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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. It is made up of four series of handbooks:

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

The contents of each series are listed on pages iv to 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:

T

T2a

T2b

T3

T4

T5

T6

T8

T9

T10

TN

T12

T13

T15

T16

Tubes for r.f. heating

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

Magnetrons for microwave heating

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

Geiger-Miiller tubes

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

Photo and electron multipliers

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

Image intensifiers and infrared detectors
Dry reed switches

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

iv

October 1985:



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

s1

S2a
S2b

S3

S4b

S6

S§7

S8b

S9

S10
S11
S$12

S13

SDr;oaC:f-ssignal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes,
tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Light-emitting diodes

Devices for optoelectronics

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

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors

Surface acoustic wave devices

Semiconductor sensors

February 1986



INTEGRATED CIRCUITS (PURPLE SERIES)

The NEW SERIES of handbooks is now completed. With effect from the publication date of this

handbook the ‘“N"’ in the handbook code number will be deleted.

Handbooks to be replaced during 1986 are shown below.
The purple series of handbooks comprises:

IC01

1C02a/b

1C03

1C04

ICO5N

ICO6N

Ico8

ICO9N
IC10

ICTIN

Supplement
to IC11N

IC12
IC13

IC14N

IC15

IC16
IC17
IC18

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS

Integrated circuits for telephony
Bipolar, MOS

HE4000B logic family
CMOs

HE4000B logic family — uncased ICs
CMOS

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

ECL 10K and 100K logic families

TTL logic series

Memories
MOS, TTL, ECL

Linear LSI
Linear LSI

12C-bus compatible ICs

Semi-custom
Programmable Logic Devices (PLD)

Microprocessors, microcontrollers and peripherals
Bipolar, MOS

FAST TTL logic series

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

Microprocessors and peripherals

new issue 1986
ICOTN 1985

new issue 1986
ICO2Na/b 1985

new issue 1986
ICO3N 1985

new issue 1986
1C4 1983

published 1984
published 1986

New issue 1986
ICO8N 1984

published 1986

new issue 1986
1C7 1982

published 1985
published 1986

not yet issued

new issue 1986
IC13N 1985

published 1985

new issue 1986
IC15N 1985

first issue 1986
not yet issued

new issue 1986*

* The Microprocessors were included in handbook IC14N 1985, so IC18 will replace that part of

IC14N.

Vi

June 1986



COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

c2
Cc3
C4
C5
Cé
c7
C8
c9
c1n

c12
Cc13
c14
C15
C16
c17
c18
Cc19
C20

C22

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

Ferroxcube potcores, square cores and cross cores
Ferroxcube for power, audio/video and accelerators
Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Varistors, thermistors and sensors

Potentiometers, encoders and switches

Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics

Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Film capacitors

July 1986
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FUNCTIONAL

INDEX
FUNCTIONAL INDEX

type number description page
AM CHANNELS
TDA1072A AM receiver circuit for hi-fi and car radios 465
TEA5550 AM car radio receiver circuit 803
TEA5570 RF/IF circuit for AM/FM radio 827
FM CHANNELS
TCA420A FM/IF combination 315
TDA1574 integrated FM tuner for radio receivers 589
TDA1576 FM/IF amplifier and detector 597
TDA7000 FM radio circuit; f; = 70 kHz; Vo = 75 mW; DIL-18 701
TDA7010T FM radio circuit; fj = 70 kHz; Vo = 75 mW; SO-16 709
TDA7020T FM stereo/mono radio circuit; fj = 76 kHz; Vo = 90 mV 717
TDA7021T FM stereo/mono radio circuit; low-voltage Micro Tuning System (MTS) 725
TEA5560 FM/IF system 815
TEAB570 RF/IF circuit for AM/FM radio 827
TEA6000 FM/IF system and microcomputer-based tuning interface; 12C bus 851
AM/FM COMBINED CHANNELS
TEA5570 RF/IF circuit for AM/FM radio 827
STEREO DECODERS
TDA1005A; AT frequency multiplex PLL stereo decoder 353
TDA1578A time multiplex PLL stereo decoder with muting system for hi-fi

and car radios 609
TDA1598 time multiplex PLL stereo decoder for hi-fi and car radios 641
TEA5580 PLL stereo decoder 841
INTERFERENCE SUPPRESSORS
TDA1001B; BT interference and noise suppression circuit for FM receivers 333
TUNING CIRCUITS
HEF4750V frequency synthesizer 27
HEF4751Vv universal divider 29
SAA1057 radio tuning PLL frequency synthesizer (SYMO I1) 121
SAA1300 tuner switching circuit 157
SAB1164 sensitive 1 GHz divider-by-64 (Rg = 1 k2) 279
SAB1165 sensitive 1 GHz divider-by-64 (R = 0,5 kS2) 279
SAB1256 sensitive 1 GHz divider-by-256 281
SAB6456; T sensitive 1 GHz divide-by-64/divide-by-256 switchable prescaler 283
TDA1574 integrated FM tuner for radio receivers 589

June 1986 3



FUNCTIONAL

INDEX
type number description page
ARI SYSTEM
TDA1579 traffic warning decoder circuit 623
TDA1589 traffic control messages and warning tone circuit 633
BUS-CONTROLLED AUDIO CIRCUITS
SAA7250A audio signal processor; 12C bus; I2S bus; up/down sampling filters 255
SAA7250B audio signal processor; 12C bus; 12S bus; reverberation 255
SAA7250C audio signal processor; 12C bus; 12S bus; dynamic range controller

or 10-band equalizer 255
TDA8420 hi-fi audio processor; 12C bus 737
TEAB300 car radio preamplifier and source selector with sound and fader

controls; 12C bus 863
D.C. CONTROLLED AUDIO CIRCUITS
TDA1029 signal-sources switch (4 x two channels) 439
TDA1074A dual tandem electronic potentiometer circuit 481
TDA1524A stero-tone/volume control circuit 545
TDA3810 spatial, stereo and pseudo-stereo sound circuit 663
AUDIO POWER AMPLIFIERS
TDA1010A 6 W audio power amplifier for in-car applications/

10 W audio power amplifier for mains-fed applications 373
TDA1011 2 to 6 W audio power amplifier; Vo = 0,7 V (preamplifier) 391
TDA1013A 4 W audio power amplifier with d.c. volume control 407
TDA1015 1 to 4 W audio power amplifier 411
TDA1015T 0,5 W audio power amplifier 421
TDA1020 12 W audio power amplifier for car radios 433
TDA1510 24 W BTL or 2 x 12 W stereo car-radio power amplifier 491
TDA1512;Q 12 to 20 W hi-fi audio power amplifier 497
TDA1514 40 W hi-fi audio power amplifier (e.g. Compact Disc) 503
TDA1515A 24 W BTL or 2 x 12 W stereo car-radio power amplifier 509
TDA1520; Q 20 W hi-fi audio power amplifier; lyo¢ = 54 mA 515
TDA1520A; AQ 20 W hi-fi audio power amplifier; Iyt = 70 mA 521
TDA1521 2 x 12 W hi-fi audio power amplifier 527
TDA2611A 5 W audio power amplifier 649
TDA7050T low voltage mono/stereo audio power amplifier:

stereo 75 mW; BTL 140 mW 733
RECORDER (CASSETTE) AMPLIFIERS/CONTROL CIRCUITS
TDA1002A recording and playback amplifier 343
TDA1012 recording/playback and 2 W audio power amplifier 403
TDA1016 recording/playback and 2 W audio power amplifier with

thermal protection 427
TDA1522 stereo cassette head preamplifier and equalizer 535
MOTOR SPEED CONTROL CIRCUITS
SAK150BT servo-motor control circuit 287
TDA1059B motor speed regulator with thermal shut-down (Vg = 1,3 V) 453
TDA1059C motor speed regulator (Ve = 1,1 V) 453
TDA1559A motor speed regulator (Vief = 1,26 V) 581

4 June 1986



FUNCTIONAL

INDEX
type number description page
DISPLAY DRIVERS
PCF2100 LCD duplex driver; 40 segments 71
PCF2110 LCD duplex driver; 60 segments and 2 LEDs 73
PCF2111 LCD duplex driver; 64 segments 75
PCF2112 LCD driver; 32 segments 77
PCF8576 universal LCD driver for low multiplex rates (1:1 to 1:4);

max. 160 segments; 12C bus 103
PCF8577 LCD direct driver (32 segments) or duplex driver (64 segments); 1°C bus 105
PCF8577A LCD direct driver (32 segments) or duplex driver (64 segments); 12C bus;

different slave address 105
SAA1060 LED display/interface circuit 131
SAA1062A; AT LCD display/interface circuit 133
SAA1063 fluorescent display/interface circuit 135
PERSONAL RADIO/AUDIO
TDA7000 FM radio circuit; f; = 70 kHz; Vo = 75 mV; DIL-18 701
TDA7010T FM radio circuit; fj= 70 kHz; V5 = 75 mV; SO-16 709
TDA7020T FM stereo/mono radio circuit; fj = 76 kHz; Vo5 = 90 mV 717
TDA7021T FM stereo/mono radio circuit; low-voltage Micro Tuning System (MTS) 725
TDA7050T low voltage mono/stereo audio power amplifier:

stereo 75 mW; BTL 140 mW 733
TEA0670T low voltage Dolby* B & C processor with preamplifier and

electronic switch 799
DIGITAL AUDIO CIRCUITS
SAA7000 interpolation and muting circuit for Compact Disc 169
SAA7010 demodulator for Compact Disc 179
SAA7020 error corrector for Compact Disc 191
SAA7030 digital filter for Compact Disc 205
SAA7210 second generation decoder for Compact Disc 213
SAA7220 second generation digital filter and interpolator for Compact Disc 235
SAA7250A audio signal processor; 12C bus; 12S bus; up/down sampling filters 255
SAA7250B audio signal processor; 12C bus; 12S bus; reverberation 255
SAA7250C audio signal processor; 12C bus; I?S bus; dynamic range controller

or 10-band equalizer 255
TDA1534 14-bit ADC 557
TDA1540P 14-bit DAC 565
TDA1541 dual 16-bit DAC 571
TDA5708 photo diode signal processor for Compact Disc players

with single spot read-out system 667
TDA5709 radial error signal processor for Compact Disc players 687
DOLBY* CIRCUITS
TEA0651 Dolby* B & C type noise reduction circuit; THD <0,1% 755
TEA0652 Dolby* B & C type noise reduction circuit; THD < 0,2% 755
TEA0653T stereo or 2-channel Dolby* B type noise reduction circuit 773
TEA0654 preamplifier and electronic switch for Dolby* B & C type noise

reduction circuits 755
TEAO0665; T Dolby* B & C processor with preamplifier and electronic switch 779
TEAQ666; T Dolby* D & C processor with preamplifier and electronic switch;

changed frequency response in relation to TEA0665 789
TEA0670T low voltage Dolby* B & C processor with preamplifier

and electronic switch 799

* Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco,
California (U.S.A.).
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FUNCTIONAL

INDEX
type number description page
REMOTE CONTROL SYSTEMS
General purpose systems
SAF1032P receiver/decoder for infrared operation 285
SAF1039P remote control transmitter for infrared operation 285
Sophisticated systems
SAA3004 infrared remote control transmitter; foqc = 465 kHz;
up to 448 commands 161
SAA3006 low voltage infrared remote control transmitter (RC-5);
up to 2048 commands 163
SAA3007 low voltage remote control transmitter; fogc = 4565 kHz;
up to 1280 commands 165
SAA3028 infrared remote control transcoder (RC-5); 1%C bus 167
TDA3047 infrared receiver (positive output voltage) 659
TDA3048 infrared receiver (negative output voltage) 661
SINGLE-CHIP 8-BIT MICROCONTROLLERS
NMOS
RAM | ROM
MAB8411P; T 64 1K plus 8-bit LED driver 31
MAF8411P 64 1K plus 8-bit LED driver; extended temperature 31
MAF84A11P 64 | 1K plus 8-bit LED driver; automotive temperature;
reduced frequency 31
MAB8421P; T 64 | 2K plus 8-bit LED driver 31
MAB8421P 64 | 2K plus 8-bit LED driver; extended temperature 31
MAF84A21P 64 | 2K plus 8-bit LED driver; automotive temperature;
reduced frequency 31
MAB8422P 64 | 2K plus 8-bit LED driver 33
MAF8422pP 64 | 2K plus 8-bit LED driver; extended temperature 33
MAF84A22P 64 | 2K plus 8-bit LED driver; automotive temperature;
reduced frequency 33
MAB8401B; WP 128 | — bond-out version for MAB84XX
family plus 8-bit LED driver 31
MAB8441P; T 128 | 4K plus 8-bit LED driver 31
MAF8441P 128 | 4K plus 8-bit LED driver; extended temperature 31
MAF84A41P 128 | 4K plus 8-bit LED driver; automotive temperature;
reduced frequency 31
MAB8442P 128 | 4K plus 8-bit LED driver 33
MAF8442P 128 | 4K plus 8-bit LED driver; extended temperature 33
MAF84A42P 128 | 4K plus 8-bit LED driver; automotive temperature;
reduced frequency 33
MAB8461P; T 128 | 6K plus 8-bit LED driver 31
MAF8461P 128 | 6K plus 8-bit LED driver; extended temperature 31
MAF84A61P 128 | 6K plus 8-bit LED driver; automotive temperature;
reduced frequency 31

June 1986



FUNCTIONAL

INDEX
type number description page
CMOS

RAM | ROM

PCF84C20D;P; T 64 | 2K extended temperature 93
PCB80C31P; WP 128 | — ROM-less versions of PCB80C51 65
PCB80C39P; WP 128 - ROM-less versions of PCB80C49 67
PCF80C39P 128 | — ROM:-less version of PCF80C49 67
PCB80C49P; WP 128 | 2K 67
PCF80C49pP 128 | 2K extended temperature 67
PCF84C40D;P; T 128 | 4K extended temperature 93
PCB80C51P; WP . 128 | 4K mask-programmable ROM 65
PCF84C00B; T, WP 256 | — bond-out versions PCF84CXX family 93
Miscellaneous
PCB8582 256 x 8-bit EEPROM with |2C bus interface 69
PCF8570 256 x 8-bit static RAM; 12C bus 95
PCF8571 128 x 8-bit static RAM; 12C bus 97
SPEECH SYNTHESIZERS
MEAS8000 voice synthesizer 35
PCF8200 voice synthesizer (CMQOS) 79
OomM8200 speech demonstration board (PCF8200) on standard Eurocard 55
0M8201 speech demonstration box (OM8200) 59
om8210 speech analysis/editing system (PCF8200) 61
MISCELLANEOUS
0OM200/S2 integrated amplifier for hearing aids 49
SAA1099 stereo sound generator for sound effects and music synthesis

(uC controlled) 141
PCF8573 clock/calendar; 12C bus 99
PCF8574 remote 8-bit 1/0 expander; 12C bus 101
PNA7509 7-bit, 22 MHz, 3-state output, ADC 107
PNA7518 8-bit, 30 MHz, multiplying DAC 115
TAA263 low-level amplifier 295
TAA320 integrated MOST amplifier 299
TAA320A integrated MOST level sensor 309
TDA1534 14-bit ADC 557
TDA1540P 14-bit DAC 565

Operating temperature range: 0 to 70 ©C.
Extended temperature range: —40 to + 85 ©C.
Automotive temperature range: —40 to + 110 OC.

w ﬁune 1986 7



FUNCTIONAL

INDEX
type number description page
12C BUS COMPATIBLE ICs
MAB84X1 single-chip 8-bit uC family 31
MAF84X1 single-chip 8-bit uC family 31
MAF84AX1 single-chip 8-bit uC family 31
PCB8582 256 x 8-bit EEPROM 69
PCF8200 voice synthesizer (CMOS) 79
PCF84CXX single-chip 8-bit uC family 93
PCF8570 256 x 8-bit static RAM 95
PCF8571 128 x 8-bit static RAM 97
PCF8573 clock/calendar 929
PCF8574 remote 8-bit I/0 expander 101
PCF8576 universal LCD driver for low multiplex rates (1:1 to 1:4);
max. 160 segments 103
PCF8577 LCD direct driver (32 segments) or duplex driver (64 segments) 105
PCF8577A LCD direct driver (32 segments) or duplex driver (64 segments); i
12C bus; different slave address 105
SAA1300 tuner switching circuit 157
SAA3028 infrared remote control transcoder (RC-5) 167
SAA7250A audio signal processor; 12C bus; 12S bus; up/down sampling filters 255
SAA7250B audio signal processor; I2C bus; 12S bus; reverberation 255
SAA7250C audio signal processor; 12C bus; 1S bus; dynamic range controller
or 10-band equalizer 255
TDA8420 hi-fi audio processor 737
TEAG000 FM/IF system and microcomputer-based tuning interface 851
TEA6300 car radio preamplifier and source selector with sound and
fader controls 863
INTER-IC Purchase of Philips’ 12S components conveys a license under the
Philips’ 12S patent to use the components in the 12S-system
III@S provided the system conforms to the 12S specification defined
by Philips.
SOUND

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the I?>C-system
provided the system conforms to the 12C specifications defined
by Philips.

June 1986\ (



NUMERICAL
INDEX

type number

description

NUMERICAL INDEX

package

HEF4750VD
HEF4751VP
HEF4751VD
HEF4751VT

frequency synthesizer
universal divider
universal divider
universal divider

SINGLE-CHIP 8-BIT MICROCONTROLLERS

MAB8401B

MAB8401WP

MAB8411P
MAB8411T

MAB8421P
MAB8421T
MAB8422P

MAB8441P
MAB8441T
MAB8442pP

MAB8461P
MAB8461T

MAF8411P

MAF84A11P

MAF8421P

MAF84A21P

MAF8422pP

MAF84A22P

MAF8441P

MAF84A41P

RAM

128

128

64
64

64
64
64

128
128
128

128
128

64

64

64

64

64

64

128

128

ROM

1K
1K

2K
2K
2K

4K
4K
4K

6K
6K

1K

1K

2K

2K

2K

2K

4K

4K

bond-out version for MAB84X X
family plus 8-bit LED driver
bond-out version for MAB84X X
family plus 8-bit LED driver

plus 8-bit LED driver
plus 8-bit LED driver

plus 8-bit LED driver
plus 8-bit LED driver
plus 8-bit LED driver

plus 8-bit LED driver
plus 8-bit LED driver
plus 8-bit LED driver

plus 8-bit LED driver
plus 8-bit LED driver

plus 8-bit LED driver;
extended temperature

plus 8-bit LED driver; automotive
temperature; reduced frequency

plus 8-bit LED driver;
extended temperature

plus 8-bit LED driver; automotive
temperature; reduced frequency

plus 8-bit LED driver;
extended temperature
plus 8-bit LED driver; automotive
temperature; reduced frequency
plus 8-bit LED driver;
extended temperature
plus 8-bit LED driver; automotive
temperature; reduced frequency

Operating temperature range: 0 to 70 OC.
Extended temperature range: —40 to + 85 ©C.
Automotive temperature range: —40 to + 110 OC.

DIL-28; SOT-135A 27

DIL-28; SOT-117 29
DIL-28; SOT-135A 29
S0-28; SOT-136A 29
28/28 Piggy-back 31

68-PLCC; SOT-188A 31
DIL-28;SOT-117D 31

S0-28; SOT-136A 31
DIL-28;SOT-117D - 31
S0-28; SOT-136A 31
DIL-20;SOT-146 33
DIL-28;SOT-117D 31
SO-28; SOT-136A 31
DIL-20; SOT-146 33
DIL-28; SOT-117D 31
SO-28; SOT-136A 31

DIL-28; SOT-117D 31
DIL-28; SOT-117D 31
DIL-28; SOT-117D 31
DIL-28; SOT-117D 31
DIL-20; SOT-146 33
DIL-20; SOT-146 33
DIL-28; SOT-117D 31

DIL-28; SOT-117D 31

June 1986



NUMERICAL
INDEX
type number description package page
SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued)
RAM | ROM i

MAF8442pP 128 | 4K plus 8-bit LED driver;

extended temperature DIL-20; SOT-146 33
MAF84A42P 128 | 4K plus 8-bit LED driver; automotive

temperature; reduced frequency DIL-20; SOT-146 33
MAF8461P 128 | 6K plus 8-bit LED driver;

extended temperature DIL-28; SOT-117D 31
MAF84A61P 128 | 6K plus 8-bit LED driver; automotive

temperature; reduced frequency DIL-28; SOT-117D 31
MEAS8000 voice synthesizer DIL-24; SOT-101A 35
0M200/S2 integrated amplifier for hearing aids SIL-4; SOT-20* 49
0mM8200 speech demonstration board (for PCF8200) standard Eurocard 55
0OM8201 speech demonstration box (for OM8200) special pack 59
0omM8210 speech analysis/editing system (for PCF8200) special pack 61
SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued)

RAM | ROM

PCB80C31P 128 | — ROM-less version of PCB80C51 DIL-40; SOT-129 65
PCB80C31WP 128 | — ROM:-less version of PCB80OC51 44-PLCC; SOT-187A 65
PCB80C39P 128 | — ROM-less version of PCB80C49 DIL-40; SOT-129 67
PCB80C39WP 128 | — ROM-less version of PCB80C49 44-PLCC; SOT-187A 67
PCB80C49P 128 | 2K DIL-40; SOT-129 67
PCB80C49WP 128 | 2K 44-PLCC; SOT-187A 67
PCB80C51P 128 | 4K mask-programmable ROM DIL-40; SOT-129 65
PCB80OC51WP 128 | 4K mask-programmable ROM 44-PLCC; SOT-187A 65
PCB8582 256 x 8-bit EEPROM with 12C bus interface DIL-8; SOT-97A 69
PCF2100P LCD duplex driver; 40 segments DIL-28; SOT-117D 71
PCF2100T LCD duplex driver; 40 segments S0-28; SOT-136A 71
PCF2110P LCD duplex driver; 60 segments and 2 LEDs DIL-40; SOT-129 73
PCF2110T LCD duplex driver; 60 segments and 2 LEDs VS0-40; SOT-158A 73
PCF2111P LCD duplex driver; 64 segments DIL-40; SOT-129 75
PCF2111T LCD duplex driver; 64 segments VSO0-40; SOT-158A 75
PCF2112pP LCD driver; 32 segments DIL-40; SOT-129 77
PCF2112T LCD driver; 32 segments VSO0-40; SOT-158A 77
SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued)
PCF80C39P - ROM-less version of PCF80C49 DIL-40; SOT-129 67
PCF80C49P 128 | 2K extended temperature DIL-40; SOT-129 67
PCF8200 voice synthesizer (CMOS) DIL-24; SOT-101A 79

Operating temperature range: 0 to 70 ©C.

Extended temperature range: —40 to + 85 OC.
Automotive temperature range: —40 to + 110 ©C.

* The package outline is included in the device data sheet.

10
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NUMERICAL

INDEX
type number description package page
SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued)

RAM | ROM

PCF84C00B 256 | — bond-out version PCF84CXX family 28/28 Piggy-back 93
PCF84C00T 256 | — bond-out version PCF84CX X family VSO0-56; SOT-190 93
PCF84C0O0WP 256 | — bond-out version PCF84CXX family 68-PLCC; SOT-188A 93
PCF84C20D 64 2K extended temperature DIL-28; SOT-135A 93
PCF84C20P 64 | 2K extended temperature DIL-28; SOT-117D 93
PCF84C20T 64 | 2K extended temperature S0-28; SOT-136A 93
PCF84C40D 128 | 4K extended temperature DIL-28; SOT-135A 93
PCF84C40P 128 | 4K extended temperature DIL-28; SOT-117D 93
PCF84C40T 128 | 4K extended temperature S0-28; SOT-136A 93
PCF8570P 256 x 8-bit static RAM; 1%C bus DIL-8; SOT-97A 95
PCF8570T 256 x 8-bit static RAM; 1%C bus SO-8L; SOT-176 95
PCF8571P 128 x 8-bit static RAM; 1C bus DIL-8; SOT-97A 97
PCF8571T 128 x 8-bit static RAM; I?C bus SO-8L; SOT-176 97
PCF8573P clock/calendar; 12C bus DIL-16; SOT-38 99
PCF8573T clock/calendar; 1°C bus SO-16L; SOT-162A 929
PCF8574P remote 8-bit 1/0 expander; 12C bus DIL-16;SOT-38 101
PCF8574T remote 8-bit 1/0 expander; 12C bus SO-16L; SOT-162A 101
PCF8576T universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; 1°C bus VSO0-56; SOT-190 103
PCF8576U universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; 1°C bus uncased in tray 103
PCF8577P LCD direct driver (32 segments) or duplex

driver (64 segments); 12C bus DIL-40; SOT-129 105
PCF8577AP LCD direct driver (32 segments) or duplex

driver (64 segments); 12C bus; different

slave address DIL-40;S0OT-129 105
PCF8577T LCD direct driver (32 segments) or duplex

driver (64 segments) 1°C bus VS0-40; SOT-168A 105
PCF8577AT LCD direct driver (32 segments) or duplex

driver (64 segments); 12C bus; different

slave address VS0-40; SOT-158A 105
PNA7509 7-bit, 22 MHz, 3-state output, ADC DIL-24;SOT-101 107
PNA7518 8-bit, 30 MHz, multiplying DAC DIL-16; SOT-38WE-1 115
SAA1057 radio tuning PLL frequency synthesizer (SYMO I1) DIL-18; SOT-102HE 121
SAA1060 LED display/interface circuit DIL-24; SOT-101A 131
SAA1062A LCD display/interface circuit DIL-28; SOT-117 133
SAA1062AT LCD display/interface circuit S0-28; SOT-136A 133
SAA1063 fluorescent display/interface circuit DIL-24; SOT-101A 135
SAA1099 stereo sound generator for sound effects and

music synthesis (4C controlled) DIL-18; SOT-102CS 141
SAA1300 tuner switching circuit SIL-9; SOT-142B 157
SAA3004P infrared remote control transmitter;

fosc = 455 kHz; up to 448 commands DIL-20; SOT-146C1 161

June 1986

11



NUMERICAL

INDEX
type number description package page
SAA3004T infrared remote control transmitter;

fosc = 455 kHz; up to 448 commands S0-20; SOT-163A 161
SAA3006 low voltage infrared remote control transmitter

(RC-5); up to 2048 commands DIL-28; SOT-117 163
SAA3007P low voltage infrared remote control transmitter;

fosc = 455 kHz; up to 1280 commands DIL-20; SOT-146C1 165
SAA3007T low voltage infrared remote control transmitter;

fosc = 455 kHz; up to 1280 commands §0-20; SOT-163A 165
SAA3028 infrared remote control transcoder (RC-5); 12C bus DIL-16; SOT-38Z 167
SAA7000 interpolation and muting circuit for Compact Disc DIL-18; SOT-102CS 169
SAA7010 demodulator for Compact Disc DIL-28; SOT-117 179
SAA7020 error corrector for Compact Disc DIL-40; SOT-129 191
SAA7030 digital filter for Compact Disc DIL-24; SOT-101A 205
SAA7210 second generation decoder for Compact Disc DIL-40; SOT-129 213
SAA7220 second generation digital filter and interpolator

for Compact Disc DIL-24; SOT-101A 235
SAA7250AP audio signal processor; 12C bus; 12S bus;

up/down sampling filters DIL-40; SOT-129 255
SAA7250BP audio signal processor; 12C bus; 12S bus;

reverberation DIL-40;SOT-129 255
SAA7250CP audio signal processor; 12C bus; 12S bus;

dynamic range controller or 10-band equalizer ~ DIL-40; SOT-129 255
SAB1164P sensitive 1 GHz divider-by-64 (Ry = 1 k) DIL-8; SOT-97A 279
SAB1165P sensitive 1 GHz divider-by-64 (Rg = 0,5 k2) DIL-8; SOT-97A 279
SAB1256P sensitive 1 GHz divider-by-256 DIL-8; SOT-97A 281
SAB6456 sensitive 1 GHz divide-by-64/divide-by-256

switchable prescaler DIL-8; SOT-97A 283
SAB6456T sensitive 1 GHz divide-by-64/divide-by-256

switchable prescaler SO-8; SOT-96A 283
SAF1032P receiver/decoder for infrared operation DIL-18; SOT-102 285
SAF1039P remote control transmitter for infrared operation  DIL-16; SOT-38Z2 285
SAK150BT servo-motor control circuit S0O-14; SOT-108A 287
TAA263 low-level amplifier TO-72;S0T-18/17* 295
TAA320 integrated MOST amplifier TO-18; SOT-18/13* 299
TAA320A integrated MOST level sensor TO-18; SOT-18/13* 309
TCA420A FM/IF combination DIL-16; SOT-38 315
TDA1001B interference and noise suppression circuit

for FM receivers DIL-16; SOT-38 333
TDA1001BT interference and noise suppression circuit

for FM receivers S0O-16; SOT-109A 333
TDA1002A recording and playback amplifier DIL-16; SOT-38 343
TDA1005A frequency multiplex PLL stereo decoder DIL-16; SOT-38 353
TDA1005AT frequency multiplex PLL stereo decoder S0-16; SOT-109A 353
TDA1010A 6 W audio power amplifier for in-car applications/

10 W audio power amplifier for mains-fed

applications SIL-9; SOT-110B 373
TDA1011 2 to 6 W audio power amplifier;

Vo = 0,7 V (preamplifier) 391

* The package outline is included in the device data sheet.

SIL-9; SOT-1108
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TDA1012 recording/playback and 2 W audio power amplifier DIL-16; SOT-38WE-2 403
TDA1013A 4 W audio power amplifier with d.c. volume

control SIL-9; SOT-110B 407
TDA1015 1 to 4 W audio power amplifier SIL-9; SOT-110B 411
TDA1015T 0,5 W audio power amplifier S0-8; SOT-96A 421
TDA1016 recording/playback and 2 W audio power amplifier

with thermal protection DIL-16; SOT-38WE-2 427
TDA1020 12 W audio power amplifier for car radios SIL-9; SOT-110B 433
TDA1029 signal-sources switch (4 x two channels) DIL-16; SOT-38 439
TDA1059B motor speed regulator with thermal shut-down

(Vief=1,3V) TO-126;S0OT-32* 453
TDA1059C motor speed regulator (Vygf = 1,1 V) TO-126; SOT-32* 459
TDA1072A AM receiver circuit for hi-fi and car radios DIL-16; SOT-38 465
TDA1074A dual tandem electronic potentiometer circuit DIL-18; SOT-102HE 481
TDA1510 24 W BTL or 2 x 12 W stereo car-radio

power amplifier SBD-13; SOT-141B 491
TDA1512 12 to 20 W hi-fi audio power amplifier SIL-9;SOT-131B 497
TDA1512Q 12 to 20 W hi-fi audio power amplifier SBD-9; SOT-157B 497
TDA1514 40 W hi-fi audio power amplifier (e.g.

Compact Disc) SIL-9; SOT-131A 503
TDA1515A 24 W BTL or 2 x 12 W stereo car-radio

power amplifier SBD-13; SOT-141B 509
TDA1520 20 W hi-fi audio power amplifier; 115t = 54 mA SIL-9; SOT-131A 515
TDA1520Q 20 W hi-fi audio power amplifier; lyo¢ = 54 mA SBD-9; SOT-157A 515
TDA1520A 20 W hi-fi audio power amplifier; lyot = 70 mA SIL-9; SOT-131A 521
TDA1520AQ 20 W hi-fi audio power amplifier; lyqt = 70 mA SBD-9; SOT-157A 521
TDA1521 2 x 12 W hi-fi audio power amplifier SIL-9; SOT-131B 527
TDA1522 stereo cassette head preamplifier and equalizer SIL-9; SOT-142 535
TDA1524A stereo-tone/volume control circuit DIL-18; SOT-102HE 545
TDA1534 14-bit ADC DIL-28; SOT-117BE 557
TDA1540P 14-bit DAC DIL-28; SOT-117BE 565
TDA1541 dual 16-bit DAC DIL-28; SOT-117BE-13 571
TDA1559A motor speed regulator (Vef = 1,26 V) TO-126; SOT-32* 581
TDA1574 integrated FM tuner for radio receivers DIL-18; SOT-102HE 589
TDA1576 FM/IF amplifier and detector DIL-18; SOT-102HE 597
TDA1578A time multiplex PLL stereo decoder with

muting system for hi-fi and car radios DIL-18; SOT-102HE 609
TDA1579 traffic warning decoder circuit (ARI system) DIL-18; SOT-102HE 623
TDA1589 traffic control messages and warning tonecircuit  DIL-18; SOT-102HE 633
TDA1598 time multiplex PLL stereo decoder for

hi-fi and car radios DIL-18; SOT-102HE 641
TDA2611A 5 W audio power amplifier SIL-9; SOT-110B 649
TDA3047P infrared receiver (positive output voltage) DIL-16; SOT-38 659
TDA3047T infrared receiver (positive output voltage) SO-16L; SOT-162A 659
TDA3048P infrared receiver (negative output voltage) DIL-16; SOT-38 661
TDA3048T infrared receiver (negative output voltage) SO-16L; SOT-162A 661

* The package outline is included in the device data sheet.

June 1986
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TDA3810 spatial, stereo and pseudo-stereo sound circuit DIL-18; SOT-102HE 663
TDA5708 photo diode signal processor for Compact Disc

players with single spot read-out system DIL-28; SOT-117 667
TDA5709 radial error signal processor for Compact Disc

players DIL-20; SOT-146 687
TDA7000 FM radio circuit; f; = 70 kHz; Vo = 75 mW DIL-18; SOT-102HE 701
TDA7010T FM radio circuit; f; = 70 kHz; Vg = 75 mW SO-16; SOT-109A 709
TDA7020T FM stereo/mono radio circuit; f; = 76 kHz;

Vo =90 mV SO-16; SOT-109A 717
TDA7021T FM stereo/mono radio circuit; low-voltage

Micro Tuning System (MTS) S0O-16; SOT-109A 725
TDA7050T low voltage mono/stereo audio power amplifier:

stereo 75 mW; BTL 140 mW S0-8; SOT-96A 733
TDA8420 hi-fi audio processor; 12C bus DIL-28; SOT-117 737
TEAO0651 Dolby* B & C type noise reduction circuit;

THD <0,1% DIL-18; SOT-102HE 755
TEA0652 Dolby* B & C type noise reduction circuit;

THD <0,2% DIL-18; SOT-102HE 755
TEAO0653T stereo or 2-channel Dolby* B type noise

reduction circuit S0O-20; SOT-163A 773
TEA0654 preamplifier and electronic switch for Dolby*

B & C type noise reduction circuits DIL-24; SOT-101A 755
TEA0665 Dolby* B & C processor with preamplifier

and electronic switch DIL-28; SOT-117 779
TEA0665T Dolby* B & C processor with preamplifier

and electronic switch S0-28; SOT-136A 779
TEA0666 Dolby* B & C processor with preamplifier

and electronic switch; changed frequency

response in relation to TEA0665 DIL-28; SOT-117 789
TEA0666T Dolby* B & C processor with preamplifier

and electronic switch; changed frequency

response in relation to TEAQ0665 S0-28; SOT-136A 789
TEA0670T low voltage Dolby* B & C processor with

preamplifier and electronic switch S0-28; SOT-136A 799
TEA5550 AM car radio receiver circuit DIL-16; SOT-38 803
TEA5560 FM/IF system SIL-9; SOT-142 815
TEA5570 RF/IF circuit for AM/FM radio DIL-16; SOT-38 827
TEAL580 PLL stereo decoder DIL-16; SOT-38 841
TEAG6000 FM/IF system and microcomputer-based

tuning interface; 12C bus DIL-18; SOT-102HE 851
TEA6300 car radio preamplifier and source selector

with sound and fader controls; 12C bus DIL-28; SOT-117BE 863

* Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco,

California (U.S.A.).
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MAINTENANCE TYPE LIST

The types listed below are not included in this handbook. Detailed information will be supplied on
request.

SAA1056P PLL frequency synthesizer successor type: SAA1057
SAA3027 infrared remote control transmitter (RC-5) successor type: SAA3006
TCA730A d.c. volume and balance stereo control circuit
TCA740A d.c. treble and bass stereo control circuit
TDA1011A 2 to 6 W audio power amplifier successor type: TDA1011
TDA1506 motor regulator and function controller

for car cassette systems
TDA1508 auto-reverse car radio cassette deck steering circuit
TDA1533 PLL. motor speed control circuit for

hi-fi applications
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TYPE
DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR INTEGRATED CIRCUITS

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

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

FIRST AND SECOND LETTER
1. DIGITAL FAMILY CIRCUITS

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

The FIRST LETTER divides the solitary circuits into:

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

The SECOND LETTER is a serial letter without any further significance except "H’ which stands
for hybrid circuits.

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

MA | Central processing unit

MB : Slice processor (see note 2)

MD : Correlated memories

ME : Other correlated circuits (interface, clock, peripheral controller, etc.)

4. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS
The FIRST TWO LETTERS identify the following:

NH : Hybrid circuits

NL : Logic circuits

NM : Memories

NS : Analogue signal processing, using switched capacitors
NT : Analogue signal processing, using CTDs

NX : Imaging devices

NY : Other correlated circuits

Notes

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

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

DESIGNATION

THIRD LETTER

It indicates the operating ambient temperature range.
The letters A to G give information about the temperature:

temperature range not specified
: 0to+700C

: —b5to+ 125 0C

: —25to+700C

—25 to + 85 °C

: —40to+85°C

—55 to + 85 0C

OMMOoOO ™>

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

Example: the range O to + 75 ©C can be indicated by ‘B’ or "A’.

SERIAL NUMBER

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

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

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

. for cylindrical

: for ceramic DIL

: for flat pack

: for chip on tape

: for plastic DIL

: forQIL

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

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

FIRST LETTER: General shape SECOND LETTER: Material

C : Cylindrical C : Metal-ceramic
D : Dual-in-line (DIL) G : Glass-ceramic (cerdip)
E : Power DIL (with external heatsink) M : Metal

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

G : Flat (leads on 4 sides)

K : Diamond (TO-3 family)

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

Q

R

S

T

A

cCHPOpUOUr mnoo

. Quadruple-in-line (QIL)

: Power QIL (with external heatsink)
: Single-in-line

: Triple-in-line

hyphen precedes the suffix to avoid confusion with a version letter.

20
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RATING
SYSTEMS

RATING SYSTEMS

The rating systems described are those recommended by the International Electrotechnical Commission
(1EC) in its Publication 134.

DEFINITIONS OF TERMS USED
Electronic device. An electronic tube or valve, transistor or other semiconductor device.

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

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

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

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

Note
Limiting conditions may be either maxima or minima.

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

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

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be exceed-
ed under the worst probable coiditions.

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

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

May 1983
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RATING
SYSTEMS

DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

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

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

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normal conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.
The equipment manufacturer should design-so that, initially, no design centre value for the intended

service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage. : o )
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HANDLING
MOS DEVICES

HANDLING MOS DEVICES

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

Caution

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

Storage and transport

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

Testing or handling

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from
one carrier to another. Electrically connect the person doing the testing or handling to the conductive
surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand-
ling equipment to the same surface.

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

Mounting

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

into contact with it.

Soldering

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

Static charges

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

Transient voltages

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

Voltage surges

Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines.
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HEF4750V

LSI

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

FREQUENCY SYNTHESIZER

The HEFA4750V frequency synthesizer is one of a pair of LOCMOS devices, primarily intended for use
in high-performance frequency synthesizers, e.g. in all communication, instrumentation, television and
broadcast applications. A combination of analogue and digital techniques results in an integrated
circuit that enables high performance. The complementary device is the universal divider type
HEF4751V.

Together with a standard prescaler, the two LOCMOS integrated circuits offer low-cost single loop
synthesizers with full professional performance. Salient features offered (in combination with
HEF4751V) are:

® Wide choice of reference frequency using a single crystal.
High-performance phase comparator — low phase noise — low spurii.
System operation to > 1 GHz.
Typical 15 MHz input at 10 V.
Flexible programming:
frequency offsets
ROM compatible
fractional channel capability.
Programme range 6% decades, including up to 3 decades of prescaler control.
Division range extension by cascading.
Built-in phase modulator.
Fast lock feature.
Out-of-lock indication.
Low power dissipation and high noise immunity.

APPLICATION INFORMATION
Some exarnples of applications for the HEF4750V in combination with the HEF4751V are:

® VHF/UHF mobile radios.

® HF s.s.b. transceivers.

@ Airborne and marine communications and navaids.
® Broadcast transmitters.

& High quality radio and television receivers.

® High performance citizens band equipment.

® Signal generators.

SUPPLY VOLTAGE

recommended
operating

rating

~0,5t0+ 15 ' 95t 105V

\ (October 1980
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HEF4750V

LSI
PINNING
l—: U R phase comparator input, reference
v @ Vbp \Y phase comparator input
STB strobe input
STB l 2 E MOD TCA timing capacitor Cp pin
TCB timing capacitor Cg pin
TCB I 3 E ouT TCC timing capacitor C¢ pin
TRA biasing pin (resistor Rp)
PC analogue phase comparator output
L 1
0 Iz _Z_TI R PCy digital phase comparator output
MOD phase modulation input
TCA E EI NS oL out-of-lock indication
0Sc reference oscillator/buffer input
TRA I 6 E NSg XTAL reference oscillator/buffer output
Apg to Ag  programming inputs/programmable
Tee 7 22] osc divider
HEF4750V NSqg, NS1  programming inputs, prescaler
PC, | 8 z] XTAL ouT reference divider output
PCa 9] [20] Ao
Ao [10 [19] As
Ay [ Iz_;:l Ay
Az [12] [17] A6
Az [13] 16] A5
7284472

Fig. 1 Pinning diagram.

HEF4750VD: 28-lead DIL; ceramic (cerdip) (SOT-135A).

28
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HEF4751V
LS

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

UNIVERSAL DIVIDER

The HEF4751V is a universal divider (U.D.) intended for use in high performance phase lock loop
frequency synthesizer systems. It consists of a chain of counters operating in a programmable feedback
mode. Programmable feedback signals are generated for up to three external (fast) +10/11 prescaler.

The system comprising one HEF4751V U.D. together with prescalers is a fully programmable divider
with a maximum configuration of: 5 decimal stages, a programmable mode M stage (1 <M < 16, non-
decimal fraction channel selection), and a mode H stage (H = 1 or 2, stage for half channel offset).
Programming is performed in BCD code in a bit-parallel, digit-serial format.

To accommodate fixed or variable frequency offset, two numbers are applied in parallel, one being
subtracted from the other to produce the internal programme.

The decade selection address is generated by an internal programme counter which may run continuous-
ly or on demand. Two or more universal dividers can be cascaded, each extra U.D. (in slave mode) adds

two decades to the system. The combination retains the full programmability and features of a single U.D.

The U.D. provides a fast output signal FF at output OFF, which can have a phase jitter of + 1 system
input period, to allow fast frequency locking. The slow output signal FS at output OFS, which is
jitter-free, is used for fine phase control at a lower speed.

7| [7] [ [7] [ [73 [ [ el ] [re] [7]

6] [
By Sl

\ OFF RI OFS_— OFB, ___ IN B B
oD OFB; 2 0FB 1OSY 3 B2 B
D) HEF4751V
A3 A, A; Ag ODg ODg OD4 OD3 0D, ODy 0Dy PE PC Vgg
KB 3|__IL_JLJL_IL_II_IUL_IL_ILJLJ
7284464
Fig. 1 Pinning diagram.
SUPPLY VOLTAGE HEF4751VP : 28-lead DIL; plastic (SOT-117).
HEF4751VD: 28-lead DIL; ceramic (cerdip) (SOT-135A).
: HEF4751VT : 28-lead mini-pack; plastic
. recommended
t . ~
rating . operating (SO-28; SOT-136A).
—0,5to +18 l 45t0 12,5V
FAMILY DATA

Ipp LIMITS category LSI

] see Family Specifications

w FVIay 1983
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HEF4751V

LSl
4 13 |2 | 15 111109 [8 |7 |6 |5 13 12
Ag|Aq|Ag|As . S| 0Dg I ) S O PC PE
5 IR IR | v v
16)% PROGRAMME DECODER
17 ?1 SUBTRACTOR 1 PROGRAMME
18]B2 C o COUNTER
CRE Yk
19473 CARRY FF 7
121 YooY ov oY ov oad
______ L - dg dq dy day ds dg d |_loa
P r 0 9 d2 d3 dg d5 dg —— PR
T 96 ! dg de
]
=— =
< IBS'BZ = v ¥ v v —lBO
| LATCH LATCH LATCH
LATCH | n
: ms M H
_____________________________ 4
20]IN !
> COb -——Fvl c1 c2 C3 Cc4 OFS
G5y | PRESCALER | | . > ” o125
21192Y 141,2,5,10/11 Jed] #npne/nmett +10 ™ *H
1
: 1 dg OFF| 57
° a ___i____Q_ v v Vl LAtCt
? RS L— RS4 |
switches 1 Ng
1
Lo
Yy v 4 ¢ 4
— I
OFB LATCH
241773 “ RS3 |
1 N3
1
d
S
v v v ¢ L
. T
OFB
23 2 1 LATCH
RS2 1 o,
L
L
AR R 14 yVvVvY v
OFB RI
22{~" ™ 4 RS1  |e RSO | RSH |28
T B I S — 7] S——
LATCH e »| LATCH L] LATCH
n n
nq 4-—d1 da—v 0 dg—] h
Voo Vss
28 |1a 7284471

F

g

. 2 Block diagram.
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MAB84XX
MAF84XX
MAF84AXX
FAMILY

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The MAB84XX family of microcontrollers is fabricated in NMOS. The family consists of the following
devices:

® MAB8401 —128 RAM bytes, external program memory plus 8-bit LED-driver (10 mA), emulation of

MAB/F8422/42* possible
MAB/F8411 — 1K ROM/ 64 RAM bytes plus 8-bit LED-driver

MAB/F8421 — 2K ROM/ 64 RAM bytes plus 8-bit LED-driver
MAB/F8441 — 4K ROM/128 RAM bytes plus 8-bit LED-driver
MAB/F8461 — 6K ROM/128 RAM bytes plus 8-bit LED-driver

Each version has 20 quasi-bidirectional /O port lines, one serial /0O line, one single-level vectored
interrupt, an 8-bit timer event counter and on-board clock oscillator and clock circuits. Two 20-pin
versions, MAB/F8422 and MAB/F8442* are also available.

This microcontroller family is designed to be an efficient controller as well as an arithmetic processor.
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling
abilities and facilities for both binary and BCD arithmetic.

For detailed information see the ‘’Users manual Single-chip microcomputers’’ (supplied upon request).

* See data sheet on MAB/F8422/42.

Features

® 8-bit: CPU, ROM, RAM and I/0 in a single 28-lead DIL package

® 1K, 2K, 4K or 6K ROM bytes plus a ROM:-less version

® 64 or 128 RAM bytes

® 20 quasi-bidirectional 1/0 port lines

® Two testable inputs: one of which can be used to detect zero cross-over, the other is also the

external interrupt input

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

Serial 1/0 that can be used in single or multi-master systems (serial I/O data via an existing port line

and clock via a dedicated line)

8-bit programmable timer/event counter

Internal oscillator, generated with inductor, crystal, ceramic resonator or external source

Over 80 instructions (based on MAB8048) all of 1 or 2 cycles

Single 5 V power supply (+ 10%)

Operating temperature ranges: 0Oto+ 700C MAB84XX family
—40to+ 850C MAF84XX family (extended temperature)
—40to + 110 °C MAF84AXX family (automotive temperature)

PACKAGE OUTLINES

MABB8401B: 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top).
MABB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT-188A).
MAB/F8411/21/41/61P: 28-lead DIL; plastic (SOT-117D).
MAF84A11/A21/A41/A61P: 28-lead DIL; plastic (SOT-117D).
MAB8411/21/41/61T: 28-lead mini-pack; plastic (SO-28; SOT-136A).

w (April 1986
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MAB84XX
MAF84XX
MAF84AXX
FAMILY

SERIAL DATA/P23

P n e,
(pin 2) :_ | P17-P10 EMU20 Pp7-Pgo
SCLK P22-P20 RESIDENT ROM m
(pin3) I |
(pins 1,27, 26) | |
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CLOCK DATA PORT 2 | 8461: exBYTES | ! PORT 1 PORT 0
BUFFER | | BUFFER BUFFER
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PORT 2 | | PORT 1 A PORT 0
LATCH [ N—— LATCH LATCH -
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FLIPFLOPS —»—I
SERIAL m TIMER/ HIGHER LOWER
PROGRAM
INPUT/ EVENT - PROGRAM PROGRAM STATUS
OUTPUT COUNTER COUNTER COUNTER WORD
INTERFACE INTERNAL |—’ (8) (5) (8)
CLOCK '
S10 FREQ. TEST 1 timer
inter. inter. is/ f] 8
[ /} 8 ]
Ve A
INTER- MULTIPLE
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT ADRD/TRMESS XA
(8) (8) (8) LOGIC REGISTER REGISTER 0
T REGISTER 1
I L - REGISTER 2
*| mux ARITHMETIC INSTRUCTION REGISTER 3
(——" LOGICUNIT | | | | REGISTER REGISTER 4
&
1w DECODER REGISTER S
D REGISTER 6
E
c
o
D
E

interrupt CONDITIONAL |e—
BRANCH FLAG

LOGIC «— CARRY

. EXSI -
:> REGISTER 7
k 8 LEVEL STACK
ﬁ'> (VARIABLE LENGTH)
‘ Ve 8 «— TESTO
; —= OPTIONAL SECOND
! POWER +— TEST 1 REGISTER BANK
i SUPPLY Vss . external TIMER

DATA STORE
«— ACC
__ CONTROL & TIMING <:> ACCBIT
iNT/TO RESET XTAL1 XTAL2 TEST
RESIDENT RAM ARRAY

+ r 8400/01: 128 BYTES

INTERRUPT INITIALIZE osc)l(v{_;tma 8411 : 64 BYTES

8421 : 64 BYTES

N — 8441  : 128 BYTES

(1) EXSI and EMU20 for 8401 WP only 12837394 8461 . 128 BYTES

Fig. 4(a) Block diagram of the MAB84XX family.
____________ e o e o e e e
~ AO-A12 1 | AO-A12 B
| D0-D7 | D0-D7 |
|
I | : | |
| | _ |
EN <+ PSEN <

| - ' L
| C1 +— 8 | 8
[E— L}
| AALT —| | | v |
| INTA <+ | | |
!_ - e _! [ 8 J
7286142

Fig. 4(b) Replacement for dotted part in Fig. 4(a)  Fig. 4(c) Replacement of dotted part in Fig. 4(a)
for the MAB8401WP bond-out version. for the MAB8401B ‘Piggy-back’ version.
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DEVELOPMENT DATA MAB8422/42
eoeiiionsar utict 1o cnnge it e MAF8422/42
e ot octons | MAF84A22/A42

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

The MAB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory
capacity and 1/0 lines. This dedication means a microcontroller can be economically installed in
high-volume products where its main function is control.

