - _
J
1 2 3 4 5 6 7 8 9
8,25 max {D Positional accuracy.
side view M Maximum Material Condition.

(1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

95

813 7270173,‘3
(3) Index may be horizontal as shown,
or vertical.

Dimensions in mm

SOLDERING
See SOT-27K, M, T.
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18-LEAD DUAL IN-LINE; PLASTIC (SOT-102G)

|- 25,4 max
@
S T
a e d
5 f
£ 47
] max
H — 0,51 $
| A I R ____ | min
4 i - lo762
3,43 053
3,05 y
i 16x ! g .
: : ' [254) ! , ,
_ol254] | i | | | ||
max
1,7 max
17 16 15 1w 13 12 11 10 top view
N . . } N
J
1 2 3 4 5 6 7 8 9

<—— 8,25 max ——»

Dimensions in mm

SOLDERING
See SOT-27K, M, T.

side view

@ Positional accuracy.
@ Maximum Material Condition.

(1) Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by

0,254 mm.

o~
n

ances appiy
from seating plane to the line
indicated.

Lead spacing toler
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18-LEAD DUAL IN-LINE; PLASTIC (SOT-102HE)

- 22max ——————————
: |
S T
= |
2 Y ' ' el
+ max
g v
bt — 0,9 ‘
! R . /. _ , _ min_y
A B . - 1 0,76(2’
3,9 0,53 [}
3L l ‘ | max], "
v . 15* i | —~||~t®loz5- @)
085 .| | | [254] | |
max
1,4 max
18 17 16 15 1% 13 12 1110 top view
1 2 3 A 5 6 7 8 9

F—— 8,25 max ——

side view Positional accuracy.

® @

Maximum Material Condition.

(1) Centre-lines of all leads are
within 20,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
| from seating plane to the line
22835324 indicated.

Dimensions in mm

SOLDERING
See SOT-27K, M, T.
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22-LEAD DUAL IN-LINE; PLASTIC (SOT-116)

29 max
@
c T
o |
s f
2 I 5.1
£ | max
3 —Yo,51 l
T B min
(2)
3,43 -—— 0,76
3,05 1
v elozse @'
| ! ! ' | 1 2,5L ! i i i
o 2] | | | | I | | | |
max
1,73 max
22 21 20 19 18 17 16 15 14 13 12 top view
1 2 3 4 5 6 7 8 9 10 "

{B Positional accuracy.

lq—— 10,9 max ————

side view . . .
(M) Maximum Material Condition.

(1) Centre-lines of all leads are
! within £0,127 mm of the nominal

position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line

indicated.

Dimensions in mm

SOLDERING

See SOT-27K, M, T.
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28-LEAD DUAL IN-LINE; PLASTIC (SOT-117)

36 max

seating plane

3)

top view

15,8 max

14,1 max

|
|

! side view

15,24

17,15
15,90

Dimensions in mm

SOLDERING
See SOT-27K, M, T.

\

H

R

@ Positional accuracy.

®
(1)

(2)

(3)

Maximum Material Condition.

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

Index may be horizontal as shown,
or vertical.
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28-LEAD DUAL IN-LINE; PLASTIC (SOT-117D)

37 max
g
T
g }
2 51
] max
$ Y051
min l
[ - 0.76 2!
3,43 ),
3,05
L_'r‘— [elozse @)
XN | [254]
max NN
1,7 max

top view

+———————— 15,8 max ————————,

- 141 max
] side view

15,24

17,15
15,90

7283322.3

Dimensions in mm

SOLDERING
See SOT-27K, M, T.

Q} Positional accuracy.
M Maximum Material Condition.

(1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

434 December 1984



PACKAGE
OUTLINES

40-LEAD DUAL IN-LINE; PLASTIC (SOT-129)
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SOLDERING

See SOT-27K, M, T.
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18-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-133A,B)

23,6 max

(]

5

a f

g 5,08

"'c' max

@ 0,38 l
min
0,76(2)

127 |
max
- 1‘5 -
18 17 16 15 14 13 12 11 10 | topview
N _ n _
7
1 2 3 4 5 6 7 8 9
8,25 max
|
side view
I! {B Positional accuracy.
i W (M) Maximum Material Condition.
|
: i : {1} Cenure-iines of aii ieads are
|‘ I | within 0,127 mm of the nominal
—[lk_0,32 g: position shown; in the worst case,
| },; 0,23 :.l \ the spacing between any two leads
may deviate from nominal by
! 762 TJ ‘ +0,254 mm.
100 (2) Lead spacing tolerances apply
y - from seating plane to the line
7,6
7278692.3 indicated.

Dimensions in mm
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28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A)

38,1 max -
2
o T
a | ?
2 t 5,84
s T max
H ! 4051 |
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P
4 ™
2 sox @loz5: @)
i [
~l256is | 253 =
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ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ‘ﬁtﬁﬁﬁ
28 27 26 25 2t 23 22 21 200 19 18 17 16 15
1 2 3 4 5 6 7 8 9 10 11 12 1 1% top view
15,9 max Q} Positional accuracy.
{ side view @ Maximum Material Condition.
T (1) Centre-lines of all leads are
dl | i within £0,127 mm of the nominal
:} :: position shown; in the worst case,
- ‘\ILO.32 :} the spaci‘ng between any two leads
0,23 }I may deviate from nominal by
g : £0,254 mm.
] | 7278698.2
0 to 15°

Dimensions in mm

(2) Lead spacing tolerances apply
from seating plane to the line

indicated.
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28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A)

9,25
| 8,75
1,55 7,6
*1 135 74
8° I
]
2 1y { | /
Y3 T -
.32 , .
[ 033 1065 03 mnn‘
10,0 7278694.7
s H )
14 13 12 11 1 & 3 2 1 top view
v
- — I A | 20
max
N Dimensions in mm
15 16 17 18 25 26 27 28 @ Positional accuracy.
® Maximum Material Condition.
SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-

i i wiharm A wa sane tmosimm ol
perature of this paste is about 220 to 230 9C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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24-LEAD MINI-PACK; PLASTIC (SO-24; SOT-137A)

7.6 .
7,4 l

P /
3

7
!
, 03 mi
10,65 -3 min
10,0 7278696.6

top view
' Dimensions in mm

N | I O B ,_,__,‘G¥ 2,0 @ Positional accuracy.
max
i (M) Maximum Material Condition.