The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the
28 pin MAB8421/8441 microcontrollers. The versions are:

® MAB8422 - 2K ROM/64 RAM bytes plus 8-bit LED-driver
® MIAB8442 - 4K ROM/128 RAM bytes plus 8-bit LED-driver

Each version has 15 1/0 port lines comprising one 8-bit parallel port (P0), one 2-bit parallel port (P10
and P11 that are shared with the serial 1/0 lines SDA and SCL), one 3-bit parallel port (P20-P22) and
two input lines (INT/TO and T1).

The serial 1/0 interface is 12C compatible and therefore the MAB8422/8442 can operate as a slave or a
master in single and multi-master systems. Conversion from parallel to serial data when transmitting,
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the
serial 1/0 implemented. This hardware is controlled by the status of the SDA and SCL lines and can be
read or written under software control. Standard software for 12C-bus control is available on request.

Features

8-bit: CPU, ROM, RAM and 1/0

20 pin package

MAB8422: 2K ROM/64 RAM bytes

MAB8442: 4K ROM/128 RAM bytes

13 quasi-bidirectional 1/O port lines

Two testable inputs INT/TO and T1

High current output on PO (Ig. =10 mAat Vo =1V)___

One interrupt line combined with the testable input line INT/TO

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

12C-compatible serial |/0 that can be used in single or multi-master systems (serial 1/0 data and clock
via P10 and P11 port lines, respectively)

8-bit programmable timer/event counter

Internal oscillator, generated with inductor, crystal, ceramic resonator or external source

Over 80 instructions (based on MAB8048)

All instructions 1 or 2 cycles, cycle time dependent on oscillator frequency

Single 5 V power supply

0 to 7G ©C operating temperature range, also versions for —40 to 85 ©C (extended temperature range)
and —40 to 110 OC (automotive temperature range)

PACKAGE OUTLINES

MAB/F8422/42P: 20-lead DIL; plastic (SOT-146).
MAF84A22/A42P: 20-lead DIL; plastic (SOT-146).
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MEA8000

VOICE SYNTHESIZER

GENERAL DESCRIPTION

The MEABOOQO is a 24-pin N-MOS integrated circuit for generating good quality speech from digital
code with a programmable bit rate. The circuit is primarily intended for applications in microprocessor
controlled systems, where the speech code is stored separately.

Features

Interfaces easily with most popular microprocessors and microcomputer

8-bit wide data bus
32-bit wide data buffer holding speech frame codes

Digital filter of 8th order with 3 programmable formant frequencies, one fixed formant frequency,

and 4 programmable formant bandwidths

Programmable amplitudes

Programmable duration of each frame; 8, 16, 32 or 64 ms
Synthesis occupies less than 1% of control processor time
Capable of sophisticated unvoiced sound generation
Crystal controlled oscillator or external (TTL) clock
Minimal external audio filter requirement

Single + 5 V power supply

QUICK REFERENCE DATA

parameter condition symbol min. typ. max. unit
Supply voltage pin 13 VpD 45 5,0 55 \%
Supply current no audio load IpD - 30 50 mA
Inputs
Input voltage HIGH VIH 2,0 - VpD \
Input voltage LOW ViL -0,5 — 0,8 \%
Input capacitance C - — 7 pF
Outputs
Output voltage —lpoH = 100 A VOH 24 - - \
Output voltage loL=16mA VoL - - 04 \
Capacitance CL — — 30 pF
Operating ambient

temperature range Tamb 0 - +70 oc

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A).

October 1984
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A4

SYNTHESIZER|
(INCLUDING

WAVEFORM

GENERATORS

SN2

PARAMETER
DECODING

AND
INTERPOLATION

AND DIGITAL
FILTERS)

!

L

{ D/A

CONVERTER

(o7 [3]

ouT REF

VSSE U
aa [7]

D6 [4]
D5 [5 |
pa [
D3 [7]
02 [8]
o1 [9]

MEA8000

W o 5 __[commanp |
R/W O+ REG
CE o>
TEST O+
MICRO~ I ]
A0 0+ pROCESSOR ISTATUS BITI
D7 0<sl |\ FEREACE | g |
PITCH
DO to D6 :Z | START ReG |
REQEN o+ SPEECH 8
FRAME ;—5
REQ O+ DATA REG
0SC OUT 0=
0SC IN 0+ OSCILLATOR TIMING
CLK IN 0>
Vss o
Vbp o
n.c. o
CLKOUT
7280537
Fig. 1 Block diagram.
PINNING
1  Vgs ground
2 REQ data request
3 D7
ground
4 D6
5 D5 data request
6 D4
7 D3 data bus
8 D2
‘9 D1
10 DO
1 A0 data/control input
12 CE chip enable data bus 4
13 Vpp supply voltage
14 REQEN request enable input
15 N.C. not connected
16 OSCIN |

17 0OSCOUT | internal oscillator

18 CLKIN clock input

19 REF reference current

20 OuT speech output

21 CLKOUT internal clock output
22 R/MW read/write

23 W write

24 TEST test use only

data/control

chip enable

oo [10]
Ao [11]

E TEST  test use only

E W write

zl R/W  read/write

E CLK OUT internal clock output
2-_9] OUT  speech output

E REF reference current

E CLKIN clock input

[17] oscout
internal oscillator
[16] osc 1N

E n.c.

E REQEN  request enable

CE [1—_3—_ 1—3J Vpp  supply voltage
7280538
Fig. 2 Pinning diagram.
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Voice synthesizer

MEA8000

FUNCTIONAL DESCRIPTION (pin number)

Control
D0 to D7

REQEN

Timing
OSC IN
0SsC OUT
CLKIN
CLKOUT

Output
REF

ouT

Supply
VDD

Vss
TEST

NC

HANDLING

(10 to 3)
(3)

(12)
(23)

(1

(2

{(14)

(16) [
an |
(18)
(21)

(19)

(20)

(15)

Data bus to which command or speech can be written.

Data port via which the status can be read.

Chip enable (chip select).

Write.

Read/Write . _

The control signals W and R/W allow connections to most microcomputers
or microprocessors (see timing diagrams).

Data/control input: discriminates between speech code input buffer
(AQ = ‘0’) and command register (A0 = “1’) during a ‘write’ operation.

Data request (open drain output); output signal which follows inverse of the
status REQ bit, but only if enabled by either the ROE bit in the command

Regquest enable input: REQEN = ‘0’ enables the status REQ output,
independent of the status of the command register.

Connections for internal clock oscillator; nominal crystal frequency 4 MHz.

Clock input for external clock, TTL compatible, 4 MHz.

A buffered output for the internal clock cycle (which is equal to CLK
divided by 3). May be used as a clock, for a microprocessor, for example.

Input pin for biasing the audio output level. This reference current can be
derived from a resistor to the positive supply.

Speech output; this output is a 64 kHz pulse, modulated in both width and
amplitude. it is configured as a current sink with a saturating voltage of
about 3 V.

Single supply voltage, nominally 5 V, but battery operation is possible.
Ground.

Used for testing purposes. Changes other pin functions. Must be tied to
ground for user operation.

It is recommended to ground this pin.

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’).

October 1984
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MEAS8000

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter conditions symbol min. | max. unit
Supply voltage range VbD -05 |+7 \%
Voltage with respect to Vgg on any pin \7 -0,6 [+7 \%
Output voltage pins2and 20 | VR, VouT 15 \
Storage temperature range Tstg ~_ |=20 |+1256 |oC
Operating ambient temperature range Tamb 0 +70 oc
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Voice synthesizer

CHARACTERISTICS
Tamb =25 °C; Vpp =5V, unless otherwise specified; all voltages referenced to Vgg

parameter conditions symbol min. typ. max. unit
Symbol
Supply voltage note 1 VDD 45 5,0 55 \%
Supply current no audio load DD — 30 50 mA
Inputs
DO to D7, A0, CE, W,
R/W, REQEN, CLK IN
Input voltage HIGH ViH 2,0 — Vpbp \)
Input voltage LOW ViL -0,5 — 0,8 \
Input leakage current note 2 IR — — 10 uA
Input capacitance C — — 7 pF
Outputs
D7 (1/0), CLK OUT
Output voltage HIGH —loH = 100 A VOH 2,4 - — \Y)
Output voltage LOW loL=16mA VoL - - 0,4 \
Output load capacitance CL - — 50 pF
REQ
Output voltage HIGH open drain VOH — — 13,2 \Y%
Output voltage LOW loL=16mA VoL — — 04 V
Output load capacitance CL - — 50 pF
Audio output
Reference current pin 19; note 8 IREF - — 0,3 mA
Output current pin 20;

peak value

IREF =0 mA louT - 100 - A

IREp =0,1 mA louT — 1,7 — mA

IRep = 0,3 mA louT - 5 - mA
Output voltage pin 20; for

linear operation;

note 3;

IREp =0,1T mA VouT 2,5 - 13,2 \%
Oscillator
Crystal frequency internal fxTAL - 4,00 MHz
Clock frequency external fcLk - 4,00 MHz
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MEA8000

TIMING CHARACTERISTICS (note 4) (Figs 6 and 7)

parameter condition symbol min. typ. max. unit
Write enable tWwR 200 - - ns
Address set-up tAS 30 - - ns
Address hold tAH 30 - = ns
Data set-up for write DS 150 — - ns
Data hold for write tpH 30 - - ns
Request hold note 5 tRH - - 350 ns
Request next note 6 RN - - 3 us
clock frequency
= 3,84 MHz
Read enable tRD 200 — — ns
Data delay for read note 7 tpDD — - 150 ns
Data floating for read note 7 tDE - - 150 ns
Request valid before write tRV 0 - - ns
Request output enable
response _ tROE - — 750 ns
Control set-up tcs 20 - - ns
Control hold tcH 20 - - ns
Notes

1. The circuit will continue to operate from a supply of up to 6,5 V, but without necessarily meeting
the specification.

. This is also valid for Vpp =0 V.
. This permits the connection of the output load to a supply higher than that supplying the synthesizer.
. Timing reference level is 1,5 V.

Gl B~ W N

. An external pull-up resistor is required, as this is an open drain output.
The time (tgp) to reach 2,0 V is specified at a load to 5 V of 3,3 k€2 and 50 pF.

. Between two data write operations of one speech frame.

. Levels greater than 2,0 V for a ‘1’ or less than 0,8 V for a ‘0’ are reached with a load of one TTL
input and 50 pF.

8. Typical voltage level at the REF pinis 2,5 V.

~N o

40

August 1985



Voice synthesizer MEA8000

OPERATION PRINCIPLE

The MEAB00O has been designed for a vocal tract modelling technique of voice synthesis. This method
gives the lowest possible bit rate for speech quality which is acceptable for most industrial applications.

Figure 3 shows a simplified electronic model of the human vocal tract as a formant synthesizer. A
combination of a periodic signal, representing the pitch of the original speech, and an aperiodic signal,
representing the unvoiced sound in the speech. Both these signals are fed to a variable filter comprising
four resonantors (via an amplifier which controls the amplitude of the synthesized sound). The
resonators model the sound in accordance with the formats in the original speech. Each resonator

is controlled by two parameters, one for the resonant frequency and one for the bandwidth.

The information required to control the synthesizer is:

— pitch |
— amplitude excitation source (vocal cords)
— voice/unvoiced source selector J
— filter control spectrum shaping (vocal tract)

A good replica of the original speech is obtained by periodic updating of this control information.

PITCH Pl AMPL EM1 EM2 M3
BW1 BW2 BW3 BW4
- T -
|
N Hoaw o |
voiced I
u u — H DpAC |—=out
S L GAIN j spectral shaping
NOISE resonators
unvoiced

7280539

Fig. 3 Electronic model of human vocal tract.

OPERATION

Speech is generated by suitable filtering of a relatively low frequency sawtooth waveform for voiced
sounds, or of random noise for unvoiced sounds. New parameters for both the digital waveform
generator and the digital filter are supplied to the synthesizer in coded groups of 4 bytes via the data
bus. The code group also contains the duration of the next speech frame to be produced (8, 16, 32
or 64 ms).

The output sample rate is 64 kHz or 8 times the internal sample rate with linear interpolation in
between. This greatly reduces the need for an external analogue output filter.

Modes of operation

1. STOP mode: characterised by a silent output and the status REQ bit set to *1'. This mode is entered
from power up or by STOP command. The mode is entered automatically if at the end of an active
speech frame the next four parameter bytes are not yet received while the CONT bit in the command
register is a ‘0". In the latter case the final speech frame will be repeated once but with a decaying
amplitude and the same pitch.

2. ACTIVE mode: a speech sample is being produced.

3. CONTINUOUS mode: entered if an active speech frame is finished and new data is not supplied in time
while the CONT bit in the command registerisa ‘1’. The synthesizer will repeat the last speech frame
indefinitely until all four new data bytes are received, or a STOP command, or a reset of the CONT bit.
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Speech code input buffer

Speech code is written to the synthesizer when CE and W are both ‘0", while R/W="1"and A0 = 0".
Also the status REQ bit must read a ‘1’, otherwise the synthesizer is still busy and will not react to a
data write operation.

Starting from the STOP mode, the first data will be interpreted as a starting value for the PITCH.
Thereafter every four successive data bytes are treated as a group of speech code. The coded speech
frame format is shown in Fig. 4.

D7 DO
11T
PITCH

| W T T S N |

T 1 T 7 [ T [ T T 1 T T T [ T T T [ T [ T T [ T T T
BW1 | BW2 | BW3 | BW4 FM3 | FM2 FMm1 | AMPL | FD | Pl
| N N TSN N S AN SN (NN ST [T SR N S TN NS N IRTE N TR W
byte 1 byte 2 byte 3 I byte 4

7280540

Fig. 4 Format of coded speech frame.

code bits parameter

PITCH 8 initial value for pitch

FD 2 speech frame duration

Pi 5 pitch increment (rate of change) or noise selection
AMPL 4 amplitude

FM1 5 frequency of 1st formant

FM2 5 frequency of 2nd formant

FM3 3 frequency of 3rd formant

FM4 0 frequency of 4th formant (fixed)
BW1 2 bandwidth of 1st formant

BW2 2 bandwidth of 2nd formant

BW3 2 bandwidth of 3rd formant

BW4 2 bandwidth of 4th formant

During each data write operation, the status REQ bit will be cleared to ‘0’.

It appears within a few microseconds, requesting the next byte of the group.

The request for the first byte of the next group always appears shortly after the beginning of the
current speech frame, and all four bytes must be provided before it finishes. This leaves the control
circuit (i.e. microprocessor) enough time to use polling, instead of interrupts, as the minimum time of
a speech is 8 ms.

When in the STOP mode the synthesizer will commence producing sound after receipt of 1 + 4 bytes.

Status bit

The status bit is accessed at CE=RMW="0.
The status of W and AO are arbitrary.
Pin D7 reveals the request for a (next) speech code byte: ‘O’ = busy, ‘1’ = request for data.
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Voice synthesizer MEA8000

Command register
A command is written to the synthesizer at CE = W = ‘0’ while A0 = R/W = ‘1",

D7 J D6 [ D5 D4 D3 D2 D1 DO
STOP CONT CONT ROE ROE
enable enable
00=INVALID 00 = INVALID
‘0’ = INVALID 01 =INVALID 01=INVALID
NOT USED 10 =SLOW STOP 10 =DISABLE
REQOUTPUT
‘1" =STOP 11=CONTINUE 11 =ENABLE
REQOUTPUT
STOP Stop mode. This results in an immediate reset of the synthesizer to the STOP mode. The
ROE and CONT are not affected by this command.
CONT Continuous mode. This bit can be set or cleared only if the corresponding CONT enable

bit is programmed as a ‘1’. In the continuous mode the synthesizer will not revert to the
STOP mode if all four parameters are not received before the end of the current speech
frame, but repeat it indefinitely.

If CONT =1’ the last frame will be repeated once with decaying amplitude and the same
pitch before the stop mode is entered.

ROE Request Output Enable. This can be set or cleared only if the corresponding ROE enable
bitisa ‘1". ROE determines whether the request in the status bit appears on the REQ pin.

Note: the same can be achieved by connecting the REQEN pin (request enable) to a ‘0’.
After power on, the command register bits CONT and ROE will both be zero. Thus power on equals

the command 00011010 = 1 A (hexadecimal).
Control signals

With the three control signals CE, W and R/W the synthesizer is made compatible with most micro-
processors and microcomputers.

CR w R/W A0 Operation

0 0 1 0 WRITE DATA

0 0 1 1 WRITE COMMAND
0 X 0 X READ STATUS

° \ ! X 1 3-STATE DATA BUS
1 X X X J

Power supply

During (slow) power up or power down the circuit will not produce any spurious sound. As soon as

the supply is high enough for reliable operation, the circuit will be in the STOP mode with
ROE = CONT ='0".

October 1984
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MEA8000

Timing diagrams

The control signals CE, R/W and W have been specified to enable easy interface to most micro-
processors and microcomputers, For instance, with connection to an MAB8048 microcomputer the

R/W and W inputs can be used as the RD and WR strobe inputs.

CE="0" or W=or

WINWRITE T CE WRITE READ

7280541
Fig. 5 Typical waveforms of the control signals.
e TRy
CE s -~ S ——
CE used \ ........ S—
as ¢ strobe - oG —o le— toH~
w='0’ I
R/W
R/W N Y.
R/W used as N
read strobe e L o] - toy
CE="0" .
W
el Ipp fe—  — tpE e
D'] r—— — e
T 7280542

Fig. 6 Read timing.
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Voice synthesizer

MEA8000

CE used
as strobe
w="0"

W used
as write
strobe
CE="0"

data
write

command
write
to ROE

fo— tWR vl

CE—- ———~—————-—\ (— -
tcS — l—1tCH
R/W
1CcS —e le—LCH
R/W
W N
N/
tAS —= tAH
command =1
A0 data =0’
—{ IDH
- tps fe—
DO----D7
tRV—=te—1tRH
REQ j
le— tRN
—* tROE
REQ

Fig. 7 Write timing.

7280543
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& > DATA DO--D7
SINGLE CHIP
MICROCOMPUTER = MEAB000
REQ
CE

(a)

(a) Minimum system of single chip microcomputer with voice ROM on board.

ROM
: ) DATA DO--D7
A0
MICROPROCESSOR REQ MEAB8000
CE, R/\W, W
(b)

(b) MEABO0OO as a microprocessor peripheral.

ontrol
2ddress VOICE VOICE

— ROM ROM

¢ ™ DATA DO--D7
CONTROL A0
PROCESSOR REG EAB000

CE, R/W, W
(c)
7280544

(c) Applications using separate voice ROMs.

Fig. 8 Typical applications.
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Voice synthesizer MEA8000

+5V
80
100 BC338
0
1 +
1
470 uF
22k 0.14F
|
470 0
out >
MEA8000 BC328
Vbp ,l,
+
220 220 L 100 4L 47 2,2 2.1
TpF TpF 'I'nF IuF ‘I'nF nFT
7280536

Fig. 9 Typical output applications.

MEAB8000 MEAB8000 MEAB8000
osc OSC CLK 0osC 0sC CLK 0SC 0SC CLK
IN ouT IN IN  OUT IN IN ouT IN

Fig. 10 Oscillator/clock configurations.

clock
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OM200/52

INTEGRATED AMPLIFIER
for use in ear hearing aids

Monolithic integrated circuit amplifier in a plastic envelope, primarily intended for use
in ear hearing aids.

QUICK REFERENCE DATA

For meaning of symbols see test circuit

Supply voltage Vi-3 max. 5V
Supply current ) max. 5 mA
Total power dissipation up to Tyyp = 23 °c Prot  max. 25 mw

The following data are measured in test circuit

Total supply current Lot typ. 1 mA
. > 77 dB
Transducer gain Gir typ. 85 dB
Output power at deo = 10% P, > 0,2 mw
Cut -off frequency (-3 dB) fC > 20 kHz
PACKAGE OUTLINE (Dimensions in mm) CIRCUIT DIAGRAM
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The sealing of the plastic envelope withstands the accelerated damp heat test of IEC re-
commendation 68~2 (test D,severity IV, 6 cycles).
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OM200/52

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

Voltages

Supply voltage V1.3 max. 5V
Qutput voltage i V9.3 max. 5 V l)
Input voltage ~V4-3 max. 5 V
Currents

Output current Iy max. 5 mA
Input current Iy max. 5 mA

Power dissipation

Power derating curve

75 7267339.2
Ptot
(mW)
50
25
- \\
AN
N
0
=25 0 25 50 75
T oC
Temperatures amb (°C)
Storage temperature . Tstg -20to +80 °C
Ambient temperature (see derating curve above) Tamb —20to+80 ©°C

1) This value may be exceeded during inductive switch-off for transient energies < 10pWs.
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” OM200/52

CHARACTERISTICS at V1-3=1,3V; 12 = 0, 7mA and Tamb =25 9C unless otherwise specified

Supply currents (no signal) Lot < 1,1 mA
I typ. 0,30 mA

. _ > 77 dB 4

Transducer gain at f =1 kHz Gy typ. 85  dB )

Total distortion at f = 1 kHz

- typ. 4 %
P, =100 pW dtot z 6 7
Py = 200 pW diot < 10 %
Noise figure at Rg = 5 k&
- typ. 2,5 dB
B =400 to 3200 Hz F - 6 dB 2)
Cut -off frequency (-3 dB) f. > 20  kHz
. 170 to 1000 k&2
Value of R to adjust I2 at 0,7 mA Rg typ. 400 KO
Test circuit
I Ttot
O
1 05kQ
|Z|=1,5k.0. Note
Rs 4 2
0M200/S2 F-— I, = 0,7 mA; adjusted by means of Ry
5kn - . - [
~ I, I Vi3=13ViT, =25 °C
Cr 3
L 1
all o
200pF
72552081

Re

1y The transducer gain is defined as the ratio of the output power in the load | Z| =1,5kS2
and the available input power of the source with Rg = 5 k€.

Py
Gty =

2
V{“/4Rg

2) Due to special processing and pre-measuring, the flutter -noise level is extremely low.
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OM200/52

SOLDERING RECOMMENDATIONS
1. Iron soldering

At a maximum iron temperature of 300 °C the maximum permissible soldering time
is 3 seconds, provided the solder spot is at least 0,5 mm from the seal and the
leads are not soldered at the same time. Soldering in immediate subsequence is
allowed.

2. Dipsoldering

At a maximum solder temperature of 250 °C the maximum permissible soldering
time is 3 seconds, provided the soldered spot is at least 0,5 mm from the seal.

CHARACTERISTICS
1 . 5 7267340
. [ 1]
2 typ. values i
(mA)
1 e =
o]
[ 4T
Vi-3= 1" —1
1,4 I 1 —
—1,3 = ——— 1= [~
0’ 5 1 ,2 R |1
1 ) 17— I,
—1,0
0
-25 0 25 50 75
Tamb (°C)

The graph applies to test circuit on previous page.
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DEVELOPMENT DATA
This data sheet contains advance information and OM8200
specifications are subject to change without notice.

LOW COST SPEECH DEMONSTRATION BOARD

GENERAL DESCRIPTION

The low cost speech demonstration board is designed to add voice output to existing card based
electronic equipment with the minimum of additional effort and components. The majority of
components used are of the CMOS type with low power consumption making the board suitable
for battery operation.

Applications include speech evaluation and speech demonstration.

FEATURES

® PCF8200 speech synthesizer
— Male and female speech of very high quality
— CMOS technology
— Extended operating temperature range
— Programmable speaking speed
® Low current consumption
— All major components use CMOS technology
(PCF8200, 80C39 and 27C64)
® Very large vocabulary up to 12 minutes
— 4 EPROM sockets
— EPROM selection for 27C16 to 27C256
— Low data rates for synthesizer (average 1500 bits per second)
® Easy interfacing
— 8-bit parallel data bus/key switch input
— Volume control, speaker connection
— Control signals (e.g. RESET, BUSY etc etc)
® Simple operating modes
— ROM selection
— Word sequence within a ROM
— Repeat last utterence
— Control software is readily customizeable
— To implement parameter download from external source
Single Eurocard size PC board
Single + 5 V supply
® |ow cost

APPLICATIONS
® OEM design-in
® May be simply used with many card systems for speech evaluation

® Speech demonstration
— Particularly simple when used with the OM8201 (Speech Demonstration Box)

March 1985
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Low cost speech demonstration board . ) oM82 00

DEVELOPMENT DATA

OPERATION
HARDWARE DESCRIPTION

The main controlling microprocessor is an 80C39 running at 6 MHz. This device supplies all of the
main controlling signals for the board operation and the interfacing to any external system.

Four sockets are provided for EPROMS which contain speech coding. These may be 27C16 types,
through to 27C256 types; the sockets will be a low insertion force type to allow for easy customizing.
The board will be supplied with one socket occupied by a 27C64 which will contain the control
program and some speech examples. All four EPROM sockets must contain the same EPROM type.

The speech synthesizer PCF8200 converts the coding into a speech output. This synthesizer has been
designed to simulate the human vocal tract using five formants for male and four formants for female
speech. Periodic updating of the parameters for these formants can produce very high quality speech.

The output of the synthesizer can be fed into an audio amplifier, TDA7050, via a resistor-capacitor filter
network which provides a frequency cut-off above 5 kHz of about 25 dB. The configuration of the

audio amplifier used on this board gives an output of 140 mW peak power into a 25 £ speaker from
a5V supply.

Connections are made to the board via a standard DIN/IEC connector. This allows access to the

8-bit parallel data bus so that speech coding from an external source may be used, if implemented,

and allows the selection of speech phrases by an external system, such as a microcomputer or even a
bank of switches. The same connector also permits the addition of a volume control, loudspeaker, a

high impedance audio output, and power supply. The control signals RESET, BUSY, WAIT and DS

are also taken to the outside of the board. There is also a loudspeaker plug on the board.

All components are contained on a standard single Eurocard, and therefore suitable for rack mounted
equipment.

SOFTWARE DESCRIPTION

All the software required to operate the board is contained in the only EPROM supplied. The software
is written in modular from so that it is possible for a customer to alter or add to any particular function
which suits his applications. An industrial standard microprocessor was chosen so that readily available
development systems could be used to facilitate this modification.

There are four main modes of operation:

— ROM Selection

— Word Sequence

— Repeat Word

— Speaking Speed Selection

These modes are all controlled by software.

ROM Selection mode permits access to an individual EPROM and pronounces the first utterence
from that EPROM.

Word Sequence gives the next word (activated by repeated access to the same EPROM) and if continually
exercised will keep looping on the words in that EPROM.

The Repeat Word command allows indefinate repetition of the last utterance pronounced.
The Speaking Speed Selection allows the utterence to be pronounced at a different speed.

The softyare also controls the address sequencing within the utterance and ensures that the required
data is supplied to the synthesizer.
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OM8200

There are also some examples of words/utterences encoded in the remainder of the supplied EPROM.
These words are intended for demonstration purposes and will show the features of the synthesizer
when selected. The main features being illustrated are:

— Male speech in several languages
— Female speech in several languages
— Programmable speaking speed

ORDERING INFORMATION

Product name: Low Cost Speech Demonstration Board
Type number: 0omM8200
Ordering code: 9337 541 30000

Orders should be placed with your local Philips/Signetics agency.

58
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DEVELOPMENT DATA
This data sheet contains advance information and OM8201

specifications are subject to change without notice.

SPEECH DEMONSTRATION BOX

GENERAL DESCRIPTION

Speech demonstration box OM8201 is designed to be used in conjunction with the low cost speech
demonstration board OM8200. The box contains all the necessary components to drive the board.
The combination of these two components make an extremely attractive demonstration unit.

FEATURES

® |ow cost
® Can use unmodified OM8200 board which allows access to all features of the OM8200
® Single + 9 V supply
— Low power consumption therefore permits battery operation
— External power supplies may also be used
— Voltage is regulated and dropped to a standard + 5 V for the OM8200 board
® Simple mechanical construction
— Allows easy access to the OM8200 for changing EPROMS
® Contains all peripherals needed to drive the OM8200

HARDWARE DESCRIPTION

The box contains a set of eight keypad switches which are connected to the data bus. Four switches
can select which EPROM your speech data is derived from. Repeated pressing of an EPROM switch
increments the expression number which will be uttered. To repeat the last expression, a separate
switch must be activated.

It is possible in the PCF8200 to change the rate of speaking to 73%, 123% or 145% of the normal
speed. A switch has been included on the box which will sequence through the speed options making
the same utterance every time.

One of the two remaining switches is the master reset for the program and the other is for future
enhancements of the box. :

Included in the box are, the volume control for the amplifier, the loudspeaker, and a high impedance
audio output.

The final piece of electronics is the power supply. This can be supplied from a +9 V internal battery
or from a +9 V external supply. The +9 V is regulated to a + 5 V supply which is then fed to other
parts of the box and to the OM8200.

The box is of simple construction and allows easy access to the OM8200 for changing of EPROMS.

SOFTWARE DESCRIPTION

There is no software in the OM8201. The software of the OM8200 may be used in an unmodified
form without any problems. However, if changes have been made to the contrei program of the
OM8200 then different functions for the switches of the box can be achieved.
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OM8201
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Fig. 1 Schematic diagram.

ORDERING INFORMATION

Product name: Speech Demonstration Box
Type number: OmM8201
Ordering code: 9337 541 40000

N.B. OM8200 must be ordered as well if this box is to be used in demonstration mode.
The order number for the OM8200 is 9337 541 30000.

Orders should be placed with your local Philips/Signetics agent.

60
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DEVELOPMENT DATA
This data sheet contains advance information and OM821O

specifications are subject to change without notice.

SPEECH ANALYSIS/EDITING SYSTEM

GENERAL DESCRIPTION

The OM8210 is a speech analysing/editing system, and comprises of a speech adapter box and associated
software. The system uses either the HP9816S or IBM-PC personal computer.

The OM8210 and the computer function together to produce speech coding for the PCF8200.

The system has many commands available, mostly single key operations, which gives it flexability.

FEATURES

Input sampling of analogue speech signals

Speech analysis

Graphic parameter representation

Parameter editing screen

Conversion of parameters to PCF8200 synthesizer
EPROM programming

Parameter storage on floppy disc

Speech output via PCF8200 voice synthesizer

ANALOGUE CARD
N ]
QO l// ¥l 2 (| ADC >
level ? S
()7 . .
ANALOGUE
—~ « A < va
J 2" wux DAC
< « CONTROL
volume T CARD
T
IEC625/
IEEE488
SYNTHESIZER |, 8 PERSONAL
- CARD N COMPUTER
—
: 28 PROM 8
28-pinle PROGRAMMER [ , >
cre CARD
SPEECH ADAPTER BOX
OoM8210
7287995

Fig. 1 Block diagram.
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OmM8210

HARDWARE DESCRIPTION

The hardware for the OM8210 is contained in an attractive box with access to all the interconnections
(IEC 625, interface loudspeaker, headphones, tape input, and EPROM socket), from the front panel.
There are four single Eurocards and a power supply forming the speech adapter box.

These cards are:

— Analogue Card

— Synthesizer Card

— EPROM Card

— Control Card

Anaiogue Card

On this card, the level of the recorded audio input signal is adjusted by an electronic potentiometer.
Before the audio is sampled, frequencies higher than half the sampling frequency are removed by a
switched capacitor filter of the type normally used for codecs. A 12-bit analogue-to-digital converter
(ADC) produces the digital samples that are sent to the control card. An 8-bit digital-to-analogue
converter (DAC) on the analogue card allows the sampled speech to be output. The audio input signal,
the sampled speech and the synthesized speech are selected by an analogue multiplexer, filtered,

and adjusted for volume before reproduction by a loudspeaker.

The use of integrated electronic potentiometers and codec filters substantially reduces the number

of components required while maintaining high performance.

Synthesizer Card

This card accommodates the PCF8200 voice synthesizer and a small amount of peripheral components
and a socket for the MEA800O voice synthesizer.

EPROM Programmer Card

This card allows four different types of EPROM (2716, 2732, 2732A and 2764) to be programmed
under software control. All the hardware to generate the programming voltages and the programming
waveforms are on this card.

Control Card

This card performs three functions:

— |EC 625/IEEE 488 interface

— Control sequencer

— Clock generator

The IEC/IEEE interface is a simple talker/listener implementation with a HEF4738 circuit.

An FPLA control sequencer provides the handshake signals for IEC/IEEE interface and the chip
enable signals for the rest of the system (the ADC, the DAC, the synthesizer and control circuits).

The filter sampling frequency is generated with a software programmable PLL frequency synthesizer.
The speech sampling frequency is derived from the filter sampling frequency by frequency division.
Hence, the filter frequency cut-off and the sample rate of the ADC and the DAC are automatically
linked.

The hardware includes all the necessary cables, adapter plug, loudspeaker, headphone and power supply.

62
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Speech analysis/editing system OoM821 0

SOFTWARE DESCRIPTION

The software for this speech coding system has been developed and arranged for optimum user
convenience. There are eight modes available.

Each mode and each command in the mode is selected by single key entries. Commands that can
destroy data have to be confirmed before they are executed. More than 100 commands are available.

The modes are:

Sample Mode

Analysis Mode

Parameter
Edit Mode

Code Mode

EPROM Mode

File Mode

Media Mode
Option Mode

Samples and digitizes the recorded speech, the amplitude can be checked and
speech segments selecled. The sampied speech is stored in a memory and can
be displayed or made audible.

Generates speech parameters from samples. The analysis selects the voiced/
unvoiced sections, extracts the formants (5 for male and 4 for female),
amplitude, and the pitch, and quantisizes the speech parameters.

Speech parameters are displayed graphically on the VDU and can be edited to
correct errors in the analysis, improve speech quality by altering contours,

or amplitudes, concatenate sounds and optimize data rate by editing the frame
duration.

Generates PCF8200 code and permits the arrangement of utterences in the
optimum order of application. This mode also generates the address map at the
head of the EPROM.

Used to program/read EPROMS with data for the code memory also possible is
a new check, bit check and verification commands.

Stores speech parameters or codes on disc, can also assemble code speech segment
from an already existing library.

For diskette initialization and making back-up copies.
Allows the system configuration to be read or changed.

The software is supplied on two diskettes, one labelled ‘BOOT’ which wakes up the system and also
contains the system library routines. The other diskette labelled ‘SPEECH’ contains the speech pro-

gram, the disc initialization and the file handler programs. The ‘BOOT’ disc is not required during
operation, giving a free disc drive with the system for a diskette to store speech parameter files.

Computer System

The following equipment is required to make a complete Hewlett Packard based editing system:
— HP9816S-630 (optimum computer type) or HP9817

— HP9121D (dual floppy disc)

— Additional memory card for the HP9816S (512 K bytes total required)

The following equipment is required to make a complete I1BM based editing system:
— IBM-PC or PC-XT or Philips P3100

— Additional memory (512 K recommended)

— Display graphics card (Hercules monochrome)

— IEEE488 card (Tecmar Rev. D.)

ORDERING INFORMATION

Product name: Speech Analysis/Editing System
Type number: Oom8210
Ordering code: 9337 56150112

The computer system should be purchased from your local agents.
The OM8210 should be ordered through your local Philips/Signetics agent.

March 1986
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DEVELOPMENT DATA
This data sheet contains advance information and PCBBOC31

specifications are subject to change without notice. PCBBOCS1

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The PCB80C51 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS
process. The family consists of the following members:

® PCB80C31: ROM-less version of the PCB80C51
® PCB8OC51: 4 K bytes mask-programmable ROM, 128 bytes RAM

In the following, the generic term “PCB80C51" is used to refer to both family members.

The device provides hardware features, architectural enhancements and new instructions to function
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K
bytes of data storage.

The PCB80C51 contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); a
volatile 128 x 8 read/write data memory; 32 1/0O lines; two 16-bit timer/event counters; a five-source,
two-priority-level, nested interrupt structure; a serial I/O port for either multi-processor communica-
tions, 1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems

that require extra capability, the PCB80C51 can be expanded using standard TTL compatible memories
and logic.

The PCB80C31/80C51 has two software selectable modes of reduced activity for further power
reduction — Idle and Power Down.

The Idle modes freezes the CPU while allowing the RAM, timers, serial port and interrupt system to
continue functioning.

The Power Down mode saves the RAM contents but freezes the oscillator causing all other chip
functions to be inoperative.

The device also functions as an arithmetic processor having facilities for both binary and BCD
arithmetic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte,
41% two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in

1 us and 40% in 2 us. Multiply and divide instructions require 4 us. Multiply, divide, subtract and
compare are among the many instructions added to the standard PCB80C48 instruction set.

Software development to be announced: PCB85C51 in piggy-back and 84 pin PLCC.

Features

® 4K x8 ROM (80C51 only), 128 x 8 RAM ® 58% of instructions executed in 1 us;

® Four 8-bit ports, 32 1/0 lines multiply and divide in 4 us; all others

® Two 16-bit timer/event counters executed in 2 us (at 12 MHz clock)

® Full-duplex serial port ® Enhanced architecture with:

® External memory expandable to 128 K, external non-page-oriented-instructions
ROM up to 64 K and/or external RAM up to 64 K direct addressing

® Boolean processing four 8-byte + 1 byte register banks

® 218 bit-addressable locations stack depth up to 128-bytes

® On-chip oscillator multiply, divide, subtract and

® Five-source interrupt structure with two priority levels compare instructions.

PACKAGE OUTLINES

PCB80C31/51P: 40-lead DIL; plastic (SOT-129).
PCB80C31/51WP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT-187A).
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DEVELOPMENT DATA
This‘ cjiata. sheet comfains advance inf.ormation i.:nd PCBSOC39
specifications are subject to change without notice. PCBBOC 49

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER

DESCRIPTION

The PC8BOCXX family of single-chip 8-bit CMOS microcontrollers consists of:

® The PCB80C49 with resident mask programmed ROM.

® The PCB80C39 without resident program memory for use with external EPROM/ROM.

All versions are pin and function compatible to their NMOS counter parts but with additional features
and high performance.

The PC80CXX family are designed to be efficient control processors as well as arithmetic processors.
Their instruction set allows the user to directly set and reset individual /O lines as well as test
individual bits within the accumulator. A large variety of branch and table look-up instructions enable
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the
instructions are single byte; all others are two byte.

An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events.
The counter can be programmed to cause an interrupt to the processor.

Program and data memories can be expanded using standard devices. Input/output capabilities can be
expanded using standard devices.

The family has low power consumption and in addition a power down mode is provided.

FEATURES

® 8-bit CPU, ROM, RAM, 1/0 in a single 40-pin package
e PCB80C49: 2K x 8 ROM, 128 x 8 RAM
® |Internal counter/timer
® Internal oscillator, clock driver
® Single-level interrupts: external and counter/timer
® 17 internal registers: accumulator, 16 addressable registers
® Over 90 instructions: 70% single byte
® All instructions: 1 or 2 cycles
® Easily expandable memory and 1/0
® TTL compatible inputs and outputs
® Single 5 V supply
® Wide frequency operating range
® Low current consumption
® Also available with extended temperature range;
PCF 80CXX =—40°C to + 85 °C

APPLICATIONS

® Peripheral interfaces and controllers
® Test and measurement instruments
® Sequencers

® Audio/video systems

® Environmental control systems

® Modems and data enciphering

PACKAGE OUTLINES

PCB/F80C39/C49P: 40-lead DIL; plastic (SOT-129).
PCB80C39/C49WP: 44-lead plastic leaded chip-carrier (PLCC); SOT-187A.
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DEVELOPMENT DATA

This data sheet contains advance information and 11_“ =
specifications are subject to change without notice, L eS|
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PCB8582

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

STATIC CMOS EEPROM (256 x 8 BIT)

GENERAL DESCRIPTION

The PCB8582 is a 2K-bit 5 V electrically erasable programmable read only memory (EEPROM)
organized as 256 by 8 bits. It is designed in a floating gate CMOS technology.

As data bytes are received and transmitted via the serial 12 C bus, an eight pin DIL package is sutficient.
Up to eight PCB8582 devices may be connected to the 12C bus.
Chip select is accomplished by three address inputs.

Features

Non-volatile storage of 2K-bit organized as 256 x 8
Only one power supply reguired (5 V)

On chip voltage multiplier for erase/write

Serial input/output bus (1> C)

Automatic word address incremeriting

Low power consumption

One point erase/write timer

Power on reset

10 000 erase/write cycies per byte

10 years non-volatile data retention

Infinite number of read cycles

Pin and address compatible to PCF8570, PCF8571 and PCD8572 -

PACKAGE OUTLINE
PCB8582P: 8-lead DIL; plastic (SOT-G7A).
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FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

GENERAL DESCRIPTION

The PCF2100 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal
Display) with up to 40 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

LCD DUPLEX DRIVER

® 40 LCD-segment drive capability
® Supply voltage 2,25t0 6,5 V
® Low current consumption

PACKAGE OUTLINES

DLEN
CLB
DATA

® Serial data input
® CBUS control
® One-point built-in oscillator

® Expansion possibility

40-SEGMENT LCD

PCF2100

BP1 BP2 Sl |emm——— S20
SEGMENT ANALOGUE
BACKPLANE & DRIVERS VOLTAGE
=
A 680
| 2| LATCHES Co
8US & OSCILLATOR pF
DRIVER & 0sc
CONTROL | B
| conTROL DIVIDER
I ______ Ro 1MQ
SHIFT PCF2100
+| REGISTER V.
SS
7283453.2

Fig. 1 Block diagram.

PCF2100P: 28-lead DIL; plastic (SOT-117D).
PCF2100T: 28-lead mini-pack; plastic (SO-28; SOT-136A).
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PCF2100

RATINGS

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

Supply voltage with respect to Vgg VbD —-03to8 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 °C
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=2,251t06,5V;Vgg=0V; Tymp =—40 to + 85 O°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=—251t0+850C |Ipp — - 30 uA

Display frequency see Fig. 8; T = 680 us fLeb 60 80 100 | Hz
D.C. component

of LCD drive with respect to Vgx Vgp - £10 |- mV
Load on each segment - - 10 M

driver — — 500 | pF
Load on each backplane - — 1 M

driver - — 5 nF
Input voltage HIGH ViH 2 - - \

see Fig. 9

Input voltage LOW ViL — — 0,6 \)
Rise time

Vgp to Vgx max. load ty - 20 - us
Inputs CLB, DATA, DLEN | see note on next page
Rise and fall times see Fig. 2 tr, tf — - 10 us
CLB pulse width HIGH see Fig. 2 tWH 1 - - us
CLB pulse width LOW see Fig. 2 twi 9 - - us
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PCF2110

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

LCD DUPLEX DRIVER

GENERAL DESCRIPTION

The PCF2110 is a single chip, silicon gate CMOS circuit designed to drive 2 LEDs (Light Emitting
Diodes) and an LCD (Liquid Crystal Display) with up to 60 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

® 60 LCD-segment drive capability
® Two LED-driver outputs
® Supply voltage 2,25t0 6,5V
® Low current consumption

PACKAGE OUTLINES

Serial data input
CBUS control
One-point built-in oscillator
Expansion possibility

60-SEGMENT LCD
BP1 BP2 S |emmmme e
SEGMENT ANALOGUE
BACKPLANE &  * VOLTAGE
I _ T Vbp
A 680
DLEN —»| LATCHES OSCILLATOR Co F
BUS & o 0 T P
cLB -+~
conTROL | & DRIVER DIVIDER 05C
DATA CONTROL
T T Ry | |1Ma
> SHIFT PCF2110
—»| REGISTER Vss
7283449.2

Fig. 1 Block diagram.

PCF2110P: 40-lead DIL; plastic (SOT-129).
PCF2110T: 40-lead mini-pack; plastic (VSO-40; SOT-158A).
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PCF2110

RATINGS

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

Supply voltage with respect to Vgg VbDp —-03t8 V
Voltage on any pin Vn Vgg —03to Vpp +03 V
Operating ambient temperature range Tamb —40to+ 85 ©°C
Storage temperature range Tstg —-b5to+ 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=2,25t06,5V;Vgg=0V; Tymp = —40to + 85 OC; Ry = 1 M£Q2; C, = 680 pF; unless otherwise
specified

parameter condition symbol min. typ. max. unit
Supply current no external load IpD — 10 50 uA
Supply current no external load;
Tamb=—251t0+85°C |Ipp — - 30 nA
Display frequency see Fig. 9, T=680us |f cp 60 80 100 Hz
D.C. component
of LCD drive with respect to Vgx Vgp — +10 | — mV
Load on each segment — - 10 M
driver — - 500 pF
Load on each backplane - — 1 MQ
driver — — 5 nF
Input voltage HIGH . ViH 2 - — \%
see Fig. 10
Input voltage LOW ViL - - 0,6 \
Rise time
Vgp to Vgx max. load ty - 20 - us
LED outputs S31, S32 Vpp=3V;
Tamb =25 °C
Output resistance VoL =0,2V;see Fig. 4 | Royt - — 25 Q
Drain voltage N-channel OFF VLED - - 8 \
Drain current maximum value ILEDmax | — - 50 mA
Total power dissipation Ptot - - 400 mW
Inputs CLB, DATA, DLEN | see note on next page
Input capacitance for SOT-129 package CIN — — 10 pF
for SOT-158A package |C|N — - 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 twi 9 — — us
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PCF2111

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

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] (A —— $32

SEGMENT ANALOGUE
<+
DRIVERS VOLTAGE

A T ______ T %l 680

BACKPLANE &

DLEN LATCHES o
o BUS N OSCILLATOR T pF
L Sy
CONTROL B8 DRIVER D|V|&DER osc
DATA —>| CONTROL
T ______ T Ro | [1MQ
SHIFT
PCF2111
FEGISTER Vss

7284581.2

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF2111P: 40-lead DIL; plastic (SOT-129).
PCF2111T: 40-lead mini-pack; plastic (VSO-40; SOT-158A).

July 1984



PCF2111

RATINGS

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

Supply voltage with respect to Vgg VbD -0,3to8 V
Voltage on any pin Vn Vgg ~03toVpp +03 V
Operating ambient temperature range Tamb —40to + 85 °C
Storage temperature range Tstg —55to +125 °C
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 =2,2510 6,5 V; Vgg = 0 V; Tgmp = —40 to + 85 °C; Ry = 1 MS2; C,, = 680 pF; unless otherwise

specified
parameter condition symbol min. typ. max. unit
Supply current no external load Iop — 10 50 uA
Supply current no external load;
Tamb=—25t0+85 oC |1 DD o — 30 uA

Display frequency see Fig. 8; T = 680 s fLep 60 80 100 Hz
D.C. component

of LCD drive with raspect 10 Voy Vap - +10 |- mV
Load on each segment - - 10 MO

driver - 500 pF
Load on each backplane - — 1 M

driver — - b nF
Input voltage HIGH \Y 2 - - \Y

P 9 } see Fig. 9 IH
Input voltage LOW ViL — - 0,6 - \)
Rise time

Vpp to Vgx max. load ty - 20 - us
Inputs CLB, DATA, DLEN | see note on next page
Input capacitance for SOT-129 package CiN — - 10 pF

for SOT-1568A package | CinN - — 5 pF

Rise and fall times see Fig. 2 tr, tf - - 10 us
CLB pulse width HIGH see Fig. 2 TWH 1 - - us
CLB pulse width LOW see Fig. 2 Wi 9 - - us
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PCF2112

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

LCD DRIVER

GENERAL DESCRIPTION

The PCF2112 is a single chip, silicon gate CMQOS circuit designed to drive an LCD (Liquid Crystal
Display) with up to 32 segments in direct drive; specially for low voltage applications. A three-line bus
structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS compatible.

Features

32 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 possibility.

32--SEGMENT L.CD
ap §1 [ = | 832
SEGMENT ANALOGUE
BACKPLANE & DRIVERS ¢~ VOLTAGE
=
DLEN LATCHES Co ==1,5nF
BUS & OSCILLATOR
cLs CONTROL DRIVER & osc
DATA CONTROL DIVIDER
T ______ T Ry | [1 M2
> SHIFT
PCF2112
REGISTER ¢ Vss
7286381.2

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF2112P : 40-lead DIL; plastic (SOT-129).
PCF2112T: 40-lead mini-pack; plastic (VS0O-40; SOT- 158A)
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PCF2112

RATINGS

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

Supply voltage with respect to Vgg Vpp -0,3t08 V
Voltage on any pin Vi Vgs—0,3to Vpp + 0,3 V
Operating ambient temperature range Tamb —40to +85 OC
Storage temperature range Tstg —b5to + 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 = 2,25 to 6,5V;Vgg=0V; Tymp = —40to + 85 OC; Ry = 1 MQ; Cy = 1,6 nF; unless otherwise
specified.

parameter condition symbol min. typ. | max. unit
Supply current no external load Ipp — 10 50 uA
Supply current no external load;
Tamb=—25t0+85°C| Ipp — - 30 A
Display frequency T=15ms fLeb 30 40 50 Hz
Output resistance
of each segment l Rs - - 10 kQ
. lo =10 A
Output resistance J
of backplane Rgp - - 2 k&
Input voltage HIGH \ . ViH 2 - - Vv
see Fig. 8
Input voltage LOW J ViL - - 0,6 \Y;
Inputs CLB,DATA,DLEN see note on next page
Input capacitance for SOT-129 package | C|N - - 10 pF
for SOT-1568A package | C|y - - 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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DEVELOPMENT DATA
This data sheet contains advance information and PC F8 200

specifications are subject to change without notice.

VOICE SYNTHESIZER

GENERAL DESCRIPTION

The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital code with

a programmable bit rate. The circuit is primarily intended for applications in microprocessor controlled
systems, where the speech code is stored separately.

Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped,
and general industrial devices.

Features

® Male and female speech with good quality

® Speech-band from 0 to 5 kHz

® Bit-rate between 455 bits/second and 4545 bits/second

® Programmable frame duration

® Programmable speaking speed

® CMOS technology

® Operating temperature range —40 to + 85 °C

® Single 5 V supply with low power consumption and power-down stand-by mode

® |Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel

bus or 12C bus

Software readable status word (parallel bus or 12C bus)
BUSY-signal and REQN-signal hardware readable
Internal low-pass filter and 11-bit D/A converter

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Supply voltage VpD — 5 - \
Supply current Ipp - 10 t.b.f. mA
Supply current (stand-by) IDD(SB) - 200 — LA
Inputs

Input voltage ViH 2,0 - VDD \
Input voltage ViL 0 - 0,8 \
Input capacitance Cy - 7 — pF

Outputs (D5 to D7)

Output voltage high VOH 356 - VDD \
Output voltage low VoL 0 - 0,4 \%
Load capacitance CL — - 80 pF
Operating ambient

temperature range Tamb —40 - + 85 oC

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A).
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Voice synthesizer

PCF8200

DEVELOPMENT DATA

PINNING

1 Vpp-A supply

2 VREF supply

3 OuT output

4 Vgs.A supply

5 NC not connected
6 TEST input

7 OSCI input

8 0Sco output

9 SERN/PAR input

10 REQN output

11 BUSY output

12 Vgs.p supply

13 CEN input

14 RN/W input

15 WN input

16 SDA/D7 input/output
17 SCL/D6 input/output
18 Db input/output
19 D4 input

20 D3 input

21 D2 input

22 D1 input

23 DO input

24 Vpp.p supply
RATINGS

ElE Bl el [=] [ [o] [o] [2] [<] [*] [-]

N
w

) 1a] 8] (3] [ [a] 18] (2] (] [8] (%]

N

2

w

Fig. 2 Pinning diagram.

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

Supply voltage*

Input voltage*

Output voltage*

Operating ambient temperature range
Storage temperature range

* Any pin with respect to Vgg.

Vbbp
Vi
Vo
Tamb
Tstg

min.
min.

min.

-0,3 max. 75 V
-0,3 max. 75V
-0,3 max. 75 V

—40to+ 85 °C

—55t0 + 125 °C

March 1985

81



PCF8200

FUNCTIONAL DESCRIPTION

The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech.
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five
formants are needed for male speech and four for female speech. The output of this system is defined by
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para-
meters very high quality speech can be produced.

OPERATION

Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration
can be set to 8,8, 10,4, 12,8 or 17,6 milliseconds with the speed-option, speaking speed, in the command-
register.

The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard-frame
duration.

10 01 00 11 FS1, FSO
00 8,8 10,4 12,8 17,6 ms
01 17,6 20,8 25,6 352  ms
10 26,4 31,2 38,4 52,8 ms
1 44,0 520 640 880 ms

FD1, FDO
Table 1. Frame duration as a function of speed-option (FS1, FS0) and frame-duration (FD1, FDO).

The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech-
frame by linear interpolation. The pitch is updated every 1/8 of a standard frame.

The excitation signal is filtered with a five formant filter for male speech and a four formant filter for
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant-
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation.

A block diagram of the formant synthesizer is shown in Fig. 3.

The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied
with a DAC-amplitude factor. The use of a digital filter means that no external audio filtering is required
for low-medium applications and minimal filtering is required for those applications requiring very high
quality speech.

lAN

F| Bi

NOISE
UPSAMPLED
5 FORMANT SPEECH
—  DIGITAL - DAC
@ FILTER FILTER > our
AV
7280616
PULSE
GENERATOR
Fig. 3 Block diagram of formant synthesizer.
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Voice synthesizer PC F8200

DEVELOPMENT DATA

DATA FORMAT
Three types of format are used for data transfer to the synthesizer.

DAC-amplitude factor

The DAC-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit
DAC. It is the first byte after a STOP or a BADSTOP or Vpp on. Table 2 indicates the amplitude factor.

byte factor dB
01110000 3,5 10,88
10110000 3,25 10,24
00110000 3,0 9,54
11010000 2,75 8,97
01010000 25 7,96
10010000 2,25 7,04
00010000 2,0 6,02
11100000 1,75 4,86
01100000 1,5 3,52
10100000 1,256 1,94
00100000 1,0 0,00
11000000 0,75 -2,50
01000000 0,5 —6,02
10000000 0,25 -12,04
00000000 0,0

11110000 HEX code FO and is not allowed as a DAC amplitude

Table 2 DAC amplitude factor.

Start pitch

The second byte after a STOP or BADSTOP, or Vpp on is the start pitch. It is a one byte start value
for the on-chip pitch-period generator.

Frame Data
The frame data is a five byte block which contains the filter and source information:

pitch increment/decrement value 5 bits
amplitude 4 bits
frame duration 2 bits
frequency of 1st formant 5 bits
frequency of 2nd formant 5 bits
frequency of 3rd formant 3 bits
frequency of 4th formant 3 bits
frequency of 5th formant 1 bit

bandwidth of 1st formant 3 bits
bandwidth of 2nd formant 3 bits
bandwidth of 3rd formant 2 bits
bandwidth of 4th formant 2 bits
bandwidth of 5th formant 2 bits

40 bits = 5 bytes
The frame-data bits are organized as shown in Fig. 4.
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PCF8200

D7 Do
T T T T T T
byte 0 | B1 I F1 ]
1 1 1 [l 1 1
T T T T T
byte 1 [ F5 I B3 | PT l
1 1 1 1 1
T T T T T
byte 2 l FD1 I F3 | AM | |
L 1 1 1
T T T T T
byte3| FDO ‘ B3 [ | ‘F2 | | ]
1 1
T T N T T
byte 4 [ J F4 I B2 I
1 1 1
7280617

It is not allowed to set byte O to the hexadecimal value EO.

. Fig. 4 Format of frame-date.

CONTROL FORMAT
Command Write

A command write consists of two bytes, and it may occur before a data block. The four bits which can
be written are shown in Fig. 5.

D7 Do
byteO! 1 1 1 0 0 0 0 0 | "EOQ"

T T T T T T
byte 1 [ 0 0 STOP MN/F 0 0 FS1 FSOI
L

1 1 1 L 1 i

7280618

Fig. 5 Control write: first byte fixed, second byte control.

FSO, FS1 speed option

FS1 FSO speech standard-frame
speed duration

0 0 100% 12,8 ms

0 1 123% 10,4 ms

1 0 145% 8,8 ms

1 1 73% 17,6 ms

MN/F, male/female option

MN/F = 0 male quantization table
= 1 female quanti:zation table

STOP

STOP = 1 stop; repeat last complete frame with amplitude = 0
(no excitation signal)
= 0 if the frame data is not sent within the duration of a half
frame, there will be a BADSTOP:

1. REQN =1STOP =0
2. Repeat last frame with amplitude = 0
3.BUSY =0
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Voice synthesizer PCF8200

DEVELOPMENT DATA

Status Read

Three status bits can be read out at any time without a preceding byte (EQ).
This is shown in Fig. 6.

D7 DO
T T T T T T T
REQN BUSY STOP  x X X X x—l
1 1 1 1 i 1 1

7280619

Fig. 6 Status read.

REQN = 1 No data required
= 0 Synthesizer requesting for new data
BUSY = 1 Busy (an utterance is pronounced)
= 0 Idle, REQN will set to 1; the synthesizer is in STOP or BADSTOP mode

STOP The STOP bit is the same as the stop bit written to the
synthesizer during a command write.
STOP = 1, BUSY = 0 stopped by the user.
STOP =0, BUSY = 0 BADSTOP because the data was not sent in time.

After initial power-up the status/command register is set to the following status:
FSO, FS1 = 0 Standard-frame duration of 12,8 ms

MN/F = 0 Male quantization table
STOP =1

BUSY =0 |Idle

REQN = 1 No data required

INTERFACE PROTOCOL

Data can be written to the synthesizer when REQN = 0 or, when REQN = 1 and BUSY = (. Figure 7
shows the interface protocol of the synthesizer.

In parallel mode the synthesizer is activated by sending the DAC-amplitude factor. In serial mode the
DAC-amplitude factor can be sent as soon as the synthesizer is powered-up.

The I2C transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the
byte must be provided within the duration of a half standard frame. If the byte is not provided in time
a BADSTOP will be generated.

During each data write operation, the status bit REQN will be set to ‘1",

Within a frame data block, it disappears within a few microseconds, asking for the next byte of that
block. If the bytes of frame data are not provided within the time-duration of a half frame, a BADSTOP
will be generated.

12C ADDRESS
On chip there is a 12C slave receiver/transmitter with the address:

76543210
0010000 R/W
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PCF8200

POWER UP

The synthesizer will be set to power-up on a parallel-write sequence.

PAR-mode: The input-latches are ‘active so they can receive the first byte

SER-mode: The I2C transmitter/receiver will not acknowledge until the synthesizer has powered-

up. To power up the synthesizer a parallel write sequence (Fig. 9) must be made to
the synthesizer by using external logic for the control lines; at least one line must be
toggled, CEN, while WN = 0 and RN/W = 1.

The synthesizer can be set to permanent power-up by hard-wired control pins
(CEN=0, RN/W=1,WN =0).

POWER DOWN MODE

When BUSY = 0 the synthesizer will be set to power-down. In the power-down mode the status/command
register will be retained. =

In power-down mode the clock-oscillator is switched off. After initial Vpp the synthesizer is in power-
down mode. o o ’

SERN/PAR ) .
SERN/PAR is hard-wired to Vpp or Vgs.

HANDLING . ‘
All inputs and outputs are protected against electrostatic charge under normal handling conditions.

86
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Voice synthesizer PCF8200

DEVELOPMENT DATA

CHARACTERISTICS

Tamb = —45 to + 85 OC; supply voltage (Vpp to Vgg) =4,56 V to 5,5 V with respect to Vgg, otherwise
specified

parameter symbol min. typ. max. unit
Supply
Supply voltage Vpbp 45 5,0 t.b.f. \Y
Supply current IDD — 10 — mA
Standby current IDD(SB) - 200 - A
Inputs
CEN, RN/W, WN, OSCI
Input voltage HIGH ViH 2,0 — VpDp \%
Input voltage LOW ViL 0 - 0,8 \%
Input leakage current

Vihb=0to 55V IR -10 - 10 nA
Rise and fall times (note 2) tef - - 50 ns
Input capacitance Ci — — 7 pF

PARALLEL MODE
Input Characteristics

(DO to D7)
Input voltage HIGH ViH 2,0 — VDD \%)
Input voltage LOW ViL 0 - 0,8 \%

Input leakage current
(Vipb=0to 55V,
output off) IR —-10 — 10 uA

Input capacitance C — — 7 pF

Output Characteristics
(D5 to D7 only)

Output voltage HIGH

(loy = —100 nA) VOH 35 - VbpD \Y
Output voltage LOW

(loL =3,2mA) VoL 0 — 0,4 \%
Load capacitance CL — — 80 pF
Rise and fall times (note 3) tef — - 50 ns
SERIAL MODE

Input Characteristics
(SDA and SDL)
Input voltage HIGH ViH 3,0 — VDD \%
Input voltage LOW ViL 0 — 1,5 \%

Input leakage current
(Vinr=0to 5,5V,

output off) IR -10 - 10 nA
Input capacitance Cy — — 10 pF
Output Characteristics

(SDA only, open drain)
Output voltage LOW

(loL =3 mA) VoL 0 — 0,4 \Y
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PCF8200

parameter symbol min. typ. max. unit
OSCILLATOR
Crystal frequency fXTAL t.b.f. 6 t.b.f. MHz
VREF Vpp—15
Reference voltage VREF 1.9 - —_ \
1,25

Input leakage current IR — t.b.f.
Outputs
REQN, BUSY
Output voltage HIGH

(loy = 100 uA) VOoH 35 - VpD \%
Output voltage LOW

(loL =3,2mA) VoL 0 - 0,4 \Y
Load capacitance CL - - 80 pF
Rise and fall times (note 3) tef — - 50 ns
ouT
Output voltage VouT 0,66 x VREF" 134xVRg | V
Minimum external load 600 - - Q
Timing characteristics

(note 1) (Figs 8 and 9)
Write enable tWR 200 - - ns
Data set-up for write tps 150 - - ns
Data hold for write tpH 30 - - ns
Read enable tRD 200 - - ns
Data delay for read (note 2) tpD — - 150 ns
Data floating for read

(note 2) tpF — - 150 ns
Control set-up tcs 0 - - ns
Control hold tcH 0 - - ns
REQ new (new byte of the

same speech frame) tRN - t.b.f. (3) us
REQ Valid tRv 0 - - ns
REQ Hold tRH - 250 tb.f. ns

NOTES TO THE CHARACTERISTICS

1. Timing reference level is 1,56 V; supply 5 V = 10%; temperature range of —40 °C to 85 °C.

2. Levels greater than 2 V for a ‘1’ or less than 0,8 V for a ‘0’ are reached with a load of one TTL
input and 50 pF.

3. Rise and fall times between 0,6 V and 2,2 V levels.

8&
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Voice synthesizer

PCF8200

DEVELOPMENT DATA

DAC
AMPLITUDE
FACTOR

CONTROL
BYTE

FRAME
DATA

yes

EO

COMMAND

Stop 7280620

Fig. 7 Interface protocol.
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PCF8200

Timing diagrams

The control signals CE, R/W and W have been specified to enable easy interface to most microprocessors
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W
inputs can be used as the RD and WR strobe inputs.

7280541
Typical connection of control signals.

[<— tRD —

CE ———\
CE used
aistrobe tcg —f le— tcH
=0 _
R/W
RIW N *
R/W used as
reﬂ strobe tog—= F— tcH
CE="0" _
w

— tpp —
: g S—

7280542

Fig. 8 Read timing.

l«— tywgr —>

CE —
/__
CE used —/

as strobe < < tcg — ~toy
W="0
R/W
j tcs— ~tcH *‘
W used R/W

as write |
_strobe —
CE="0 W —j /_—
— tDH
l—

DO----D7

?i
< tRy >{<tRy
data —
write REQ

Fig. 9 Write timing.

—~ ’
D
z

7280621
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Voice synthesizer \ PCF 820 0]

DEVELOPMENT DATA

ADDRESS VOICE
ROM
DATA
K: D DATA
MICROPROCESSOR +|CEN,RN/WWN  OUT|—>
< REQN ~
< Bl
N BusY PCE8200
7280623 SYNTHESIZER

Fig. 10 Typical application configuration with parallel interface.

ADDRESS VOICE

—— OM

DATA

MICROPROCESSOR |« +{SDA ouTf—»
| SCL

12c

PCF8200
7280622 SYNTHESIZER

Fig. 11 Typical application configuration with series interface.

+5V P 4
47 _1[47 uF

39
kQ kQ +T (10V)
Vref
100kQ 56 k() 47 nF
ouT -
270 560 ~ []22k&.
PCF8200 lPF l"': )
SYNTHESIZER
v 22 7
R, =250
L
TDA7050T [ﬂ ey = 140 m
C_16 MHz 4 (peak)
N
3

7280624

Fig. 12 An example of an output configuration.
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PCF8200 PCF8200

0sC osc
IN ouT
__|Dl__
TTL
clock 7280625

Fig. 13 Oscillator clock configurations.

92

March 1985\ (



DEVELOPMENT DATA

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

PCF84CXX
FAMILY

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The PCF84CXX family of microcontrollers is manufactured in CMOS technology. The family consists of
the following devices:

® PCF84C00 — 256 RAM bytes, external program memory

® PCF84C20 — 2 K ROM/64 RAM bytes

® PCF84C40 — 4 K ROM/128 RAM bytes

1/0 port lines, one serial 1/0 line, one single-level vectored interrupt, an 8-bit timer event counter and
on-board clock oscillator and clock circuits.

This microcontroller family is an efficient controller as well as an arithmetic processor. The instruction

set is based on that of the MAB8048 and is pin- and instruction set compatible with the MAB8400 family.

The microcontrollers have extensive bit handling abilities and facilities for both binary and BCD
arithmetic.
For detailed information see the User manual Single chip microcomputer”.

Features

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

® 2 Kor4 K ROM bytes plus a ROM-less version

® 64 or 128 RAM bytes

® 20 quasi-bidirectional 1/0 port lines

® Two test inputs: one of which is also the external interrupt input

® Single-level vectored interrupts: external, timer/event counter, serial 1/0
@ Serial 1/0 which can be used in single or multi-master systems

(serial 1/0 data via an existing port line and clock via a dedicated line)
8-bit programmable timer/event counter

Clock frequency 100 kHz to 10 MHz

Over 80 instructions (based on MAB8048) all of 1 or 2 cycles

Single supply voltage from 2,5V t0 5,5 V

STOP and IDLE mode

Power-on-reset circuit and low supply voltage detection

Operating temperature range: —40 to + 85 °C

PACKAGE OUTLINES

PCF84C20/40P : 28-lead DIL; plastic (SOT-117D).
PCF84C20/40D : 28-lead DIL; ceramic (CERDIP) (SOT-135A).
PCF84C20/40T : 28-lead mini-pack; plastic (SO-28; SOT-136A).

PCF84C00B . 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top).
PCF84CO0WP : | 68-lead plastic leaded chip-carrier (PLCC) (SOT-188A). —
PCF84C00T : B6-lead mini-pack; plastic (VS0-56; SOT-190).
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PCF84CXX
FAMILY

"y

SERIAL DATA/Pp3

(pin 2) | | P17-P10 Po7-Poo
SCLK P22-P2g | RESIDENT ROM |
(pin 3) h
{pins 1,27, 26) | |
| 2K BYTES |
| 4K BYTES I
cLock DATA PORT 2 | [ PORT 1 PORT 0
> BUFFER | | BUFFER BUFFER
|
PORT 2 | DECODE | PORT1 | 4 ) poRTO | 4>
LATCH

I LATCH LATCH
MEMORY
BANK 13
FLIPFLOPS —o—l

SERIAL TIMER/ HIGHER LOWER PROGRAM
INPUT/ EVENT PROGRAM PROGRAM STATUS
OUTPUT COUNTER COUNTER COUNTER WORD
INTERFACE INTERNAL ]—" (8) (5) (8)
CLOCK '
sio FREQ.  TEST1 timer
inter. =30 8 inter. 8 8 8
v A4 A4
- |_'—— ﬂ/\ B |
INTER- RAM MULTIPLEXER |
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT ZZ%%,'::’: ADDRESS
(8) (8) 8| | Loaic REGISTER :Eg::x: 0
T 1
T L _"_J REGISTER 2
REGISTER 3
ARITHMETIC INSTRUCTION
PO&ER le— Vref LOGIC UNIT [ | REGISTER REGISTER 4
RESET 15V DEchER REGISTER 5
- D REGISTER 6
H REGISTER 7
RESET 0 [ 8 LEVEL STACK
. 2 | (VARIABLE LENGTH)
v «— INT/TO
2l OPTIONAL SECOND
powen | wetomal [«— TEST 1 REGISTER BANK
SUPPLY | 53 v interrupt CONDITIONAL — TMER
Logic |« CARRY DATA STORE
sToP —»f — ACC
CONTROL & TIMING <:_> ACCHIT
IDLE —» INT/TO RESET XTAL1 XTAL2 TEST
+ + RESIDENT RAM ARRAY
INTERRUPT INITIALIZE  OSCILLATOR
XTAL 7207336
Fig. 1 Block diagram; PCF84CXX.
____________ e e e
r AO-A12 1 | A0-A12 n
I {} 00-D7 | D0-D7 |
| | | | | |
| e ] | | I
| PSEN +— | PSEN «—
C1 +— 8 | 8
: HALT —| ' | |
INTA +— | |
| | | |
L______ LK _J [ L I |
7286142
(a) (b)
Fig. 1a Replacement of dotted part Fig. 1b Replacement of dotted part
in Fig. 1, for the PCF8400WP in Fig. 1, for the PCF84C00B
bond-out version. ‘Piggy-back’ version.
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] E PCF8570
BUS

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

GENERAL DESCRIPTION

256 x 8-BIT STATIC RAM

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

® QOperating supply voltage

® | ow data retention voltage
® | ow standby current

® Power saving mode

Applications
® Telephony

® Radio and television
® Video cassette recorder
® General purpose

25Vto6V ® Serial input/output bus (12C)

min. 1,0V ® Address by 3 hardware address pins
max. 15 uA ® Automatic word address incrementing
typ. 50 nA ® 8-lead DIL package

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

RAM expansion for the microcontroller families MAB8400
and PCF84C00

PCF8570 WORD
ADDRESS Row MEMORY
REGISTER |+ stLeer CELL
1 Y ARRAY
A0 —f»
Al —
3
A2 — >
1 v
6
sCL > INPUT [ 12c COLUMN
i L +»| MULTIPLEXE
spa «43 FILTER |»] BUS CONTROL SELECT R
T
-
P |
SHIFT -
REGISTER [ 7] coﬁiﬁos.
8 POWER 4
Vop ON
4 RESET
Vss —r—[]
TEST —-

PACKAGE OUTLINES

7290775.1

Fig. 1 Block diagram.

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

W (December 1984
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PCF8570

PINNING
1t0 3 AOQto A2 address inputs ‘
4 Vss negative supply
5 SDA serial data line |,
6 SCL serial clock line | | C PYS
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 VpD positive supply
Ao [1] U B
a1 [2] [ 7] Test
PCF8570
a2 [3] 6] scL
vgs [ 5] soa
7Z87034.A
Fig. 2 Pinning diagram.
RATINGS

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

Supply voltage range (pin 8)

Voltage range on any input

D.C. input current (any input)

D.C. output current (any output)
Supply current (pin 4 or pin 8)
Power dissipation per package

Power dissipation per output

Storage temperature range

Operating ambient temperature range

Vpp —-0,8to +8,0
VJ -0,8toVpp +0,8
+ Iy max. 10
tlg max. 10
tlppilsg  max. 50
Ptot max. 300
P max. 50
Tstg —65 to + 150
Tamb —40 to + 85

\%

\'%
mA
mA
mA
mW
mwW
oC
oc

96
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PCF8571

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET
128 x 8-BIT STATIC RAM

GENERAL DESCRIPTION

The PCF8571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address register
is incremented automatically after each written or read data byte. Three address pins AQ, 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
® Qperating supply voltage 25VtobV ® Serial input/output bus (12C)
® | ow data retention voltage  min. 1,0V ® Address by 3 hardware address pins
® |ow standby current max. 5 pA ® 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
PCF8571 ADDRESS ROW MEMORY
REGISTER - SELECT )—f» CELL
1 ARRAY
AO —»
2
A1l
a2 5 1 y
scL —5 - 2
> INPUT 12c _ | coLumn
SDA «J> FILTER | »] BUSconTROL [ | SELECT #*»|  MULTIPLEXER
A t
P—=1 |
SHIFT v
| ] R/W
REGISTER CONTROL
s POWER >
Vbp ON 4
Ves — i[l RESET
TEST —-

7288371.2

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF8571P : 8-lead DIL; plastic (SOT-97A).
PCF8571T : 8-lead mini-pack (SO-8L; SOT-176).
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PCF8571

PINNING
1t03 A0 to A2 address inputs
4 Vss negative supply
5 SCL seisl clockline | OB
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 VbD positive supply

INNER U 8] Voo

a1 [2] [ 7] TesT

a2 E PCF8571 E -

Vs [4] 5] soa

7287034.1
Fig. 2 Pinning diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range (pin 8) VpD -08to+8,0 V
Voltage range on any input \7 —08toVpp +0,8 V
D.C. input current (any input) ES N max. 10 mA
D.C. output current (any output) tlg max. 10 mA
Supply current (pin 4 or pin 8) *Ipp;lss max, 50 mA
Power dissipation per package Ptot max. 300 mW
Power dissipation per output P max. 50 mW
Storage temperature range Tstg —65 to +150 ©C
Operating temperature range Tamb —40to +85°C

98
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j_g@ PCF8573
BUS

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

CLOCK/CALENDAR WITH SERIAL 1/0

GENERAL DESCRIPTION

The PCF8573 is a low threshold, monolithic CMQOS 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 (I2C interface) Vpp—Vss2 251t06,0 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).

\ (April 1986
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PCF8573

FSET MIN  SEC Vpp
ISE 9 f10 16
LS At
32,768 kz Tisv
0sco |14
e + PRESCALER SECONDS POWER-ON |15
sy |13 | OSCILLATOR [ e COUNTER RES
T > 1:2 1:60 s ET Vss1
CT R y 8 VSSZ
>
%
o0 - i
4 6
SDA s TIME COUNTER EXTPF
5 g DAYS —»
SCL— MINUTES —> HOURS —» DATE <— "ON1HS 2 .
s ] I I !
3
Y COMPARATOR —E »t— COMP
2 { ! 1
INPUT ™ ;U(; | 1 "
FILTER | , | conTROL ALARM REGISTER +E4 TEST
LS LEVEL SHIFTER PCF8573
41 2
7286691.1
A0 A1
Fig. 1 Block diagram.
PINNING
1 A0 address input
U 2 Al address input
v
A0 II E oo 3 CcCOomP comparator output
15| V, 4 SDA serial data line
~ ) v 5  SCL ol clod me | 1 bus
E 05C0 serial clock line
cowe [3] 6 EXTPF  enable power fail flag input
soA [4] 13] oscl 7 PFIN power fail flag input
Porsanan 1 8 Vss2 negative supply 2 (12C interface)
scL E 12] TEST 9 MIN one pulse per minute output
EXTPF |—_€: E ESET 10 SEC one pulse per second output
L__] 1 FSET oscillator tuning output
PFIN [7] 10] SEC 12 TEST test input; must be connected
toV when not in use
V. 8 9| MIN SS2
ss2 l: :] 13 OSC! oscillator input
72866851 14 0SCcO oscillator input/output
Fig. 2 Pinning diagram. 15 Vggy negative supply 1 (clock)
16 Vpp common positive supply
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] JL PCF8574
BUS)|

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

REMOTE 8-BIT I/0 FOR 12C BUS

GENERAL DESCRIPTION

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote 1/0 expansion for the
MABB8400 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 tunction 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
cominunicate via the 12C bus. This means that the PCF8574 can remain a simple slave device.

Features
® Operating supply voltage 25Viob6V
® |ow stand-by current consumption max. 10 pA
® Bidirectional expander
® Open drain interrupt output
® 8-bit rernote 1/0 port for the 1°C bus
® Peripheral for the MAB8400 and PCFB500 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 rask cption)
PCF8574
— |13 INTERRUPT i
INT LoGIG LP FILTER
1
A0
Al 2
4 ;
a2 3 T PO
l y : + P1
. 14 &
scL *|inpUT 12C BUS » v P2
SDA 18yl FILTER CONTROL [¢msl o er N o L WS
3 REGISTER f?ﬁ‘iL\) PoRTS o2l pa
PR BNy
l___.__.___.4 v” -5 PH
12 + P7
4
write pulse T
16 read pulse
Vbp POWER-ON [~
Vss ____5..{] RESET
72858211

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF8574P: 16-lead DIL; plastic (SOT-38).
PCF8574T: 16-lead mini-pack; plastic (SO-16L; SOT-162A).

‘\ (January 1985
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PCF8574

PINNING

A0 [1] U [16] Voo

A1 [2] [15] spa

A2 [3 14] scL

E 73]

o [1] PCF8574 1] T
P1 E 12] P7
P2 I—E [11] P6
P3 [7 0] P5

7] [10]
ng I:E E’ P4

7287597 Fig. 2 Pinning diagram.
1to3 AO to A2 address inputs
o7 PO to P3 ‘ 8-bit i-bidirectional 1/0 port
-bit quasi-bidirectiona or
9t012  P4toP7 | q P
8 Vgs negative supply
13 INT interrupt output
14 SCL serial clock line
15 SDA serial data line
16 VbD positive supply
' Vbp
write pulse —- g
i 100 uA
A
e, — > o F_
FF
—— C'R a D POtoP7
power-on J i
reset m A

FF

C
read pulse —b—__®_
i t
datato ‘——“D,___._. to llnotgeircrup
shift register < ¢ 7

7287598

L ix

Fig. 3 Simplified schematic diagram of each port.
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PCF8576

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

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

Internal LCD bias generation with voltage-follower buffers

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

I2C 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

W (November 1985
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) kggel JQUIBAON

BPO BP2 BP1 BP3 S0 s39
413 414 A15 416 417 = ————— 56 4
Vpp | 5
BACKPLANE —>| .
OUTPUTS DISPLAY SEGMENT OUTPUTS
R . T
LCD
R VOLTAGE DISPLAY LATCH
SELECTOR [—>
e il
BIAS
Vicp |12 GENERATOR SHIFT REGISTER
PCF8576
CLK |4
SYNC|3 | TIMING |+ BLINKER INPUT DISPLAY OUTPUT
BANK RAM BANK
f t SELECTOR 40x 4 BITS SELECTOR
| DisPLAY
+ CONTROLLER <:>
osc |6
+ osciLLaTOR 1
POWER- DATA
ON | POINTER
Rosc RESET COMMAND <:
DECODER !
Vgs |11
A
SUB-
scL |2, ” ) —>| ADDREsS
INfUT [ 12c BUS :> COUNTER
SDA |1, FILTERS CONTROLLER
- 4 ﬂ; 3
10 7 |8 |9
SAO A0 Al A2
72914751

Fig. 1 Block diagram.
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=
BUS PCF8577A

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

LCD DIRECT/DUPLEX DRIVER WITH I12C 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 12 C 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).

The PCF8577 and PCF8577A differ only in their slave address.
Features

Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device
Operating supply voltage: 2,56to 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 (512 segments with PCF8577A)
Power-on-reset sets all segments off (to blank)

1
ol ——— 532
’ ’ ) SEGMENT BYTE BACKPLANE :
12¢ BUS INPUT 12¢ BUS REGISTERS N '
FILTERS CONTROLLER AND SEGMENT :
soa 140 MULTIPLEX '
> > LOGIC = pRIVERS |, 32[
331 Bp1
7 t
EK——J i 3L A2/BP2
— 381 A
| «— 371 ao/osc
5
Vop —3——T—> L }
POWER - PCF8577 CONTROL REGISTER OSCILLATOR
ON - PCF8577A AND L] AND
RESET COMPARATOR DIVIDER
v 38
ss —
7287556.2

Fig. 1 Block diagram.

PACKAGE OUTLINES

PCF8577P, PCF8577AP: 40-lead DIL; plastic (SOT-129).
PCF8577T, PCF8577AT: 40-lead mini-pack; plastic (VSO-40; SOT-158A).
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PCF8577
PCF8577A

s32 E U E SDA PINNING
Supply
s31 [ 2 39| scL
(2] ] 35 VbD positive supply
s30 [3] 38] Vss 38 Vgs negative supply
s29 [4] [37] Ao/osc 12C bus
s28 [5] [36] A1 40  SDA 12C bus data line
s27 [6 [35] Voo 39 SCL 12C bus clock line
526 [7 | [34] A2/8P2 Inputs
525 8] [33] 8P4 36 A1 hardware address line
soa E z] 1 37 A0/0SC hardware address line/oscillator pin
s23 [10] pCFE577 ’F_Tl s2 Outputs
s22 [11] PCF8577A @ s3 1—-32S1—S832 segment outputs
s21 [12] [20] s4 Input — Output
s20 [13] 28] s5 34 A2/BP2 harware address line/cascade sync
input/backplane output
519 b—T— 27] s 33 BP1 cascade sync input/backplane output
s18 [15] [26] s7
517 [16] 25] s8
s16 [17] [24] so
s15 [18] 23] s10
si4 [19] [ 22] s11
s13 [20] 21] s12

7287557.1

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 AQ and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements.

A0/OSC Line A0 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 A0 and A1.
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DEVELOPMENT DATA

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

J L PNA7509

7-BIT ANALOGUE-TO-DIGITAL CONVERTER (ADC 7)

GENERAL DESCRIPTION

The PNA7509 is a monoiithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a

sampling rate of 22 MHz.

The circuit comprises 129 comparators, a reference resistor chain, combining logic, transcoder stages,
and TTL output buffers which are positive edge triggered and can be switched into 3-state mode. The

digital output is selectable in two’s complement or binary coding.

The use of separate outputs for overflow and underflow detection facilitates full-scale driving.

Features

7-bit resolution

Digitizing rates up to 22 MHz

No external sample and hold required
High input impedance

Low reference current (250 uA typ.)
Positive supply voltages (+ 5 V/+ 10 V)
Low power consumption (400 mW typ.)
Standard 24-pin package

QUICK REFERENCE DATA

Binary or two’s complement 3-state TTL outputs
Overflow and underflow 3-state TTL outputs

Applications

® High-speed A/D conversion
Video signal digitizing

Radar pulse analysis
Transient signal analysis
High energy physics research

Supply voltage range (pins 3, 12, 23)
Supply voltage range (pin 24)
Supply current (pins 3, 12, 23)
Supply current (pin 24)

Reference voltage LOW (pin 20)
Reference voltage HIGH (pin 4)
Differential non-linearity
Bandwidth (-3 dB)

Clock frequency

Total power dissipation

Vbps 45t055 V
Vpp1g 95t0 105 V
IpDs  typ. 60 mA
IpD10  typ- 10 mA
VigfL min. 24V
VigfH max. 5,2V
+% 2 0,4% LSB
B min. 10 MHz
fcLk  max. 22 MHz
Piot typ. 400 mW

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101).
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PNA7509

reference
— voltage 22MHz select
HIGH clock input  two’s complement
(Veetn! (fork) (STC) CET  CcE2
+ + + v v
4 14 5 18 21
MODE |
PNA7509 SELECTION |,
6 N
{ D=t overflow
7| mss
H —?————» bit 6
S— 8 5
?——-——b bit 5
9 .
- bit 4
| i
| i
| : ROM OUTPUT 10_§ bit 3 >d|gltalvoltage
! 127x7 LATCHES outputs (V)
:j> 11 .
P  Dbit 2
N —?ﬁ—-—» bit 0
u]/ 17| LSB
—— underflow
20 1 19 424 Ldo 434023 Tig 1703405
4 Cag | I I I
reference  analogue 100 VpP10 analogue VDDS digital
voltage voltage 0 (+10V) ground (+5V) ground
LOwW input ;I;F;’Onf‘-
(Vres 1) vy 7

Note
All three pins 3, 12 and 23 must be connected to positive supply voltage +5 V.

Fig. 1 Block diagram.
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7-bit analogue-to-digital converter (ADC 7)

PNA7509

DEVELOPMENT DATA

Wil O

PNA7509

—
bita [0
pit3[10
bit2 [11]

Vpps |12

E Vbp10
23] Vpps

21] ce2
20| VrefL
[19] Vaa
18] cEv
[17] unFL
[16] bito
[15] bit 1
[14] feic
[13] pano

7293493

Fig. 2 Pinning diagram.

RATINGS

PINNING

1 \7

2 AGND
3 Vpps
4 VrefH
5  STC
6  OVFL
7 bit6
8  bit5
9  bit4
10 bit3
11 bit 2
2 Vpps
13 DGND
14 fok
15 bit 1
16 bit0
17 UNFL
18  CE1
19 VBB
20 VrefL
21 CE?2
22 n.c.
23 Vpps
24 Vpp1o

analogue voltage input
analogue ground

positive supply voltage (+ 5 V)
reference voltage HIGH

select two’s complement
overflow

most-significant bit (MSB)

positive supply voltage (+ 5 V)
digital ground
22 MHz clock input

least-significant bit (LSB)
underflow

chip enable input 1

back bias output

reference voltage LOW

chip enable input 2

not connected

positive supply voltage (+ 5 V)
positive supply voltage (+ 10 V)

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

Supply voltage range (pins 3, 12, 23)

Supply voltage range (pin 24)

Input voltage range
Output current

Total power dissipation

Storage temperature range

Operating ambient temperature range

HANDLING

Vpps -056to +7 V
Vpp1g -05to+12 V
v, —05t0 +7 V
lo 5 mA
Ptot tbf mW
Tstg —65to+ 150 OC
Tamb Oto +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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PNA7509

CHARACTERISTICS

Vpps = V3, 12, 23.13=4,51055 V; Vpp10 = V24.2=9,5 to 10,5 V; Cgg = 100 nF;
Tamb = 0 to + 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage (pins 3, 12, 23) VbDs 45 - 5,5 Y
Supply voltage (pin 24) Vpp10 9,5 — 10,5 Vv
Supply current (pins 3, 12, 23) IpD5 - 60 - mA
Supply current (pin 24) IDD10 — 10 - mA
Reference voltages
Reference voltage LOW (pin 20) ViefL 2,4 25 2,6 V
Reference voltage HIGH (pin 4) ViefH 5,0 5,1 5,2 \
Reference current Iref 175 250 375 uA
Inputs
Clock input (pin 14)
Input voltage LOW ViL -0,3 - 0,8 \%
Input voltage HIGH ViH 3,0 - VpD5s \
Digital input levels (pins 5, 18, 21)*
Input voltage LOW ViL 0 — 0,8 \
Input voltage HIGH ViH 2,0 - VpD5s \
Input current

at V5'21_13=0V _|5, 21 - — 100 MA

atVig.13=5V I1g — — 100 HA
Input leakage current

(except pins 5, 18 and 21) I — — 10 HA
Analogue input levels (pin 1)

atViefL =25 V; Vief4=5,1V
Input voltage amplitude

(peak-to-peak value) Vi(p-p) - 2,6 — \Y
Input voltage (underflow) \7 — 2,5 - \Y
Input voltage (overflow) \7 - 5,1 — \%
Offset input voltage (underflow) Vi—ViefL — 10 - mV
Offset input voltage (overfiow) V|—ViefH - -10 - mV
Input capacitance Ci12 — — 60 pF

When pin 5 is LOW binary coding is selected.
When pin 5 is HIGH two’s complement is selected.

If pin 5, 18 and 21 are open-circuit, pin 5, 21 are HIGH and pin 18 is LOW.

For output coding see Table 1 and mode selection see Table 2.
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7-bit analogue-to-digital converter (ADC 7) PNA7509

DEVELOPMENT DATA

parameter symbol min. typ. max. unit

Outputs

Digital voltage outputs
(pins 6 to 11 and 15 to 17)

Output voltage LOW

atlp=2mA VoL 0 — -0,4 \Y
Output voltage HIGH
at—lg=0,5mA VoL 2,4 - Vpps | V

Table 1 Output coding (Vygfl =2,5 V; Vigfy =5,1V)

step Vi2 |UNFL |OVFL binary two’s complement
(typ.) bit 6 — bit0 bit 6 — bit 0
underflow | <2,51 0 0 00OO0OOOOIT OO0 OOTOTP
0 2514 0 0 0 00O O0OOUO|1T OO 0 0O
1 253| O 0 0 00O0O0OOT1T|7 OO0O0O0OTDO
. . . . . . . . . . . . . . . . . . Steps
. . . . D T 2-125
126 503| 0 0 11111 10j01T 1T 11 10
127 505 | O 0 Tt1T 1111 1011111
overflow > 5,07 0 1 Tt 11t 1111101 1 1T 1 11

Table 2 Mode selection

CE1 CE?2 bit O to bit 6 UNFL, OVFL
X 0 HIGH impedance HIGH impedance
0 1 active active
1 1 HIGH impedance active
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PNA7509

CHARACTERISTICS (continued)

Vpps = V3, 12,23.13=45V 1055 V;Vpp190=V24.2=95V 10 10,5 V; Vief =25V,

ViefH = 5,1 V: fo Lk = 22 MHz; Cgg = 100 nF; Toyp = 0 to + 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Timing (see also Fig. 3)
Clock input (pin 14)
Clock frequency foLk 1 - 22 MHz
Clock cycle time LOW tLow 20 - - ns
Clock cycle time HIGH tHIGH 20 - - ns
Input rise and fall times (note 1)
rise time tr - - 3 ns
fall time tf - - 3 ns
Analogue input (note 1)
Bandwidth (-3 dB)
atVi.2(p-p) =2.2V B 10 - — MHz
Differential gain
at f; = << 4,5 MHz (note 2) dG - - 5 %
Differential phase
at f; = < 4,5 MHz (note 2) dp - — 5 deg
Phase error
at f; = << 4,5 MHz (note 3) Pe - - +10 deg
Signal-to-noise ratio
atV1.2(p-p) =22 V;
fi=<4,5MHz; B=%1 MHz S/N 36 - - dB
Harmonics
at V1_2(p_p) =22V,
f; = 3,6 MHz
fundamental fo - 0 0 dB
2nd harmonic fond — — tbf dB
3rd harmonic f3rd — — tbf dB
4th harmonic fath — — tbf dB
5th harmonic f5th - — tbf dB
6th harmonic f6th — — tof dB
7th harmonic f7th - — tbhf dB

112
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7-bit analogue-to-digital converter (ADC 7) PNA7509

DEVELOPMENT DATA

parameter symbol min. typ. max. unit
Harmonics
atVi1.2(pp)=22V;
f;=4,5 MHz
fundamental fo - 0 0 dB
2nd harmonic fond - - tbf dB
3rd harmonic fard - - tbf dB
4th harmonic fath - - tbf dB
5th harmonic f5th - - tbf dB
6th harmonic f6th - - tbf dB
7th harmonic f7th - - tbf dB
Digital outputs (notes 2 and 4)
Output hold time tHOLD 6 15 — ns
Output delay time tq - 20 28 ns
Internal delay tcy - 3 — clocks
Propagation delay time
at fo gk = 20,25 MHz tpd 154 - 176 ns
3-state delay time (see Fig. 4) tgt tbf 10 20 ns
Capacitive output load (note 2) CoL 0 - 156 pF

Transfer function

Non-linearity
integral INL - - +1 LSB

differential DNL - - +%20,4% |LSB

Notes to timing characteristics
1. Clock input rise and fall times are at the maximum clock frequency (10% and 90% levels).

2. Low frequency sinewave (peak-to-peak value of the analogue input voltage at Vl(p~p) =1,8YV)
amplitude modulated with a sinewave voltage (V|(p.p) = 0,7 V) at f; <4,5 MHz.

3. Sinewave voltage with increasing amplitude at f; < 4,5 MHz (minimum amplitude V| (p-p) = 0,25V;
maximum amplitude Vi(p-p) = 2.5 V).

4. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock
input reference level at 1,5 V.
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PNA7509

»>| |let,
CLOCK INPUT clock input
(pin 14) ] refer(e1n§3)level
SAMPLE SAMPLE
N+1 N+5
SAMPLE SAMPLE
N /f\ N+2 ¥
1
|
% ! SAMPLE
NPUT
ANAL(?S;JE)! PU +| « SAMPLE Nla
tad N+i
< 3 tey >
< tp >
tHoLD»| |«
- — —— 24V
7 A
DIGITAL OUTPUTS DATA DATA ? DATA DATA %
(pins 6 to 11 and 15 to 17) N-2 N-1 / N N+1 7
“ 7 —— 04V
g 7280491
Fig. 3 Timing diagram.
CHIP ENABLE z reference level
INPUTCE2 @~ X——r———Ff—————— (15V)
(pin 21) ,
DIGITAL OUTPUTS — 24V
(pins 6 to 11 and 15 to 17) 04V
— tdt |- - tdt - 7293494

Fig. 4 Timing diagram for 3-state delay.
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DEVELOPMENT DATA
This data sheet contains advance information and PNA7518

specifications are subject to change without notice.

8-BIT MULTIPLYING DAC

GENERAL DESCRIPTION

The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (DAC) designed for video
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a
sampling rate of 30 MHz.

The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the
resistor chain.

The input latches are positive-edge triggered. The output impedance is approximately 0,5 k€2 depending

on the applied digital code. An additional operational amplifier is required for the 75 £ output impedance.

Two's complement is selected when STC (pin 11) is HIGH or is not connected.

Features

® TTL input levels

® Positive-edge triggered

® Analogue voltage output at 30 MHz sampling rate

® Binary or two’'s complement input

® Output voltage accuracy to within = % of the input LSB

QUICK REFERENCE DATA

Supply voltage range (pin 16) VbD 45t055 V
Supply current (pin 16) DD typ. 50 mA
Reference voltage LOW (pin 2) Viefl. Mmin. oV
Reference voltage HIGH ({pin 9) ViefH Mmax. 2V
Linearity

at Ry =200 k2; Vg =2 V (peak-to-peak value) +% LSB
Bandwidth (-3 dB)

atC| =6 pF B min. 12 MHz
Clock frequency fcLk  max. 30 MHz
Total power dissipation Ptot typ. 300 mW
Applications

® Video data conversion

® CRT displays

® Waveform/test signal generation
® Colour/black-and-white graphics

PACKAGE OUTLINE
16-lead DIL; plastic (SOT-38WE-1).
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PNA7518

SSJZ,‘? digital voltage input (V)
complement ” A (+5V)
(STC) bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7 VDD
LsB mss |
1 5 4 3 15 |14 |13 |12 16
Y Y X A vy v
clock input 10 P INPUT BUFFER/LATCH x 8
(foLk)
is—l;
DECODER
|- 256
1 PNA7518
V, 9 —
refH 1T ﬁ [S¢
|.l[| .] (e
reference !
voltage 9 !
inputs !
[ﬂ c}’c
V, 2 | e ¥ E:l .L
refL {1 & O—
. Ts
7280546 100to 150nF ‘L I

7

VBB

Fig. 1 Block diagram.

Vss
(ov)

analogue
voltage
output

Va0)
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8-bit multiplying DAC PNA7518

DEVELOPMENT DATA

PINNING
U 1 Vao analogue output voltage
Yao [1] 18] Yoo 2 VriefL reference voltage LOW
Vieft [2] E bit 4 3 bit 3
4 bit 2 L .
bit3 [3 | [14] bit 5 5 b;t ] digital voltage inputs (V)
bit2 [4 | 13] vit6 6 bit 0 least-significant bit (LSB)
) PNA7518 _ 7 VBB back bias
bit 1 E [12] bit 7 8 Vgs ground
bit 0 E ,—__1] sTC 9 VrefH reference voltage HIGH
10 foLk clock input
VBB [Z E foLk 1 STC select two's complement
vss [8] 5] VyetH 12 bit 7 most-significant bit (MSB)
13 bit 6 digital voltage inputs (V)
7280547 14 bit § g ge inp ]
15 bit4 |
Fig. 2 Pinning diagram. 16 VpD positive supply voltage
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Supply voltage range (pin 16) Vbp -056to+7 V
Input voltage range (pins 3, 4, 5, 6,

11, 12,13, 14 and 15) Vi -05t0+7 V
Output voltage range (pin 1) Va0 —0,6to+7 V
Total power dissipation Piot max. 400 mW
Storage temperature range Tstg —65 to + 160 ©°C
Operating ambient temperature range Tamb Oto +70 ©C
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'’).
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PNA7518

CHARACTERISTICS
Vpp =451t055; Vgg=0V; Cgpg =100 nF; Tamp = 0 to + 70 OC; unless otherwise specified.

parameter symbol {min. typ. max. unit
Supply (pin 16)
Supply voltage VpD 45 5 55 \"
Supply current ' 1DD - 50 80 mA
Reference voltages
Reference voltage LOW (pin 2) Vieit = |1—0,1 - +2,1 \
Reference voitage HIGH (pin 9) VeetH |01 - +2,1 \
Reference ladder Rref 150 230 300 Q
Inputs
Digital input levels (TTL) (note 1)
input voltage LOW ViL |0 - 0,8 \
input voltage HIGH VIH 2,0 - 5,25 \%
input leakage current TN - — 10 MA
Clock input (pin 10) )
input voltage LOW ViL 0 — 0,8 \%
input voltage HIGH VIH - 2,0 - 5,26 v
input leakage current Iy = - 10 MA
frequency | foLk 1 - 30 MHz
pulse width HIGH tpWH 10 — - ns
pulse width LOW tpwL 10 - - ns
input rise time at fo| k = 30 MHz ty - - 3 ns
input fall time at fo ;¢ = 30.MHz |t - - 3 ns
Output B
Analogue voltage output (pin 1)
at R =200 k&) Va0 0 - 2 Y
Bandwidth (—3 dB) at C_ =6 pF B 12 18 - MHz
Switching characteristics (Fig. 3) ) .
Data set-up time ' tsy;DAT |3 - - ns
Data hold time tHD;DAT |4 — — ns
Propagation delay time, input to output tpp teLk 15 | teLk + 22| toLk +30 | ns
Settling time: 10 to 90% full-scale change; :
C| =6 pF; R_ =200k tg9. - 13 20 ns
Settling time to + 1 LSB; . )
C| =6 pF; R =200k -tg2 - 40 — ns
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8-bit multiplying DAC

PNA7518

DEVELOPMENT DATA

parameter symbol min. typ. max. unit
Output transients (glitches)
(note 2 and Fig. 3)
1 LSB change:
Maximum occurring at step 7F-80 (HEX)
litud Y - 3 - LSB
area amplitude g _ 23 _ LSB.ns
Generally:
Maximum occurring at step 00-AA (HEX)
litud v - 5 - LSB
are amplitude g _ 41 _ LSB.ns
Influence of clock frequency (note 2)
Cross-talk at 2 x fo g
amplitude — 2 — LSB
area — 8 — LSB.ns

Notes to the characteristics
1. Inputs bit O to bit 7 are positive-edge triggered.