13 141516 21 22 23 24
SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 ©C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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20-LEAD DUAL IN—LINE; PLASTIC (SOT-146)
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1
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] (1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,

the spacing between any two leads
may deviate from nominal by

I —_— i +0,254 mm
i ie——[762 ]——l |
10,03 (2) Lead spacing tolerances apply
83  iessors from seating plane to the line
indicated.

Dimensions in mm

SOLDERING
See SOT-27K, M, T.
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8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A)
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@ Positional accuracy.

@ Maximum Materiai Condition.

(1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.
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40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT-158A)
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M Maximum Material Condition.

SOLDERING
. Soldering iron or pulse heated solder tool

Apply the heating tool to the flat part of the pin only.

Limit the contact time to maximum 10 seconds up to 300 ©C, or 5 seconds up to maximum 400 °C,
When using the proper tools, all pins can be soldered in one operation within 2 to 5 seconds and
270 to 320 ©C.

2. By dip or wave

-

The maximum permissible temperature of the solder is 260 ©C. The permissible total time of
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than
150 OC within 6 seconds.

3. Repairing soldered joints
The same precautions and limits apply as in (1) above.
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 ©C.
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OUTLINES
16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A)
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SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 °C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A)
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@ Maximum Material Condition.

SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They ara availahle in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 ©C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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OUTLINES
8-LEAD MINI-PACK; PLASTIC (SO-8L; SOT-176)
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SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 °C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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56-LEAD MINI-PACK; PLASTIC (VSO-56; SOT-190)
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SOLDERING

1.

w

Soldering iron or pulse heated solder tool

Apply the heating tool to the flat part of the pin only.

Limit the contact time to maximum 10 seconds up to 300 ©C, or 5 seconds up to maximum 400 °C.
When using the proper tools, all pins can be soldered in one operation within 2 to 5 seconds and

270 to 320 °C.

Rv din or wave
By din

or wave

The maximum permissible temperature of the solder is 260 ©C. The permissible total time of
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than
150 ©C within 6 seconds.

. Repairing soldered joints

The same precautions and limits apply as in (1) above.
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 OC.
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Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 693355.
Italy: PHILIPS S.p.A., Sezione Eicoma, Piazza IV Novembre 3, I-20124 MILANO, Tel. 2-6752.1.
Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611.
(IC Products) SIGNETICS JAPAN LTD., 8-7 Sanbancho Chiyoda-ku, TOKYO 102, Tel. (03) 230-1521.
Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD., Elcoma Div., Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL, Tel. 794-4202.
Malaysia: PHILIPS MALAYSIA SDN. BERHAD, No. 4 Persiaran Barat, Petaling Jaya, P.O.B. 2163, KUALA LUMPUR, Selangor, Tel. 7744 11.
Mexico: ELECTRONICA, S.Ade C.V., Carr. México-Toluca km. 62.5, TOLUCA, Edo. de México 50140, Tel. Toluca 91 (721) 613-00.
Netherlands: PHILIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 7933 33.
New Zealand: PHILIPS ELECTRICAL IND. LTD., Elcoma Division, 110 Mt. Eden Road, C.P.O. Box 1041, AUCKLAND, Tel. 605-914.
Norway: NORSK A/S PHILIPS, Electronica Dept., Sandstuveien 70, OSLO 6, Tel. 6802 00.
Peru: CADESA, Av. Alfonso Ugarte 1268, LIMA 5, Tel. 326070.
Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, MAKATI-RIZAL 3116, Tel. 86-89-51 to 59.
Portugal: PHILIPS PORTUGUESA S.AR.L., Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, Tel. 683121.
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Eicoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 2538811.
South Africa: EDAC (PTY.) LTD., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, Tel. 614-2362/9.
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. 30163 12.
Sweden: PHILIPS KOMPONENTER A.B., Lidingévagen 50, S-11584 STOCKHOLM 27, Tel. 08/7821000.
Switzerland: PHILIPS A.G., Elcoma Dept., Allmendstrasse 140-142, CH-8027 ZURICH, Tel. 01-4882211.
Taiwan: PHILIPS TAIWAN LTD., 3rd Fi., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. (02)-5631717.
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, P.O. Box 961, BANGKOK, Tel. 233-6330-9.
Turkey: TURK PHILIPS TICARET A.S., Elcoma Department, Inénii Cad. No. 78-80. ISTANBUL, Tel. 435910.
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-5806633.
United States: (Active Devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERS\ (LLE, R.I. 02876, Tel. (401) 762-9000.
(Passive Devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000.
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE, Wi 53201, Tel. (414)228-7380.
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.
Uruguay: LUZILECTRON S.A,, Avda Uruguay 1287, P.O. Box 907, MONTEVIDEO, Tel. 914321.
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, CARACAS, Tel. 360511

For all other countries apply to: Philips Electronic Components and Materials Division, International Business Relations, Building BAE,
P.O.Box 218, 5600 MD EINDHOVEN, The Netherlands, Tel. +3140723304, Telex 35000 phtcnl
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