2. Measured at VigfH-Vyefl = 2,0 V; 1 x LSB = 7,8 mV. The energy equivalent of output transients is

given as the area contained by the graph of output amplitude (LSB) against time (ns). The glitch
area is independent of the value of V. Glitch amplitudes and clock cross-talk can be reduced by

using a shielded printed circuit board.

toLk

™

CLOCK 15V 4

tsU; DAT | 'HD;DAT

—

—>’ \ <—/ tg L—tpWL_J t,

\¥ 08V

20V

20V

DATA %

'<-
Y,

ANALOGUE
OUTPUT

tpo

—»|t31

Fig. 3 Switching characteristics.

08V

tg2 —

N T 1
T

1LSB

7280548
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SAA1057

RADIO TUNING PLL FREQUENCY SYNTHESIZER

The SAA1057 is a single chip frequency synthesizer IC in I2L technology, which performs all the
tuning functions of a PLL radio tuning system. The IC is applicable to all types of radio receivers,
e.g. car radios, hi-fi radios and portable radios.

Features

® On-chip prescaler with up to 120 MHz input frequency.

® On-chip AM and FM input amplifiers with high sensitivity (30 mV and 10 mV respectively).

® |ow current drain (typically 16 mA for AM and 20 mA for FM) over a wide supply voltage range
(3,6 Vto12V).

® On-chip amplifier for loop filter for both AM and FM (up to 30 V tuning voltage).

® On-chip programmable current amplifier (charge pump) to adjust the loop gain.

® Only one reference frequency for both AM and FM.

® High signal purity due to a sample and hold phase detector for the in-lock condition.

@ High tuning speed due to a powerful digital memory phase detector during the out-lock condition.

® Tuning steps for AM are: 1 kHz or 1,25 kHz for a VCO frequency range of 512 kHz to 32 MHz.

® Tuning steps for FM are: 10 kHz or 12,5 kHz for a VCO frequency range of 70 MHz to 120 MHz.

® Serial 3-line bus interface to a microcomputer.

e Test/features.

QUICK REFERENCE DATA

Supply voltage ranges Vee 36to12 V
Vee2 36t012 V
Vees Veeato 31 V
Supply currents lcct1+lce2 typ. 18 mA
lcc3 typ. 0,8 mA
Input frequency ranges
at pin FAM fEAM 512 kHz to 32 MHz
at pin FFM fEEM 70 to 120 MHz
Maximum crystal input frequency fXTAL > 4 MHz
Operating ambient temperature range Tamb —25t0+80 °C

PACKAGE OUTLINE
18-lead DIL; plastic (SOT-102HE).
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SAA1057

TR TCA TCB N vclc3
11 1 |
REENE Is 17
15-BIT SA“Q‘PLE u .
PROGRAM- IN-LOCK
—+{—out
MABLE HOLD =1 counTeR U
DIVIDER PHASE
DETECTOR
> L" PROGRAMMABLE
e z > CURRENT
o] AMPLIFIER
v 16
o w———T—> DIGITAL REFERENCE
PHASE e DIVIDER | REFERENCE | | {17} wraL
DETECTOR +100/125 OSCILLATOR
4| cummenT :
DCS —— .
STABILIZER i
s —T— | L
VeE ]
LATCH A LATCH B TesT/ wl o
15BITS 15 8ITS FEATURES
bLEN—F2]  BUS/LOAD Eﬁ
cs—4 & SAA1057
12f CORTROL 16-BIT SHIFT REGISTER
pATA——+  LoGIC

7283975.2
Fig. 1 Block diagram.
GENERAL DESCRIPTION

The SAA1057 performs the entire PLL synthesizer function (from frequency inputs to tuning voltage

output) for-all types of radios with the AM and FM frequency ranges.

The circuit comprises the following:

® Separate input amplifiers for the AM and FM VCO-signals.

A divider-by-10 for the FM channel.

A multiplexer which selects the AM or FM input.

A 15-bit programmable divider for selecting the required frequency.

A sample and hold phase detector for the in-lock condition, to achieve the high spectral purity of

the VCO signal.

A digital memory frequency/phase detector, which operates at a 32 times higher frequency than

the sample and hold phase detector, so fast tuning can be achieved.

® An in-lock counter detects when the system is in-lock. The digital phase detector is switched-off
automatically when an in-lock condition is detected.

® A reference frequency oscillator followed by a reference divider. The frequency is generated by a
4 MHz quartz crystal. The reference frequency can be chosen either 32 kHz or 40 kHz for the
digital phase detector (that means 1 kHz and 1,25 kHz for the sample and hold phase detector),
which results in tuning steps of 1 kHz and 1,25 kHz for AM, and 10 kHz and 12,5 kHz for FM.

® A programmable current amplifier (charge pump), which controls the output current of both the
digital and the sample/hold phase detector in a range of 40 dB. It also allows the loop gain of the
tuning system to be adjusted by the microcomputer.

® A tuning voltage amplifier, which can deliver a tuning voltage of up to 30 V.

® BUS; this circuitry consists of a format control part, a 16-bit shift register and two 15-bit latches.
Latch A contains the to be tuned frequency information in a binary code. This binary-coded num-
ber, multiplied by the tuning spacing, is equal to the synthesized frequency. The programmable divider
(without the fixed divide-by-10 prescaler for FM) can be programmed in a range between 512 and
32767 (see Fig. 3). Latch B contains the control information.
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Radio tuning PLL frequency synthesizer SAA1057

OPERATION DESCRIPTION
Control information

The following functions can be controlled with the data word bits in latch B. For data word format
and bit position see Fig. 3.

FM FM/AM selection; ‘1" = FM, ‘0’ = AM

REFH reference frequency selection; ‘1’ = 1,25 kHz, ‘0’ = 1 kHz (sample and hold phase detector)
CP3) ’

CP2 I control bits for the programmable current amplifier

CP1 (see section Characteristics)

CPO |

SB2 enables last 8 bits (SLA to TO) of data word B;
‘1" = enables, ‘0’ = disables; when programmed ‘0’, the last 8 bits
of data word B will be set to ‘0" automatically

SLA load mode of latch A; ‘1" = synchronous, ‘0’ = asynchronous
PDM1 | '
PDMO | phase detector mode
PDM1 PDMO digital phase
detector
0 X automatic
on/off
1 0 on
1 1 off

BRM bus receiver mode bit; in this mode the supply current of the BUS
receiver will be switched-off automatically after a data transmission
(current-draw is reduced); ‘1’ = current switched; ‘0’ = current always on

T3 test bit; must be programmed always ‘0’

T2 test bit; selects the reference frequency (32 or 40 kHz) to the TEST pin
T1 test bit; must be programmed always ‘0’

TO test bit; selects the output of the programmable counter to the TEST pin

T3 T2 T1 TO TEST (pin 18)

0 0 0 0 1

0 1 0 0 reference frequency

0 0 0 1 output programmable counter

output in-lock counter
0 1 0 1 ‘0’ = out-lock
‘1" = in-lock
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SAA1057

DLEN 77} . -- s
- -~ tza'” tDLENhoId = - o UDIST ba-
tCLB lead ™| __»r" < tCLBlag1 tCLBlag2 ____»‘ |<~
cLB | . 1 L
—~| teat b« < 'DATAhold
foeH > - ~>[ «l——‘DATAmad
oATA ZZ2Z2) XXX XX L
—>| Yiead |=
R < test leading zero 7283974.1
bit no. 0 1 15

Fig. 2 BUS format.

(1) During the zero set-up time (t|_zs,) CLB can be LOW or HIGH, but no transient of the signal is
permitted. This can be of use when an 12C bus is used for other devices on the same data and clock

lines.

DATA WORD A

A Iezagrigg E 0 121412131212[2111210J29[25 I 27{261 25 l 24 I 23 rzzszilzo V

DATA WORD B

bits stored in latch A
512 < dividing number < 32767

leading
zero

1 I FM ]REFHI CPBICPZ | cmlcPo | sB2 | sLa IPDMI[PDMOI BRv| T3 | T2 | 71 I T0 V

Fig. 3 Bit organization of data words A and B.

bits stored in latch B

7283973
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Radio tuning PLL frequency synthesizer

SAA1057

wa] Y
TCA [Z
e 3]
ocs 4]

IN E SAAT057
ouT 6 |

vees [7]
Frm 8 |
Veer [9]

18] TEST
[17] xTAL
El Veez
15] Vee
[12] cLs
[13] oLen

12 | DATA
11| FAM

@ DCA

7283971

Fig. 4 Pinning diagram.

RATINGS

PINNING
1 TR

2 TCA
3 TCB
4 DCS
5 IN

6 OuUT
7 Vces
8 FFM
9  Vcer
10 DCA
11 FAM
12 DATA
13 DLEN
14 CLB
15 VEE
16 Vcez
17 XTAL
18 TEST

resistor/capacitors
for sample and
hold circuit

decoupling of supply
input of output amplifier
output of output amplifier

positive supply voltage of
output amplifier

FM signal input

positive supply voltage of
high frequency logic part

decoupling of input
amplifiers

AM signal input
BUS

ground

positive supply voltage of
low frequency logic part and
analogue part

reference oscillator input
test output

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

Supply voltage; logic and analogue part

Supply voltage; output amplifier

Total power dissipation

Operating ambient temperature range

Storage temperature range

Veet: Vee2 -0,3t0 13,2 V
Vees Vegato+32 V
Ptot max. 800 mW
Tamb —-30to +85 OC
Tstg —65to + 150 OC

w f November 1983
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SAA1057

CHARACTERISTICS
VEE=0V;Vce1=Vee2=5V; Vee3 =30 V; Taymb = 25 ©C; unless otherwise specified

symbol min. typ.  max. conditions
Supply voltages Veer 3,6 5 12 VvV
Vee2 3,6 5 12 \
Vees | Veez - 3V
Supply currents*
AM mode ltot - 6 — mA ot =lIcc1 +Icc2
EM mod | 20 A in-lock: BRM =‘1’;
moae tot - - m PDM = ‘0’
Iccs 0,3 08 12 mA loyT=0
Operating ambient
temperature Tamb —-25 — +80 ©C
RF inputs (FAM, FFM)
AM input frequency fEaM | 512 kHz - 32 MHz
. FM input frequency {33V 70 — 120 MHz
Input voltage at FAM Vi (rms) 30 — 500 mVv
Input voltage at FFM Vi (rms) 10 — 500 mv
Input resistance at FAM R; - 2 — k&2
Input resistance at FFM R; - 135 — Q
Input capacitance at FAM G - 3,6 — pF
Input capacitance at FFM C; — 3 — pF
Voltage ratio allowed
between selected and
non-selected input V¢/Vns - —30 — dB
Crystal oscillator (XTAL) see note 1
Maximum input frequency | fxTAL 4 - — MHz
Crystal series resistance Rg — - 150 Q
BUS inputs (DLEN, CLB,
DATA)
Input voltage LOW ViL 0 - 08 V
Input voltage HIGH VIH 2,4 - Veer V
Input current LOW —hL - - 10 uA ViL=08V
Input current HIGH lH - - 10 uA ViH=24V

* When the bus is in the active mode (see BRM in Control Information), 4,5 mA should be added to the
figures given.
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Radio tuning PLL frequency synthesizer SAA1057

CHARACTERISTICS (continued)
VEE=0V; Vet = VCCZ =5V;Vce3=30V; Taymp = 25 ©C; unless otherwise specified

symbol min.  typ. max. conditions
BUS inputs timing see also Fig. 2 and
(DLEN, CLB, DATA) note 2
Lead time for CLB to DLEN tCLBlead 1 - — us
Lead time for DATA to
the first CLB pulse tT)ead 0,5 — — us
Set-up time for DLEN
to CLB tCLBlagl 5 — — us
CLB pulse width HIGH tCLBH 5 - — us
CLB pulse width LOW tCLBL 5 - - us
Set-up time for DATA
to CLB tDATAlead 2 - - us
Hold time for DATA to CLB tDATAhold 0 — - us
Hold time for DLEN to CLB tDLENhold 2 - — us
Set-up time for DLEN to ‘
CLB load pulse tCLBlag2 2 - — us

Busy time from load pulse next transmission

. fter word ‘B’
£ _ _ a
to next start of transmission | tp|ST 5 Hs { t0 other device
Busy time or
asynchronous mode tDIST 03 - — ms } next transmission
synchronous mode tDIST 1,3 - — ms to SAA1057

after word ‘A’
(see also note 5)

Sample and hold circuit

(TR, TCA, TCB) see also notes 3; 4
Minimum output voltage LY — 1,3 -V
\aye:
. V
Maximum output voltage TCA/ — -V -0,7 V
VTcs ce2
Capacitance at TCA Crca — — 2,2 nF | REFH="T1
(external) Ctca - - 2,7 nF | REFH="0
Discharge time at TCA tdis — — 5 us | REFH="1"
tdis - - 6,25 us | REFH="0
Resistance at TR RTR 100 - — Q | external
Voltage at TR during
discharge VTR - 07 -V
Capacitance at TCB CtcB - - 10 nF | external
Bias current into TCA, TCB Ibias - - 10 nA | in-lock
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SAA1057

CHARACTERISTICS (continued)
VEE=0V;Vce1 =Vee2 =5 V: Vees =30 V; Tamb = 25 ©C; unless otherwise specified

symbol min. typ. max. conditions
Programmable current
amplifier (PCA)
Output current of the
dig. phase detector + |dig - 04 — mA
Current gain of PCA
|CP3|CP2|CP1|CPO
Pl1/O 0|0 |0O Gp1 - 0,023 - Veez =5V (only for P1)
P2/ 0 |0 |0 |1 Gpo - 0,07 -
P3O0 {0 |1 }|0O Gps - 0,23 -
PAlO |1 (|10 Gpg - 0,7 -
P51 1 {1 {110 Gps - 23 -
Ratio between the output
current of S/H into PCA
and the voltage on
CTtcB STCB - 10 — ANV
Offset voltage on TCB AVTcB - - 1V in-lock
Output amplifier (IN,0UT)
in-lock; equal to
Input voltage VIN - 1.3 -V internal reference voltage
Output voltages
minimum VouTt - - 05V —louT =1mA
maximum VouTt |Vecez—2 - -V louT=1mA
maximum Vout |Vee3z—-1 - -V loyT =0,1 mA
Maximum output current | IgyT 5 - — mA |Vout=%Vces
Test output (TEST)*
Output voltage LOW V1L - - 05V
Output voltage HIGH VTH - - 12V
Output current OFF IToff - - 10 wA | VTH
Output current ON ITon 150 — - MA V1L
Ripple rejection**
at fripple = 100 Hz
AVce1/AVouT - 77 — dB
AVee2/AVouT - 70 — dB
AVge3/AVouT - 60 — dB VouTt <Vcees—3V

* Open collector output.
** Measured in Fig. 6.
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Radio tuning PLL frequency synthesizer SAA1057

NOTES

1. Pin 17 (XTAL) can also be used as input for an external clock.
The circuit for that is given in Fig. 5. The values given in Fig. 5 are a typical application example.

10nF 22k
+5V—
ovJ =~

4 MHz

17
XTAL
]
4.5
CXTAL T pF
I

W/ 7283970

Fig. 5 Circuit configuration showing external 4 MHz clock.
2. See BUS information in section ‘operation description’.

3. The output voltage at TCB and TCA is typically %2 Vgc2+0,3 V when the tuning system is in-lock
via the sample and hold phase detector. The control voltage at TCB is defined as the difference
between the actual voltage at TCB and the value calculated from the formula %2 Vgg2+0,3 V.

4. Crystal oscillator frequency fxTal =4 MHz.

5. The busy-time after word ““A’’ to another device which has more clock pulses than the SAA1057
(> 17) must be the same as the busy-time for a next transmission to the SAA1057.
When the other device has a separate DLEN or has less clock pulses than the SAA1057 it is not
necessary to keep to this busy-time, 5 us will be sufficient.

APPLICATION INFORMATION
Initialize procedure

Either a train of at least 10 clock pulses should be applied to the clock input (CLB) or word B should
be transmitted, to achieve proper initialization of the device.

For the complete initialization (defining all control bits) a transmission of word B should follow. This
means that the IC is ready to accept word A.

Synchronous/asynchronous operation

Synchronous loading of the frequency word into the programmable counter can be achieved when bit
‘SLA’ of word B is set to ‘1’. This mode should be used for small frequency steps where low tuning noise
is important (e.g. search and manual tuning). This mode should not be used for frequency changes of
more than 31 tuning steps. In this case asynchronous loading is necessary. This is achieved by setting

bit 'SLA’ to ‘0’". The in-lock condition will then be reached more quickly, because the frequency infor-
mation is loaded immediately into the divider.

Restrictions to the use of the programmable current amplifier

The lowest current gain (0,023) must not be used in the in-lock condition when the supply voltage
Vce2 is below 5V (CP3, CP2, CP1 and CPO are all set to ‘0’). This is to avoid possible instability of the
loop due to a too small range of the sample and hold phase detector in this condition (see also section
‘Characteristics’).

Transient times of the bus signals

When the SAA 1057 is operating in a system with continuous activity on the bus lines, the transient
times at the bus inputs should not be less than 100 ns. Otherwise the signal-to-noise ratio of the tuning
voltage is reduced.

November 1983
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SAA1057

+5V P +30V

1] Towe| I
1004F 180Q[] 2.2 TW"F 100nF
E nF

9 16 1 2 3 7

|
| TUNER
47uF | Veer Vecz TR TCA TCB Vecs 10k | '
4 bes ouT 6 — 1 tuning
g |+ — i { voltage
I
10nF 10 18k (M) #100"':“)
- oca ; |
180 Q IN ._| | o
R SAA1057 330nF (M | 4
. 1nF |
FM oscillator 8 18
(z,=759) - FFm TEST |—
4 MHz
. 22nF
AM oscillator 11 17 N\
B 2 Y xrat PR
DLEN CLB DATA Veg 27 pF
lw 114 Tw 7L15
- 7 7283972.1
BUS

(1) Values depend on the tuner diode characteristics.

Fig. 6 Application example of the SAA1057PLL frequency synthesizer module.
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FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR SAA1060
DATA SHEET

LED DISPLAY/INTERFACE CIRCUIT

Q1 Q; Q3 Q4 Qg Qg Q; Qg Qg Q19 Q1 Q12913014 Q15 Qg
14 [17 |21 |24 |23{20]16 |13 {18 {22]2 fro |12 11 |3 |1

7 S W N N N G U U S S S G S S § 6
— VCC
16 OUTPUT STAGES . 15,19
— VEE
—| MULTIPLEXER
> 16 BIT-DATA LATCH A > 16 BIT-DATA LATCH B
PN
SAA1060
1
L—' : 17 BIT-SHIFT REGISTER
I i I
— LOAD CONTROL < BUS CONTROL
ry r' s
7 4 8 5 9
DUP LOEX DATA DLEN CLB 72789071
Features Fig. 1 Block diagram.
® Driving 7, 14, 16-segment displays.
® Driving linear displays, bar graph displays for analogue functions.
® Serial to parallel decoder.
® Bus control for the selection of 18-bit words.
® 2 x 16-bit latch.
® Duplex operation for two modes of output: static (16 bit) or dynamic (2 x 16 bit).
® Data transfer control.
® 2 outputs for higher output current (80 mA).
QUICK REFERENCE DATA
Supply voltage range Vee 4t06 V
Operating ambient temperature range Tamb —20to+80 OC
Maximum input frequency f typ. 50 kHz
Supply current Icc typ. 60 mA
Output current o < 40 mA
Output current (Qg and Q1g only) la < 80 mA

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A).
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SAA1060

GENERAL DESCRIPTION

The integrated circuit SAA1060 is primarily designed to drive the display unit of a digital tuning
system. It can also be used as a 16-bit serial to parallel decoder. Since the device has no decoder (this
is handled by a microcomputer), it has many applications:

driving 7-segment displays

driving 14-segment displays

driving linear displays, e.g. pointer, bar graph

static output of switch-functions

digital to analogue converter, with external R-2R network

extension of the number of outputs for microprocessors or microcomputers.

Data transmission is initiated by means of a burst of clock pulses (CLB), a data line enable signal
(DLEN) and the data signal (DATA). The bus control circuit distinguishes between interference and
valid data by checking word length (17 bits) and the leading zero. This allows different bus infor-
mation to be supplied on the same bus lines for other circuits (e.g. SAA1056 with 16 bits).

The last bit (bit 17) of the data word contains the information which of the two internal latches wili
be loaded. The input LOEX determines if the latched data of selected latches is presented directly to
the outputs, or synchronized with the data select signal DUP.

The output stages are n-p-n transistors with open collectors. The current capability is designed for the
requirements of duplex operation. Two of the outputs (Qg and Q1g) are arranged for double current,
so that 2 x 2 segments can be connected in parailel.

OPERATION DESCRIPTION
Data inputs (DLEN, DATA)

The SAA1060 processes serially the 18-bit data words synchronized with the clock burst (CLB} and
applied to the data input DATA. A command will be accepted only when the data line enable input
(DLEN) is HIGH (see Fig. 3).

16 bit 15¢ bit

oed| PO | N M| L|{K|[J] Vv H]|lGc|IF|E]lD]|C
bit | Q16| Q15| Q14| Q131Q12{ Q11| Q10| Qg | Qg | Q7 | Qg | Q5 | Qg | Q3| Oy | Oy

7278909 ) leading zero -—j

Fig. 2 Organization of a data word.

Condition for 17th bit:
0 = load data latch B
1 = load data latch A

The loading of the accepted information in one of the data latches is done by the 19th clock pulse,
when DLEN is LOW.
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SAA1062A
SAA1062AT

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

LCD DISPLAY/INTERFACE CIRCUIT

GENERAL DESCRIPTION

The SAA1062A is designed to drive a Liquid Crystal Display (LCD) of a digital tuning system. It contains
a shift register with programmable length (18 or 21 bits), latches, both synchronized or static, exclusive-
OR segment drivers (17 or 20 bits), an I.f. oscillator and a backplane driver for the LCD. The circuit is
designed to be driven by a 3 bus structure from a microcomputer and can also be used as a programm-
able 17 or 20 bits serial-to-parallel decoder. It is also capable of storing 40 bits of information.

Features

Driving 7 to 20-segment displays.

Driving linear displays.

Serial to parallel decoder of digital signals.

Bus control for the selection of 18/21-bit words.
17/20-bit latch.

A.C. segment drive.

On-chip oscillator.

QUICK REFERENCE DATA

Supply voltage range Vee 472tb5 V
Operating ambient temperature range Tamb —20t0 +70 OC
Maximum input frequency f; typ. 5C kHz
Supply current Ice typ. 3,5 mA
Output current (Q4 to Qpq) iq > 60 uA

PACKAGE OUTLINES

SAA1062A : 28-lead DIL; plastic (SOT-117).
SAA1062AT: 28-iead mini-pack; plastic (S0-28; SOT-136A}.

#°
w ( December 1982 133



) k386l JaquiadeQ veL

Fig. 1 Block diagram.
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SAA1063

FLUORESCENT DISPLAY/INTERFACE CIRCUIT

GENERAL DESCRIPTION

The SAA1063 is designed to drive the display unit of a digital tuning system. It contains a 17-bit shift
register, latches, display multiplexers and output stages, capable of driving 4% decades of a 7 segment
fluorescent display in duplex mode. The decoding for the display is carried out in the data input

(microcomputer).

Features

® Driving 4% decades of a seven segment display in duplex mode.

® Microcomputer compatible.
® 17-bit shift register.
® D.C. and duplex operation.

QUICK REFERENCE DATA

Supply voltage range Vce 4t05,5 \%
Operating ambient temperature range Tamb —20 to +80 oc
Maximum input frequency i min. 50 kHz
Supply current lce typ. 20 mA
Output current la max. 1,5 mA
Maximum output voltage swing VQmax min. 34,5 \

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A)

December 1982
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|
SFQ DSR RES _ CISR Q16 | | |
L—{L0AD-8B ouT Q ) |
LOAD ~ Lovpl_{BUVP __BUS s |
LOADEENTROL CONTROL 5
IN ci__R
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INPUT STAGE SHIFT REGISTER FF
[ | |
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Fig. 1 Block diagram,
Insert indicates structure of logic elements.




Fluorescent display/interface circuit

SAA1063

Ql |1
Qa6 | 2

Q2 |3

Loex [
DLEN E
Vee 6]
DUPLEX
oaTA [8]
cLock [ 9]
as [10

a3 [11]

a4 2]

SAA1063

[24] 13
23] Q12
]

21] Q14
20] a1
[19] Vee
18] a8

17] ais
[16] @10
[15] Vee
14] a16
13] a9

MO0679

Fig. 2 Pinning diagram.

PINNING
1. Q1
2. Q6 segment drive outputs
3. Q2
4. LOEX mode selection
5. DLEN bus enable
6. Vcce +5 V power supply
7. DUPLEX duplex input
8. DATA data input
9. CLOCK bus clock input
10. Q5
11. Q3 segment drive outputs
12. Q4

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Q9
Q16
VEE
Q10
Q15
Q8
VEE
Q11
Q14
Q7 segment drive outputs
Q12

Q13

segment drive outputs

ground
segment drive outputs

ground

December 1982
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SAA1063

OPERATION DESCRIPTION

The input information for this device consists of a data bus with 17 bit words, an external clock
synchronized with the data bus and an enable signal. The data format of these signals is given in Fig. 3.
These signals are handled by the BUS CONTROL circuit in which the decision is taken as to whether
these signals are valid for this device. It contains a leading zero detector (start condition of reception)
and a data-length control. Leading zero is detected when the data signal is LOW and the DLEN signal
HIGH, during the first HIGH period of the clock signal. During the HIGH period of the DLEN signal,
the length control determines if the clock signal consists of 18 pulses. This last function permits the
user to supply other information on the same signal lines.

Furthermore the bus control prevents the device accepting interference on the signal lines. If leading
zero is detected the shift register is reset and then the data is written into this register. The reset
position of the first bit of the register is shifted into the last bit, if the length of the data and the clock
input is correct. Incorrect length of the information is detected by checking the value of the last bit of
the register. If the data transmission has been accepted properly, the bus control stage generates a valid
pulse (LOVP). This pulse enables the load control circuit to load the contents of the register into one
of the two latches. When the load bit of the data word is HIGH the register contents are loaded into
latch A; when this load bit is LOW the register contents are loaded into latch B. When the data
information is accepted this load bit is written into the first bit of the shift register.

In duplex mode the load pulse is synchronised by the duplex signal, to avoid current transients in the
output stages during the loading of the latches. The duplex mode operates in one of two mode
conditions. When LOEX (pin 4) is LOW the duplex mode condition is selected; when LOEX is HIGH
the d.c. mode condition is selected. The output stages are switched to the contents of latch A and
latch B respectively.

When the duplex input (pin 7) is LOW the contents of latch A can be found on the output, when this
input is HIGH the contents of latch B are found on the output.

In the duplex mode condition the output stages are capable of driving 32 duplexed segments of a
fluorescent display. However, in the d.c. mode condition the output stages can only drive 16 segments
of the display and two SAA1063 devices are required to drive a 4% decade display unit.
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18 DXi7liehshalialialiifiol sTe [ 716 [s[al 3] 2 [X] 1 +— data word
t t
M0S81 load bit length control bit

Fig. 3 Organisation of 18-bit data word.
Notes
1. The display segment is blanked by a HIGH data bit.
2. In duplex mode the period between the two data words must be greater than 21 ms.

3. Shaded timing periods are ‘don’t care’ levels.
4. 71 >4 ps if a continuous clock is used. 79 and 73 >4 us. 74> 2 ps.
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SAA1063

RATINGS

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

Supply voltage Vee max. 6 \
Total power dissipation at Tapyp = 80 °C Ptot max. 900 mW
Operating ambient temperature range Tamb —20 to +80 oC
Storage temperature range Tstg —b55 to +125 oC

CHARACTERISTICS
VEE=0V;Vcc=5V; Tamb = 25 °C unless otherwise specified

parameter symbol min. typ. max. conditions
Supply voltage Vee 4 5 5,5 \Y
Supply current Icc - 20 - mA
Inputs
LOEX, DLEN, DATA,
CLOCK
input voltage HIGH ViH 2 - 5 \
input voltage LOW ViL 0 — 0,8 \%
input current —-lIiH - - 20 uA (Vi=0V)
max. input frequency f; 50 - - kHz
DUPLEX
input voltage HIGH VIH 0,8 - 20 \
input voltage LOW ViL -6 - 0,4 \
input current HIGH lIH 0,01 - 12 mA
input frequency fi - 50 - Hz
Outputs
Q1 t0 Q16
output voltage HIGH -VoH 30 - - \% 10<0,7 uA
output voltage LOW VoL 4,5 - - \% lo=1mA
output current loL — - 1,5 mA

140 December 1982



DEVELOPMENT DATA

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

MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR

SAA1099

FOR SOUND EFFECTS AND MUSIC SYNTHESIS

GENERAL DESCRIPTION

The SAAT099 is a monolithic integrated circuit designed for generation of sterec sound effects and

music synthesis.

Features

® Six frequency generators
eight octaves per generator
256 tones per octave

Two noise generators

Six noise/frequency mixers

Twelve amplitude controllers

Two envelope controllers

TTL input compatible

Minimal peripheral components
® Simple output filtering

Applications

Consumer games systems
Home computers
Electronic organs
Arcade games

Toys

Chimes/alarm clocks

QUICK REFERENCE DATA

Two 6-channel mixers/current sink analogue output stages

Readily interfaces to 8-bit microcontrolier

Supply voltage (pin 18)

Supply current (pin 18)

Reference current (pin 6)

Total power dissipation

Operating ambient temperature range

Vbp
DD
Iref
Ptot
Tamb

typ. 5V
typ. 70 mA
typ. 250 upA
500 mW
Oto+70 OC

PACKAGE OUTLINE
18-lead DIL; plastic (SOT-102CS).
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Fig. 1 Block diagram.
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Microprocessor controlled stereo sound generator

for sound effects and music synthesis

SAA1099

DEVELOPMENT DATA

PINNING

PIN DESIGNATION

1 WR

2 CsS

3 A0

4 OUTR

5 OuUTL
Iref

7 DTACK

8 CLK

9 Vsgs

10-17 DO0-D7

18 VDD

WR |1 U 18] Voo
cs[2] [17] 07

A0 (3] [16] D6
OUTR [ 4] » [15] 05
ouTL[5 | saat099 [14]D4
tret [6 | [13] 03
DTACK | 7 | [12] 02
cik [8] [11] o1
Vss E E DO

7290786

Fig. 2 Pinning diagram.

Write Enable: active LOW input which operates in conjunction with CS and
AO to allow writing to the internal registers.

Chip Select: active LOW input to identify valid WR inputs to the chip. This
input also operates in conjunction with WR and AO to allow writing to the
internal registers.

Control/Address select: input used in conjunction with WR and CS to load
data to the control register (AO = 0) or the address buffer (AQ = 1).

Right channel output: a 7-level current sink analogue output for the ‘right’
component. This pin requires an external load resistor.

Left channel output: a 7-level current sink analogue output for the ‘ieft’
component. This pin requires an external load resistor.

Reference current supply: used to bias the current sink outputs.
Data Transfer Acknowledge: open drain output, active LOW to acknowledge

successful data transfer. On completion of the cycle DTACK is set to inactive.

Clock: input for an externally generated clock at a nominal frequency of
8 MHz.

Ground: 0 V.
Data: Data bus input.
Power supply: + 5 V typical.
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SAA1099

FUNCTIONAL DESCRIPTION

The following sections provide a detailed functional description of the SAA1099 as shown in the block
diagram, Fig. 1.

Frequency generators

Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave.
A total frequency range of 31 Hz to 7,81 kHz is available. The outputs may also control noise or
envelope generators. All frequency generators have an enable bit which switches them on and off,
making it possible to preselect a tone and to make it inaudible when required. The frequency
generators may be synchronized using the frequency reset bit.

The frequency ranges per octave are:
Octave Frequency range

31 Hz to 61 Hz

61 Hz to 122 Hz

122 Hz to 244 Hz
245 Hz to 488 Hz
489 Hz to 977 Hz
978 Hz to 1,95 kHz
1,96 kHz to 3,91 kHz
3,91 kHz to 7,81 kHz

Nooas~WN-—-=O

Noise generators

The two noise generators both have a programmable output. This may be a software controlled noise
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone
produced by the frequency generator when it is controlling the noise generator. The noise produced is
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz.

In the event of a pre-defined noise being chosen, the output of noise generator O can be mixed with
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz.

Noise/frequency mixers
Six noise/frequency mixers each with four selections

e Channel off

® Frequency only

® Noise only

® Noise and frequency

Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise
generator O and the other three use noise generator 1.

Amplitude controllers

Each of the six channel outputs from the mixer is split up into a right and left component giving
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude
component. The moving of a sound from one channel to the other requires, per tone, only one update
of the amplitude register contents.

When an envelope generator is used, the amplitude levels are restricted. The number of levels available
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude
control.
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DEVELOPMENT DATA

Envelope controllers

Two of the six tone generators are under envelope control. This applies to both the left and right
outputs from the tone generator.
The envelope has the following eight possible modes:

Amplitude is zero

® Single attack

® Single decay

® Single attack-decay (triangular)
® Maximum amplitude

® Continuous attack

® Continuous decay

® Continuous attack-decay

The timing of the envelope controllers is programmable using one of the frequency generators (see
Fig. 1). When the envelope mode is selected for a channel its control resolution is halved for that
channel from 16 levels to 8 levels by rounding down to the nearest even level.

There is also the capability of controlling the ‘right’ component of the channel with inverse of the
‘left’ component, which remains as programmed.

A direct enable permits the start of an envelope to be defined, and also allows termination of an
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by
the microprocessor writing to the address buffer register. If the frequency channel controlied is OFF
(NE = FE = 0) the envelope will appear at the output, which provides an alternative ‘non-square’ tone
capability. In this event the frequency will be the envelope rate, which provided the rate is from the
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input
of a 8 MHz clock.

Six-channel mixers/current sink analogue output stages

Six channels are mixed together by the two mixers allowing each one to control one of six equally
weighted current sinks, to provide a seven level analogue output.

Command/control select
In order to simplify the microprocessor interface the command and control information is multiplexed.

To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded.

The contents of this register determines to which register the data is written in the next control-cycle.
If a continuous update of the control-register is necessary, only the control-information has to be
written (the command-information does not change).

If the command/control select (AQ) is logic 0, the byte transfer is control; if AQ is logic 1, the byte
transfer is command.

Interface to microprocessor

The SAA1099 is a data bus based /0 peripheral. Depending on the value of the command/control
signal (A0Q) the CS and WR signals control the data transfer from the microprocessor to the SAA1099.
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the
processor.
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RATINGS

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

Supply voltage (pin 18) VpD —0,3to +75 V

Maximum input voltage 7 —-0,3to +75 V
atVpp=45to55V \7 -0,5t0 +76 V

Maximum output current lo max. " 10 mA

Total power dissipation Piot 500 mW

Storage temperature range Tstg —55t0 +125 ©C

Operating ambient temperature range Tamb Oto +70 °C

Electrostatic handling* Ves —1000 to + 1000 V

* Equivalent to discharging a 250 uF capacitor through a 1 kS series resistor.
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D.C. CHARACTERISTICS
Vpp =5V * 10%; Tamp = 0 to 70 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage Vpp 45 5,0 55 \Y
Supply current IbD - 70 100 mA
Reference current (note 1) Iref 100 250 400 nA
INPUTS
Input voltage HIGH VIH 2,0 — 6,0 \Y
Input voltage LOW ViL -0,5 — 0.8 \Y
Input leakage current 1) - — 10 uA
Input capacitance C — - 10 pF
OUTPUTS
DTACK (open drain; note 2)
Output voltage LOW

atlgL =3,2mA VoL 0 — 0,4 \
Voltage on pin 7 (OFF state) V7.9 -0,3 - 6,0 \Y,
Output capacitance (OFF state) Co — — 10 pF
Load capacitance CL - — 150 pF
Output leakage current (OFF state) -ILo - - 10 MA
Audio outputs (pins 4 and 5)
With fixed I,gf (note 3)
One channel on 101/Vref 90 - 120 %
Six channels on 106/6x|ref 85 — 110 %
With |, =250 pA; R; =1,5 kS (+ 5%)
One channel on 101/1ref 90 - 110 %
Six channels on lo6/6x!ref 85 — 1056 %
Output current one channel on 101 225 - 275 HA
Qutput current six channels on 106 1,3 - 1,6 mA
With resistor supplying I.¢f (note 4)
Output current one channel on 101 150 - 350 uA
Output current six channels on loe 0,9 - 1,9 mA
Load resistance RL 600 - - Q
D.C. leakage current all channels off —ILo - — 10 MA
Maximum current difference between

left and right current sinks (note 5) * l0max - - 15 %
Signal-to-noise ratio (note 6) S/N — tbf — dB
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A.C. CHARACTERISTICS

Vpp =5V £ 10%; Tamp = 0 to 70 OC; timing measurements taken at 2,0 V for a logic 1 and 0,8 V
for a logic O unless otherwise specified (see waveforms Figs 3 and 4)

parameter symbol min. typ. max. unit

Bus interface timing (see Fig. 3)

AO set-up time to CS fall tasc 0 - - ns
CS LOW to WR fall tosw 30 - - ns
A0 set-up time to WR fall tASW 50 - - ns
WR LOW time twL 100 - - ns
Data bus valid to WR rise tBSwW 100 - - ns
DTACK fall delay from WR fall (note 7) tDEW 0 - 85 ns
A0 hold time from WR HIGH tAHW 0 - - ns
CS hold time from WR HIGH tcHW 0 - - ns
Data bus hold time from WR HIGH tDHW 0 - - ns
DTACK rise delay from WR HIGH tDRW 0 - 100 ns
Bus cycle time (note 8) tcy dtoLk | — -

Bus cycle time (note 9) tcy 16tcLK | — -

Clock input timing (see Fig. 4)

Clock period teLK 120 125 255 ns
Clock LOW time tLow 55 - - ns
Clock HIGH time tHIGH 55 - - ns

Notes to the characteristics

1. Using an external constant current generator to provide a nominal | f or external resistor
connected to Vpp.

2. This output is short-circuit protected to Vpp and Vgg.

3. Measured with Ipef a constant value between 100 and 400 uA; load resistance (R ) allowed to match
E12 (5%) in all applications via:

R =06 “ref]J =16 [lef] %% £ 12%

=

- Measured with Ryef = 10 k&2 (+ 5%) connected between Iof and Vpp: R = 1,6 k€2 (+ 5%); OUTR
and OUTL short-circuit protected to Vgg.

. Left and right outputs must be driven with identical configuration.

. Sample tested value only.

- This timing parameter only applies when no wait states are required; otherwise parameter is invalid.

. The minimum bus cycle time of four clock periods is for loading all registers except the amplitude
registers.

9. The minimum bus cycle time of 16 clock periods is for loading the amplitude registers. In a

system using DTACK it is possible to achieve minimum times of 500 ns. Without DTACK the

parameter given must be used.

0o ~NOO
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SAA1099

APPLICATION INFORMATION
Device operation

The SAA1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve

signals are mixed in an analogue format (6 ‘left’ and 6 ‘right’) before leaving the chip. The amplitude
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone
output of 7,81 kHz. Simple external low-pass filtering is used to remove the high frequency components.

Rates quoted are based on the input of a 8 MHz clock.

A data bus based write only structure is used to load the on-board registers. The data bus is used to
load the address for a register, and subsequently the data to that register. Once the address is loaded
multiple data loads to that register can be performed.

The selection of address or data is made by the single address bit AQ, as shown in register maps Table 1
and Table 2.

The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors,
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the
number of required waits.

Register description (see Tables 2 and 3)

The amplitudes are assigned with ‘left” and ‘right’ components in the same byte, on a channel by
channel basis. The spare locations that are left between blocks of registers is to allow for future
expansion, and should be written as zero’s. The tone within an octave is defined by eight bits and the
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are
grouped together for ease of programming. The controls for noise ‘colour’ (clock rate) are grouped

in one byte.

The envelope registers are positioned in adjacent locations. There are two types of envelope controls,
direct acting controls and buffered controls. The direct acting controls always take immediate effect,
and are:

® Envelope enable (reset)
©® Envelope resolution (16/8 level)

The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of:

@ Envelope clock source
® Waveform type
® |nverted/non-inverted ‘right’ component

Table 1 External memory map

select data bus inputs overations
A0 D7 D6 D5 D4 D3 D2 D1 DO P
0 D7 D6 D5 D4 D3 D2 D1 DO data for internal registers
1 X X X A4 A3 A2 A1l A0 internal register address

Where X = don’t care state.
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Table 2 Internal register map.

register data bus inputs .
address | D7 |D6 |D5 |D4 |D3 |D2 |D1 |Do |OPEAtOn
00 ARO3 | AR02| ARO1| AROO| ALO3 | ALO2 | ALO1 | ALOO |amplitude O right channel;
‘ left channel
01 1 1 1 1 1 1 1 1 amplitude 1 right/left
02 2 2 2 2 2 2 2 2 ampiitude 2 right/ieft
03 3 3 3 3 3 3 3 3 amplitude 3 right/left
04 4 4 4 4 4 4 4 4 amplitude 4 right/left
05 5 5 5 5 5 5 5 5 amplitude 5 right/left
06 X X X X X X X X
07 X X X X X X X X
08 FO7 |FO6 |FO5 |F04 |FO03 |F02 |FO1 FOO |frequency of tone O
09 1 1 1 1 1 1 1 1 frequency of tone 1
0A 2 2 2 2 2 2 2 2 frequency of tone 2
0B 3 3 3 3 3 3 3 3 frequency of tone 3
oc 4 4 4 4 4 4 4 4 frequency of tone 4
0D F57 |F56 |F55 |F54 |F53 |F52 |F51 F50 |frequency of tone 5
OE X X X X X X X X
OF X X X X X X X X
10 X 012 {011 010 [X 002 |001 |000 |octave 1;octaveO
11 X 032 |031 |030 [X 022 | 021 |020 |octave 3;octave 2
12 X 052 | 051 050 | X 042 | 041 040 |octave 5; octave 4
13 X X X X X X X X
14 X X FE5 |FE4 |FE3 |FE2 |FE1 |FEO |frequency enable
15 X X NE5 |NE4 |NE3 |NE2 |NE1 |NEO |noiseenable
16 X X N11 |N10 |X X NO1 |NOO [noise generator 1;
noise generator 0
17 X X X X X X X X
18 E0O7 | X EO5 |E04 |EO03 |E02 |EO1 E00 |envelope generator O
19 E17 | X E15 |E14 |E13 |E12 |EN E10 [envelope generator 1
1A X X X X X X X X
18 X X X X X X X X [ | frequency reset (all channels)
1C X X X X X X RST |SE | |sound enable (all channels)
1D X X X X X X X X
1E X X X X X X X X
1F X X X X X X X X
Where:

All don’t cares (X) should be written as zero’s.
00 to 1F block of registers repeats eight times in the block between addresses 00 to FF (full internal
memory map).
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APPLICATION INFORMATION (continued)
Table 3 Register description

bit description

ARN3; ARn2; 4 bits for amplitude control

ARn1; ARnO of right channel

(n=0,5) 0 0 0 0 minimum amplitude (off)
1111 maximum amplitude

ALn3; ALn2; 4 bits for amplitude control

ALn1; ALnO of left channel

(n=0,5) 0 0 0 0 minimum amplitude (off)
1111 maximum amplitude

Fn7 to Fn0 8 bits for frequency control

(n=0,5) of the six frequency generators
00000O0OO0 Ilowestfrequency
11111111 highestfrequency

On2; On1;0n0 3 bits for octave control

(n=0,5) 0 0 O lowest octave (31 Hz to 61 Hz)
001 (61 Hz to 122 Hz)
010 (122 Hz to 244 Hz)
011 (245 Hz to 488 Hz)
100 (489 Hz to 977 Hz)
101 (978 Hz to 1,95 kHz)
110 (1,96 kHz to 3,91 kHz)
1 1 1 highest octave (3,91 kHz to 7,81 kHz)

FEn frequency enable bit (one tone per generator)

(n=0,5) FEn = 0 indicates that frequency ‘n’ is off

NEn noise enable bit (one tone per generator)

(n=0,5) NEn = 0 indicates that noise ‘n’ is off

Nn1; NnO 2 bits for noise generator control.

(n=0,1) These bits select the noise generator rate (noise ‘colour’)

Nn1 NnO clock frequency

0 0 31,3kHz
0 1 15,6 kHz
1 0 7,6 kHz
1 1 61Hzto 15,6 kHz (frequency generator 0/3)
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bit description
En7;
En5 to EnO 7 bits for envelope control
(n=0,1) EnO
0 left and right component have the same envelope
1 right component has inverse of envelope that is applied to left
component
En3 En2 Enl
0 0 0 zero amplitude
0 0 1 maximum amplitude
0 1 0 single decay
0 1 1 repetitive decay
1 0 0 single triangular
1 0 1 repetitive triangular
1 1 0 single attack
1 1 1 repetitive attack
En4
0 4 bits for envelope control (maximum frequency = 977 Hz)
1 3bits for envelope control (maximum frequency = 1,95 kHz)
Enb
0 internal envelope clock (frequency generator 1 or 4)
1 external envelope clock (address write pulse)
En7
0 reset (no envelope control)
1 envelope control enabled
SE SE sound enable for all channels
(reset on power-up to 0)
0  all channels disabled
1 all channels enabled
RST Reset signal to all frequency generators
0 all generators enabled
1 all generators reset and synchronized
Note

All rates given are based on the input of a 8 MHz clock.
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APPLICATION INFORMATION (continued)

En3 En2 En1 EnO

0

0

0

envelope generator inactive

0

envelope generator active

(En7 = 0) (En7 =1)
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Fig. 5 Envelope waveforms.

154

May 1985] (



Microprocessor controlled stereo sound generator SAA1099
for sound effects and music synthesis

DEVELOPMENT DATA

Notes to Fig. 5

(1) The level at this time is under amplitude control only (En7 = 0; no envelope).

(2) When the generator is active (En7 = 1) the maximum level possible is 7/8ths of the amplitude level.
(3) After position (3) the buffered controls will be acted upon when loaded.

(4) At positions (4) the buffered controls will be acted upon if already loaded.

(5) Waveforms ‘a’ to ‘h’ show the left channel (En0O = O; left and right components have the same

envelope).
Waveform ‘i’ shows the right channel (EnO = 1; right component inverse of envelope applied to
left).
Vbp
cLOCK
R R R
GENERATOR ref Lt OUTPUT
ouTPUT AMPLIFIER
FILTERS
———
CLK (8 MHz) v]g 18 6 g ouTL — left channel
s Wa T output
DTACK
<7
SAA1099 .
ouTPUT
DOtoD7 M101t0 17 AMPLIFIER
cru A0 3 4 OUTR —— right channel
2 9 b -L — output
p— wde P N o
: j I
ADDRESS 4 4 7 7 7 7290787
address DECODER

Fig. 6 Typical application circuit diagram.
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SAA1300

TUNER SWITCHING CIRCUIT

The SAA1300 is for switching on and off the supplyv lines of various circuit parts via an |>C bus signa!.
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It
contains 5 output stages, which are capable of supplying up to 160 mA in thie ON state or sinking up
to —100 pA in the OFF state.

Current limiting and short-circuit protection are included. The output stages are driven by a shift
register/latch combination which is loaded via data from the 12C bus. A power-on reset of the latches
ensures the OFF state of the output stages (OUT 2 to GUT 5) without data reception from the 17 C bus,
A subaddressing system allows the connection of up 1o three circuits on the snme 12C bus lines: one of
the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal A/D
converter,

Gut G2 GUT R CUT 4 OUT &

’, A/D
crrm i e CONVERTER

[

- . o POWER-ON |
o s d LATCH [ LATCH A LATCH -~ LATCH | LATCH -4 RESET ‘ .

SHIFT e X TTOND

e LN S S S

e Vp

8
SDA - — - - - | - - L
12c-BUS e
RECEIVER | o JER S I e
. L
9
sCL Lo - - — . 1 - -
o ] I
0 § 0 [l 1 0
. SAA1300
72855161

Fig. 1 Block diagram.

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-142R).
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PINNING
pin no.
1

OCONOOD_WN

symbol

GND
Vp
OUT5
OUT 4
OuUT3
ouT?2
OUT 1
SDA
scL

function

ground
positive supply

outputs

output and subaddressing input
serial data line | ,
serial clock line | | € PUS

12C BUS INFORMATION
Address, first byte

01000ABO where,

A B function condition

0 0 general address OUT 1 = output

0 1 OUT 1 =input address accepted if VoyT 1 = VouT L (LOW)

1 0 OUT 1 =input address accepted if VoyT 1 = VouTH (HIGH)

1 1 OUT 1 =input address accepted if VoyT 1 = VouT M {(MEDIUM)

Data, second byte
OUT5,0UT4,0UT3,0UT2,0UT1, X, X, X

The 1/0 output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the
contents of the first data transmission whether the output stage is switched as an output or remains

as an input.

RATINGS

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

Supply voltage Vp max. 132 V
Input voltage range at SDA, SCL Vi —05t0o+13,7 V
Input voltage range at OUT 1 \7 —-05t0+125 V
Output voltage range at OUT 1 to OUT5 Vo —-05to+125 V
Input current at SDA, SCL ) max. 20 mA
Input current at OUT 1 h max. 20 mA
Total power dissipation Ptot max. 650 mw
Storage temperature range Tstg —40 to + 125 OC
Operating ambient temperature range Tamb —20to +80 OC
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Tuner switching circuit SAA13OO

CHARACTERISTICS
Vp =8V; Tamb = 25 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Supply (pin 2)

Supply voltage range Vp 4 - 12 \%
Supply current Ip — 10 — mA
Power-on reset level

output stage in “OFF" condition VPR - - 35 \
Maximum power dissipation* Pmax - 650 — mWw
Inputs SDA, SCL (pins 8 and 9)

Input voltage HIGH VIH 2,8 - Vp+056 |V
Input voltage LOW ViL 0 - 18 \
Input current HIGH —lH - - 50 HA
Input current LOW liH — - 01 HA
Acknowledge sink current IacK 2,5 — - mA
Maximum input frequency fi max 100 — - kHz
Outputs OUT 1 to OUT 5 (pins 3to 7)

Maximum output current;source : "ON"" | logq +100 — +150 mA
Maximum output current; source : ““ON"’

Tamb =80°C l0so 60 - - mA
Output voltage HIGH at Iggg VOoH - - Vp -2 \%
Output current; sink: “OFF" 10si —100 -300 — MA
Output voltage LOW at Igj VoL - - 100 mV
Output voltage MEDIUM at I =12,5mA |Vom - — Vp-05 |V
OUT 1 used as subaddressing input
Input voltage HIGH (code 1 0) VouT 1H 0,72 Vp - Vp \
Input voltage MEDIUM (code 1 1) VouT 1M 0,39 Vp — 061Vp |V
Input voltage LOW (code 0 1) VouT 1L 0 — 028Vvp |V

Purchase of Philips 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C system provided

| I the system conforms to the 12C specifications defined by Philips.

* Qutputs must not be driven simultaneously at maximum source current.
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SAA3004

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

REMOTE CONTROL TRANSMITTER

GENERAL DESCRIPTION

The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448
commands which are divided into 7 sub-system groups with 64 commands each. The sub-system code
may be selected by a press button, a slider switch or hard wired.

The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the
receiver.

The SAA3004 has the following features:

Flashed or modulated transmission

7 sub-system addresses

Up to 64 commands per sub-system address

High-current remote output at Vpp = 6 V (—Igy = 40 mA)
Low number of additional components

Key release detection by toggle bits

Very low stand-by current (< 2 uA)

Operational current <2 mA at 6 V supply

Wide supply voltage range (4 to 11 V)

Ceramic resonator controlled frequency (typ. 450 kHz)
Encapsulation: 20-lead plastic DIL or 20-lead plastic mini-pack (SO-20)

PACKAGE OUTLINES

20-lead DIL; plastic (SOT-146C1).
20-lead mini-pack; plastic (SO-20; SOT-163AC3).
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Fig. 1 Transmitter with SAA3004.

INPUTS AND OUTPUTS
Key matrix inputs and outputs (DRVON to DRV6N and SENON to SENGN)

The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and

7 sense inputs as shown in Fig. 1. The driver outputs DRVON to DRV6N are open drain N-channel
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SENON to SEN6N) enable
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable.The sense
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec-
ting them to an output via a key depression to initiate a code transmission.

Address mode input (ADRM)

The sub-system address and the transmission mode are defined by connecting the ADRM input to one
or more driver outputs (DRVON to DRV6N) of the key matrix. |f more than one driver is connected

to ADRM, they must be decoupled by a diode. This allows the definition of seven sub-system addres-
ses as shown in Table 3. If driver DRV6N is connected to ADRM the data output format of REMO is

‘modulated or if not connected, flashed.

The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down

‘device is active. Whether ADRM is open (sub-system address 0, flashed mode) or connected to the

driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter
becomes active by presssing a key, the pull-down device is switched off and the pull-up device is
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address
and the mode of transmission.
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SAA3006

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

LOW VOLTAGE INFRARED REMOTE CONTROL
TRANSMITTER (RC-5)

GENERAL DESCRIPTION

The SAA3006 is intended as a general purpose (RC-5) infrared remote control system for use where
only low supply voltages are available. The device can generate 2048 different commands and utilizes a
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be
addressed, each system containing 64 different commands.

The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES).

Features

Low supply voltage requirements

Very low current consumption

For infrared transmission link

Transmitter for 32 x 64 commands

One transmitter controls 32 systems

Transmission biphase technique

Short transmission times; speed-up of system reaction time
Single-pin oscillator input

Input protection

Test mode facility

QUICK REFERENCE DATA

Supply voltage range Vpp 2to7 \
Input voltage range Vi 05t (Vpp+0,56) V*
Input current 1) max. 10 mA
Output voltage range Vo —-0,5to (Vpp +0,6) V*
Output current tlg max. 10 mA
Operating ambient temperature range Tamb —25to +85 ocC

*Vpp + 0,5V not to exceed 9 V.

PACKAGE OUTLINE
28-lead DIL; plastic (SOT-117).
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SAA3006

SAA3006
osc |18
0sC. 4 3x2?
P
TP1 120 MASTER
TEST
TP2 |19 MODE RESET
> —| GENERATOR
ssm |2 MODE 213
SELECTION DECODER [— DIVIDER
I CONTROL
UNIT ]
z3 |6
z2 |5
z1 |a
20 {3
x7 |1
X6 |27 KEYBOARD
%5 |26 ENCODER
X4 |25
X3 |24 17| bRO
X2 |23 COMMAND 16| DR1
X1 122 SYSTEM 15| DR2
X0 [21 AEE?gsS KEYBOARD 13| DR3
' DRIVER 12| DR4
I DECODER 111 oR5
PARALLEL 10} DRE
oUTPUT }—- TOSERIAL |— 9| DR7
CONVERTER >
3
8 7 14 28
DATA MDATA Vssl | Vob 7290143

Fig. 1 Block diagram.

164

July 1983



DEVELOPMENT DATA
This data sheet contains advance information and SAA3007

specifications are subject to change without notice,

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

INFRARED REMOTE CONTROL TRANSMITTER (LOW VOLTAGE)

GENERAL DESCRIPTION

The SAA3007 wransmitter 1C for infrared remote control systems has a capacity for 1280 commands
arranged in 20 subsystem address groups of 64 commands each. The subsystem address may be
selected by press-button or slider switches, or be hard-wired.

Commands are transmitted in patterns of pulses coded by the pulse spacing. The pulses can be
infrared flashed (single pulse) or modulated. Flashed infrared transmissions require a wideband
preamplifier at the receiver, but modulated transmissions allow a narrow band receiver to be used
for improved noise rejection. The modulation frequency of the SAA3007 is 455 kHz which allows
disturbance-free infrared operation in the presence of 10 - 100 kHz fluorescent lamps.

Features

Flashed or modulated transmission modes
Immune from fluorescent lamp disturbance in modulated mode
Supply voltage range 2V to 6,5 V

40 mA output current capability

Very low standby current (<X4 pA at Vpp = 6 V)

Up to 20 subsystem address groups

} up to 1280 commands
Up to 64 commands per subsystem address

Requires few additional components

PACKAGE OUTLINES

SAA3007P: 20-lead DiL; plastic (SOT-146C1).
SAA3007T: 20-tead mini-pack; plastic (50-20; SOT-163A).
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SAA3007

zizlzZzl|lz|Z2z|z2z|2
o - o~ ™ < [Te) (%]
S>> =21>2121>)>
[ o [2 o o o o
ocjolololaoloio
SENON 13 14 15 16 17 18 19
| 8 20
7 4 4 0 SENIN
> 7
7 7
15 4 V' VY8 seEnan
7 7 » 6
23/ 4 16 sEn3N . 1
z 7 > SAA3007
31 24 SEN4N
39 32 gENSN
—»{ 3
47 4 4 L7/ 40 | SENGN ) 10
55, 7 48 ,
Az T
ADRM oscl 0sCco
esy Y ‘6 D '
o 6 b 8 &4 subsystem ceramic
Jy -«— address/ T;%":Lor
mode selection z
i j i T T T T ; ; 7297481

Fig. 1 SAA3007 application example.

PINNING
1. REMO remote data output
nemog U 20] Vpp 2. SENGN
3. SENGN
s
ENGN [ 2 E DRV6N 4 SENAN
SENSN E _1_5_] DRV5N 5. SEN3N ! sense inputs from key matrix
6. SEN2N
SENAN [ 4 | [17] bRVaN 7 SENIN
SEN3N [E: 15] DRV3N 8. SENON
SENZN E SAA3007 E DRV2N 9. ADRM address/mode control input
SENTN E T_"-l BRVIN 10. Vss ground (0 V)
11. OSCI oscillator input
3| bRVO
sevon [8 [15] ovon 12. 0SCO oscillator output
ApRM 9] 2] osco 13. DRVON
14. DRVIN
Vgg [10 11] oscl
ss [10] ] 15. DRV2N
7297482 16. DRV3N [ drive outputs to key matrix
17. DRV4N
Fig. 2 Pinning diagram. 18. DRV5N
19. DRV6N
20. Vpp positive supply voltage
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FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

INFRARED REMOTE CONTROL TRANSCODER (RC-5)

GENERAL DESCRIPTION

The SAA3028 is intended for use in general purpose (RC-5) remote control systems. The main function
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept (1) RC-5
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an

active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and
output is by serial transfer, the output interface being compatible for 12 C bus operation.

Features

Converts RC-5 or RC-5(ext) biphase coded signals into binary equivalents

Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext))

Rejects all codes not in RC-5/RC-5(ext) format

12 C output interface capability

Power-off facility

Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode

Power-on-reset for defined start-up

QUICK REFERENCE DATA

Supply voltage range VpD 4,5 to 56 V
Supply current (quiescent) at

Vpp=55V;Tagmp=25°C DD max. 200 uA
Operating ambient temperature range Tamb —25to0 +85 OC

PACKAGE OUTLINE
16-lead DIL; plastic (SOT-382Z).
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SAA3028

RC5 DAV 0sCl  0sco
5 1 6 7
Y Y
TIMER cLock
CONTROL GENERATOR
CIRCUIT
4 + SAA3028
12 9
DATA 1 INPUT BUFFER 12¢ BUS scL
1 10
DATA 2 DETECTOR INTERFACE 9 oA
POWER - ON POWER - OFF
RESET 4 4 4 CIRCUIT
- A
16 8 2 (3 |4 15 |14 |13
VDD VSS MAO MA1 MA2 SSB ENB PO 7287352

DAV |1 U E' Vbbp

MAO |_T_ [15] ssB
ma1 [3] [14] EnB
va2 [a [13] PO
SAA3028
RC5 5] [12] pATAY
osc! 6] [11] pATA2
0sco [Z [10] spA

vss 8] 0] scL

7287353

Fig. 2 Pinning diagram.

Fig. 1 Block diagram.

PINNING
1 DAV
2 MAO ]
3 MA1
4 MA2
5 RC5
6 OSClI
7 0SCO
8  Vss
9 SCL
10 SDA
1 DATA 2
12 DATA 1
13 PO
14 ENB
15 SSB
16 VpD

data valid output with open drain
N-channel transistor

master address inputs

data 2 input select
oscillator input
oscillator output
negative supply (ground)
serial clock line } 12C bus
serial data line

data 2 input

data 1 input

power-off signal output with open
drain N-channel transistor

enable input
set standby input
positive supply (+5 V)
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T I COMPACT

DIGITAL AUDIO

J L SAA7000

INTERPOLATION AND MUTING CIRCUIT FOR
COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7000 interpolation and muting circuit descrambles and separates data into left and right
channels and minimizes the effects of erroneous data on the performance of the Compact Disc Digital
Audio System. Minor errors (those present in one data sample only) are replaced with audio data

obtained by interpolation; more persistent errors are removed by muting.

Features

corrector SAA7020 and digital filter SAA7030

Descrambles data from error corrector SAA7020 and formats into left and right channels
Minimizes the effect of erroneous data samples
16-bit serial data input (two’s complement)
Smoothed transitions before and after muting
Interpolated data replaces single erroneous data samples
Serial output for digital-to-analogue converters (DACs) or filter circuits
Generates crystal-derived timing signals for system master data clock (4,2336 MHz), serving error

Selectable output format: offset binary or two’s complement; 14 or 16-bit word

p——
CLEC INPUT ATION
paec — SHIFT INTERFOLATIO » MULTIPLIER ouTPUT
REGISTER CIRCY FORMAT ouTPUT 5
18 [ : ®| SELECTOR SHIFT
Voo ——» > REGISTER
vop2 —%»
vss — 2
1
Vi —
o DE- 4 SAMPLE COEFF. OUTPUT ©
»  SHIFT : SHIFT >
SCRAMBLER REGISTER ROM +—»| REGISTER
o= Ll
>
12
5 TIMING 8 CONTROL »
UNEC > n
Fsec —2 >
v v SAA7000
8 7 6 16
7280400
XTALI  XTAL2  CLOX 1476

PACKAGE OUTLINE

18-lead DIL; plastic (SOT-102CS).

Fig. 1 Block diagram.

DLCF

DRCF

CLCF
STR1
STR2
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SAA7000 J l

PINNING
1 VBB back bias supply
U 2 FSEC frame sync pulse input
v v -
B8 II E oot 3 CLEC input data clock
Fsec 2] [17] TesT 4 DAEC data input (two’s complement)
CLEC L:T_ [16] 14/76 and output format selector
DAEC IZ E DRCE 5 UNEC error flag input
_ 6 CLOX buffered clock output (XTALT1)
UNEC 14] CLCF
E SAAT7000 :| 7 XTALZ2 drive output to clock crystal
cLox [6 ] [13] pLer 8 XTAL1 external clock input
XTAL2 E [12] sTR1 9 Vss ground
XTAL1 IZ _1_—1| STR2 10 VpDp2 +12 V supply
Vss L—g: 1_—0] Vo2 11 STR2 strobe 2 output
12 STR1 strobe 1 output
7280398
13 DLCF left channel data output
Fig. 2 Pinning diagram. (format selected by DAEC)
14 CLCF 14/16-bit clock burst output
15 DRCF right channel data output
(format selected by DAEC)
16 14/16 selects bit length of clock burst
output from CLCF
17 TEST test input

18 VpD1 +5 V supply

FUNCTIONAL DESCRIPTION

The SAA7000 is used in the Compact Disc system to reconstruct audio data by interpolation if the
error corrector SAA7020 is unable to correct a data sample, or mutes the data when it passes
consecutive erroneous data samples. Errors are indicated by an error flag (UNEC) from the SAA7020;
when no error flag occurs, the data value through SAA7000 is unaffected.

Data samples (at DAEC, clocked in by CLEC) are first descrambled and then separated into left and
right channels. A similar descramble and separation is performed on the error flag (UNEC).

If, for either left or right channels, a single ‘error’ is flagged between two ‘good’ data samples then
linear interpolation is used to replace the erroneous value. |f two or more adjacent samples are flagged,
then the samples in error are muted. Beginning thirty samples before the first of the consecutive errors,
the data value of the samples is attenuated smoothly to zero following a (0 to ) cosine curve. After the
error burst, the next thirty samples are smoothly returned to full level following a (7 to 2m) cosine
curve. The muting is applied simultaneously to data in both left and right channels regardless of the
source of the error.

The data (good or processed) is formatted into two’s complement or offset binary to match the DACs
in use. This selection is made with a special function of the data input (DAEC, see Fig. 6). The data is
then fed to the left and right outputs (DLCF and DRCF) and is clocked out by the output clock
(CLCF). Strobes (STR1 and STR2) are generated for the DACs and the digital filter (SAA7030).
Fourteen or sixteen-bit DACs can be accommodated by the use of the select input (14/16).

The SAA7000 automatically synchronizes to the error detector SAA7020 output using the frame sync
pulse (FSEC) for internal timing reset and feeds a 2 x bit-rate clock (CLOX) to the system.
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Interpolation and muting circuit for

Compact Disc Digital Audio system

SAA7000

Pin functions

pin no.
1
2

10
11

12

13

14

15

16
17
18

mnemonic

VBB
FSEC

CLEC

DAEC

UNEC

CLOX
XTAL2

XTAL1

Vss

VbD2
STR2

STR1

DRCF

14/16
TEST

VDD1

description
Back bias supply voltage: —2,5 V + 20%.

Frame sync pulse (active HIGH) received from SAA7020 at the start of a
data frame (12 data samples). FSEC is used to synchronize the descrambler
to the data frames. For re-synchronization to occur, two consecutive FSEC

pulses must be received each having a pulse width of approximately 6 CLOX

cycles and the leading edge of the second pulse must be one data frame
later than that of the first. FSEC is also used to synchronize the internal
clock to the CLEC clock input, so aligning the gap in the internal clock to
the FSEC pulse (see Fig. 4).

Input data clock used to load serial data at DAEC into the input shift
register. After a data sample has been loaded CLEC is held LOW to give a
gap of 16 CLOX cycles (see Fig. 4). The period of the CLEC clock is

2 x the period of a CLOX cycle.

Serial data samples are received at DAEC in two’s complement form. The
data is in 16-bit words separated by gaps; each word comprising two 8-bit
symbols. The DAEC input is also used to select the output format; during
the CLEC gap, a HIGH level at DAEC selects two's complement and a
LOW level selects offset binary format (see Fig. 4).

Error flag indicating unreliable data from SAA7020. During the period
when data is clocked in at DAEC, UNEC is LOW only if the present 8-bit
symbo! is valid. During the period of the CLEC gap, UNEC is LOW only
if the whole of the data word due to arrive 5 frames later is valid.
Buffered XTAL1 clock output.

Main clock crystal drive output. This pin should remain disconnected if a
crystal is not used.

Clock input from crystal circuit or for externally derived clock.
Ground (0 V).
Positive supply voltage: + 12 V = 10%.

Active HIGH strobe pulse of 2 CLOX cycles duration occurring every

24 CLOX cycles and used to strobe data to the DACs. This pin should be
left disconnected if SAA7030 is not used.

Active HIGH strobe pulse of 2 CLOX cycles duration occurring every

96 CLOX cycles — after each pair of data words have been clocked out.
It is used to strobe data to SAA7030, or to the DACs if SAA7030 is not
used. Both STR1 and STR2 are re-synchronized to XTAL1 to minimize
jitter.

Left channel data output; format in two’s complement or offset binary,
as selected at DAEC.

Clock burst output of either 14 or 16 bits, as selected at pin 16. It is used
to clock data from DLCF and DRCF (data is valid on CLCF falling edge,
see Fig. 5).

Right channel data output; format is two's complement or offset binary,
as selected at DAEC.

Selects 14 or 16-bit bursts of output clock CLCF.
This pin should be held LOW to ensure normal operation.

Positive supply voltage: + 5 V + 10%.
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SAA7000

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').

RATINGS
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vgg =0V
Supply voltage 1 range (pin 18) Vppt —03to +75
Supply voltage 2 range (pin 10) Vppz -03to +156
Back bias supply voltage range (pin 1) Ve —~41t0 +0,3
input voltage range A -0,3t0 +7,5
Output voltage range

atV|=-03t0+6,5V; Tymp=25°C Vo ~0,3t0 +7,6
Output current o max. 10
Operating ambient temperature range Tamb —20to +70
Storage temperature range Tstg ~55t0 +125

172
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Interpolation and muting circuit for
Compact Disc Digital Audio system

CHARACTERISTICS

Vgg =0 V; Tamp = —20 to + 70 OC unless otherwise specified

SAA7000

parameter symbol min, typ. max. unit
Supplies
Supply voltage 1 (pin 18) VpD1 4,5 5,0 5,5 Vv
Supply voltage 2 (pin 10) VpD2 10,8 12,0 13,2 \Y%
Back bias supply voltage (pin 1) -VgB 2,0 25 3,0 \Y
Supply current 1 (pin 18) IpD1 30 70 140 mA
Supply current 2 (pin 10) Ipp2 2 5 10 mA
Back bias supply current (pin 1) —Igg — - 500 nA
Inputs (except Vgg)
Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH VIH 2,4 - 6,5 \%
Input current (note 1) I —1 - +1 HA
Input capacitance (not XTAL1) Cy - - 7 pF
Outputs DLCF, DRCF, CLCF,

CLOX, STR1, STR2 (note 2)
Qutput voltage LOW at

—loL=16mA VoL 0 — 0,4 \Y
Qutput voltage HIGH at

loH=0,2mA VoH 3,0 - Vpp1 +0.5 \
Load capacitance CL - - 150 pF
Output XTAL2
Operating frequency using

crystal oscillator (Fig. 3) fxTAL 3,0 4,2336 4,5 MHz
Operating frequency using

driven input applied to XTAL1 fIN 3,0 4,2336 4,5 MHz
Input XTAL1
Input clock LOW XL 40 - - 1 % of
Input clock HIGH tIXH 40 - - J period
Crystal amplifier (pins 7 and 8)
Mutual conductance at 5 MHz gm 1,6 - - mA/V
Bandwidth of mutual conductance

at minimum 3 dB Bgm 10 - - MHz

Input capacitance Cy - — 10 pF
Output capacitance Co — - 7 oF
Feedback capacitance Crp - - 5 pF
Input leakage current I -1 — +1 MA
Output current at 5 MHz lo -1 - +1 mA
Small signal gain at 5 MHz Ay -4 - -
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SAA7000

parameter symbol min, typ. max. unit

Inputs DAEC, UNEC, CLEC, FSEC

Input rise time (FSEC only) R - - 100 ns
Input fall time (FSEC only) tIF - - 100 ns
CLEC HIGH tiCcH 100 - — ns
CLEC LOW ticL 100 - - ns
DAEC to CLEC set-up time tIDS 40 — — ns
CLEC to DAEC hold time tIDH 40 - - ns
FSEC HIGH (note 3) tESH 4 CLOX 8 CLOX

periods - periods

—400 +190 ns
DAEC/UNEC to FSEC set-up time tUFs 0 - - ns
FSEC to DAEC/UNEC hold time tUFH 8 CLOX

(note 3) periods - -
+ 325 ns

Output CLOX (notes 4 and 5)

Output clock LOW toxL 30 - - l % of
Output clock HIGH tOXH 30 - - J period
output clock rise time tOXR - - 50 ns
Output clock fall time tOXF - - 40 ns

Outputs STR1, STR2 (note 6)

Output strobe rise time tOSR - 10 20 ns
Output strobe fall time tosF - 6 20 ns
Qutput strobe HIGH tOSH 1 CLOX 2 CLOX 4 CLOX

period periods periods

+ 50 -20 ns
Output strobe LOW tosL 10 - - CLOX

periods
CLOX to STR1, STR2 delay time txsL 0 - - ns
tXSH - - 45 ns
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Interpolation and muting circuit for
Compact Disc Digital Audio system

CHARACTERISTICS

(continued)

—
symbol

SAA7000

parameter min. typ. max. unit
Outputs CLCF, DLCF, DRCF ! |
(note 4) | {
Output rise time tOR - — \ 50 ns i
' Output fall time tOF — — 40 ns i
| Output data clock HIGH tocH . 120 - - ns f
Output data clock LOW | tocL 120 - - ns :
DLCF, DRCF to CLCF }
set-up time i toDps 50 — - ns
CLCF to DLCF, DRCF 1 ;
hold time . topH : 100 - - ns
CLCF LOW prior to STR1 ; i |
(note 3) ‘: tosL 52 60 - CLQX |
| | | periods |

NOTES TO THE CHARACTERISTICS
.V ==0,31t0+6,5V; Tamp = 25 °C.

1

2.

All outputs, except XTAL2, are short-circuit protected to Vpp1 and Vgg. Output XTAL2 is
protected to Vgg only.

. Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC
period is twice the CLOX period.

. Output load capacitance is 50 pF.

. XTAL1 (pin 8) is driven by an external clock.

XTAL1

. Output load capacitance is 30 pF on STR1, STR2 outputs.

SAA7000

1MQ

S

I

1L
4,2336 MHz
68pF == M

+

(1) Catalogue number of crystal is 6416 009 00111.

il

XTAL2

== 33pF

Fig. 3 Crystal oscillator circuit.
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J k9861 Aepy

— MUUUUUUUUUUULU e —— UUTUUUUUTUUUUULL

e 48 CLOX »le 48 CLOX -

DAEC

MSB Ls8 MsB LSB MSB LsB
<— Least -significant symbol —#|

138 |MsB LS8
j« most-significant symbol —!
!

data word

UNEC X I X 12) X @ X I ) 2 X o
FSEC

(1) When HIGH indicates unreliability of data word that will follow five frames later.
(2) When HIGH indicates unreliability of current symbol.

7280401

Fig. 4 Typical input waveforms.

CLCF
(16-bit mode) l

CLCF ﬂ J |_| |_| U I_I I___—
(14-bit mode)

———g9p — ' —————gap —

DLCF/DRCF :)DCX LSB )( UNDEFINED LsB

STR1 [_—l

je—————24 CLOX Cycles———»

STR2 [] ] M M M

7280402

Fig. 5 Typical output waveforms.
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Inpterpolation and muting circuit for SAA7000
Compact Disc Digital Audio system

ticH
CLEC tioH ——>]
(&)
ticL tios - tos

X £ output format select X ¢

DAEC
N (2) y,

X ¥/ \
UNEC >< ADVANCED UNEC ><

/ 7 ON—

FSEC

7280403

(1) CLEC remains LOW for a minimum period of approximately 16 CLOX periods.

(2) Data during this time is used to determine the format of the output from SAA7000; when DAEC
is HIGH a two’s complement format is selected, when LOW an offset binary format is selected.

(3) Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC
period is twice the CLOX period.

Fig. 6 Input waveforms. Reference levels are 0,8 V and 2,4 V; t|g and t|F apply to FSEC waveform
only.

XTAL1 /

Fig. 7 Optional clock input waveform at XTAL1 (pin 8).

FetixH 7280404
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SAA7000

CLCF

CLOX

/N

toxH

7280405

Fig. 8 Output waveforms. Reference levels are 0,8 V and 2,4 V. Output loadings on STR1 and STR2
are 30 pF; output loadingson CLOX, CLCF, DLCF and DRCF are 50 pF.
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COMPACT
SAA7010

DIGITAL AUDIO

DEMODULATOR FOR COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7010 demodulates and decodes the pulse code modulated input signal into digital data for the
Compact Disc Digital Audio system. A 4,3 MHz (typical) clock locked to the disc rate is also produced.

Features

® Phase-locked loop clock regenerator with frequency detector for locking
® High-frequency level detector with adaptive slicer for input data

@ Built-in drop-out detector to prevent error propagation in adaptive slicer
® Qutputs to subcoding microprocessor

® Fully protected timing synchronization to incoming data

Ne—2 4—?:;—%01
e —fL Vo2
nF12 10 LEVEL INPUT SHIFT REGISTER 4—’_VSSD

|8 | eTECTOR L <« veoa

8 N SYNC DETECTOR +«—1—vgg

6 t DEBOUNCE [—»—21—P
HFD/TEST T >
3
PO1 “ PHASE &
PD2 —Z < FREQUENCY LATCH
23 ¢ | DETECTOR SHIFT
FD - L2
REGISTER [ SoaTA
oa1 6 >3 sscL
y 3
OPERATIONAL > sweL
” AMPLIFIER
0A2 EFM
8 DECODER SHIFT »21L_ DADE/DEFM
0A3 — REGISTER
2
veoz 8,64MHz :g | cloE
b » =31 5SDE
vcor—22 veo TIMING & CONTROL L2 CSE_EF)

— Iy > 241 FspE

CRI
SAAT010
7280406.1
Fig. 1 Block diagram.
PACKAGE OUTLINE

28-lead DIL; package (SOT-117).
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SAA7010 J t

Ves [I
SDATA [2:
secL [3]]
sweL [4]
a8
HFD/TEST [6 ]
HE1 [7]
FB Eq
ne. E
HF12 [10]
cri [11]
PD2 E
D1 [13

Vssp |14

U

SAA7010

28] Vo1
27| DADE/DEFM
76] EI0E
25| SSDE
24] FsDE
23] FD
22] CEFM
21] veo2
[20] vcot
[19] Vssa
18] 03
[17] oa2
E OA1

15| Vpp2

7290284

Fig. 2 Pinning diagram.

PINNING
T VB
2 SDATA
3  SBCL
4 SWCL
5 P

6 HFD/TEST
7  HFI
8 FB
9 n.c.
10 HFI2
11 CRI
12 PD2
13 PD1
14 Vssp
15 Vpp2
16 OA1
17 OA2
18 OA3
19 Vssa
20 VCO1
21 VCO2
22 CEFM
23 FD
24 FSDE
25 SSDE
26 CLDE
27 DADE/DEFM
28 Vpp1

back bias supply

subcoding data output
subcoding bit clock output
subcoding word clock output
subcoding pause bit output

high-frequency detector input
in normal operation. Selects
test mode when at Vpp2o

level detector input

current feedback from level
detector

not connected

alternative input to level
detector

counter reset inhibit input
phase detector reference output
phase detector signal output
digital ground

+ 12 V supply

operational amplifier non-
inverting input

operational amplifier inverting
input

operational amplifier source-
follower output

analogue ground

voltage-controlled oscillator
amplifier input

voltage-controlled oscillator
amplifier output

4,3218 MHz clock output
frequency detector output
frame sync signal output
symbol sync signal output
data bit clock output

serial data output/EFM
digital output: selection
determined by level at pin 11

+5 V supply
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Demodulator for Compact Disc Digital Audio system SAA7010

FUNCTIONAL DESCRIPTION

The SAA7010 demodulator forms the front-end of the Compact Disc Digital Audio system, supplying
demodulated data and timing signals to the error corrector (SAA7020) and to the subcoding micro-
processor.

The detected signal from the disc is amplified and filtered externally and then converted to a digita!
signal via the level detector. The level detector is an adaptive data slicer which relies on the nature of
the modulation system to determine the optimum slicing level.

A frequency detector and a phase detector provide the coarse and fine control signals for the phase-
locked loop (PLL) system. The loop gain is supplied by an internal operational amplifier which drives
a voltage-controlled oscillator (VCO) running at twice the input data rate (typically 8,6436 MHz). The
VCO output is divided by two by a clock generator in the timing and control circuits and the resulting
output is used to clock the input shift register and the timing chain. This clock signal completes the
PLL loop when it is compared with the incoming data in the phase detector.

After phase detection the data is clocked into the 23-bit input shift register which then detects the
frame sync pattern. Within the timing and control circuits are minimum and maximum data length
detectors which provide frequency limit signals for the frequency detector.

Also within the timing and control circuits are two divide-by-588 counters, one master and one slave,
two divide-by-17 symbol rate counters and a lock indication counter. The frame sync signal is used to
reset the divide-by-588 slave counter. This counter and one divide-by-17 symbol rate counter supply
timing signals for clocking the EFM (eight-to-fourteen modulation) decoder and the subcoding output
circuits. The data is read from the input shift register in 14-bit symbols which are first latched and then
decoded into 8-bit data words. The subcoding part of the data consists of one word per frame (Fig. 3),
so the output SDATA comprises a burst of 8 data bits accompanied by a 2,1906 MHz clock burst signal
SBCL (Fig. 4). One bit of this subcoding output data is replaced by a subcoding frame sync bit which

is decoded from one of two special EFM codes. The displaced bit (the pause (P) bit) is latched to its
own output via a debounce circuit to remove erroneous changes.

The divide-by-588 slave counter also provides a sync coincidence pulse which occurs when two detected
sync pulses are precisely one frame apart (588 clock cycles). The sync coincidence pulse is used to reset
the lock indication counter and disable the FD output from the frequency detector. If the system goes
out of lock, the sync pulses cease and the lock indication counter counts frame periods. After 63 frame
periods with no sync coincidence pulse, the lock indication counter enables the frequency detector
output.

1 Frame = 588 channel bits

| 1
o |
: ‘ T
Taz ’ SYNC OS'SJ';.‘“JSYN;BOLI 2 | 3 I A I} gl 27 } 28 | 29 | 30 l 3 { ) ; SYNG icgg,ge
A I

1

lo
- PRt
—
—— / \
—
.
format of sync pattern — 27 channel bits format of subcoding or data
symbol =17 channel bits

‘ ‘ | Mz[ziz. 11\12!13[14' ] |
|

L...___ ——————————— ——-may be inverted -l.- (1)~ L ————— 14 bit EFM Word ———‘—»L« (1j~»l

= T
J 11 channel bits 11 channe! bits I 5]6 | 7 is |9 [xo

7280408

(1) Merging and low frequency suppression bits.

Fig. 3 Data input signal.
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FUNCTIONAL DESCRIPTION (continued)

SBCL l , l '
SDATA SYNC (1)
sweL l

7290282

(1) The sync bit is LOW when a subcoding sync word is detected.

Fig. 4 Typical subcoding waveform outputs.

tocG

symbol 1 e

symbol 30 —je————————— symbol 31

symbol 32

symbol 2

= ]
I

Fig. 5 Typical waveform outputs to SAA7020.
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Demodulator for Compact Disc Digital Audio system SAA7010

FUNCTIONAL DESCRIPTION (continued)

A delayed version of the sync coincidence pulse resets the divide-by-588 master counter. This counter
is reset only by coincident sync pulses or sync pulses which occur during a predetermined ‘window’ at
the start of each frame and is therefore protected from accidental reset by erroneous sync patterns.
The window is wide enough to allow PLL bit-slips but narrow enough to avoid false sync signais
generated by corrupt data. The divide-by-588 master counter may be allowed to free-run by taking
CRI input (pin 11) LOW to inhibit the reset signal.

The divide-by-588 master counter and the second divide-by-17 symbol rate counter are used to time
the data and clock outputs to the error corrector SAA7020 (Fig. 5). In this way, even if the data has
been corrupted, the timing signals will be correct and are only re-synchronized after a complete frame
has been sent to SAA7020.

The data output to SAA7020 comprises thirty-two 8-bit symbols per frame, with half-bit gaps between
each symbol and a much longer gap during the frame sync period. It is this longer gap that changes in
length when corrupt data upsets the timing system.

Pin functions

pin no. mnemonic description

1 Vgp Back bias supply voltage: —2,5 V + 20%.

2 SDATA Subcoding data push-pull output. An 8-bit burst of data (including a
1-bit subcoding frame sync) is output serially once per frame coincident
with SBCL.

3 SBCL Subcoding bit clock push-pull output. An 8-bit burst clock, typically at

2,1609 MHz, is used to synchronize the subcoding data.

4 SWCL Subcoding word clock push-pull output. A square-wave signal at data
frame rate (7,35 kHz) used to synchronize the subcoding words and
the pause (P) bit.

5 P Subcoding pause bit push-pull output. This signal is derived from the
encoded subcoding word and is used to indicate a music pause. A
debounce circuit is incorporated to eliminate erroneous data.

6 HFD/TEST External high-frequency detector input. When this signal is HIGH the
frequency detector output (FD) and phase detector are enabied. When
pin 6 is connected to Vpp2, the device enters TEST mode.

7 HF11 Level detector input. A signal of between 0,25 and 2,5 V (peak-to-peak
value) is required to drive the level detector correctly.

8 FB Current feedback from the level detector.

9 n.c. Not connected.

10 HFI12 Alternative input to the level detector.

11 CRI Counter reset inhibit signal input. When LOW, this signal allows the

divide-by-588 master counter to free-run and causes pin 27 output to
be converted to DEFM. During power-up, pin 11 should be held HIGH

for 10 ms.
12 PD2 Phase detector reference signal, maximum impedance 10 k2.
13 PD1 Phase detector output signal, maximum impedance 10 k2. The

differential d.c. content of PD1 and PD2 signals is a measure of the
phase difference between the data and the internal 4,3218 MHz clock.

14 Vssp Digital ground. Main ground terminal.
15 VpD2 Positive supply voltage: + 12 V = 10%.
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SAA7010

pin'no. mnemonic
16 OA1

17 0OA2

18 OA3

19 Vssa

20 VCO1

21 VCO2

22 CEFM

23 FD

24 FSDE

25 SSDE

26 CLDE

27 DADE/DEFM
28 VpD1
HANDLING

description

Operational amplifier non-inverting input.
Operational amplifier inverting input.
Operational amplifier source follower output.

Analogue ground. Ground terminal for operational amplifier and VCO
only. Connected internally to Vggp via a 25 £ (nominal) resistor.

Voltage-controlled oscillator amplifier input. The amplifier is a simple
inverter operating up to 10 MHz. Frequency control is achieved via an
external tuned circuit using variable capacitance diodes.

Voltage-controlled oscillator amplifier output. The load for the
inverting transistor may be turned off for test purposes by reducing
Vpp2to O V. .

Internal 4,3218 MHz clock generator push-pull output.

Frequency detector three-state push-pull output. This output has a 1 kQ
(typical) impedance when active but assumes a high impedance state
once the system is in lock.

Frame sync signal push-pull output (to SAA7020). It provides a
positive-going pulse at the end of each data frame. Typical frequency
=7,35 kHz.

Symbol sync signal push-pull output for each data symbol. Typical
frequency = 254 kHz.

Data bit clock push-pull output (to SAA7020). An 8-bit clock burst at
2,1609 MHz (typical) which is used to synchronize the data to
SAA7020 (see Fig. 5).

Data push-pull output (to SAA7020). Serial data comprising 32 x 8-bit
symbols per frame, synchronized to CLDE (see Fig. 5). This output is
converted to DEFM when CRI (pin 11) is LOW. DEFM is the digital
signal appearing at the output of the level detector.

Positive supply voltage: +5 V = 10%.

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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Demodulator for Compact Disc Digital Audio system

SAA7010

RATINGS

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

Vssa=Vssp=0V.

Supply voltage 1 range (pin 28)

Supply voltage 2 range (pin 15)

Back bias supply voltage range (pin 1)
Input voltage range

Output voltage range (except FD, OA3)
Output voltage range (FD, OA3 only)
Output current (each output)
Operating ambient temperature range
Storage temperature range

CHARACTERISTICS

Vgsa = Vssp =0 V; Tamb = —20 to + 70 OC unless otherwise specified

VbD1
VbD2

VBB
Vi

—-0,3 to
—-0,3to
-4 to
—0,3 to
-0,3 to
—-0,3 to
max.

—-20 to

+75V
+15 V
+0,3 V
+75V
+75 V
+15 V
10 mA
+70 °C

—55 to+125 OC

parameter symbol | min. |typ. max. unit
SUPPLIES
Supply voltage 1 (pin 28) VpD1 4,5 5,0 5,5 Vv
Supply voltage 2 (pin 15) Vpp2 |108 |12,0 [13,2 \)
Back bias supply voltage (pin 1) -Vgg |20 2,5 3,0 \%
Supply current 1 (pin 28) Ipp1 30 60 150 mA
Supply current 2 (pin 15) IpD2 4 8 21 mA
Back bias supply current (pin 1) —IgB — — 500 HA
DIGITAL CIRCUITS
Input HFD, CRI
Input voltage LOW ViL -03 | — +0,8 \%
Input voltage HIGH ViH 2,4 - 6,5 \Y
Input current (note 1) I -1 — +1 nA
Input capacitance Ci — - 7 pF
Outputs DADE/DEFM, CLDE, FSDE, SSDE,
SBCL, SDATA, P, SWCL, CEFM (note 2)
Output voltage LOW at

—lgL=16mA VoL 0 - 0,4 \
Output voltage HIGH at

loy =0,2mA VOH 30 |- Vpp1 +0.5 |V
Load capacitance CL - - 150 pF
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SAA7010

parameter symbol | min. |[typ. [max. unit

DIGITAL CIRCUITS (continued)

Output FD
Output voitage LOW at

—lpo = 100 A VoL 0 — 0,5 \
Output voltage HIGH at

loH = 100 A VoH 8,0 — Vpp2+0,5|V
Output leakage current at

Vp=0to 6V (note 3) L — - 1 uA
Output impedance Zp — 1 - k&2

Outputs PD1, PD2
Qutput impedance Zo — 5 10 k&2

LEVEL DETECTOR
Inputs HFI1, HFI2
A.C. input voltage range

(peak-to-peak value) Vipp) | 025 |- 2,5 Y,
Input capacitance C — — 7 pF
Output FB
Output currentat VEg =2 V IFB - 150 | — A

OPERATIONAL AMPLIFIER (note 4)
Inputs OA1, OA2

Common-mode voltage range Ve |15 |- 6,0 \
Input offset voltage £VIoF | — 20 — mV
Input current (note 1) 1) — — 1 HA
Input offset current (note 5) *loF |~ - 0,1 uA
Input capacitance C - - 7 pF
Common-mode rejection ratio CMRR | 40 - - dB
Open loop gain (d.c.) A 40 — — dB
Gain bandwidth product

(20 dB/decade roll-off) 1 5 - MHz
Output OA3
Output voltage LOW at —Ig_ =1 mA VoL 0 — 1 \Y
Output voltage HIGH at igy = 1 mA VoH 80 |-— Vpp2+0,5 |V
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Demodulator for Compact Disc Digital Audio system

_

SAA7010

CHARACTERISTICS (continued)

parameter symbol | min. |typ. max. unit
VvCO
Input VCO1, output VCO2
Mutual conductance at 100 kHz Im 1,5 - - mA/V
Bandwidth (—3 dB cut-off) Bgm 20 - - MHz
Input capacitance Cy — - 7 pF
Output capacitance Co - - 7 pF
Feedback capacitance CrB - - 5 pF
Input leakage current (note 1) =1 - - 1 nA
Output current at 10 MHz tlp — 1 - mA
Small-signal voltage gain

at 100 kHz Ay 4 _ . V/V
TIMING
Operating frequency (except VCO) Fcerm | 0.1 - 5 MHz
Operating frequency (VCO only) Fvco 0,2 — 10 MHz
Outputs CLDE, DADE, SSDE, FSDE, CEFM

(Fig. 6 and note 6)
Output rise time tOR - - 50 ns
Output fall time toF - - 40 ns
CLDE period tocP 400 - ns
CLDE HIGH time tocH | 150 |- - ns
CLDE LOW time tocL 150 |[— |- ns
DADE/SSDE/FSDE to CLDE set-up time tops | 100 |- - ns
CLDE to DADE/SSDE/FSDE hold time topH | 100 |- - ns
SSDE LOW time (note 7) tssL |- |3 - [ CEFM
CLDE LOW time during FSDE (Fig. 5and note 8) | tocg |16 |46 |— | period
Outputs SBCL, SDATA, P, SWCL (Fig. 7)
Output rise time (SBCL, SDATA) (note 6) tOR — - 50 ns
Output fall time (SBCL, SDATA) (note 6) tOF — — 40 ns
Output rise time (P, SWCL) (note 9) tOSR - - 200 ns
Output fall time (P, SWCL) (note 9) tOSF - - 200 ns
SBCL HIGH time tOCH 150 | — - ns
SBCL LOW time tocL 150 | — - ns
SDATA to SBCL set-up time toDS 100 |- - ns
P to SWCL set-up time topsp |1 - - ns
SBCL to SDATA hold time tODH 100 |- 500 ns
SBCL to SWCL hold time tSWH 0 - - us
SWCL duty cycle (tHIGH/tperiod) 40 50 60 %
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SAA7010

parameter symbol | min. |typ. |max. unit

TIMING (continued)

Qutput FD
Output rise time (note 6) tFDR - — 1 us
Output fall time (note 6) tEDE - - 1 us

Outputs DEFM, CEFM (Fig. 8)

Output rise time (note 6) tOR - - 50 ns
Output fall time (note 6) toF - - 40 ns
DEFM to CEFM set-up time (note 10) toDs 50 - - ns
CEFM to DEFM hold time (note 10) topH |70 |- - ns
CEFM HIGH time tocH |50 |- - ns
CEFM LOW time tocL |50 |- - ns

NOTES TO THE CHARACTERISTICS
1. At Tymp =25 °C; ViN=—-0,3t0+6,5V;Vpp1=6,5V.

2. Short-circuit protected to Vpp1 and Vgg. The maximum load capacitance that can be applied
before short-circuit protection becomes operative is 150 pF.

3. At Tyamp = 25 OC; output in high impedance state.
4. All tests performed within common-mode voltage range.
5. At Tymp =25 °C.

6. Output loading = 50 pF.
7. SSDE remains LOW for only one negative edge of CLDE.

8. Excessive bit-slip may cause gap to disappear. CLDE remains LOW when FSDE is HIGH.

9. Output loading = 150 pF.

10. Free running VCO frequency tuned to nominal and PLL in lock with a typical application circuit.
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Demodulator for Compact Disc Digital Audio system SAA701O
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Fig. 6 Timing of waveform outputs to SAA7020.

SBCL \
SDATA
- tswh
SWCL
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P
----- 7280410
tosr l*

Fig. 7 Timing of waveform outputs for subcoding: reference levels are 0,8 and 2,4 V; SBCL and
SDATA output loading = 50 pF; SWCL and P output loading = 150 pF; SWCL has a 50% duty cycle.
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Fig. 8 Timing of EFM output waveforms: output loading = 50 pF; reference levels are 0,8 and 2,4 V.
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DIGITAL AUDIO

J L SAA7020

ERROR CORRECTOR FOR

COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7020 detects and corrects errors in digital data received from the demodulator (SAA7010).

The data is received serially in frames of 32 x 8-bit symbols and, after processing, is transmitted in a

16-bit serial format to the interpolating and muting circuit (SAA7000). An error flag is generated to

warn of data in which errors have not been corrected.

Features

® Internal timing and control circuits
Serial data input and output

8-bit bidirectional data bus to external RAM (2K x 8 bits)
Corrects up to seven erroneous frames of data
Generates error flag to identify unreliable data
Provides a motor speed control output which stabilizes the input data rate and eliminates wow

and flutter.
DOER AOER [T [T |=
to to w w w TFroTo Vgp V \Y \Y
D7ER AAEr 1= lo o C1F TEST2 88 VDD1 VDD2 Vss
28..35 } 9.“19{} 24 425 426 [ 22 ¥1 440 ¥21 y20
DATA BUS l
5 INPUT 1 c2 OUTPUT |37
DADE REGISTER SHIFT DAEC
D
ARRAY ECODER DECODER REGISTER
CONTROL BUS
FLAG 36
UNEC
— 6
CIDE DELAY
SSDE ] Z, CLEC
8 TIMING & CONTROL )
FSDE FSEC
cLox —2
SAA7020
4 39 38
7280413.1
MCES SMSE GAP
Fig. 1 Block diagram.
PACKAGE OUTLINE
40-lead DIL; plastic (SOT-129).
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SAA7020

PINNING

Ves [1] U [40] Vo1 1

Fsec [2] 30] SWSE 2

cir [3] [38] Gap 3
MCES [4 | [37] pAEc :
DADE [5 | E UNEC 6
CLDE [6 | [35] DOER 7
SSDE [ 7] 34] D1ER 8

FSDE E [33] D2€ER 9-19

OER

AOER 9| E D3ER 20
A1ER @ _— [31] D4R 21
A2ER [11] E DSER 22
A3ER [12] 2] D6ER 23
A4ER [13] 28] D7ER 24
ASER E | 27] CLEC 2%
ABER [15 | [26] CEER

A7ER [E E] OEER 26
ABER [17] [24] WEER 27
A9ER [18] 23] cLox 28.35
AAER [19] [ 22] TEST2

Vss [20] [21] Vop2 36
37
72804141
Fig. 2 Pinning diagram.
g g diag 38
39
40

VBB
FSEC
C1F
MCES
DADE
CLDE
SSDE
FSDE

AOER-
AAER

CLEC

DOER-
D7ER

UNEC
DAEC

GAP

SMSE
VDD1

back bias supply

frame sync pulse output

C1 decoder error flag
motor speed control output
serial data input

data bit clock input

symbol sync signal input
frame sync signal input

address outputs to external
RAM

ground

+12 V supply
test input

basic clock input

write enable output to external
RAM

output enable signal to
external RAM

chip enable output to external
RAM

output data clock

data bus to/from external
RAM

error flag output

data output (two’s complement)
and SAA7000 output format
control

input to determine DAEC
control output to SAA7000

mute signal from servo
+5 V supply
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Error corrector for Compact Disc Digital Audio system SAA7020

FUNCTIONAL DESCRIPTION

The SAA7020 error corrector receives data samples from the Compact Disc Digital Audio demodulating
system (SAA7010), processes the data samples and then passes them to the interpolating and muting
circuit (SAA7000). The processing detects erroneous data and then, if possible, corrects the errors. If
error correction is not possible, a flag (UNEC) is generated to warn of unreliable data output. The
SAA7020 also controls the motor speed of the disc drive servo.

Serial data received from the demodulator (SAA7010) is arranged in frames of 32 x 8-bit symbols;

24 of the symbols contain audio samples, the remaining eight symbols contain parity information for
error detection/correction. The data (DADE) is clocked into the input register array at the demodulator
rate by CLDE. The input register array comprises a register which accumulates symbols ready for
parallel output to an external RAM and a FIFO register which acts as a jitter reduction circuit.

The jitter reduction circuit uses the difference between the input data rate (CLDE) and the system data
rate (derived from CLOX) to generate the motor speed control signal MCES (Fig. 3). This forms a
feedback loop with the disc drive motor to control the disc speed and hence the input data rate. In this
way unwanted effects such as wow and flutter are eliminated from the Compact Disc system, the FIFO
being capable of handling deviations from the system data rate of up to + 2 frames.

An 8-bit bidirectional bus is used for transferring data to and from the external RAM (2K x 8 bits) and
an 11-bit bus for addressing. Three bits control the RAM; write enable WEER, output enable OEER
and chip enable CEER (the latter is for operation with dynamic RAMs).

The error correction process makes use of data interleaving and two Reed-Solomon codes, C1 and C2,
The C1 decoder can correct one erroneous symbol in a 32-symbol frame after de-interleaving; the C2
decoder can correct two erroneous symbols in a group of 28 symbols. Input data is de-interleaved and
read from the RAM by the C1 decoder where syndromes are formed to check for erroneous symbols.

If one error is detected it is corrected and the data is written back to the RAM with some parity symbols
being discarded. If more than one error is detected the data is written back to the RAM unchanged but
internal C1 flags are set to mark these symbols as unreliable. The data in the RAM is then further
de-interleaved and read back to the C2 decoder. The symbols are then checked for errors as previously,
if one error is detected it is corrected and the symbols are again written back to the RAM. If two error
flags are detected erasure correction is attempted when the flags are received from C1. The corrected
data is then written back to the RAM. If more than two symbols are in error the data is written back
to the RAM unchanged but a flag is set to mark these symbols as unreliable. At this stage the remaining
parity bits are discarded.

After processing, the data is held in the RAM to give a 5-frame delay so that the error warning flag
UNEC can be sent to the interpolation and muting circuit (SAA7000). The UNEC flag is also output
when SMSE is active, this warns of data to be immediately muted. At the end of the 5-frame delay, the
data is read back to the output shift register to be serially shifted out at DAEC.
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SAA7020

Pin functions

pin no. mnemonic
1 VBB

2 FSEC

3 C1F

4 MCES

5 DADE

6 CLDE

7 SSDE

8 FSDE
9-19 AOER-AAER
20 Vss

21 VDpD2

22 TEST2

23 CLOX

24 WEER

25 OEER

26 CEER

27 CLEC
28-35 DOER-D7ER
36 UNEC

description

Back bias supply voltage: —2,5 V = 20%.

Frame sync pulse output, data is valid on the falling edge (Figs 5 and 9).
This output pin flags uncorrectable C1 errors.

Motor control error signal; this open drain output provides a pulse
width modulated signal to control the rate of data entry. If the data
rate has been correct for a period, MCES duty cycle = 50%; if low, the
duty cycle <50%; if high, the duty cycle > 50% (Fig. 3).

Serial data input. The data is clocked in by CLDE in 8-bit symbols, the
most-significant bit first (Figs 4 and 6).

Data clock input, data is accepted into DADE on the negative transition
of CLDE (Figs 4 and 6).

Input indicating the last bit of a symbol. A symbol is counted and
clocked in when SSDE is LOW during the negative transition of CLDE;

for correct operation, SSDE must remain LOW for only one negative
transition in eight (Figs 4 and 6).

Input indicating the end of a data frame. Indication is given when FSDE
is HIGH during a negative transition of CLDE.

Eleven address outputs to the external RAM. When data is being
received at DADE, CLDE, etc. then addresses AOER to AAER are
completely exercised every four frames allowing refresh to be automatic
for dynamic RAMs (Figs 7 and 8).

Ground.

Positive supply voltage: + 12 V = 10%.

Test input. Connect to Vpp1 or Vpp2 for normal operation.

System clock input, typical frequency = 4,2336 MHz (Fig. 6).

Write enable output to external RAM; when LOW, SAA7020 is
writing to the RAM (Fig. 7).

Output enable to external RAM; when HIGH, memory output buffers
must be in the high impedance state (Figs 7 and 8).

Chip enable output for use with dynamic memories (Figs 7 and 8).
Output data clock; data is valid on the falling edge (Figs 5 and 9).

Input/output ports for 8-bit bidirectional bus from/to external RAM.
The outputs are in the high impedance state when OEER is LOW
(Figs 7 and 8).

Error flag output; when HIGH, indicates that output data is unreliable.
During active data output (i.e. when CLEC is operating) UNEC applies
to each symbol of 8 bits of data output at that time. Before each data

word of two symbols is output, UNEC applies to the whole data word

that will follow in five frames time.
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Error corrector for Compact Disc Digital Audio system

SAA7020

FUNCTIONAL DESCRIPTION (continued)

pin no. mnemonic description

37 DAEC Serial data output. Data is clocked out by CLEC and is in 16-bit words
separated by gaps. Each word is in two’s complement format with the
most-significant bit first and comprises two 8-bit symbols. Data is valid
on the falling edge of CLEC. During the gap between the data words,
the state of pin 38 (GAP) acts as an output from DAEC (Figs 5 and 9).

38 GAP The input level at this pin is reflected in the state of the output from
DAEC between data words and is used to control the output format of
the SAA7000. When GAP is HIGH, DAEC gap level is HIGH, and vice

versa (Fig. 5).

39 SMSE Select muting input. If SMSE is held LOW, the UNEC output will be
held HIGH causing the interpolation and muting circuit (SAA7000) to

mute the data.

40 VDbD1 Positive supply voltage: + 5V = 10%.

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’).

RATINGS

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vgg =0 V

Supply voltage 1 range (pin 40)
Supply voltage 2 range (pin 21)

Back bias supply voltage range (pin 1)
Input voltage range (except TEST)
Input voltage range (TEST only)
Output voltage range (except MCES)

Output voltage range (MCES only) applied
through a 10 k{2 resistor

Output current
Operating ambient temperature range
Storage temperature range

VDD1 -0,3to +7,6
Vppz2 -03to +15

VBB -4 to +0,3
Vi —-0,3to +7,5
\7 —0,3to +15
Vo -0,3t0 +7,6
Vo —0,351t0+15
o max. 10
Tamb  —20 to +70
Tstq —55 to + 125

< <K<K <K< <L

<

mA
oC
oC
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SAA7020

CHARACTERISTICS

Vgg =0 V; Tamp = —20 to + 70 OC uniess otherwise specified

parameter symbol | min. typ. max. unit
Supplies
Supply voltage 1 (pin 40) VpD1 4,5 5,0 5,5 \
Supply voltage 2 (pin 21) VpD2 10,8 12,0 13,2 \"
Back bias supply voltage (pin 1) -Vgg |20 . 2,5 3,0 Y
Supply current 1 (pin 40) IDD1 - 145 280 mA
Supply current 2 (pin 21) Ipp2 — 14 26 mA
Back bias supply current (pin 1) —IgB - - 500 uA
Inputs (except DOER-D7ER)
Input voltage LOW ViL -0,3 - +0,8 \
Input voltage HIGH (except SMSE) VIH 2,4 - 6,5 Y
Input voltage HIGH (SMSE only) ViH 2,0 - 6,5 \Y
Input current (note 1) I -1 - +1 BA
Input capacitance C —_ — 7 pF
Input/output DOER-D7ER
Input voltage LOW ViL -0,3 - +0,8 \"
Input voltage HIGH ViH 2,0 - 6,5 \"
Input current (notes 1 and 2) Iy -10 - +10 MA
Input capacitance Cy — — 10 pF
Output voltage LOW at

—lgL = 1,6 mA (notes 3 and 4) VoL 0 - 0,4 \Y
Output voltage HIGH at

loH =0,2 mA (notes 3 and 4) VoH 3,0 - Vpp1+05 |V
Load capacitance (notes-3 and 4) CL — — 150 pF
Outputs AOER-AAER, WEER, OEER,

CEER, DAEC, UNEC, FSEC, CLEC

(notes 3 and 4)
Output voltage LOW at

—loL=16mA VoL 0 — 0,4 \%
Output voltage HIGH at

loH =0,2 mA VOH 3,0 - Vpp1+05 |V
Load capacitance CL — - 150 pF
Output MCES (open drain) (note 5)
Output voltage LOW with pin 4

connected to Vpp2 via a 10 k€2 resistor | Vo o - 0,4 \
Output current with output OFF and

pin 4 connected to Vppo viaa

10 k$2 resistor; Tymp = 25 °C loH - - 20 A
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Error corecior iur Compact Disc Digital Audio system

SAA7020

prramieter

symbaol

Panut CLUK (nete €)
Jueney
Input clock LOW

input clock HIGH

Uperating 1

lapuis DADE, CLDE, SSDE, FSDE
{nete 7)
Input rise time

ut fall time

in

[ period

CLDE HIGH
CLOE LOW
DADE/SSUE/FE0E

SSOE LOW time

input SMSE (note 7)

Input rise time
Input fall time
SMGSE to UNEC output delay time

Outputs CLEC, DAEC, UNEC, FSEC
(notes 3, 4, 7 and &}

Qutput rise thme

Cutput 1ali tme
CLeC HIGH

CLEC Low
FSEC HIGH

CLEC to FSEC delay time

DAEC/UNEC to FSEC set-up time
FSEC to DAEC/UNEC hold time

to CLDE sei-up timne
CLDE to DADF/SSDE/FSDE hold time

fin
XL
TXH

TR
Ur
Hep

YeH
et
DS
YDH

Faorgny
bt

e

R
tE
LSMD

OR
toF
tocH
TocL
TFSH

ICFD

tUFs
WIFH

min.

3,0

40
40

1CLOX
period
100

100

50

80

130
130

6 CLOX
periods
—180

3 CLOX
periods
—300

100
12

typ.

4,2336

max.

4,5

’

50
50
20

100
100
20

50
40
350

6 CLOX
periods
+180

3 CLOX
periods
+ 300

unit

MHz
ns

ns

ns
ns

us

ns
ns
ns
ns
CLDE
period

CLOX
periods

us
us
CLOX
periods

ns
ns
ns
ns

ns

ns
ns

CLOX
periods
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SAA7020

parameter symbol | min. typ. max. unit
RAM interfaces AOER-AAER,

DOER-D7ER, OEER, CEER, WEER

(notes 3, 4 and 7)
Output rise time tOR — — 30 ns
Output fall time toF — - 25 ns
Cycle time tc 390 — 670 ns
Read cycle timing
CEER HIGH time tcEH |65 - - ns
CEER LOW time tcEL | 265 - - ns
AOER-AAER to CEER set-up time tacs |0 - - ns
CEER to AOER-AAER hold time tacH | 300 - - ns
DOER-D7ER to OEER set-up time tpos |85 - - ns
OEER to DOER-D7ER hold time tpoH |0 - - ns
DOER-D7ER to AOER-AAER set-up time |tpas |85 - - ns
AOER-AAER to DOER-D7ER hold time  |tpaH | O - - ns
OEER to DOER-D7ER from RAM active |tgrz |0 - - ns
OEER to DOER-D7ER from RAM high

impedance state toHz | O - 100 ns
OEER LOW to AOER-AAER valid toAD | —25 - +25 ns
Write cycle timing
CEER HIGH time tcEH | 196 - - ns
CEER LOW time tceL | 196 - - ns
AOER-AAER to CEER set-up time tacs | 100 - - ns
AOER-AAER to WEER set-up time taws | 50 - - ns
WEER to AOER-AAER hold time tAwH |50 - - ns
WEER to CEER set-up time twes | 50 — — ns
CEER to WEER hold time twcH | 65 - - ns
DOER-D7ER to CEER set-up time tpcs | 50 - - ns
CEER to DOER-D7ER hold time tpcH | 150 - - ns
WEER to CEER recovery time tWR 65 - - ns
DOER-D7ER to WEER set-up time tpws | 150 - - ns
WEER to DOER-D7ER hold time tpwH | 100 - - ns
OEER to DOER-D7ER output active tpoz | 100 - - ns
OEER to DOER-D7ER output in

high impedance state topz |20 - - ns
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Error corrector for Compact Disc Digital Audio system

SAA7020

NOTES TO THE CHARACTERISTICS

1

. Measured from —0,3 to + 6,5 V at Ty3p = 25 °C; Vpp1 = 6,5 V.
2. Input/output port in high impedance state (OFF); measured from 0 to 6 V at Ty, =25 ©C.

3.

4. All outputs are protected against short-circuit to Vgg and Vpp1. The maximum load capacitance

Output loading: 1 TTL gate + C|_= 50 pF.

that can be applied before the short-circuit protection becomes active is 150 pF.

. Phase detector gain for average MCES output voltage = 1,1 V per frame. Phase detector controi

range = + 2 frames.

. All maximum or minimum values assume respective frequency where appropriate.
. Reference levels = 0,8 V and 2,4 V.

8. The DAEC level during the advanced UNEC period is defined by the state at pin 38 (GAP). If this

state changes during CLEC LOW, the timings are applicable. If the state at pin 38 changes at other
times, DAEC follows with a delay of between 20 and 500 ns.

W (May 1986
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J KQSSL Aepy

nominal data 288 288
. l————————— _—
input rate CLOX periods CLOX periods

| 576 |
| CLOX periods |

data input rate

—» 32CLOX |+
much too low periods

!‘* 512 CLOX periods —————————————

data input rate
much too high — 32CLOX %—
periods

data input
rate low

data input
rate high

S —
7280415

Fig. 3 MCES output waveforms: waveforms are updated each frame (576 CLOX periods); open drain output, rise times
depend on external pull-up circuit. This output has an internal clamp to prevent the voltage at pin 4 (MCES) rising above
Vpp2 + 1,8 V maximum.
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FSDE
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symbol 2

Fig. 4 Typical input waveforms from SAA7010/SAA7011.
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<— most - significant symbol —s-

LsB | MsB

data word

gap level

LsB

- Least -significant symbol —|

MsB LsB MsB

Lss

UNEC X

X

(2)

X

.

(1)

X @ X

(2)

FSEC

(1) When HIGH indicates unreliability of data word that will follow five frames later.
(2) When HIGH indicates unreliability of current symbol.

Fig. 5 Typical output waveforms to SAA7000.
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SAA7020 J l

bxL YXH

'F /N

trcG

X XL

CLDE
ticH +

tips [“=— tioH
DADE

M tps

JUN

YDH |
Yips e tips fe—
FSDE
7280416
Fig. 6 Input waveform timing; reference levels=0,8 V and 2,4 V.
k tc Vl
AOER
to
AAER
tacs —
tAws —» twes —| tAwH
CEER /[ teEL . T
'CEH . > - twR <—1oR
OF o| le— twch —'-1
I N |« tWeL —— A
WEER y
I+ tpcs ™ Fe——"'pcH >
‘bws < (DWH->]
D7ER N
to | \_.
DOER J N 77
poz 'bos
‘opnz [
OEER
7280417

Fig. 7 RAM interface write cycle timing; reference levels = 0,8 V and 2,4 V, output loading=1 TTL
gate and Cy_ = 50 pF.
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Error corrector for Compact Disc Digital Audio system

SAA7020

AOER
to
AAER

DOER
to

D7ER

tC "
-~ |« 'pAs
< 'Acs DAH{e—
tACH { /(.___
letcen>t | cEL —>
[ ‘0AD
tonz
fe— t L—»‘DOH
toLz DOS
//AI >
N
7280418

Fig. 8 RAM interface read cycle timing; reference levels = 0,8 V and 2,4 V; output loading=1 TTL
gate and C_ =50 pF; WEER is HIGH during read cycle.

CLEC

toDS —»

(1)

top ™

- | - ‘*_tOF

(2)

N\ V
k MSB

UNEC ><( ADVANCED UNEC ><
AN VAN
|e— tFsH
FSEC
—>| 'UFs [e—
< tUFH 7280419

(1) CLEC remains LOW for 8 CLEC cycle periods.

re— 'cFD

(2) DAEC level during this period is defined by the level on pin 38 (GAP). If GAP changes during CLEC
active, the above timings apply. If GAP changes at other times, DAEC follows with a delay of 20 to

500 ns.

Fig. 9 Output waveform timing; reference levels = 0,8 V and 2,4 V, output loading = 1 TTL gate and

CL =50 pF.
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DIGITAL AUDIO

J L SAA7030

DIGITAL FILTER FOR COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7030 is a stereo interpolating digital filter designed for the Compact Disc Digital Audio
system. The circuit incorporates two identical filters, each with a sampling rate of four times that of
the normal digital audio sampling.

Features

Suppresses spurious lobes in the audio spectrum
Improves the signal quality for digital-to-analogue conversion

Allows a low-order analogue post filter to be used after the digital-to-anal »gue corwvertor (DAC)
Option of offset binary or two’s complement data output format
Electrically-selectable d.c. offset/no offset on data output
Overflow detection and protection
Directly compatible with the interpolation and muting circuit (SAA7000)
Generates a latch output strobe to the DAC

Vppr —H 4

Voo 2 COEFF.
ves—2 » ROM
Vga—l—»
{: RECIRC. ouTPUT 3
20 INPUT SHIFT MULTIPLIER ACCUMULATCR »| SHIFT  fbrsi—DLED
Y] SHIFT REGISTER REGISTER (ORFD)
(oreF) P recisteR
cter —{®
- 21
STRI TIMING & CONTROL » 8 &F6
cLox —2 1 Lar
SAA7030
z 1
0s 0B

PACKAGE OUTLINE

24-lead DIL; plastic (SOT-101A).

Fig. 1 Block diagram.
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SAA7030 J L

vas [1]
os[2]
bLFD [3 ]
ne.[4]
ne.[5]
ceo e |
LAT [7]
ne. E
ne[9]

DRFD {10
oB |11

Vss {12

SAA7030

T_i' Vb1

23| TEST 5

[22] TEST4
21] STR1
[20] DLCF
[19] cLox
18] cLcF
[17] oRCF
[16] TEST3
[15] TEST2

E TEST 1
E] Vbb2

7290277

Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION
The SAA7030 is a stereo interpolating filter which quadruples the data sample rate from 44,1 to

176,4 kHz and thus achieves the following:

PINNING

1 VBB

2 0s

3 DLFD
4 n.c.

5 n.c.

6 CLFD
7 LAT
8 n.c.

9 n.c.

10 DRFD
11 0B

12 Vgs
13 Vpp2
14 TEST1
15 TEST2
16 TEST3
17 DRCF
18 CLCF
19 CLOX
20 DLCF
21 STR1
22 TEST4
23 TESTS
24 Vpp1

back bias supply

offset/no offset select input
left channel data output
not connected

not connected

data clock output

strobe output

not connected

not connected

right channel data output

offset binary/two’s complement
select input

ground

+ 12 V supply

test output

test input

test input

right channel data input
data clock input
master clock input

left channel data input
strobe input

test input

test input

+5 V supply

1. It suppresses spurious spectrum lobes in the output data that occur between the baseband frequency
and 176,4 + 20 kHz. This allows the DAC to be followed by a low-cost filter of the linear phase,
low order, analogue post filter type (a very high order, low-pass filter would otherwise be required

to suppress the 44,1 = 20 kHz lobe).

2. It performs noise-shaping so that a 14-bit DAC yields the same in-band quantizing signal-to-noise
ratio as from a 16-bit DAC supplied with unprocessed 44,1 kHz samples.
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Digital filter for Compact Disc Digital Audio system SAA7030

The circuit incorporates two identical filters (one per channel). Each is a finite impulse response, linear
phase transversal filter. The filter length is 96 bits with 16-bit data words and 12-bit coefficients. The
composition of each filter is as follows:

serial-to-parallel input shift register;

sixteen 24-bit shift registers for data storage;
96 x 12-bit coefficient ROM;

12 x 16-bit array multiplier;

28-bit accumulator;

paraliei-to-serial output shift register.

Overflow protection is incorporated in the filters so that, in the unlikely event of accumulator overflow,
the output limits cleanly. Overflow only occurs if the input samples continuously reverse sign coinci-
dently with the coefficients, so that the products of the two entered into the accumulator are continu-
ally of the same sign.

The data inputs may run asynchronously with the master clock (CLOX) provided that the data inputs
are always complete before the rising edge of the 44,1 kHz input strobe (STR1). A 176,4 kHz output
. strobe (LAT) is provided, the rising edge of which follows the completion of the serial output data
stream. This strobe pulse is timed to be used to gate the master clock (CLOX) if required.

The input OS provides selection of —3% d.c. offset_o_r no offset of the data output voltage level. The
format of the output data is selected via the input OB to be in offset binary or two’s complement form.

Pin functions

pinno. mnemonic description

1 Vge Back bias supply voltage: —2,5 V = 20%.

2 oS Offset select input. When connected to Vpp+1, the data output has a fixed
d.c. offset of —3%. When connected to Vgg, the data output has no offset.

3 DLFD Left channel data output. The data is 14-bit serial with most-significant bit
first and is valid on the falling edge of the output clock (CLFD).

6 CLFD Data clock output. Typical frequency = 4,2336 MHz ( = CLOX).
The falling edge of this clock defines output data valid.

7 LAT Strobe output at 176,4 kHz. The rising edge of this pulse indicates that the
output of a 14-bit data word is complete.

10 DRFD Right channel data output (see DLFD).

11 OB Offset binary/two’s complement select input. When connected to Vgg, the

output data is coded in offset binary. When connected to Vpp1, the output
data is coded in two’s complement.

12 Vgs Ground (0 V).

13 Vpp2 Positive supply voltage: + 12V + 10%.

14 TEST1 Test output; not used in normal operation.

15 TEST2 Test input; in normal operation this pin should be connected to Vgg or Vpp1.
16 TEST3 Test input; in normal operation this pin should be connected to Vgg or Vpp1.
17 DRCF Right channel data input. Data should be 16-bit serial with most-significant-

bit first and in offset binary code. It is valid on the falling edge of the input
data clock (CLCF).

18 CLCF Input data clock. The falling edge of this clock defines input data valid.
19 CLOX Master clock input. Runs continuously at a typical frequency of 4,2336 MHz.
20 DLCF Left channel data input (see DRCF).
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SAA7030

FUNCTIONAL DESCRIPTION (continued)

pinno. mnemonic description

21 STR1 Strobe input at 44,1 kHz. The internal timing chain of the SAA7030 is
synchronized by the rising edge of STR1 which must be synchronous with
CLOX within the tolerance specified in CHARACTERISTICS. The rising
edge should follow the completion of the input data stream.

22 TEST4 Test input; in normal operation this pin should be connected to Vpp1.
23 TEST5 Test input; in normal operation this pin should be connected to Vpp1.
24 VDpD1 Positive supply voltage: +5 V + 10%.

Pins 4, 5, 8 and 9 have no internal connection.

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’).
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Digital filter for Compact Disc Digital Audio system

SAA7030

RATINGS
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vgg =0V
Supply voltage 1 range (pin 24) Vppy1 -03to +75V
Supply voltage 2 range (pin 13) Vpp2 —-03to +15 V
Back bias supply voltage range (pin 1) Vg —4to +0,3 V
Input voltage range V) —-03to +7,5 V
Output voltage range Vo —-03to +75 V
Output current lo max. 10 mA
Operating ambient temperature range Tamb —20to +70 ©C
Storage temperature range Tstg —551to0 + 125 OC
CHARACTERISTICS
Vgs =0 V; Tamp = —20 to + 70 OC unless otherwise specified
parameter symbol min. typ. max. unit
Supplies
Supply voltage 1 (pin 24) VpD1 4,5 5,0 5,5 \%
Supply voltage 2 (pin 13) Vbpp2 10,8 12,0 13,2 Y
Back bias supply voltage (pin 1) -VgB 2,0 2,5 3,0 \%
Supply current 1 (pin 24) IpD1 50 120 240 mA
Supply current 2 (pin 13) Ipp2 3,6 8,0 15,0 mA
Back bias supply current (pin 1)

atVpp1<55V;Vpp2<132V —IgB - - 500 MA
Inputs
Input voltage LOW ViL -0,3 | — +0,8 Y
Input voltage HIGH ViIH 2,0 - 6,5 V
Input current at Tyyp = 25 OC; ‘

V|=-03to+65V £ - - 1 uA
Input capacitance Cy - — 7 pF
Outputs (note 1)

Output voltage LOW at —Ig_= 1,6 mA VoL -0,3 - +0,4 \Y)
Output voltage HIGH at Igy = 0,2 mA VOH 3,0 - Vpp1+05 | V
Load capacitance CL - 50 150 pF
Input CLOX

Operating frequency fix 1,0 4,23 4,5 MHz
Input clock LOW XL 25 - - % of
Input clock HIGH tIXH 25 - - {t|xp
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SAA7030

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit

Inputs CLCF, DLCF, DRCF, STR1

CLCF frequency fic 0,1 2,12 4,50 MHz
CLCF LOW time ticL 75 - - ns
CLCF HIGH time ticH 75 - - ns
DLCF/DRCF to CLCF set-up time tiDS 25 - — ns
CLCF to DLCF/DRCF hold time tiDH 75 - - ns
CLCF LOW to STR1 time tesL 0 - - ns
STR1 LOW time tSL 4 - - CLOX
STR1 HIGH time t|SH 1 - - cycles
CLOX to STR1 rising txsL -5 — - ns
CLOX to STR1 HIGH tXSH - - 55 ns

Outputs CLFD, DRFD, DLFD, LAT
(notes 2 and 3)

Output rise time (except LAT) tOR — 10 30 ns
Output fall time (except LAT) toF — 8 15 ns
Output rise time (LAT only) tLR - 7 15 ns
Output fall time (LAT only) tLF — 6 10 ns
CLFD HIGH time toCH 40 75 - ns
CLFD LOW time tocL 40 105 - ns
DRFD/DLFD to CLFD set-up time tops 20 70 - ns
CLFD to DRFD/DLFD hold time tODH 50 120 - ns
CLFD LOW prior to LAT rising toLp 100 350 - ns
CLOX to LAT starting to change

(note 4) txLs 0 30 — ns
CLOX to LAT reaching final value tXLF 0 80 - ns
CLFD LOW to rising edge of CLOX

with rising edge to STR1 txcL 50 400 - ns
LAT HIGH time tLH — 1 - CLOX

cycle

NOTES TO THE CHARACTERISTICS

1. All outputs are protected against short-circuit to Vgg and Vpp1. The maximum load capacitance
that can be applied before the short-circuit protection becomes active is 150 pF.

2. Output loading C|_ =50 pF.
3. Reference levels are 0,8 and 2 V.

4. Rising edge of LAT occurs in the first CLOX LOW period following the rising edge to STR1 and
then recurs at every 24th CLOX cycle.
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Fig. 3 Typical input and output waveforms (for illustration only).
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DLCF
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CLOX
(2)
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tixp

(1) CLCF frequency (f|c) = 1/t)cp. The trailing edge of CLCF must occur 16 times between
consecutive rising edges of STR1.
(2) CLOX frequency (fix) = 1/t;xp-.

Fig. 4 Input waveform timing; reference levels are 0,8 and 2 V.
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Fig. 5 Output waveform timing: reference levels are 0,8 and 2 V; output loading = 50 pF.
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DEVELOPMENT DATA

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

SAA7210

DECODER FOR COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7210 incorporates the functions of demodulator, subcoding processor, error corrector and
concealment in one chip. The device accepts data from the disc and outputs serial data directly to a
dual 16-bit digital-to-analogue converter TDA1541 (DAC) via the Inter IC signal bus (12S). The 12S
output can also be fed via the stereo interpolating digital filter SAA7220 which provides additional
concealment plus over-sampling digital filtering. For descriptive purposes, the SAA7210 is referred to

as the A-chip and the SAA7220 as the B-chip.

Features

Fully protected timing synchronization to incoming data
Eight-to-Fourteen Modulation (EFM) decoding

Subcoding microprocessor handshaking protocol

Motor speed control logic which stabilizes the input data rate
Error flag processing to identify unreliable data

Concealment to replace uncorrectable data

12S bus for data exchange between A-chip, B-chip and DAC
Bidirectional data bus to external RAM (16 K x 4 bits)

QUICK REFERENCE DATA

Supply voltage (pin 40)
Supply current (pin 40)
Data slicer input voltage range

Oscillator operating frequency
XTAL
VCO

Maximum output current (each output)

Operating ambient temperature range

Adaptive slicer with high-frequency level detector for input data
Built-in drop-out detector to prevent error propagation in adaptive slicer

Cross-Interleaved Reed-Solomon Code (CIRC) used for error correction system

typ. 5V
typ. 200 mA
0,25t02,5 V

typ. 11,2896 MHz
typ. 8,6436 MHz

max. 10 mA
—20 to +70 ©C

PACKAGE OUTLINE
40-lead DIL; plastic (SOT-129).
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Decoder for compact disc digital audio system

SAA7210

DEVELOPMENT DATA

PINNING
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Fig. 2 Pinning diagram; for pin functions see next page.
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Pin functions

pin no. mnemonic
1-8 AO0-A7
9 RAS

10 R/W

1" MUTE

12-14 D1-D3

15
16
17

18
19
20
21

22

23

24

25

26

CAS
D4
MSC

XTAL2
XTAL1

Vss
VBB

PD/OC

Iref

FB

HFI

HFD

description
Address: address outputs to external RAM.

Row Address Select: output to external RAM (4416) which uses multiplexed
address inputs.

Read/Write: output signal to external RAM.

Mute: input from the microprocessor. When mute is LOW the data output
DAAB (pin 37) is attenuated to zero in 15 successive divide-by-2 steps. On
the rising edge of mute the data output is incremented to the first “'good”
value in 2 steps. This input has an internal pull-up of 50 k&2 (typ.).

Data: data inputs/outputs to external RAM.
Column Address Select: output signal to external RAM.
Data: data input/output to external RAM.

Motor Speed Control: open drain output which provides a pulse width
modulated signal with a pulse rate of 88 kHz to control the rate of data
entry. The duty factor varies from 1,6% toe 98,4% in 62 steps.

When a motor-start signal is detected via pin 33 (SWAB/SSM) the duty
factor is forced to 98,4% for 0,2 seconds followed by a normal calculated
signal. After a motor-stop signal is detected the duty factor is forced to
1,6% for 0,2 seconds, followed by a continous 50% duty factor.

Crystal oscillator output: drive output to clock crystal (11,2896 MHz typ.).
Crystal oscillator input: input from crystal oscillator or slave clock.
Ground: circuit earth potential.

Back Bias supply voltage: back bias output voltage (—2,5 V £20%). The
internal back bias generator can be decoupled at this pin.

Phase Detector output/Oscillator Control input: outputs of the frequency
detector and phase detector are summed internally, then filtered at this
pin to provide the frequency control signal for the VCO.

Current reference: external reference input to the phase detector. This
input is required to minimize the spread in the charge pump output of
the phase detector. An internal clamp prevents the voltage on this pin
rising above 3,5 V.

Feedback: output from the input data slicer. This output is a current
source of 100 A (typ.) which changes polarity when the level detector
input at pin 25 (HFI) rises above the threshold voltage of 2 V (typ.).

When a data run length violation is detected (e.g. during drop-out), or when
HFD (pin 26) is LOW, this output goes to high impedance state.

High-Frequency Input: level detector input to the data slicer. A differential
signal of between 0,25 and 2,5 V (peak-to-peak value) is required to drive
the data slicer correctly. When a Ty ax violation is detected or when HFD
is LOW, this input is biased directly to its threshold voltage.

High-Frequency Detector: when HIGH this input signal enables the frequen-
cy and phase detector inputs, also the feedback output (FB) from the data
slicer.

An internal voltage clamp of 3 V (typ.) requires the HFD input to be fed
via a high impedance. This input has an internal pull-up of 50 k& (typ.).
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DEVELOPMENT DATA

pin no. mnemonic description

27 CEFM Clock Eight-to-Fourteen Modulation: demodulator clock output 4,3218 MHz
(typ.).

28 CRI Counter Reset Inhibit: when LOW this input signal allows the divide-by-588

master counter in the DEMOD timing to run-free. This input has an internal
pull-up of 50 k2 (typ.).

29 QDATA Q-channel Data: this subcoding output is parity checked and changes in
response to the Q-channel clock input (see subcoding microprocessor
handshaking protocol).

30 QRA Q-channel Request input/Acknowledge output: the output has an internal
pull-up of nominally 10 k2. (see subcoding microprocessor handshaking
protocol).

31 QCL Q-channel Clock: clock input generated by the micro-processor when it
detects a QRA LOW signal.

32 DEEM De-emphasis:signal derived from one bit of the parity-checked Q-channel
and fed out via the debounce circuit.

33 SWAB/SSM  Subcoding Word clock output & Start/Stop Motor input: open drain output

which is sensed during each HIGH period and if externally forced LOW a
motor-stop condition will be decoded and fed to the motor control logic
circuit.

34 SDAB Subcoding Data: a 10-bit burst of data, including flags and sync bits, is
output serially to the B-chip once per frame clocked by burst clock output
SCAB (see Fig. 4).

35 SCAB Subcoding Clock: a 10-bit burst clock 2,8224 MHz (typ.) output which is
used to synchronize the subcoding data.

36 EFAB Error Flag: output from interpolation and mute circuit to B-chip indicating
unreliable data.
37 DAAB Data: this output which is fed to the B-chip or DAC, together with its

clock (CLAB) and word select (WSAB) outputs, conforms to the 12S bus
format (see Fig. 5).

38 CLAB Clock: output to B-chip or DAC.
39 WSAB Word Select: output to B-chip or DAC.
40 VDD Power Supply: positive supply voltage(+ 5 V).

Note to the pin functions

The pin sequence of the address outputs (A0-A7) and the data outputs (D1-D4) has been selected to
be compatible with various dynamic 16 K x 4-bit RAMs including the 4416.

W (September 1985 2127



SAAT7210

FUNCTIONAL DESCRIPTION

Demodulation

Data read from the disc is amplified and filtered externally and then converted into a clean digital
signal by the data slicer. The data slicer is an adaptive level detector which relies on the nature of the
eight-to-fourteen modulation system (EFM) to determine the optimum slicing level. When a signal
drop-out is detected (via the HFD input, or internally when a data run length violation is detected) the
feedback (FB) to the data slicer is disabled to stop drift of the slicing level.

Two frequency detectors, a phase detector and a voltage-controlled oscillator (VCO) form an internal
phase-lock loop (PLL) system. The voltage-controlled oscillator (VCO) runs at twice the input data
rate (typically at 8,6436 MHz), its frequency being dependent on the voltage at pin 22 (PD/OC). One
of the frequency detectors compares the VCO frequency with that of the crystal clock to provide
coarse frequency-control signals which pull the VCO to within the capture range of fine frequency
control. Signals for fine frequency control are provided by the second frequency detector which uses
data run length violations to pull the VCO within the capture range of the PLL. When the system is
phase-locked the frequency detector output stage is disabled via a lock indication signal. The VCO
output is divided by two to provide the main demodulator clock signal which is compared with the
incoming data in the phase detector. The output of the phase detector, which is combined internally
with the frequency detector outputs at pin 22 (PD/OC), is a positive and negative current pulse with
a net charge that is dependent on the phase error. The current amplitude is determined by the current
source connected to pin 23 (Iyef).

The demodulator uses a double timing system to protect the EFM decoder from erroneous sync
patterns in the data. The protected divide-by-588 master counter is reset only if a sync pattern occurs
exactly one frame after a previous sync pattern (sync coincidence) or if the new sync pattern occurs
within a safe window determined by the divide-by-588 master counter. If track jumping occurs the
divide-by-588 master counter is allowed to free-run to minimize interference to the motor speed
controller ; this is achieved by taking the CR1 input (pin 28) LOW to inhibit the reset signal.

The sync coincidence pulse is also used to reset the lock indication counter and disable the output
from the fine frequency detector. If the system goes out of lock, the sync pulses cease and the lock
indication counter counts frame periods. After 63 frame periods with no sync coincidence pulse, the
lock indication counter enables the frequency detector output.

The EFM decoder converts each symbol (14 bits of disc data + 3 merging bits) into one of 256 8-bit
digital words which are then passed across the clock interface to the subcoding section. An additional
output from the decoder senses one of two extra symbol patterns which indicate a subcoding frame
sync. This signal together with a data strobe and two error flags are also passed across the clock
interface. The error flags are derived from the HFD input and from detected run length violations.

le—

1 Frame = 588 channel bits |

Laz ' SYNC |c§[‘jﬁe|sv’15°izj 3 , 4 B g 27 ‘ 28 ] 29 t 30T 31—[ 32 | SVNCJESS’anF

format of subcoding or data
symbol - 17 channel bits

J 11 channel bits L 11 channel bits I ‘ ‘ ’ I J1}2‘3‘L\5‘6[7‘8‘9\10 1111{11341&} ‘ ‘
L——-may be inverted ‘! (1)—’] L—‘IL bit EFM Word—’L(‘l)—’I

(1) = merging and low frequency suppression bits. 7280408

format of sync pattern — 27 channel bits

Fig. 3 Data input signal.
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FUNCTIONAL DESCRIPTION (continued)

Subcoding
The subcoding section has four main functions

® Q-channel processor
® De-emphasis output
® Pause (P-bit) output
® Serial subcoding output to B-chip

The Q-channel processor accumulates a subcoding word of 96 bits from the Q-bit of successive sub
coding symbols, performs a cyclic redundancy check (CRC) using 16 bits and then outputs the
remaining 80 bits to a microprocessor on an external clock. The de-emphasis signal (DEEM) is derived
from one bit of the CRC-checked Q-channel. The DEEM output (pin 32) is additionally protected by a
debounce circuit.

The P-bit from the subcoding symbol, also protected by a debounce circuit, is output via the serial
subcoding signal (SDAB) at pin 34. The protected timing used for the EFM decoder makes this output
unreliable during track jumping.

The serial output to the B-chip consists of a burst of 10 bits of data clocked by a burst clock (SCAB).
The 10 bits are made up from subcoding signal bits Q to W, the Q-channel parity check flag, a demo-
dulator error flag and the subcoding sync signal. At the end of the clock burst this output delivers the
debounced P-bit signal which can be read externally on the rising edge of SWAB at pin 33 {see Fig 4).

Q-CHANNEL PARITY CHECK FLAG ~ SUBCODING ERROR FLAG SYNC {active LOW)

i
i
!
I H
1 i
| I :
| \
SWAB : ~50% DUTY FACTOH 735 kHz
| | ST N
!
Uuuuuuuul

2,8224 MHz BURST CLOCK

TZROB05

Fig. 4 Typical subcoding waveform outputs.

Pre-FIFO

The 10 bits (8 bits of symbol data + 2 error flag bits) which are passed from the demoduiator across
the clock interface to the subcoding section are also fed to the pre-FIFO with the additiorn of two
timing signals. These two timing signals indicate:

(1) That a new data symbol is valid
(2) Whether the new data symbol is the first symbol of a frame

The pre-FIFO stores up to 4 symbols (including flags) and acts as a time buffer between data input
and data output. Data passes into the pre-FIFO at the rate of 32 symbols per demodulator frarme and
the symbols are called from the pre-FIFO into RAM storage at the rate of 32 symbols per error-
correction frame. The timing, organized by the master controller, ailows up to 40 attempts 1o write
32 symbols into the RAM per error-correction frame. The 8 extra attempts allow for transient changes

in clock frequency (e.g. pitch control).
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Data control

This section controls the flow of data between the external RAM and the error corrector. Each symbol
of data passes through the error corrector two times (correction processes C1 and C2) before entering
the concealment section.

The RAM interface uses the full crystal frequency of 11,2 MHz to determine the RAM access wave-
forms (the main clock for the system is 5,6 MHz). One RAM access (READ or WRITE) uses 12 crystal
clock cycles which is approximately 1 us. The timing (see Fig. 6) is based upon the specification for
the dynamic 16 K x 4-bit RAM (4416). This RAM requires multiplexed address signals and therefore,
in each access cycle, a row address (B__Eé_ pin 9) is set up first and then three 4-bit nibbles are accessed
using sequential column addresses (CAS pin 15). As only 10 bits are used for each symbol (including
flags), the fourth nibble is not accessible.

There are 4 different modes of RAM access:

e WRITE 1
® READ 1
® WRITE 2
® READ 2

During WRITE 1, data is taken from pre-FIFO at regular intervals and written into one half of the
RAM. This half of the RAM acts as the main FIFO and has a capacity of up to 64 frames. During
READ 1, the 32 symbols of the next frame due out are read from the FIFO. The numerical difference
between the WRITE 1 and READ 1 addresses is used to control the speed of the disc drive motor. )

When a frame of data has been read from the FiFQ it is stored in a buffer RAM until it can be accepted
by the CIRC error correction system. At this time the error correcting strategy of the CIRC decoder
for the frame is determined by the flag processor. The frame for correction is then loaded into the
decoder one symbol at a time and the 32 symbols from the previous correction are returned to the
buffer RAM.

After the first correction (C1), only 28 of the symbols are required per frame. The symbols are stored
in the buffer RAM together with new flags generated after the correction cycle by the flag updating
logic. This partially-corrected frame is then passed to the external RAM by a WRITE 2 instruction.
The de-interleaving process is carried out during this second passage through the external RAM. The
WRITE 2 and READ 2 addresses for each symbol provide the correct delay of 108 frames for the
first symbol and zero delay for the last symbol.

After execution of the READ 2 instruction, the frame of 28 symbols is again stored in the buffer RAM
pending readiness of the CIRC decoder and calculation of decoding strategy. Following the second
correction (C2), 24 symbols including unreliable data flags (URD) are stored in the buffer RAM and
then output to the concealment section at regular intervals.

Flag processing
Flag processing is carried out in two parts as follows:

® Flag strategy logic
® Flag updating logic.

While a frame of data from the external memory is being written into the buffer RAM, the error flags
associated with that frame are counted. Two bits are used for the flags, thus 'good ' data (flags = 00)
and three levels of error can be indicated.

The optimum strategy to be used by the CIRC error corrector is determined by the 2-bit flag informa-
tion used by the flag strategy logic ROM in conjunction with its associated arithmetic unit (ALU). The
flags for the C1 correction are generated in the demodulator and are based on detected signal drop-outs
and data run length violations. Updating of the flags after C1 is dependent on the CIRC decoder correc-
tion of that frame. The updated flags are used to determine the C2 strategy. After C2 correction a single
flag (URD) is generated to accompany the data into the concealment section.
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FUNCTIONAL DESCRIPTION (continued)

CIRC Decoding

Data on the compact disc is encoded according to a cross-interleaved Reed-Solomon code (CIRC) and
this decoder exploits fully the error-correction capabilities of the code.

Decoding is performed in two cycles and in each cycle the CIRC decoder corrects data in accordance
with the following formula:

2t +e=4
Where:
e = the number of erasures (erroneous symbols whose position is known).
t = allowed number of additional failures which the decoder program has to find.

The flag processor points to the erasure symbols and tells the CIRC decoder how many additional
failures are allowed. If the error corrector is presented with more than the maximum it will stop and
flag all symbols as unreliable.

The CIRC decoder is comprised of two sections:

Syndrome formation

Four correction syndromes are calculated while the frame of data is being written into a symbol
memory. From these syndromes errors can be detected and corrected.

Microcoded correction processing

The processor uses an Arithmetic Logic Unit (ALU) which includes a multiplier based on logarithms.
The correction algorithm follows the microcode program stored in a ROM.

Concealment

This section combines 8-bit data symbols into left and right stereo channels. Each channel has a 16-bit
capacity and holds two symbols (a stereo sample). The channels operate independently. A concealment
operation is performed when a URD flag accompanies either symbol in a stereo sample. If a single
erroneous sample is flagged between two 'good ' samples then linear interpolation is used to replace
the erroneous value. If two or more successive samples are flagged, a sample and hold is applied and
the last of the erroneous samples is interpolated to a value between that of the hold and that of the
following ‘good ' sample.

If MUTE is requested, the data in each channel is attenuated to zero in 15 successive divide-by-two
steps. At the end of a mute period the output is incremented to the first 'good 'value in two steps
using the interpolator.

All erroneous data supplied to the concealment section continues to be flagged when it is output to
the B-chip where it receives additional and more efficient concealment.

Motor speed control (see Fig. 7)

The motor speed control (MSC) output from pin 17 is a pulse-width modulated signal. The duty factor
of the pulse-width modulation is calculated from the difference in numerical value between the
WRITE 1 and READ 1 addresses, the difference being nominally half of the FIFO space. The calcula-
tion is performed at a rate of 88,2 kHz.

The duty factor of MSC varies in 62 steps from 1,6% (FIFO full) to 98,4% (FIFO empty). When a
motor-start signal is detected (via SWAB/SSM) the duty factor is forced to 98,4% for 0,2 seconds fol-
lowed by a normal, calculated signal. After a motor-stop signal is detected the duty factor is forced to
1,6% for 0,2 seconds followed by a continuous 50% duty factor. A change in motor start/stop status
occurring within the 0,2 second periods overrides the previous condition and resets the data control
timer.
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W inhibit working R inhibit
point 7280606

Fig. 7 Motor speed control.

RATINGS

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

Supply voltage range (pin 40) VDD —-0,5t0o+7,0 V
Maximum input voltage range V) —0,5toVpp +0,5 V
Input current (pin 23) N max. 5 mA
Maximum output voltage range (pin 17, 33) Vo —-05to+7,0 V
Output current (each output) lo max. 10 mA
Storage temperature range Tstg —55to +125 °C
Operating ambient temperature range Tamb —~20 to +70 ©°C
Electrostatic handling * Ves —1000 to +1000 V

* Equivalent to discharging a 100 pF capacitor through a 1,5 k2 series resistor with a rise time of

15 ns.
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CHARACTERISTICS

Vpp=4,51t055V;Vss=0V; Tamp = —2- to +70 °C unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage (pin 40) Vpp 45 5,0 5,5 Vv
Supply current (pin 40) IDD — 200 tbf mA
Inputs
D1-D4, QCL
Input voltage LOW ViL -0,3 - +0,8 \%
Input voltage HIGH VIH 2,0 — |{Vpp+0,56 \%
Input leakage current eI - - 10 LA
Input capacitance Cj - - 7 pF
MUTE, CRI
Input voltage LOW ViL -0,3 - +0,8 \
Input voltage HIGH ViH 2,0 - |Vpp+0,5 \Y
Internal pull-up impedance

atVi=0V 1Z)1 tbf 50 tbf k2
Input capacitance Ci — - 7 pF
QRA, SWAB
Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH VIH 2,0 - |Vpp+0,5 \
Input capacitance C — - 7 pF
Internal pull-up impedance

atVy=0V 1Z)1 5 10 - k&
HFD
Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH VIH 2,0 - clamped \Y
Input clamping volitage

at 1] = 100 A VeL - 3 - \%
Input source current tlg - - 100 MA
Input capacitance Cj - - 7 pF
Internal pull-up impedance

atVi=0V 1Z)1 - 50 - kQ
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DEVELOPMENT DATA

parameter symbol min. typ. max. unit

Outputs

A1-A8, R/W, D1-D4, CAS, RAS, CEFM,
QDATA, DEEM, SDAB, SCAB, EFAB,
DAAB, CLAB, WSAB

Output voltage LOW

at —lgL =16 mA VoL 0 — 04 \
Output voltage HIGH

atloy=0,2mA VOH 2,4 — VDD \Y
Load capacitance CL - - 50 pF

MSC (open drain)
Output voltage LOW
at —lgL=1mA VoL 0 — 0,2 V]
Load capacitance CL — — 50 pF
SWAB, QRA (open drain)
Output voltage LOW

at—lgL=1,6mA VoL 0 — 0,4 \"
Load capacitance CL - — 50 pF
Internal load resistance RL 5 - - k&

ANALOGUE CIRCUITS

Data slicer
Input HFI
A.C. input voltage range
(peak-to-peak value) Vi(p-p) 0,25 — 2,5 \%
Input impedance
normal (HFD HIGH) 1Z)1 tbf - tbf kQ
disabled (HFD LOW) 1Z)1 tbf — tbf k2
Input capacitance C) — — 7 pF
Qutput FB
Output current
atVFg=2V Te) tbf 100 tbf HA

Phase detector
Output PD/OC

Output impedance 1Zg! — tbf — kQ
Control range (note 1) o' 2,1 - — rad
Gain factor G - tbf - mA/rad
Input lref

Input reference current Iref — 500 tbf MA
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CHARACTERISTICS

parameter symbol min. typ. max.| unit

Fine frequency detector
Output PD/OC
Output impedance [Zpl — 2 — k2

Coarse frequency detector
Output PD/OC (note 2)
Output impedance [Zol — 1 - k&2

Voltage controlled oscillator
Input PD/OC
Oscillator constant Kosc - tbf — | MHz/V

Crystal oscillator

Input XTAL1
Output XTAL2
Mutual conductance at 100 kHz Gm 15 - — | mS
Small signal voltage gain

(Gy=Gm x Ro) Gy 35 - - | VIV
Input capacitance C| — — 10 | pF
Feedback capacitance CrB — — 5 | pF
Output capacitance Co — - 10 | pF
Input leakage current ) - - 10 | uA

Slave clock mode

Input voltage (peak-to-peak value) Vi(p-p) 1,6 - |Vpp+05 |V
Input voltage LOW ViL -0,3 — 08 |V
Input voltage HIGH VIH 24 — |Vpp+05 |V
Input rise time (note 3) tr - - 20 |ns
Input fall time (note 3) tf — - 20 | ns
Input HIGH time at 1,2V

(relative to clock period) tHIGH 35 - 65 | %
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CHARACTERISTICS (continued)

parameter symbol min. typ. max.| unit
TIMING
Operating frequency (XTAL) fXTAL 10,16 | 11,2896 12,42 | MHz
Operating frequency (VCO)
coarse frequency detector inactive fvco fXTAL/2 8,6436 | fXTAL | MHz
no input pin 25 (HFI) fvco2 4 - 15 | MHz

Outputs (see Figs. 8 and 9)
CEFM (note 4)

Output rise time tr - - 20 | ns
Output fall time tf - - 20 | ns
Output HIGH time tHIGH 50 -~ — |ns

DAAB, CLAB, WSAB, EFAB (note 4)
(data to B-chip; 12S format)

Output rise time tr - - 20 | ns
Output fall time tf - - 20 | ns
DAAB, WSAB, EFAB to CLAB
Data set-up time tSU; DAT 100 — — Ins
CLAB to DAAB, WSAB, EFAB
Data hold time tHD; DAT 100 - — | ns

SDAB, SCAB, DEEM (note 4)
(subcoding cutputs)

Output rise time ty - - 20 | ns
Output fall time tf - - 20 | ns
SDAB to SCAB

Subcoding data set-up time tSU; SDAT 100 - — ins
SCAB to SDAB

Subcoding data hold time tHD; SDAT 100 — — |ns
SWAB (note 4)

Output rise time tr - — 1 | us
QOutput fall time tf - — 100 | ns
Output duty factor — 50 — %
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CHARACTERISTICS (continued)

parameter symbol min. typ. max.| unit
Q-channel I/O (see Figs. 12 and 13)
QRA, QCL, QDATA
Access time (note 5)
13,3+
normal mode tACC; N 0 - nx 13,3 ms
refresh mode tACC; F 13,3 — | nx13,3 | ms
QCL to QRA acknowledge delay tDACK - - 500 | ns
QCL to QRA request hold time tHD: R 500 — - |ns
QCL clock input LOW time tCK; LOW 500 - — | ns
QCL clock input HIGH time tCK; HIGH 500 - — |ns
QCL to QDATA delay time tpD - - 500 | ns
Data hold time before
new frame is accessed tHD: ACC 23 — — |ms
Acknowledge time tACK - - 10,8 | ms
Notes to the characteristics
1800
1.17rad = ——.
(3,14)
. . IXTAL
2. Coarse frequency detector output PD/OC active for VCO frequencies > fxTaL and < 7

3. Reference levels=1V and 2,4 V.

4. Output rise and fall times measured with load capacitance (C| ) = 50 pF.
5. Q-channel access times dependent on cyclic redundancy check (CRC).
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CLAL
“*|HD; DAT [+ > tHD; DAT [+
" * tsu; DAT [ > tsu; DAT [<=
DAAB
WSAS
EFAB
7280607
| g [ ty fe—

Fig. 8 Typical data output waveforms to B-chip or DAC: reference levels = 0,8 V and 2,0 V.
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Fig. 9 Typical subcoding data output waveforms: reference levels for SCAB and SDAB = 0,8 V and 2,0 V;
reference levels for SWAB =0,8 V and 4,0 V.
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APPLICATION INFORMATION

EFM Encoding system

The Eight-to-Fourteen Modulation (EFM) code used in the Compact Disc Digital Audio system is
designed to restrict the bandwidth of the data on the disc and to presenta d.c. free signal to the demodu-
lator. In this modulation system the data run length between transitions is = 3 clock periods and

< 11 clock periods. The number of bits per symbol is 17, including three merging and low frequency
suppression bits which also assist in the removal of the d.c. content.

The conversion from 8-bit, non-return-to-zero (NRZ) symbols to equivalent 14-bit code words is
shown in Table 2. C1 is the first bit of a 14-bit code word read from the disc and D1 is the Most
Significant Bit (MSB) of the data sent to the error corrector. The 14-bit code words are given in NRZ-|
representation in which a logic 1 means a transition at the beginning of that bit from HIGH-to-LOW
or LOW-to-HIGH (see Fig. 10).

CODED NRZ-I 01001000100O0O0CO0O1O0O0O0O0

DECODED EQUIVALENT I | | I
OR | | I I

7280609

Fig. 10 Non Return to Zero (NRZ) representation.

The codes shown in Table 2 cover the normal 256 possibilities for an 8-bit data symbol. There are other
combinations of 14-bit codes which, although they obey the EFM rules for maximum and minimum
run length (Tmax, Tmin), produce unspecified data output symbols. Two of these extra codes are used
in the subcoding data to define a subcoding frame sync and are as shown in Table 1.

Table 1 Codes used to define subcoding frame sync

8-bit NRZ data symbol 14-bit equivalent code word

D11 D2!D31D4]| D5 ID6!D71D8|C11C21C3 IC41C5 IC6!C7l C81C9IC10 |C111C12!C131C14

x 1070111 1 00, 00, 0 ;0;0,;0
x;y1¢y13y1;,1,;,1,0,;1;,0;0;0 0 ;0;,0;,0,0;,0; 1, ;0;0; ;1 ;0

-
-
o
o
-
o
o
-

P QRS T UV W

‘Where: X = don't care state.

When a subcoding frame sync is detected the P-bit (Pause-bit) of the data is ignored by the debounce
circuitry. The remaining bits (Q to W) are not specified in the system but always appear at the serial
output as shown in Table 1.
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Table 2 EFM code conversion

DEVELOPMENT DATA

No. DNZ data symbol equivalent code word No. DNZ data symbol equivalent code word

D1 D8| Ci1 c14 D1 D8 | C1 C14
0 00000000 0O1T001000100000} 128 | 10000000 |01T001000100001
1 00000O0O0 1 10000100000000| 129 |10000001 10000100100001
2 00000010 1001000017100000)| 130 /170000010, 170010000100001
3 00000011 10001000100000 | 131 10000011 1000100010000 1
4 00000100| 0O1T000100000000| 132 |/10000100|01000100100001
5 ooooo0101| 00000100010000) 133 /1000017101 00000000100001
6 00000110, 0001T0000100000| 134 {10000110,00010000100001
7 oooo00111, 00100100000000| 13510000111 00100100100001
8 00001000 017001001000000| 136 |1T0001000|01001001000001
9 00001001 10000001000000| 137 |100017001 1000000100000 1
10 ooo0o01010| 1001000171000000| 13810000010} 1001710001000001
1 139
to to
119 247
120 01111000, 01001000000010| 248 |11111000;01001000010010
121 01111001 00001001001000| 249 [ 11111001 10000000010010
122 011171010 1T0010000000010| 250 |1T1T111010|10010000010010
123 01111011 1000100000001 0 | 251 11111011 10001000010010
124 01111100{ 0100000000001T0} 252 111111100 01000000010010
125 01111101 00001000000010O0 253 11111101 00001000010010
126 0117171110} 00010000000010} 254 |1T1111110]00010000010010
127 0117171111, 00100000000010| 25511111111, 00100000010010

wdlsAs oipne |e11bip osip 102dwo9 10y 18p028Q
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SAA7210

APPLICATION INFORMATION (continued)

Subcoding microprocessor handshaking protocol (see Figs. 11, 12 and 13)
The QRA line is normally held LOW by the microprocessor.

When the microprocessor needs data (Request) it releases the QRA line and allows it to be pulled HIGH
by the pull-up resistor in the SAA7210.

The SAA7210 is continuously collecting Q-channel data and when it detects that QRA is HIGH it holds
the first frame of Q-channel data for which the Cyclic Redundancy Check (CRC) is ‘good . Then the
SAA7210 pulls QRA LOW to tell the microprocessor that the data is ready (Acknowledge) and enables
the QDATA output.

When the microprocessor detects a QRA LOW signal it generates a clock signal (QCL) to shift the data
out from the SAA7210 to the microprocessor via the QDATA output. The first negative edge of QCL
also resets the acknowledge signal and thus releases the QRA line.

As soon as the microprocessor has received sufficient data (not necessarily 80 bits) it pulls the QRA
line LOW again. The SAA7210 now disables the QDATA output and resumes collecting new Q-channel
data.

If the microprocessor does not generate a QCL signal within 10,8 ms from the start of the acknowledge
(QRA LOW), the SAA7210 resets the acknowledge signal and allows the QRA line to go HIGH again.
The microprocessor still has 2,3 ms to accept the data, which allows for a long propagation delay in
the microprocessor. After a further 13,33 ms the SAA7210 will have received a new frame of Q-chan-
nel data and, provided the CRC is 'good ', will give a fresh acknowledge signal. This refreshing process
is repeated until the microprocessor accepts the data or stops the request.

When the microprocessor has a requirement to hold the data for a long period before acceptance, it
prevents the refreshing process by setting QCL LOW after any acknowledge signal.

MICROPROCESSOR T saa7210
{} Pelii 30 Jl>_
DATA REQUEST ——] ——— ACKNOWLEDGE

QDATA
<} < 29 < EDATA
ENABLE
acL
{> > 31 1’>—>—CLOCK

7280610

Fig. 11 Microprocessor handshaking protocol.
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DEVELOPMENT DATA

DATA REQUEST I
(microprocessor

internal signal)

ACKNOWLEDGE | I
(SAA7210

]
internal signal) |
! —j L'IDACK
tck; Low  tCK; HIGH

QRA—[_
|
| = e
|
QcL i ||l|l|||||l||
!
1
I
I
]

—>‘ ’<—tDD

igh'i J high impedance
. N CCeeso

7280611

—>| |« tHp;R

Fig. 12 Q-channel timing waveforms (normal mode).

DATA REQUEST | I
(microprocessor

internal signal)

ACKNOWLEDGE , L | I
(SAA7210

internal signal) ACCESS FRAME REFRESH FRAME
"‘ [<—tacc: N — [<—taccF
o (] i ]
| tACK | “—tHD; ACC

- U
o - o OEE0E
— |

this will repeat
until QCL goes LOW 7280612

l‘

Fig. 13 Q-channel timing waveforms (refresh mode).
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DEVELOPMENT DATA

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

SAA7220

DIGITAL FILTER FOR COMPACT DISC DIGITAL AUDIO SYSTEM

GENERAL DESCRIPTION

The SAA7220 is a stereo interpolating digital filter designed for the Compact Disc Digital Audio system.

For descriptive purposes, the SAA7220 is referred to as the B-chip and the SAA7210 as the A-chip.

Features

16-bit serial data input (two’s complement)

Interpolated data replaces erroneous data samples

—12 dB attenuation via the active LOW attenuation input control (ATSB)

Smoothed transitions before and after muting

Two identical finite impulse response transversal filters each with a sampling rate of four times that
of the normal digital audio data

Digital audio output of 32-bit words transmitted in biphase-mark code

12S data transfer between SAA7210 and 16-bit dual DAC (TDA1541)

QUICK REFERENCE DATA

Supply voltage (pin 24) VDD typ. 5V

Supply current {pin 24) DD typ. 180 mA

Input voltage ranges

WSAB, DAAB, EFAB, SDAB,

CLAB, SCAB, ATSB, MUSB

Input voltage LOW ViL -0,3t0 +0,8 V
Input voltage HIGH VIH 20toVpp +0,5 V
Qutput voltage ranges

DABD, CLBD, WSBD

Output voltage LOW VoL 0to04 V
QOutput voltage HIGH VOH 24toVpp V
DOBM

Voltage across a 75 £2 load via

attenuator; see Fig. 10

(peak-to-peak value) \) L(p-p) 0,4t006 V
Oscillator operating frequency »

XTAL fXTAL typ. 11,2896 MHz
Operating ambient temperature range Tamb —20to +70 ©C
Note

All outputs are short-circuit protected except crystal oscillator output.

PACKAGE OUTLINE
24-lead DIL; plastic (SOT-101A).
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WSAB
CLAB
DAAB
EFAB

Vpp (+5V) MUSB ATSB  XSYS xouT XIN
vy A 4 il
7 23 |22 ] 10 T
1
> > L . CRYSTAL
2 | LEFT/RIGHT [ BUFFER [« ~—| OSCILLATOR
3 | CHANNEL >
P »  setector [
‘ 3 I
ERROR ERROR
IPSR REGISTER "| REGISTER IPSR
6 I I E30
ISR — —! 1SR
[ 8
f‘e SAA7220 [ 30 > WSBD
v v A
INTERPOLATION TIMING > INTERPOLATION
AND — < AND > AND
FILTER RAM CONTROL (b FILTER RAM
16 ! L 1 161 ciep
i —# 16
12 12
ARRAY i R ARRAY
muLTiPLER [€FT]  ROM ROM T mULTIPLIER
#28 ! i' 28
i
l—‘ ACCUMULATOR ! ACCUMULATOR —1
OVERFLOW L1s 116 OVERFLOW
PROTECTION i PROTECTION
v § 4 v A
]—> 10SR » +  DIGITAL AUDIO OUTPUT |e < 10SR 4—!
T N B FAE
i
H
FDSR < < FDSR
} LEFT GHANNEL RIGHT CHANNEL 15{  pasD
TQ Ew 8 7 i14
7,L, l v 7280749
Vgg  TEST SCAB SDA3 DOBM
Where:

IPSR = Input Shift Register
ISR Intermediate Input Shift Register

IOSR = Intermediate Output Shift Register
FDSR= Filter Data Shift Register
Fig. 1 Digital filter block diagram.
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SCAB

SDAB

DEVELOPMENT DATA

from left

error register

|

from timing

and

from right
error register

|
i

contro!

l44,1 kHz input

192 COUNTER

_—
S
6, Y b
> »Y SISR g—————! Y
C QSRTUVW * C 3 H ! ¢ l
7 CONTROL BIT L
COUNTER R
y
_LOAD
L4 > SOSR > P
‘OCWVUTSRQ'1! B/W/M SYNC
> CHANNEL I—__ _
- STATUS
4 STORE
r I DATA ; A
| suscope l | SEECTT | Biprase DATA 14
DETECTOR i "l MODULATOR SELECT 2
from left
IOSR—N LEFT AOSR > >
Ly PARITY
GENERATOR
from right <
10SR —p RIGHT AOSR > >
7280750
Where:
SISR = Subcode Input Shift Register IOSR = Intermediate Output Shift Register
SOSR = Subcode Output Shift Register AOSR = Audio Output Shift Register

*

= Subcode word error flag

Fig. 2 Digital audio output block diagram.
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SAAT220

PINNING

Pin functions
pin no.
1

2
3
4

10

1

mnemonic
WSAB
CLAB
DAAB
EFAB

n.c.

SCAB

SDAB

n.c.
XSYS

XOouT

XIN

wsas [1 ] U 24] Vop
cuas [2] 23] MUSB
pAAB [3 ] 22] ATSB
EFAB [4 | [21] ne.
ne. [5] [20] nc.
scAB [ 6| [19] nec.
SDAB E ShATeE0 18] wseD
ne. [7] 7] ne
xsys [ 9] 16] cLeD
xout [10] [15] DABD
XN [11] [14] DoBM
vss [12] 13] TEST

7280740

Fig. 3 Pinning diagram.

description

Word Select: input from A-chip.

Clock: input from A-chip; has an internal pull-up.

Data: input from A-chip.

Error Flag: active HIGH input from A-chip indicating unreliable
data. This input has an internal pull-down.

not connected.

Subcode Clock: a 10-bit burst clock 2,8224 MHz (typ.) input
which synchronizes the subcode data. This input has an internal
pull-up.

Subcode Data: a 10-bit burst of data, including flags and sync
bits serially input from the A-chip once per frame clocked by
burst clock input SCAB (see Fig. 8). This input has an internal
pull-down.

not connected.

System clock output: 11,2896 MHz (typ.) output to DAC and to
A-chip as slave clock input.

Crystal oscillator output: drive output to clock crystal

(11,2896 MHz typ.).

Crystal oscillator input: input from crystal oscillator or slave
clock.
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Digital filter for compact disc digital audio system SAA7220

DEVELOPMENT DATA

pin no. mnemonic description
12 Vss Ground: circuit earth potentional.
13 TEST Test input: this input has an internal pull-down. In normal opera-
tion pin 13 should be open-circuit or connected to Vgs.
14 DOBM Digital audio output: this output contains digital audio samples

which have received interpolation, attenuation and muting plus
subcode data. Transmission is by biphase-mark code.

15 DABD Data: this output which is fed to the DAC, together with its clock
(CLBD) and word select (WSBD) outputs, conforms to the 12S
format (see Fig. 7).

16 CLBD Clock: output to DAC.

17 n.c. not connected.

18 WSBD Word Select: output to DAC.

19 n.c. not connected.

20 n.c. not connected.

21 n.c. not connected.

22 ATSB Attenuation: when active LOW this control input provides —12 dB
attenuation. This input has an internal pull-up.

23 MUSB Mute: active LOW control input with internal pull-up.

24 VDD Power Supply: positive supply voltage (+ 5 V).

FUNCTIONAL DESCRIPTION

General
The SAA7220 incorporates the following functions:

Interpolation of data in error

Attenuation

Muting

Finite impulse response transversal filtering with a four times increased sampling rate
A digital audio output

Serial data formatted in two“s complement (DAAB; pin 3) is clocked in by its bit clock (CLAB; pin 2)
together with word select (WSAB; pin 1) and error flag (EFAB; pin 4) as shown in Fig. 1. After
resynchronization with the internal clocks the data is separated into left and right channels and fed to
two identical Input Shift Registers (IPSR). Internal timing and control loads the data into the inter-
polation RAM via the Intermediate Input Shift Register (11SR).

After interpolation, attenuation and muting the data is fed serially from the Intermediate Output
Shift Register (IOSR) to the Audio Output Shift Register (AOSR) and to the IISR. From the IISR it
is loaded into the filter RAM.

After filtering the data is passed to the Filter Data Shift Register (FDSR). From the FDSR it is
transmitted serially to the data output (DABD; pin 15) together with the appropriate word select
(WSBD; pin 18) and bit clock (CLBD; pin 16), in accordance with the 12S bus specification. Data is
again formatted in two s complement. Outputs DABD, WSBD and CLBD are strobed to maintain the
correct timing relationship with the system clock output (XSYS) at pin 9 (see Fig. 12).
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FUNCTIONAL DESCRIPTION (continued)

The subcode data (SDAB; pin 7) and 10-bit burst clock (SCAB; pin 6) are resynchronized to the inter-
nal clocks within the digital audio output block. SCAB clocks the data into the Subcode Input Shift
Register (SISR; Fig. 2). Data is transferred to the Subcode Output Shift Register (SOSR) on receipt
of all of the 10-bit burst clocks. The subcode data is then mixed with the data from the AOSR and
the error flag to provide the output DOBM at pin 14. SISR is reset when no clocks are detected on the
SCAB input.

Interpolation

When, for either left or right channel, unreliable samples are flagged between two correct samples,
linear interpolation is used to replace the erroneous samples (up to a maximum of 8 consecutive
errors).

When the error flag is set, the sample is replaced by a value calculated by the following formula:

St = 2= . Si—1)+ — . S{nhx)
x+1 x+1
Where: S(n) = new sample value
X = number of successive erroneous samples following S (n—1)
S(n—1) = the preceding sample
S(n+x) = the first following correct sample

The value of x is detected (1 to 8) to determine the coefficients for the multiplications. Eight coeffi-
cient pairs are stored in the ROM. If x = 0 or = 9 then S(n) will remain unchanged.

(o)
R

Q |
LI [ T??TT

1

----0
------0

?
|
|
|
|
|

---0

7280741

= sample interpolated or held in A-chip

Fig. 4 Example of an eight sample linear interpolation.
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Digital filter for compact disc digital audio system SAA7220

DEVELOPMENT DATA

Attenuation

Attenuation is controlled by the ATSB input at pin 22. When the input is active LOW the sample is
multiplied by a coefficient that provides —12 dB attenuation. If the input is HIGH the multiplication
factor is 1.

Mute

Mute is controlled by the MUSB input at pin 23. When the input is active LOW the value of the
samples is decreased smoothly to zero following a cosine curve. 32 coefficients are used to step down
the value of the data, each one being used 31 times before stepping onto the next. When MUSB is
released (pin 23 HIGH) the samples are returned to the full level again following a cosine curve with
the same coefficients being used in the reverse order.

Filtering

The SAA7220 incorporates two identical finite impulse response transversal filters with the equivalent
of 120 taps, one filter for each stereo channel. The corresponding 120 coefficients are structured as

4 sections of 30 coefficients.

(Each ROM contains only 60 filter coefficients, the same 60 being used a second time, but in the
reverse order, to make a total of 120.)

Data is stored in a 480-bit RAM (30 words x 16 bits). The 30 words are sequentially addressed 4 times
to generate the 4 output samples.

When a new word is moved from the interpolation RAM to the filter RAM, the oldest word is discarded
and all other words moved one position with respect to the ROM coefficients. The data storage
effectively forms a 30 sample wide moving window on the input data. The samples move within this
window at 5,6448 MHz and the window moves one sample every 22,6 us.

An output word is formed by multiplying 30 samples from the filter RAM with 30 coefficients from
the ROM using a 16 x 12 array multiplier. The result is added in an accumulator. At the end of the
30 multiplications the 16 MSB s are passed from the accumulator via the IOSR to the FDSR, and the
accumulator is reset. Overflow protection is incorporated so that the output always limits cleanly in
the event of accumulator overflow. Also, to simplify the design of the digital-to-analogue converter a
d.c. offset of + 6% is added to the accumulator.

The filtered data is output in the 12S format at a 56,6448 MHz bit rate and a sample rate of 176 kHz.

Digital audio output

The digital audio output (DOBM; pin 14) consists of 32-bit words transmitted in biphase-mark code.
That is, two transitions for a logic 1 and one transition for a logic 0. The 32-bit words are transmitted
in blocks of 384 words. Table 1 shows the information contained in each word.

The sync word is formed by violation of the biphase rule and therefore does not contain any data. Its
length is equivalent to 4 data bits. The three different sync patterns (B, M and W) indicate the follo-
wing situations:

® Sync B; start of a block of 384 words, contains left sample (11101000)

® Sync M; word contains left sample, but is not a block start (11100010)

® Sync W; word contains right sample (11100100)

In the SAA7220 sync words are always preceded by 0.

Left and right samples are transmitted alterhately.

Audio samples are available for digital audio output after interpolation, attenuation and muting, but
before filtering.

Data held in the Subcode Qutput Shift Register (SOSR) is transmitted via the user data bit and is
asynchronous with the block rate.
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SAA7220

Digital audio output (continued)

Table 1 Composition of the 32-bit digital audio output word

bit number description information
1to4d sync —
5to 8 auxiliary not used (always zero)
9to 28 audio sample bits 9 to 12 not used (always zero).
bits 13 (LSB) to 28 (MSB) two s complement
29 audio valid copy of the error flag
30 user data used for subcode data
31 channel status indication of control bits and category code
32 parity bit even parity for all word bits excluding sync pattern

Channel status

The channel status bit is the same for both left and right words. Therefore a block of 384 words
contains 192 channel status bits as shown in Table 2.

When there is no subcode the channel status will switch over to the general format. * No subcode” is
identified by the subcode detector when SCAB is a continuous HIGH or LOW.

Table 2 Channel status bit assignment

bit number description subcode provided no subcode provided

1t04 control copy of Q channel bits 1 and 2 zero
bit 3 image of SCAB
bit 4 image of SDAB

5to 8 reserved always zero always zero
9to 16 category code CD category general category

bit 9 logic 1 all bits zero

17 to 192 always zero always zero

1f a subcode clock is provided but there is no subcode data (SDAB is a continuous HIGH or LOW) the
control bits will be zero and the category code will be CD.

The SYNC bit and the cyclic redundancy check bit (CRC) in the subcode data from the A-chip to the
B-chip have the format shown by Fig. 5. Typical subcode data output waveforms are shown by Fig. 8.
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DEVELOPMENT DATA

e L] L

SO | S1 S0 | st

CRC error bit D D\

75Hz - 7280742

Fig. 5 Subcode data format for SYNC and CRC bits.

SYNC is active LOW and indicates the start of a subcode block, which contains 98 words including
2 sync words, SO and S1.

CRC is always LOW except during SYNC S1 when:

® CRC = logic 1; previous Q block was true

® CRC = logic 0; previous Q block was false

Two 32-bit words are transmitted at the sample frequency of 44,1 kHz (2 x 32 x 44,1 kHz = 2,8224
Mbits/s data rate). An internal 5,6448 MHz clock (XSYS/2) is used in the biphase modulator.

RATINGS

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

Supply voltage range (pin 24) VpD -0,6t0+7,0 V
Maximum input voltage range Vi -05toVpp +0,6 V
Storage temperature range Tstg —55to + 1256 °C
Operating ambient temperature range Tamb —20t0+70 OC
Electrostatic handling* Ves —1000 to + 1000 V

All outputs are short-circuit protected except the crystal oscillator output.

* Equivalent to discharging a 100 pF capacitor through a 1,5 k&2 series resistor with a rise time of
15 ns.
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CHARACTERISTICS

VDD =4,5t05,5V;Vss=0V; Tamb=—20 to + 70 OC unless otherwise specified

parameter symbol min. typ. max. unit
Supply
Supply voltage (pin 24) VDD 4,5 5,0 55 Vv
Supply current (pin 24) DD — 180 - mA
Inputs
WSAB, DAAB
Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH ViH 2,0 - Vpp +0,56 Y
Input leakage current L) -10 0 +10 MA
Input capacitance Ci — — 7 pF
EFAB, SDAB (note 1)
Input voltage LOW ViL -0,3 - +0,8 \
Input voltage HIGH ViH 2,0 — Vpp +0,5 \%
Input leakage current
atVi=0V Il -10 - -~ A
atVi=Vpp N - - + 50 MA
Input capacitance C — — 7 pF
CLAB, SCAB, ATSB, MUSB (note 2)
Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH ViH 2,0 — Vpp +0,5 \Y
Input leakage current
atVy=0V I -30 - - HA
atV|=Vpp Iy - — +10 uA
Input capacitance C - - 7 pF
Crystal oscillator (see Fig. 10)
Input XIN
Output XOUT
Mutual conductance at 100 kHz Gm 1,56 - - mA/V|
Small signal voltage gain
(Ay = Gm x RQ) Ay 35 — - V/V
Input capacitance Ci - - 10 pF
Feedback capacitance CFB - - 5 pF
Output capacitance Co - - 10 pF
Input leakage current L -10 0 +10 HA
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DEVELOPMENT DATA

SAA7220

parameter symbol min. typ. max. unit
Slave clock mode
Input voltage (note 3)

(peak-to-peak value) Vi{p-p) 1,6 — Vpp +0,5 \%
Input voltage LOW (note 4) ViL 0 - 1 \Y,
Input voltage HIGH (note 4) VIH 2,4 - Vpp +0,5 \Y,
Input rise time (note 5) tr — - 20 ns
Input fall time (note 5) tf — — 20 ns
Input HIGH time at 2 V

(relative to clock period) tHIGH 35 — 65 %
Outputs
DABD, CLBD, WSBD
QOutput voltage LOW

atlgp =16 mA VoL 0 - 0,4 \Y
Output voltage HIGH

at —loH=0,2 mA VOH 2,4 — VDD \Y
Load capacitance CL — - 50 pF
XSYS (note 6) '

Qutput voltage LOW VoL 0 - 0,4 \%
Output voltage HIGH VOH 24 - VDD \Y
Load capacitance CL - - 50 pF
DOBM

Voltage across a 75 2 load

via attenuator; see Fig. 10

(peak-to-peak value) Vi(p-p) 04 - 0,6 \%
TIMING
Operating frequency (XTAL) fXTAL 10,16 11,2896 12,42 MHz
Inputs (see Fig. 11)

SCAB, CLAB (note 7)
SCAB clock frequency

(burst clock) fSCAB - 2,8224 - MHz
CLAB clock frequency fCLAB - 2,8224 - MHz

or (note 8) fcLAB - 1,4112 - MHz
Clock LOW time tCKL 110 - - ns
Clock HIGH time tCKH 110 — - ns
Input rise time tr — - 20 ns
Input fall time tf - — 20 ns

September 1985

245



SAAT7220

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
DAAB, WSAB, EFAB (note 9)

Data set-up time tSU; DAT 40 - - ns
Data hold time tHD; DAT 0 - — ns
Input rise time tr - - 20 ns
Input fall time tf - - 20 ns
SDAB (note 10)

Subcode data set-up time tSU: SDAT 40 - — ns
Subcode data hold time tHD: SDAT 0 - - ns
Input rise time tr - - 20 ns
Input fall time tf - - 20 ns
Outputs (see Fig. 12)

WSBD (notes 7 and 11)

Word select set-up time tSuU; WS 40 - - ns
Word select hold time tHD: WS 0 — - ns
WSBD (note7)

Qutput rise time tr - - 20 ns
Output fall time tf - - 20 ns
DABD (notes 7and 11)

Data set-up time tSuU; DATD 40 - - ns
Data hold time tHD: DATD 0 - - ns
DABD (note 7)

Output rise time tr — - 20 ns
Qutput fall time tf - - 20 ns
CLBD (notes 7 and 11)

Clock period tCK 161 177 197 ns
Clock LOW time tCKL 65 — - ns
Clock HIGH time tCKH 65 - - ns
Clock set-up time tsU; CLD 40 - - ns
Clock hold time tHD; CLD 0 - - ns
CLBD (note 7)

Output rise time ty — - 20 ns
Output fall time tf - - 20 ns
DABD (notes 7 and 12)

Data set-up time tSU; DATBD 40 — - ns
Data hold time " tHD: DATBD 60 - _ ns
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Digital filter for compact disc digital audio system SAA7220
parameter symbol min. typ. max. unit
Outputs (continued)

WSBD (notes 7 and 12)
Word select set-up time tSuU; DATWSD | 40 - - ns
Word select hold time tHD; DATWSD | 60 - - ns
DOBM (note 13)
Output rise time tr — — 20 ns
Output fall time tf - - 20 ns
Data bit O
pulse width HIGH tHIGH(0) — 354 - ns
pulse width LOW tLOw(0) - 354 - ns
Data bit 1
pulse width HIGH tHIGH(1) - 177 - ns
pulse width LOW tLOW(1) — 177 - ns
XSYS
Output rise time (note 7) tr — — 20 ns
Output fall time (note 7) tf - - 20 ns
Output HIGH time at 2 V
(relative to clock period) tHIGH 35 - 65 %
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Notes to the characteristics

1.

oo s wN

10.

11.
12.
13.

Inputs EFAB and SDAB both have internal pull-downs.

Inputs CLAB, SCAB, ATSB and MUSB have internal pull-ups.

lg used in a.c. coupled mode.

VIH-VIL=16V.

Reference levels =2,4 V.

The output current conditions are dependent on the drive conditions.

When a crystal oscillator is being used the output current capability is |g_ =+ 1,6 mA;

I0H = —0,2 mA; But if a slave input is being used the output currents are reduced to
loL=+0,2 mA; IoH =—0,2 mA.

Reference levels =0,8 V and 2,0 V.

The signal CLAB can run at either 2,8 MHz (1/4 system clock) or 1,4 MHz (1/8 system clock)
under typical conditions. If does not have a minimum or maximum frequency, but is limited to
being 1/4 or 1/8 of the system clock frequency.

Input set-up and hold times measured with respect to clock input from A-chip (CLAB). Reference
levels=0,8Vand2,0V.

Input set-up and hold times measured with respect to subcode burst clock input from A-chip
(SCAB). Reference levels=0,8 V and 2,0 V.

Output set-up and hold times measured with respect to system clock output (XSYS).

Output set-up and hold times measured with respect to clock output (CLBD).

Output rise and fall times measured between the 10% and 90% levels; the data bit pulse width
measured at the 50% level.
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DAAB

DEVELOPMENT DATA

LEFT SAMPLE

RIGHT SAMPLE

EFAB ]

LEFT ERROR FLAG

|
I
i
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!
I
I
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WSAB

CLAB!||

11,34 us

Fig. 6a Typical sample data input waveforms from A-chip (2,8 MHz).
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Fig. 6b Typical sample data input waveforms from A-chip (1,4 MHz).
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Fig. 7 Typical sample data output waveforms to DAC.
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Digital filter for compact disc digital audio system SAA72 20

DEVELOPMENT DATA

SUBCODING ERROR FLAG

CRC ERROR BIT (not used SAA7220) SYNC (active LOW)
ST U 1 0 0.0 0.0 0 00 S
) )
!

SCAB

-'I l'_354'3 ns 7280744

2,8224 MHz BURST CLOCK

Subcode word frequency = 7,35 kHz.

Fig. 8 Typical subcode data input waveforms.

11,2896 MHz DOBM
14
—1 % xout ——
_|_ 0,1 uF
33 3160
pF
= 1M0
” 33 750 9140
I
1 XN
y 7280746
7280745 Tolerance of resistors = 1%

Fig. 9 Crystal oscillator circuit.

Fig. 10 Digital audio output load.

September 1985

251



SAA7220

TIMING

CLAB

< 'HD; DAT L_
tsu; DAT ] tSuU; DAT — Ai
tHD; DAT
DAAB
WSAB DATA VALID DATA VALID
EFAB

7280747

Fig. 11 Data input timings: reference levels =0,8 V and 2,0 V.
(also applicable to subcode data input (tgy; SDAT and tHD; SDAT)-

2R NVARN

XSYS

WSBD ‘\EK:{fi

CLBD \

re—IockH—>  —tckL—>

I~ ok 1
<—-tsu; DATWSD —> g <—1su; DATD

—| tp; pATWSD

DABD

7280748

Fig. 12 Data output timings; reference levels = 0,8 V and 2,0 V.
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APPLICATION INFORMATION

DEVELOPMENT DATA

Vop Vss
| T
16k x 4
DYNAMIC RAM
XSYS (5.6448MHz)
Vo Vppy V s
11,2896 MHz bo Voot Vop2
HFD Vpp Vsg TEST | 1a0-A7 |4[D1-D4 |5 R?\?V D Vpp Vss (+5V)(=15V)(~12V)
I T#] & | el s
26 40 20 s 12-14,16  9.10,15 T 0 24 28 26 15 14 5
HFI XTAL | xsys XSYS onbtR left
—] 25 19« <9 >4 25 - gesseL [ audio
output
a7l—Dass Ll al_wsep | FILTER P
FB agf—CLAB 5 7
24 16—CB0 415 71013
3g|—WSAB ], l
SAA7210 SAA7220 || DABD | TDA1541
J}; (A-chip) s6l—EFAB_ [, (B-chip) (DAC) l
» 7
I 18 to 24 7
ref | __SDAB
+—__ 123 34 7 L
35| —SCAB ,lg ;I/;
22 7 ard aht
PD/OC ORDER ngn
33 14— DOBM 6 > BESSEL F— audio
t
29-31 17 1 23 22 13 27 16 17 FILTER outpu
l 3 swag/ssm —— T
QDATA o . . l—J
; 3/QRA  CEFMDEEM |CRI [MSC [MUTE MUSB ATSB TEST 8B/TWC c 7280753
7 QCL osc
A4
SUBCODING
PROCESSOR SERVO

Fig. 13 System application diagram.
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DEVELOPMENT DATA ”j
|

S5— INTER-IC
I _@ 'sS SAA7250

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

AUDIO SIGNAL PROCESSOR

GENERAL DESCRIPTION

The SAA7250 is a high-speed general purpose arithmetic processor, optimized for the execution of
digital audio algorithms.

The device handles 24-bit signal data and 12-bit coefficients while multi-precision operations on both
are supported by the Audio Signal Processor (ASP) hardware, thus avoiding the processing overhead that
is required with other digital signal processors.

Features

24-bit data stored in 64 word RAM

12-bit coefficients stored in 2 x 64 word RAM

Programs contained in 256 word (34-bit) ROM

Computations by 24 x 12 two’s complement array multiplier and 40-bit ALU

4 serial 1%S Ports for data exchange with A/D and D/A converters

12C bus interface for control purposes

11,3 MHz clock-rate to perform an instruction with a cycle time of 177 ns

2 synchronization inputs for processing independent of 11,28 MHz system clock
Standard 40-pin package

PACKAGE OUTLINES
SAA7250AP; SAA7250BP; SAA7250CP: 40-lead DIL; plastic (SOT-129).

April 1986

255



962

J k986L judy

TEST
CLK

SYNCO —}—>]

SYNC1

RESET

2c] SpA

ADDR

Voo Vss
(+5V) Z
| %
|29 rl_ln
10
SAA7250 DATA RAM SERIAL |14
__> ouTPUT | ¢
PORT1 [¢
j t L2
> »2
—> SERIAL  [¢—15
—> N outrut | 5
H PORT 2
PROGRAM | | 24 1
d ROM :
1
1 < 8
| Q 12
L Ly SIGN [— SERIAL  |e¢
DATA X K INPUT [ 4
- POR “
T I_"ﬁz—_'—’ LSE% MULTIPLIER ORTT "0
35 | M
> I | COEFFICIENT p TOR
28 ) | RAM 712 e 7
1 13
32 SYNC X 1 il
33 ! RIGHT PORT2 |¢—2
» TIMING | L SELECTOR 39
| a0
34
i’ ! p25
: -2
| ACCUMULATOR ADDER 23
! 22
! T £40 * :> - 20
I 7 L ¢ <>
| 1S
1 HIGH LowW D¢
PARALLEL g 18
v | BITS BITS DATAI/0 | 1
37 ! l ik
2 2 16 | RETURNED -2
12c +«#—{ "ResuLTS RESULT SELECTOR <: »31
38 | ,26]
L 30
27

| 16

Fig. 1 Block diagram.
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Audio signal processor SAA7250

DEVELOPMENT DATA

PINNING

SOEN2 Ij U 0] siENT
SOENt [2] [39] sienz2
wsi2 [3] 38] ADDR
wsi1 [4] [37] scL
Ws02 E 36] spA
wso1 [6 ] [35] TEST
sbi2 [7] [34] RESET
soi1 [8] 33] svnet
spo2 [3] [32] svnco
spo1 [10] [31] 1/OEN
s [ SAAT250 5] o
scki1 [12] [29] Voo
sckiz [13] 28] cLk
sCKo1 [14] [27] we
scko2 [is) [26] Ras
csEL [i6] [25] PD1/0O
PD1/07 [17] [24] PD1/O1
PD1/06 [18 23] PD1/02
PD1/05 [19 [22] PD1/03
PD1/04 [20] [21] Pek
7281110

Fig. 2 Pinning diagram; for pin functions see next page.
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SAA7250

Pin functions

pin no.
1
2

Al
12
13

14
15

16

mnemonic
SOEN 2
SOEN 1

WSI 2
WSI 1

WSO 2
WSO 1

SDI 2
SDI1

SDO 2
SDO 1

Vss
SCK1 1
SCKI 2

SCKO 1
SCKO 2

CSEL

description
Serial Output ENable 2:

Serial Output ENable 1:

When these inputs are HIGH data is shifted out of the relevant 12S serial
output port. When these inputs are LOW the output is in the high
impedance state, the internal data clock is disabled and data will not shift.
Word Select Input 2:

Word Select Input 1:
A rising or falling edge on these inputs indicates the start of a new word.
This follows after the next falling edge of the serial clock inputs 1 and 2
(SCK 1/SCK 2).

Word Select input 2:

Word Select input 1:
Rising and falling edges on these ports indicate the start of the next word.

for the 12S serial data inputs.

for 12S serial data output.

Serial Data Input 2:

Serial Data Input 1:
Up to 24 bits of two’s complement data can be written in to these 12S
inputs. Any additional bits are ignored.

Serial Data Output 2:

Serial Data Output 1:

Up to 24 bits of two’s complement data is shifted out, the most significant
bit (MSB) first. If less than 24 bits are supplied, the extra least significant
bits (LSB) are made up with zero’s.

Ground: circuit earth potential.
Serial ClocK Input 1:

Serial ClocK Input 2:

On the rising edge of these clocks the data bits on the 1S serial data
inputs (SDI 1/2) and on the control lines (WSO 1/2; SOEN 1/2) are
strobed into the input buffer. These clocks can be asynchronous to the
main internal clock and to each other.

Serial ClocKed Output 1:

Serial ClocKed Output 2:

These clocks shift serial data out of the 12S serial port. The clocks can be
asynchronous to the main internal clock and to each other. A rising edge
of the clock causes a data bit to become available at the output, at least
20 ns before the next rising edge. The control lines (WSO 1/2 and

SOEN 1/2) are strobed into an input buffer on the rising edge of the clock.

Carry SELect: input used to control an internal carry select of the parallel
port 1/O address generator adder. When the input is HIGH the SAA7250
operates with a 64 K RAM, when LOW with a 16 K RAM.

The selection is dependent on the length and number of delay lines
required when in the reverberation mode.

258

April 1986



Audio signal processor SAA7250

DEVELOPMENT DATA

pin no. mnemonic description

17-20 PD1/0 7-4 Parallel Data Input/Output:

These are the first 4 bits of the 8-bit parallel port. The port operates in
conjunction with the RAS, CAS, WE and 1/0 EN outputs as handshake
signals. Further details of the possible modes of operation are described in
application information.

21 PCK Parallel ClocK input: on the rising edge of this clock 4-bit or 8-bit wide data is
strobed into the parallel port. This input is also the acknowledge to I/O EN
in the byte I/0O modes. in the delay mode it can be connected to CAS
for column address timing.

22-25 PD I/0 3-0 Parallel Data Input/Output:
These are the second 4 bits of the 8-bit parallel port (for description see
pins 17-20).

26 RAS Row AddresS: active LOW output strobe for dynamic RAM row address.

27 WE Write Enable: data is clocked to the external buffer on the rising edge of
this output, on the falling edge data is transferred to the external dynamic
RAM.

28 CLK CLocK: 11,28 MHz (+ 10%) main clock input.

29 VpD Power Supply: positive supply voltage (+ 5 V).

30 CAS Column AddresS: active LOW output strobe for dynamic RAM column
address.

31 1/0 EN Input/Output ENable: output which enables the parallel port.

In the delay mode it indicates that PD I/O 3-0 are in the high impedance
state. In the byte in/out mode it is LOW to indicate that data can be input
or output, going HIGH after PCK has gone HIGH.

32 SYNC O SYNChronize 0:

33 SYNC 1 SYNChronize 1:
Inputs used to synchronize the SAA7250 with other audio signal
processors or with a microprocessor.
This is achieved by re-activating the SAA7250 after it has executed a
HALT instruction.

34 RESET Power-on RESET: for correct reset of the SAA7250 this input must be held
LOW for 100 ms while a stable clock is applied to CLK. This pin has a schmitt
trigger input and can be fed from an RC network with a time constant not
less than 100 ms. After reset no data is available at the serial output ports.

35 TEST TEST: input to test the device at the factory.
In normal operation the input must be tied to ground.

36 SDA Serial DAta: this is the serial data input/output for the 12C bus. The output
is open-drain and is used in conjunction with an external pull-up resistor.

37 SCL Serial CLock: serial clock input for the I12C bus, and is asynchronous to
the main internal clock.

38 ADDR ADDRess: an additional address input to provide the SAA7250 with two
possible 12C addresses.

39 SIEN 2 Serial Input ENable 2:

40 SIEN 1 Serial Input ENable 1:

When HIGH these two inputs enable the relevant serial input port. When
LOW data is not shifted in.
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SAA7250

FUNCTIONAL DESCRIPTION

The Audio Signal Processor (ASP) is a high-speed arithmetic processor, dedicated to the execution of
digital audio algorithms.

The ASP handles 24-bit signal data and 12-bit coefficients while multi-precision operations on both are
supported by the ASP hardware, thus avoiding the processing overhead that is currently necessary in
other digital signal processors.

Data (24-bit) and coefficients (12-bit) are stored in two separate RAMs. The data RAM has 64 words,
the coefficient RAM counts 2 x 64 words. The programs are contained in a 256 word (34-bit) ROM.

Computations are performed by a 24 x 12 two’s complement array multiplier and a 40-bit ALU.
Intermediate results are stored in an accumulator register of the same width. This allows high precision
operation and temporary magnitude overshoot on intermediate data, before results are truncated to
24 bits.

The main task of the ALU is the accumulation of the multiplier output, input multiplexers ensure
correct scaling of the inputs. The ALU can also perform the task of truncating the results to 24 bits
but this will reduce the available processing time.

Interfaces are included to interact both at the audio signal data rate and at a lower control data raie
according to respective 12S and 12C protocols.

Four separate serial input/output ports provide the facility for data exchange based on the 12S protocol
which is compatible with A/D, D/A convertors and other peripheral circuits, such as digital filters and
compact disc ICs. 12S also provides the required interaction for configurations in which processing
functions are implemented with a number of communicating ASPs.

A parallel interface may connect RAM chips for the implementation of memory intensive algorithms
(behaving as separate 4-bit input and 4-bit output ports) or may interface to a microprocessor bus
(for this purpose it is configured as an 8-bit bidirectional interface).

An 1°C interface is connected to the coefficient RAM for the downloading of the coefficients by a
control processor. This interface also facilitates the monitoring of the ASP status and signal data by the
control processor.

The SAA7250 is capable of performing cycles of 128 instructions (one new result each cycle) at a rate
of 44,1 kHz per second, the same sampling rate used in the Compact Disc Digital Audio System. The
intended program size allows the execution of algorithms at the lower sampling rate of 22,05 kHz.

Data rates of the interfaces are not coupled to the ASP clock. Each interface carries its own clock.
There are also two synchronization inputs by which the processing becomes more independent of the
11,28 MHz SAA7250 system clock.

The following sections give a detailed description of the sub-sections as shown in the block diagram Fig. 1.

Data RAM

Data is contained in a 64 word, 24-bit data RAM. The addresses of the data RAM are generated
from data that is stored in the program ROM.

Coefficient RAM

Coefficients are held in a coefficient RAM, which actually is two 64 word, 12-bit RAMs. The coef-
ficients can be written asynchronously to the first RAM over many cycles via the 12C interface, then
downloaded to the second RAM in one internal program cycle in order not to interfere with program
execution. The second RAM is then used to supply the X'’ selector.
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Audio signal processor SAA7250

DEVELOPMENT DATA

Program ROM

The program for a particular device function is held in a 256 word 34-bit ROM. This ROM can hold
several programs which are decoded in the ROM decoder.

Program counter

The program ROM addresses are contained in the program counter, which operates in conjunction with
the 1°C program counter latch to determine the position in the program.

Arithmetic Logic Unit

The arithmetic part of the SAA7250 consists of a 24 x 12 two’s complement array multiplier and a
40-bit ALU. The “X"" selector holds 12-bit wide data from the ““Q’’ selector, the sign register, or 12-bit
wide coefficients from the coefficient RAM. This data is processed by the multiplier to provide 36-bit
(35-bit sign + 1 overflow bit) wide data that is handled by the ALU.

Adder

The data from the multiplier is shifted through the right selector which is a barrel shifter to give it the
correct weighting. This weighted data is passed, with weighted data from the left selector, to the 40-bit
adder. Data is summed in the adder and passed to the accumulator, overflow and data latches.

Result selector

The data is then passed to the result selector and the overflow detector from where the selected
results are returned to one of the internal ports for further processing or to one of the output ports.

Interfaces

Various interfaces are included in the SAA7250 that interact at the audio signal rate and at a lower
control data rate.

IS serial ports

Two separate serial input ports and two separate output ports are used to interface with A/D and D/A
converters. These ports are part of the main data bus structure with a communication protocol
according to the 12S format for digital audio data.

The I?S implementation is a 3-line interface comprising:

clock, serial data line and a control line used to select left and right channel words.

The SAA7250 has its own independent asynchronous clock systems (i.e. 4 clocks) and can handle up to
24-bit variable length words.

Parallel 1/0

An 8-bit parallel 1/0 can be used to interface the SAA7250 with RAM for implementing memory
intensive algorithms. In this mode the port acts as a 4-bit input and 4-bit output, but may also be used
as an 8-bit bidirectional bus to interface with a microprocessor.

This port is also part of the main data bus structure and has its own independent asynchronous clock
system.

1°C interface

An Inter |.C. interface is used for downloading of coefficients by a control processor. Through this inter-
face the control processor is able to monitor status and signal data and to switch off the power-on muting.
It also loads the start address of the program counter thereby determining which of the programs con-
tained in the ASP is to be used.
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SAA7250

FUNCTIONAL DESCRIPTION (continued)
Synchronization and clock generator

The main internal clocking rate for the ALU is 5,64 MHz. This allows the SAA7250 to execute

128 instructions, with a new stereo result, at a sampling rate of 44,1 kHz the same as that of the
Compact Disc Digital Audio System, or 256 instructions at a sampling rate of 22,05 kHz. This internal
clock is generated from an 11,28 MHz external signal by the synchronization and clock generator
circuits which facilitates the SAA7250 being synchronized with other Audio Signal Processors via
external programming.

RATINGS

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

Supply voltage range (pin 29) Vpp -06to+7,0 V
Maximum input voltage range » Vi —-05toVpp+05 V
Maximum output voltage range (open-drain only) Vo —-05to+7,0 V
Output current (each output) lo max. 10 mA
Storage temperature range Tstg —55 to + 125 OC
Operating ambient temperature range Tamb —20to +70 ©C
Electrostatic handling* Ves ~—1000 to + 1000 V

* Equivalent to discharging a 100 pF capacitor through a 1,5 kS series resistor with a rise time of 15 ns.
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Audio signal processor SAA725O

DEVELOPMENT DATA

CHARACTERISTICS
Vpp=451t055V;Vgg=0V;Tymp=—20to+ 70 OC unless otherwise specified

parameter symbol min. typ. max. unit
Supply

Supply voltage (pin 29) VpD 4,5 5,0 5,5 \%
Supply current {pin 29} 'DD — 300 tbf mA
Total power dissipation Piot - 15 thf w
Inputs

WSI 1, WSI 2, WSO 1, WSO 2,

SIEN 1, SIEN 2, SOEN 1, SOEN 2

Input voltage LOW ViL -0,3 — +0,8 \
Input voltage HIGH ViH 2,0 - Vpp +05 \
Input leakage current (note 1) 1 — — 10 LA
Input capacitance Cy — — 7 pF
Input rise time (note 2) t — — 30 ns
Input fall time (note 2) tf - - 30 ns
Set-up time tsu 40 — — ns
Hold time tHD 0 — - ns
SDI 1, SDI 2

Input voltage LOW ViL -0,3 — +0,8 \
Input voltage HIGH ViH 2,0 — Vpp + 0,5 \
Input leakage current (note 1) 11 - - 10 HA
Input capacitance Cy - — 7 pF
Set-up time tsy 20 - - ns
Hold time tHD 0 - - ns
SCKI1 1, SCK1 2, SCKO 1, SCKO 2

Input voltage LOW ViL -0,3 - +0,8 \Y
Input voltage HIGH ViH 2,0 - Vpp + 0,6 \
Input leakage current (note 1) = I] — - 10 uA
Input capacitance Ci — — 7 pF
Clock period tcK 160 177 1000 ns
Clock input LOW time tcKL 60 - - ns
Clock input HIGH time tCKH 60 — — ns
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SAA7250

CHARACTERISTICS (continued)

parameter symbol min, typ. max. unit
CLK
Input voltage LOW ViL -0,3 — +0,8 v
Input voltage HIGH VIH 2,0 - Vpp+05 |V
Input leakage current (note 1) 1 — — 10 uA
Input capacitance C - - 7 pF
Input rise time (note 2) ty - - 30 ns
Input fall time (note 2) tf - - 30 ns
Clock period tcLK 80 88 1000 ns
Clock input LOW time tcLKL 20 - - ns
Clock input HIGH time tCLKH 20 - - ns
SYNC 0, SYNC 1
Input voltage LOW ViL -0,3 — +0,8 \%
Input voltage HIGH ViH 2,0 — Vpp +0,5 \
Input leakage current (note 1) £l - — 10 uA
Input capacitance Cy - — 7 pF
Input rise time (note 2) ty - - 30 ns
Input fall time (note 2) tf — — 30 ns
Sync set-up time tSU; SYNC 20 - — ns
Sync hold time tHD: SYNC 0 - - ns
ADDR
Input voltage LOW ViL 0 — 1,5 \%
Input voltage HIGH ViH 3,0 — Vpp + 0,56 \%
Input leakage current (note 1) 1 - - 10 HA
Input capacitance Ci — — 7 pF
Address set-up time

(relative to tc k) tSu; ADDR 4tcLK - - ns
Address hold time

(relative to end of message) tHD: ADDR AtCLK - - ns
SCL (note 3)
Input voltage LOW ViL 0 - 1,5 \Y)
Input voltage HIGH ViIH 3,0 — Vpp + 0,5 \%
Input leakage current (note 1) I - - 10 MA
Input capacitance C - — 7 pF
Input rise time (note 4) ty — - 2 us
Input fall time (note 4) tf — - 2 us
Operating frequency fscL 1 — 100 kHz
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Audio signal processor

DEVELOPMENT DATA

SAA7250

N

parameter symbol min. typ. max. unit
CSEL, TEST (note 5)

Input voltage LOW ViL -0,3 — +0,8 \Y
Input voltage HIGH VIH 2,0 - Vpp + 0,5 \
Input leakage current (note 1) 1 — - 10 A
Input capacitance Cy — _ 7 pF
PCK

Input voltage LOW ViL -0,3 — +0,8 \
Input voltage HIGH VIH 2,0 - Vpp+05 |V
Input leakage current (note 1) 1 — — 10 MA
Input capacitance Cy — — 7 pF
Clock period tcK 320 354 2000 ns
Clock input LOW time teKL 195 - — ns
RESET

Input voltage LOW ViL -0,3 - 0,35Vpp Vv
Input voltage HIGH ViH 0,65Vpp | — Vpp +0,5 \%
Input capacitance Ci — - 7 pF
Outputs

SDO 1,SDO 2

Output voltage LOW VoL -0,3 - 0,4 \Y
Output voltage HIGH VOoH 2,4 — 6,5 \%
Load capacitance (note 6) CL — - 200 pF
Input rise time (note 2) tr 10 - - ns
Input fall time (note 2) tf 10 - - ns
Data set-up time tsU; DAT 35 - - ns
Data hold time tHD: DAT 40 — — ns
WE, RAS, CAS, I/0 EN

Output voltage LOW VoL -0,3 - 0,4 \%
Output voltage HIGH VOH 24 - 6,5 \%
Load capacitance (note 6) CL 5 - 150 pF
Input/Outputs

PD 1/00-7

Input voltage LOW ViL -0,3 - +0,8 \%
Input voltage HIGH VIH 2,0 - Vpp +0,5 \%
Input leakage current LI — — 10 MA
Input capacitance Cy — - 7 pF
Output voltage LOW VoL 0 — 0,4 \Y
Output voltage HIGH" VoH 2,4 — 6,5 \%
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SAA7250

CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
SDA, SCL (note 3)
Input voltage LOW ViL 0 - 1,5 \
Input voltage HIGH ViH 3,0 - Vpp + 0,5 \%
Input leakage current (note 1) TR — — 10 uA
Input capacitance C — — 7 pF
Input rise time (note 4) t, - - 2 us
Input fall time (note 4) tf - - 2 us
Output voltage LOW

at—lgL =3 mA VoL 0 - 0,5 Vv
Load capacitance CL — — 400 pF
Output fall time (note 7) tf - - 200 ns

Notes to the characteristics

1. Input leakage current measured with Vi =0t0 5,5 V.

2. Reference levels = 0,8 and 2,0 V.

3. Time delay of noise suppression at SDA and SCL = 12tc_k ns.

4. Reference levels=1,0and 4,0 V.

5. TEST input is tied to ground during normal operation.
6. Load consists of 1 TTL (1,6 mA sink; 0,2 mA source) and 200 pF.

7. Reference levels = 3,0 and 1,0 V.
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Audio signal processor SAA7 2 50

DEVELOPMENT DATA

Input waveforms

SIEN2
SIEN1
SOEN2
SOEN1

ot ty e

SCKI 1 f r
SCKI2
SCKO'1 /
SCKO?2

< oKH —>| -toKL ——>

I tck

<——«‘HD — tSU ——
wsI2
WSI 1
WS02
WSO 1

t
tsy —| 4 HD

SDI2
DATA VALID
SDI1

Fig. 3 Word select, serial enable and serial data input timed by the external system clock.

t t
fi= r 7281111

SCKO1
SCKO2

SDO2
SDO1

-l tf e 7281112.1

Fig. 4 Serial data output timed by the external system clock.
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SAA7250

Input waveforms (continued)

CLOCK

toik >
I« tHD; sYNC tsu;sYNC 0‘

SYNCO
SYNC1

INTER'IC

'S

SOUND

7281113

Fig. 5 Sync inputs timed by the main internal clock.

Purchase of Philips’ 12S components conveys a license under the
Philips’ 12S patent to use the components in the 12S-system
provided the system conforms to the 12S specification defined
by Philips.

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the 12C specifications defined
by Philips.
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Audio signal processor SAA7250

DEVELOPMENT DATA

APPLICATION INFORMATION
There are three versions of the SAA7250:

“A" version (see Fig. 6)

The SAA7250A can be selected as a high-pass filter or a low-pass filter. It also supplies addresses
for the external RAM in a reverberation system (see Fig. 10).

““B" version (see Fig. 7)

The SAA7250B can be used in a reverberation system in conjunction with external RAM and a
SAA7250A. If the application is without a SAA7250A an external counter is used to generate the
RAM addresses.

“C" version (see Fig. 8)

The SAA7250C offers either dynamic compression and expansion, or equalization. It can operate in
isolation from the “’A’” and *’B’’ versions.

Dynamic range control is shown in figure 9 and a reverberation system with two ASPs (ASP-updown,
ASP-reverberation) is shown in figure 10.

12C bus protocol

For correct operation of the ASP certain functions have to be performed by 12C bus commands before
the actual processing of signals can be started. There are some functions which can be used during
program execution,

To perform these functions a master microcontroller sends messages to the ASP via the 12C bus (see
12C bus syntax). The I2C bus interface of the ASP (slave) receives, converts to parallel format and, if
correctly addressed, executes the commands.

For further detailed information see ‘Single-chip 8-bit microcontroller family user manual’, Chapter 8.

Load program counter

As one ASP may contain one or more programs, the program counter (PC) must be initialized with the
<start address> of that program before using it. The default value is zero, in which event a transmission
is not required.

Load coefficient RAM

This message is used to initialize the coefficient RAM after power-on and for updating one or more
coefficients during program execution to change the processing characteristics. The coefficients are
written into the first of two banks of RAM, starting at the location specified by <coefficient address>.
After a coefficient has been written, the address is automatically incremented by one. Thus, subsequent
coefficients can be transferred without repeating <coefficient address>.

The RAM address is part of <ASP function>.

The copying of the contents of the first bank to the second bank is controlled by the stop condition
<STO> at the end of a ““load coefficient RAM’’ message (‘‘fast”” bank switching) or by the ’bank
switch coefficient RAM’" message and the start of the program.

Switch off mute

At power-on the serial output channels are automatically muted. This means they will send a value of
zero whenever output is requested.

After the ASP has been initialized, this muting can be switched off to allow data in the output
registers to be sent.
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SAA7250

APPLICATION INFORMATION (continued)
12C bus protocol (continued)
Bank switch coefficient RAM

This message is used to copy the contents of the first RAM bank to the second RAM bank. The ASP
program always reads from the second RAM bank.

Enable data bus and overflow monitor

This message is used to enable monitoring of the internal data bus and the overflow latch. A <compare
address> defines the time slot at which monitoring is required. Each time a match between the
<compare address> and the program counter is detected, the contents of the overflow latch at
instruction “’PC"’ and data at instruction “PC + 1" are clocked into a special 12C bus read register.
When this special register is read via the 12 C bus clocking is inhibited.After power-on reset, data and
overflow information is clocked at every instruction until the first <compare address>> is sent.

The overflow bit is set to zero when an overflow is detected.

This message may be used only to define a <compare address> or be followed by a ‘read data’
message.

After the special read register has been read it will be cleared.

12C bus syntax
The general syntax for 12C bus messages is given by the following description

<12C message>
<12C message for ASP>
<I?C message for other device> (no further specification)

<1?C message for ASP>
<STA> <ASP address> 0 <A> <ASP function> <A> <parameter list 1> <A> <STO>
<STA> <ASP address> 1 <A> <parameter list 2> <STO>

<STA> start condition
<ASP address> 001100X (X is programmable via pin 38; ADDR)
<A> acknowledge bit

<ASP function>
<coefficient address> 00 (load coefficient RAM)

XXXXX001 (load program counter)

XXXXX010 (bank switch coefficient RAM)
XXXXX011 (enable data bus and overflow monitor)
XXXXX101 (switch off mute)

XXXXX110 (reserved)

XXXXX111 (reserved)

<coefficient address> address of coefficient RAM (6 bits)

<parameter list 1>
<simple parameter list>
<simple parameter list> <A> <|?C message>> (multiple messages)

<simple parameter list>

<> (empty list) (function — ““switch off mute’’ or
— "bank switch coefficient RAM'’)
<start address> (function — “load program counter’’)
<compare address> (function — ““enable data bus and overflow monitor’’)
<coefficient list> (function — ““load coefficient RAM"’)
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Audio signal processor

SAA7250

DEVELOPMENT DATA

<start address> start address of program
< compare address> compare address for data bus and overflow monitor

<coefficient list>
<> (empty list)
<part of coefficient> <A> <coefficient list>

<parameter list 2>

< data bus and overflow information>

< data bus and overflow information> <12C message>
< data bus and overflow information>

<8 most significant bits of data bus>

<8 most significant bits of data bus> <A>

<next 7 bits of data bus> <overflow bit>

<STO > stop condition
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SAA7250 J

:

APPLICATION INFORMATION (continued)

synchronization
inputs

+5V

serial data
enable inputs

word select inputs

serial clock inputs

serial data input 1

serial data input 2

serial data output 1

serial data output 2

64 K dynamic RAM
address inputs

— %l synco ik |22
— Byl syneT
40 5| sient RESET j¢34———
39,
S’ SIEN2 TEST j&5—
»| SOEN1 ®
P L,
15| soEN2 CSEL
4 5! wsi1
35 wsi2
54| wso1
53| wso2
38
12 ) scki1 ADDR
18 ! scki2 a7
e
¥ soKot SAAT250A °*
15 5| scko2 spale—
— 83 spi1
—  Tyfspi2
«—19 15p01 Vop 22—
«——— 9 Ispo2 Vgg fe—N
241pD1/0 1 RAs |28
«— Blppyo2 30
” casl22
«—22ppi/03 o7
27,
Pu—1 Y WE
DE— -1 Y a1
]
18] o0 106 VOENFL—»
«—Tlppio7 PCK |2 —
7281116

Fig. 6 ““A" version; up/down sampling filters.

main clock input

power-on reset
ov

+5V

O—+5V

12C bus

positive supply
(+5V)

negative supply
(ov)

64 K dynamic RAM

open-circuit

+5V
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Audio signal processor

DEVELOPMENT DATA

SAA7250

| ——323l sweo CLK €2 main clock input
synchronization
inputs — 33,0 svNe1
+5V 40,) siENT RESET J¢34——  power-on reset
39
serial data »| SIEN2 TeEsT 22— ov
enable inputs 2 3! SOEN1
16
18— 45V
' »{ soenz CSEL
45l wsi1
S »f wsi2
word select inputs 6
»| WSO 1
55! wso2
N
12 ADDR [« N
»| scki1 T SN o— sy
, , 13y scki2 .
serial clock inputs 14 SCKO1 SCL |e
15 SAA72508 36 1C bus
» scko2 oAl —
serial data input 1 ______8_’ SDi1
——— T »{spi2
open-circuit
ositive suppl
< L[\ [P Voo |22 p Hsv)ppy
serial data output 2 «—2 lspo2 Vss 4__1_1__~§ negat;\(/)evﬁupply
(— 2 3)pp1/00
24 26
64 K dynamic RAM | ——_»| PD1/O1 RAS [——>
4-bit data output 23 » PD1/O 2 oas 30 open-circut
| ——=22{PD1/03 .
<l
[ «———21pp1/04 WE
64 K dynamic RAM | +————2 PD1/0 5 . o
4-bit data input 7 ¢ 18 PD 1/0 6 1/0 EN j——————>» open-circuit
| «———dppi/07 PCK |42l connected to CAS of SAA7250A
(see Fig. 10)
7281117

Fig. 7 ’B'' version; reverberation.
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SAA7250 J L

APPLICATION INFORMATION (continued)

synchronization
inputs

+5V

serial data
enable inputs

word select inputs

serial clock input
CAS
serial clock input

CAS

serial data input 1

64 K dynamic RAM

serial data output 1

64 K dynamic RAM

64 K dynamic RAM |
address inputs

Fig. 8

— 32l svnco ok jleB—
— 3331 synet
40 5] SIENT RESET 34—
39 .
g SIEN2 TesT |35
25| SOENT 1
lete
15! soEn? CSEL
4 51 wsi1
3l wsi2
55| wso1
551 wso2
38
12, ot ADDR
— Byl scki2 a7
e
“»| scro SAAT7250C >
— 153 sckoz sDA | —
— 8, spi
— Tylspi2
«— 19 15p01 Vop [€22——
«——3 1sp02 Vgg lel—— N
«—323 lppoo
«— 2 lppijod Ras 26,
23
PR——C
” PD1/0 2 cas |30 |
«—2 1ppi/03 .
Y A
«—2 lppio0a WE
«— Jei/0s 1
) I
18 | o01/06 1/0 EN
«— 17 lppijo7 PCK |42 —
7281118

main clock input

power-on reset
ov

+5V

O—+5V

12C bus

positive supply
(+5V)

negative supply
V)

64 K dynamic RAM

64 K dynamic RAM
+ SCKI1; SCKO2

64 K dynamic RAM

open-circuit

+5V

“’C"" version; dynamic range controller or 10-band equalizer.
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Audio signal processor

SAA7250

DEVELOPMENT DATA

serial data input ———————f

12c bus{

SAAT250C

—| <
———»| spa sDi2 |«
PD1/0
sD02 7
CAS WE RAS
4
FIF [+ 8

v v v ﬁ

64 K DYNAMIC RAM

~PDI1/0O0to7
(address inputs)

|

Fig. 9 Dynamic range control.

7z81114

SDI1 SDO 1 |————— serial data output

SCKI2 ﬂ——l
SCL SCKO2 |«
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SAA7250

APPLICATION INFORMATION (continued)

synchronization input

power-on reset

main clock input

I

A4

SYNCO

word select inputs

serial clock inputs

| WS

serial data input

A4

SDI1

¥

—<4— SDO2
PD /O WE RAS

RESET CLK

SCK SAAT7250A SDA |«

ADDR

Oo—+ 5V

SCL |«

v

A 4

} 12C bus

SDO1

SDI2 [

CAS

PD 1/0
(0to7) ]

o

A

v
Q

A WE RAS
Oto7
4 x

64 K DYNAMIC
data out

data in

CAS

RAM

v

v

PD /0

v

SCK
SAA72508B

ws

v

—P{SYNC 0

PDI/O  PCK
(0to3) (4t07)
DI1

RESET CLK

:

SDO1

SCL

5
A\ 4

SDA

7y
v

ADDR [4->—a
+5V

P

power-on reset

main clock input

7Z81119

» serial data output

Fig. 10 Application diagram of a reverberation system with two ASPs.
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Audio signal processor

SAA7250

DEVELOPMENT DATA

Possible modes of operation of 8-bit parallel port (PD 1/0)

® Byte out: 8-bit output
handshake signals with PCK and 1/O EN.
® Bytein: 8-bit input

strobed with PCK; acknowledge by 1/0 EN.

® 3-cycle delay: time multiplexing of :—
8-bit row address
8-bit column address
4-bit data input (PD 1/0 0-3)
4-bit data output (PD 1/0 4-7)

CAS, RAS, WE and 1/0 EN provide the required control signals.

CK strobes data in.
® 3.cycle nibble 1/0
4-bit data input (PD 1/0 0-3)
4-bit data output (PD 1/0 4-7)
PCK is used to strobe data in.
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SAB1164
SAB1165

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SENSITIVE 1 GHz DIVIDER-BY-64

This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier,
a divide-by-64 scaler and an output stage. It has been designed to be driven by a sinusoidal signa! from
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply
voltage of 5 V = 10% and an ambient temperature of 0 to 70 O©C. It features a high sensitivity and low
harmonic contents of the output signal. The difference between SAB1164 and SAB1165 is the output

resistance (see Fig. 7)

Vee
8
' |
CTR6 a
6
c1f2 c o H
D ¢ Q D
c2|3 7]q,
] |
4 5
VEE Vee 7287382.1

Fig. 1 Block diagram. CTR6 = 6 binary dividers = (+ 64).

QUICK REFERENCE DATA

Supply voltage (pin 8) Vee 5+10% V
Input frequency range (pins 2 and 3) f; 70 to 1000 MHz
Output voltage swing (pins 6 and 7) Vo(p_p) typ. 1V
Supply current; unloaded (pin 8) lce typ. 42 mA
Operating ambient temperature Tamb 0to+70 °C
PACKAGE OUTLINES

SAB1164P: 8-lead DIL; plastic (SOT-97A).
SAB1165P: 8-lead DIL; plastic (SOT-97A).
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SAB1164

SAB1165
PINNING
ic L‘—_ U E Vee Vee positive supply
e 'Z 7] o VEE 0 V; ground
C1, Co differential inputs
c2 [3] zl ay
Qy, Q. complementary outputs
Vee [4] El Vee i.c. internally connected

7287384.1

Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-64 scaler and an output stage. It has been designed to be
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 ©C,

The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical
drive the unused input should be connected to ground via a capacitor.

The first divider stage will oscillate in the absence of an input signal; an input signal within the specified
range will suppress this oscillation.

The output differential stage has two complementary outputs. The output voltage edges are slowed
down internally to reduce the harmonic contents of the signal.

Wide, low-impedance ground connections and a short capacitive bypass from the V¢ pin to ground
are recommended.

RATINGS

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

Supply voltage (d.c.) Vee max. 7V
Input voltage Vi OtoVge V
Storage temperature Tstq —55to+ 125 O°C
Junction temperature T max. 125 oC

THERMAL RESISTANCE
From crystal to ambient Rthea = 120 K/W

D.C. CHARACTERISTICS
VEE =0V (ground); Vce =5 V; Tamb = 25 OC unless otherwise specified.

The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium
has been established. The circuit is in a test socket or mounted on a printed-circuit board.

Output voltage

HIGH level VOoH max. Vee V
LOW level VoL max. Vee-08 Vv
typ. 42 mA
Supply current lce rx:x. 50 mA
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SAB1256

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SENSITIVE 1 GHz DIVIDER-BY-256

This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier,

a divide-by-256 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply
voltage of 5 V = 10% and an ambient temperature of 0 to 70 ©C. It features a high sensitivity and low
harmonic contents of the output signal.

Vee
8 SAB 1256
‘ |
CTR8
Q
c1]2 ¢ a 6| %H
2|3 [ c e [ 7[a,
( |
4 5
Veg Vee 7287383

Fig. 1 Block diagram. CTR8 = 8 binary dividers = (+ 256).

QUICK REFERENCE DATA

Supply voltage (pin 8) Vece 5+10% V
Input frequency range (pins 2 and 3) f; 70 to 1000 MHz
Output voltage swing (pins 6 and 7) Vo(p-p) typ. 1V
Supply current, unloaded (pin 8) lce typ. 47 mA
Operating ambient temperature Tamb Oto+70 ©°C

PACKAGE OUTLINE
SAB1256P: 8-lead DIL; plastic (SOT-97A).
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SAB1256

PINNING
Vee positive supply
\ 0 V; ground
ie. [1] U 8] Vec C1E,EC2 diffe?ential inputs
¢ [2] [7] oL QH, QL complementary outputs
c2 [3] 6] oy i.c. internally connected
Vee [4] 5] Vee

7287384.1

Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-256 scaler and an output stage. It has been designed to be
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C.

The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical
drive the unused input should be connected to ground via a capacitor.

The first divider stage will oscillate in the absence of an input signal; an input signal within the specified
range will suppress this oscillation.

The output differential stage has two complementary outputs. The output voltage edges are slowed
down internally to reduce the harmonic contents of the signal.

Wide, low-impedance ground connections and a short capacitive bypass from the V¢ pin to ground
are recommended.

RATINGS

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

Supply voltage (d.c.) Vee max. 7V
Input voltage Vi OtoVee V
Storage temperature Tstg —bbto+125 OC
Junction temperature Tj max. 125 OC

THERMAL RESISTANCE
From crystal to ambient Rthca = 120 K/W
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DEVELOPMENT DATA
This data sheet contains advance information and SAB6456
specifications are subject to change without notice. SABG456T

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SENSITIVE 1 GHz DIVIDE-BY-64/DIVIDE-BY-256
SWITCHABLE PRESCALER

GENERAL DESCRIPTION

The SAB6456/SAB6456T is a prescaler for UHF/VHF tuners. it can be switched to divide-by-64 or
divide-by-256 by the mode-control (MC) pin. The circuit has an input frequency range of 70 MHz to
1 GHz, has high input sensitivity and good harmonic suppression.

Vee
8 SAB6456;T
=
c1j2 | __|pivioe-| | 6|9
> e T D
¢2(3 [~ ] 64/256 7la,
I |
4 5
Vee me 7796289
Fig. 1 Block diagram.
QUICK REFERENCE DATA
parameter conditions symbol min. typ. max. unit
Supply voltage pin 8 to pin 4 | Ve 45 5,0 5,5 \Y
Supply current pin 8 lce — 21 - mA
Input frequency range pins 2and 3 | fj 70 - 1000 MHz
Sensitivity to input voltage
(r.m.s. value) Vi(rms) - - 10 mV
Output voltage
(peak-to-peak value) pins 6 and 7 Vo(p-p) - 1 — \
Operating ambient
temperature range Tamb 0 - 80 oC

PACKAGE OUTLINES

SAB6456 : 8-lead DIL; plastic (SOT-97A).
SABB456T: 8-lead mini-pack (SO-8; SOT-96A).
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SAB6456

SAB6456T

PINNING
n.c. not connected
C1

ne. [1 U 8] Vee
o1 [2] saease [7]O0
c2 [3] %47 [5] ou
Vee [4] 5] mc

7296290

differential inputs

VEE ground (0 V)
mode control

complementary outputs

0 N O s WON =
=<
(@)

\ele positive supply voltage
Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION

The circuit comprises an input amplifier, a divider stage with selectable division ratio and an output
stage.

The input amplifier is driven by a sinusoidal signal from the local oscillator of a television tuner. The
inputs (C1, C2) are differential and are biased internally to permit capacitive coupling. When driven
asymmetrically the unused input should be connected to ground via a capacitor.

The mode-control (MC) input to the divider stage is intended for static control of the division ratio,
selection is made as follows:

divide-by-64 : MC pin open-circuit
divide-by-256: MC pin connected to ground

The divider stage may oscillate during no-signal conditions but this oscillation is suppressed when
input signals are received.

Two complementary signals (QH, Q| ) are provided by the output differential amplifier stage. The
voltage-edges of the output signals are slowed internally to reduce harmonics in the television
intermediate frequency band.
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SAF1032P
SAF1039P

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

REMOTE CONTROL SYSTEM FOR INFRARED OPERATION

The SAF1032P (receiver/decoder) and the SAF1039P (transmitter) form the basic parts of a sophis-

ticated remote control system {pcm: pulse code miodulation) Toi infrared operation. The iCs can be
used, for example, in TV, audio, industrial equipment, etc.

Features:

SAF1032P receiver/decoder:

® 16 programme selection codes

® automatic preset to stand-by at power ‘ON’, in6|uding automatic analogue base settings to 50% and

automatic preset of programme selection ‘1’ code
® 3 analogue function controls, each with 63 steps
e single supply voltage
® protection against corrupt codes.

SAF1039P transmitter:

@ 32 different control commands

® static keyboard matrix

@ current drains from battery only during key closure time
® two transmission modes selectable.

The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to
achieve an extremely low power consumption.

Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling
situations. However, to be totally safe, it is desirable to take handling precautions into account.

SELA  SELC gscl DATA TRYO TRY2  TRSL  TR@I
Vbb SELB | SELD | MAIN | HgLD VDD TRY1 TRY3 | TRE2 |
18] _[17]_[1e]_[1s] [ra] [13] [1z] [71] [wo 16]_[15]_[1a] [13] [r2] [n] fie] [e
D) SAF1032P D) SAF1039P
2] 18T Lol ] Le] 1z 18T Lo 2l BT el 5T 1] 171 (8
L39T | L18T | BINC | BINA | Vgg TRX0O | TRX2 | TROT | TR#S |

L26T  BIND  BINB  TVgT TRX1  TRX3  TINH Vss

7274348 7274634910

Fig. 1 Pin designations.

PACKAGE OUTLINES

SAF1032P: 18-lead DIL; plastic (SOT-102).
SAF1039P: 16-lead DIL; plastic (SOT-382).
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SAF1032P

SAF1039P
PINNING
To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown
below.
SAF1032P
1 L3QT linear output 10 HOLD control input
2 L20T linear output 1 DATA data input
3 L10T linear output 12 MAIN reset input
4 BIND binary 8 output 13 @ScCl clock input
5 BINC binary 4 output 14 SELD binary 8 output
6 BINB binary 2 output 15 SELC binary 4 output
7 BINA binary 1 output 16 SELB binary 2 output
8 TVOT on/off input/output 17 SELA binary 1 output
9 Vgg 18 Vpp
SAF1039P
1 TRXO0 keyboard input 9 TRO1 oscillator control input
2 TRX1 keyboard input 10 TRO2 oscillator control input
3 TRX2 keyboard input 11 TRSL keyboard select line
4 TRX3 keyboard input 12 TRY3 keyboard input
5 TRDT data output 13 TRY2 - keyboard input
6 TINH inhibit output/mode select input 14 TRY1 keyboard input
7 TROS oscillator output 15 TRYO keyboard input
8 Vgsg 16 VDD
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SAK150BT

SERVO-MOTOR CONTROL CIRCUIT

GENERAL DESCRIPTION

The SAK150BT 1s a bipolar integrated circuit intended for remote control applications in digital pro-
portional systems or other closed-loop position control applications, in which it will translate the width
of its input pulses into a mechanical position. It incorporates a linear one-shot for improved positional
accuracy. The circuit has additional outputs for driving external p-n-p transistors to form a bidirectional
bridge.

Features

high output current

bidirectional bridge output facility with single power supply
adjustable deadband

adjustable proportional range

high linearity

wide supply voltage range

low standby supply current

provides stabilized supply for external circuit

QUICK REFERENCE DATA

Supply voltage range Vece
Supply current, standby, at Voo = 4,8 V Ice
Stabilized supply voltage for external circuit Vz
Output current at Vg =4,8 V lo
Operating ambient temperature range Tamb

3to9 V
typ. 3 mA
typ. 2V
max. 500 mA

—20to+70 ©C

PACKAGE OUTLINE
14-lead mini-pack; plastic (SO-14; SOT-108A).

January 1985
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j kSSGL Asenuer 882

DIS RA Vee
3 4 8
SAK150BT _( I )_
Oama | RESET
1" AMP,

MF—|
l =1
— ||

CcMX

—
! LOGIC I'_‘ «
MONOSTABLE F !
-
1
’l I®F

of

ﬂ?

Vz

QaB1

14
S
IF

i

Q1

QB2

b

&

Q2

7
VeEE2

12
VEE1

7286771.1

Fig. 1 Block diagram. The blocks marked &’ are AND gates, the block marked ‘> 1" is an OR gate, the blocks with inputs marked S and R are
set-reset flip-flops and the block marked “RESET AMP" may be considered as a high-gain amplifier for the upper input with the lower input giving
a small shift of the switching level of the upper input. The triangles at some of the inputs and outputs are polarity indicators showing that the
internal logic 1-state at that input or output corresponds with the external logic L-level (LOW). At inputs and outputs without polarity indicator

the internal logic 1-state corresponds with the external logic H-level (HIGH).
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Servo-motor control circuit

SAK150BT

PINNING
omx [1 ] 14] RX 1 CMX
2V
V| 2 3 V4
z [s]: 3 DIS
DIs| 3 EVEH 4 RA
Ra[4] sakisost [11] wF 2 832
as2 [ | 10] 01 7 Vg2
26| o] 81 g gg?
Vee2[7] [ 8] Vee 10 Q1
11 MF
7286767 12 VEE1
13 |
Fig. 2 Pinning diagram. 14 RX

FUNCTIONAL DESCRIPTION (See also Fig. 5)

external monostable capacitor
stabilized voltage output
discharging resistor

reset amplifier

p-n-p driver output

power output

ground of output stage
positive supply

p-n-p driver output

power output

monostable feedback

ground of circuit (except output stage)
input

external resistor

The SAK150BT has two sets of outputs on which it is capable of producing output pulses of variable
width. The output arrangement is such that these output pulses can drive a servo-motor in both direc-
tions. The servo-motor actuates a potentiometer. The width of the output pulses is reduced to zero when
the position of the potentiometer slider corresponds with the width of the input pulses.

The circuit operates as follows. The positive-going leading edges of the input pulses trigger a monostable
element. Its output pulses have a duration that is a linear function of the position of the potentiometer
slider. These pulses therefore will be referred to as feedback pulses.

The presence of both the input pulse and the feedback pulse switches on a current source of approx.
0,3 mA which charges an external capacitor C2 connected from RA (pin 4) to ground. The variation of
the voltage on this capacitor after some time causes the output of the high-gain reset amplifier to change

state and reset the two output flip-flops.

cyc

<—t|H ~>l

INPUT PULSE _l |

«— tEH —>I

FEEDBACK PULSE

PULSE LENGTH

DIFFERENCE
Q1 max
OUTPUT CURRENT ‘ _______
AT Q1
—l tq1 l=— tQ2max

OUTPUT CURRENT
AT Q2

7286769.1

Fig. 3 Timing diagram.
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SAK150BT

Depending on the relative durations of input pulse and feedback pulse the following happens.

1. Difference in duration of input pulse and feedback pulse less than the deadband time: no output
signals generated.

2. Input pulse shorter than feedback pulse: outputs Q1 and QB1 activated.

3. Input pulse longer than feedback pulse: outputs Q2 and QB2 activated.

The trailing (negative-going) edge of the shorter of the two pulses (input pulse or feedback pulse) switches
off the current source that charged C2. It further switches on the discharging of C2 via R2, connected to
DIS (pin 3). As a consequence the output of the reset amplifier changes state after a short delay and no
longer resets the flip-flops. Finally the logic bloc generates a signal which sets the appropriate output
flip-flop but inhibits the output.

At the trailing edge of the longer of the two pulses the signal that has set one of the flip-flops changes
state. This enables the corresponding output. It further finishes the discharging of C2 via R2. C2 will
now be charged via R32. When the voltage on C2 reaches the switching level of the reset amplifier its
output signal will reset the flip-flops again and this will terminate the output pulse (see Fig. 3). The
duration of the output pulse is proportional with the charge required by C2 to reach the switching level
of the reset amplifier, and this charge is proportional to the time that C2 has been discharged via R2,
i.e. the difference in duration of the input pulse and the feedback pulse.

The maximum output pulse duration is reached when the output pulse is terminated by the next input
pulse.

Supply: Ve, VEE1. VEE2 and Vz (pins 8, 12, 7 and 2)

The SAK150BT contains a voltage stabilizer. This permits the circuit to be used over a very wide supply
voltage range without substantial variation of its performance. The stabilized supply voltage is available
at Vz (pin 2) to supply an external peripheral circuit, e.g. a feedback potentiometer.

The circuit has two ground pins, one for the output stage (Vg o) and one for the rest of the circuit (VEE1).

Input | (pin 13)

Input pulses should be positive-going, i.e. the time that the input signal is HIGH is the input parameter.
Usual values are 1 to 2 ms for the pulse to be HIGH and 20 ms for the pulse repetition time.

Feedback pulse duration: CMX, MF and RX (pins 1, 11 and 4)

The duration of the feedback pulse is determined by external capacitor C1 connected between CMX
and MF. This capacitor is charged by a current source whose current is determined by external resistor
R1 connected between RX and ground.

tQmax

ta

tamin —

0 ty t
* |-t PP 7zseress

Fig. 4 Output current pulse duration.
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Servo-motor control circuit SAK15OBT

The output current pulse duration tq as a function of the difference between input pulse duration
t|H and feedback pulse duration tg in Fig. 4. There is no output signal for differences less than the
deadband time tgp,. The maximum output pulse duration (tqmax) at outputs Q1 and Q2 is equal to
teyctdB- The maximum pulse duration is reached at a pulse duration difference tprop minus ty
respectively tFH.

Deadband time

The deadband time is the maximum difference in duration between the input pulse and the feedback
pulse that will not give an output signal (see Fig. 4). The deadband time is determined by external
resistor and capacitor R2 and C2 connected to RA and by the switching level Vgyy of the reset amplifier
and by its switching level shift AVgyy, according to the following approximative formula:

swt AVSW) Ro x Co

Vv
typ =~ R2 x C2 x |
db X xIn { Vsw 50

Proportional range

The output pulse width is proportional to the difference of the input pulse and the internal pulse.
The range is

(Vee*—Vsw) (etCVC/R3 x C2 — 1))
Vsw
inwhich: Voe® = CC—YZ_ R314 vy and R3 = o N0
:Vee* = - = .
nwWhen: YCC T R31 v R32 zan R31 + R32

R32
The maximum pulse width is limited by the beginning of the new input pulse.
The minimum pulse width is

tprop ® R2x C2x In (1 —

AVgw
Vee*—Vsw +AVgy

tQmin~ R3xC2x In (1 —

Outputs Q1, CB1, Q2 and QB2 (pins 10, 9, 6 and 5)

The outputs Q1 and Q2 are open-collector outputs capable of sinking up to 500 mA. The outputs QB1
and QB2 are intended to drive external p-n-p transistors. Together with the Q outputs these p-n-p
transistors may form a bidirectional bridge output with a single power supply, see Fig. 4.
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SAK150BT

RATINGS

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

Supply voltage, d.c.
Currentat Vz

Input voltage

Voltage at CMX
Current at CMX
Current at RX
Voltage at MF

Current at MF

Current at RA

Output voltage, Q1 and Q2

Output current, Q1 and Q2, repetitive peak
Output voltage, QB1 and QB2

Output current, QB1 and QB2

Storage temperature range
Operating ambient temperature range

Vee
—lvz
\7

_._VI
-Vemx
Iemx
—IRx
VMF

IMF
-IvF
IRA
—-IRA
Va
larRm
""Q
Vas
laB
—laB
Tstg
Tamb

max.
max.

max.
max.

max.
max.
max.
max.

max.
max.

max.
max.

max.

max.
max.

max.

max.
max.

12V

12 V
3 mA
3

6 mA
5
24 V

800 mA
10 uA

12V

70 mA
10 mA

—35to + 125 OC
—20to+70 ©C
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Servo-motor control circuit SAK15OBT

CHARACTERISTICS
Vee =309V, VEg1=VEE2=0V; Tamp = —20 to + 70 OC unless otherwise specified

parameter symbol min. typ. max. unit

Supply: Vg and Vz (pins 8 and 2)
Supply currentat Vo =48 V;

Tamb = 25 0C; output stages OFF lce - 3 - mA
Stabilized voltagy output Vz — 1,95 — \%
Variation with temperature AVZ/AT | — 6 - mV/K
Quiput currentat Voo = 4,8 Vior AVy=60mV | —Iz - - 1 mA

input I (pin 13)
Input voltage

HIGH ViH 24 - - \%

LOW ViL — — 0,6 \%
Input current

HIGHat V{=2,4V I — — 250 HA

LOWat V=00V =L - -— 30 nA

External resistor pin RX (pin 14)
Voltage at —Ipx = 100 uA VRX - 0,7 - \
Current range IRX 10 — 200 HA

Monostable teedback pin MF (pin 11)
Voltage at I\ =2 mA VME — - 300 mV
Output current IME - - 3 mA

Reset ampilifier pin RA (pin 4)

Switching level of reset amplifier, Vsw - 1,9 — \
Shift of switching level AVgw - 40 - mV
Input currenit
HIGH IRA — — 6 mA
LOW -IRA - 300 - uA

External monostable capacitor pin CMX (pin 1)
Current lcmx - - 1 mA
=lemx | IR — mA
Outputs O1 and Q2 (pins 10 and 6)
Output voltage at Voo = 4,8 V;

Ig =50 mA; Iq = 500 mA Va - 450 550 mV
Output current at Ve = 4,8 V;

lo = 20 mA o - - 500 mA

January 1985 293




SAK150BT

parameter symbol min. typ.  max. unit
Outputs OB1 and QB2 (pins 9 and 5)
Output voltage at Vo =4,8 V;
lgg =50 mA Vas — 1,2 1,9 \Y,
Output currentat Vo = 4,8 V loB - - 50 mA
Discharging pin DIS (pin 3)
Output voltage LOW at Ip|g =2 mA VpIsL - - 300 mV
Output current
HIGHat Vp|jg=9V —IDISH - - 500 nA
LOW IDISL — - 5 mA
APPLICATION INFORMATION
R8
R4 Rp + battery
« ’ i B
27kQ \\
c2 fcs \‘
Rz T 100nF 100 nF
[ R32 T » | 1000 \\ \
4309 {1 . 1 1
\
3 4 g R . \
1 DIS RA v, 2 \
1 MF e v, T ——]
L 10 10k
20F T uF \
cMX . ‘\
1a] a1 P \
o SAK150BT 1208 fkﬂ\
N
75 kQ arbo
§ as2 |22
13 1208 7286770.1
] Q2 :
JL Toveg VEE2
2 4000 17
[t — battery
7

\

steering motor. The potentiometer Rp is actuated by the motor.

Fig. 5 Typical application of the SAK150BT for remote control of a model. The arrangement may be
the last part at the receiving side, e.g. after a multi-channel time division multiplex system, to drive the
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TAA263

LOW-LEVEL AMPLIFIER

The TAA263 is a semiconductor integrated amplifier in a 4-lead TO-72 metal enve-
lope. It comprises a three-stage, direct coupled low-level amplifier for use from
d.c. up to frequencies of 600 kHz.

QUICK REFERENCE DATA

Supply voltage A% max. 8 Vv
Output voltage V3-4 max. 7V
Output current I3 max. 25 mA

Transducer gain at P, = 10 mW

Ry, =150 Q; f = 1 kHz Gtr typ. 77 dB
Operating ambient temperature Tamb -20 to +100 ©C
PACKAGE OUTLINE Dimensions in mm
TO-72 (SOT-18/17)
1,1
max \/ 45°7
l\ 1
i o5
48 . Amax
max
v

L_rr?gx_’L_“ 12,7min ——| 7266767
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TAA263

CIRCUIT DIAGRAM

o

R1
8kn

R2
3kQ

TR2 TR3

7255209.2

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Voltages

Supply voltage 3%
Output voltage V3.4
Input voltage =Vi-4
Currents
Output current I3
Input current I
Power dissipation
Total power dissipation up to Typp =65 °C Prot
100 7207308 _
Prot
(mW)
50
0
=50 0 50 100 Tymp (°C)
Temperatures
Storage temperature Tstg
Operating ambient temperature
(see derating curve above) Tamb

max. 8§ V
max 7V
max. 5 V
max. 25 mA
max. 10 mA
max. 70 mW

-55t0+125 °C

-20to+100 °C
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TAA263

CHARACTERISTICS Tamb = 25 °C

Test circuit:

T -
Currents
Output current I3 typ. 12 mA
Total current drain (no signal) Io+13 < 16 mA

Over-all small signal current gain

f=1KkHz bf tor  typ. 5.10°
Transducer gain
B . B > 70 dB
f =1 kHz; Py = 10 mW Gtr typ. 77 dB
Output power at f =1 kHz; dior = 10% Py 10 mWw
diot = 5% P, > 8§ mw
Noise figure
- typ. 5 dB
f =400 Hz to 6 kHz F - 10 dB
f = 450 kHz; Af = 5 kHz F typ. 2.7 dB

Iyz <10Qatf=1kHz
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TAA263

CHARACTERISTICS (continued) Tamb = 25 °C

y parameters (point 4 common connection)
VB:6V;13:3mA; V3_4:4.2V

f =1 kHz
Input admittance Yi = 8i typ. 20 ont
Transfer admittance Vf = 8f typ. 11 ol
Output admittance Yo = 8o typ. 60 uQ~l
f = 450 kHz
Input conductance gi typ. 15 un~L
Input capacitance Cy typ. 14 pF
Transfer admittance |y typ. 9.4 ol
Phase angle of transfer admittance Ps typ. 125°
Output conductance go typ. 20 ue~l
Output capacitance Co typ. 13 pF
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TAA320

INTEGRATED MOST AMPLIFIER

The TAA320 is a silicon monolithic integrated circuit, consisting of a MOS tran-
sistor and an n-p-n transistor in a TO-18 metal envelope.

The device is primarily intended for audio amplifiers with a very high input resis-
tance (e.g. for crystal pick-ups).

Besides this application the TAA320 is also suitable for other applications where a
high input resistance is required, like impedance converters, timing circuits, mi-
crophone -amplifiers, etc.

QUICK REFERENCE DATA

Drain-source voltage (Vgg = 0) -Vpsg max. 20 V
Drain current -Ip max. 25 mA
Gate-source voltage

-Ip =10 mA; -Vpg =10V -Vgs typ. 11 v
Gate-source resistance

-Vgs up to 20 V; Tj up to 125 °C rGS > 100  G£2
Transfer admittance at f = 1 kHz

-Ip = 10 mA; -Vpg = 10V Vs typ. 75 m-l

PACKAGE OUTLINE Dimensions in mm

TO-18 (SOT-18/13)

- Yo,s1
4.8 gmax 1 = drain
max
v 2 = gate
E— 3 = source

__n?gx_,<_ 12,7min ———s-| 72687631

Source connected to the case

Accessories supplied on request: 56246, 56263

February 1980 299



TAA320

CIRCUIT DIAGRAM

R1

so—rq i

TR2

72552044

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Voltages

Drain-source voltage (Vgg = 0)

Gate-source voltage (Ip = 0)

Non repetitive peak gate-source
voltage (t £ 10 ms)

Current

Drain current

Power dissipation

Total power dissipation up to Ty} =25 9C

Temperatures

Storage temperature

Operating ambient temperature
(see derating curve on page 8)

THERMAL RESISTANCE

From junction to ambient in free air

-Vpss
-VGso

-VgsMm

_ID

Prot

Tstg

T

Rt j-a

max. 20
max. 20
max. 100
max. 25
max. 200
-55to+125
-20 to +125
= 0.5

mA

mW

oC

OC/mW

300
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l I TAA320

CHARACTERISTICS Tj = 25 OC unless otherwise specified
Drain current
B . B typ. 5 nA
-Vpg =20 V; Vgs =0 -Ipss 2 1 WA
Gate-source voltage 1)
e . - B typ. 11 V
Ip=10mA; -Vpg =10V Vas 9to 14 V
Gate-source resistance
-VGs up to 20 V; Tj up to 125 °C rGs > 100 G
Equivalent noise voltage
-Ip =10 mA; -Vpg =10V
B =50 Hz to 15 kHz Vn typ. 25 uV

y parameters at f =1 kHz

-Ip =10 mA; -Vps =10V
typ. 75 mQ~1

Transfer admittance |vEs] 40 10120 ma-1

Input capacitance Cis typ. 8 pF

Feedback capacitance -Crg typ. 1.5 pF

Output conductance Zos typ.0.65 mQ-1
NOTE

To exclude the possibility of damage to the gate oxide layer by an electrostatic
charge building up on the high resistance gate electrode, the leads of the device
have been short circuited by a clip. The clip has been arranged so that it need not
be removed until the device has been mounted in the circuit.

1) -Vgs decreases about 6 mV/OC with increasing ambient temperature ata con-
stant -Ip.
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TAA320

APPLICATION INFORMATION 2 W audio amplifier with TAA320 and BD115

N 50pF A

+—e—] TAA320 |©o | 200 /
MR Vo

BD1S

+
3909 33Q 200pF 56Q
T ‘
&

7255205

L
\g

* The voltage dependent resistor (2322 552 03381) suppresses voltage transients that
might otherwise exceed the safe operating limits of the BD115.

Supply voltage \%:! = 100 V
Collector current of BD115 Ic typ. 50 mA
Drain current of TAA320 ~-ID typ. 9.5 mA
Primary d.c. resistance of output transformer 140 @
Primary inductance of output transformer 2.7 H
A.C. collector load for BD115 1.8 k@

Performance at f = 1 kHz; feedback = 16 dB

Output power at diot = 10%

(on primary of the output transformer) Py typ. 2.6 W
Input voltage for Py = 50 mW Vi(rms) typ. 13.5 mV
Input voltage for Pp = 2 W Vi(rms) typ. 86 mV
Total distortion at P = 2 W dtot typ. 3.6 %
Minimum frequency response (-3 dB) 60 Hz to 20 kHz
Signal-noise ratio at Po = 2 W typ. 73 dB

Mounting instruction for BD115

Proper continuous operation is ensured up to Tamp = 50 ©C, provided the BD115 is
directly mounted on a 1.5 mm blackened Al. heatsink of 30 cm2 with a clamping
washer of type 56218.

If the transistor is mounted on a heatsink with a mica washer, the heatsink should
have an area of 50 cm2.

Recommended diameter of hole in heatsink: 7.7 mm.
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TAA320

APPLICATION INFORMATION (continued)
4 W audio amplifier with TAA320 and 2 transistors of type BD115.

Vg

1 1aa320 |2

Is

(

MQ
e
Supply voltage Vi = 200 V
Collector current of a BD115 Ic typ. 52 mA
Drain current of TAA320 ~-Ip typ. 8.6 mA

Performance at f = 1 kHz; feedback = 12 dB

Output power at digr = 10% Py typ. 4.5 W~
Input voltage for Py = 50 mW Vi(rms) typ. 7.5 mV
Input voltage for P, =4 W Vi(rms) typ. 67 mV
Total distortion at Py = 4 W diot typ. 6 %
Minimum frequency response (-3 dB) 50 Hz to 20 kHz
Signal-noise ratio at P, =4 W typ. 73 dB
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TAA320

7208127 7208128
2W circuit 4W circuit
Tamb= 25°C Tamb = 25°C
dtot dtot
(%) (°b)
15 15
10 PO 10
5 5
0 0
0 1 2 Po (W) 3 0 2 4 Po(W) 6
- — 20 - 7208130
x 3 ﬁ_é ani {é} a typical values
g ':—',:W—-.E Ip N Tamb=25°C
9 (mA) NPT
! T
15 N
\\'SD
\’\.0<)\l
1 7
10 ’ 39\
OV
y. ‘0.9’1-‘
5t T+ 1]
10.85V]
10.80V.
15-Vgs (V) 10 5 0 5 10-Vpg (V) 15
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TAA320

300 7208133 7208126
typical values typical values HH
-Vps =10V Tamb=25°C S

bis | Tamb =25°C 80| -1kHz QAT
(™) Vs i
-1 1
e 5P
200
or I
5 KL mas L
20 SN s =
6\?‘ % N 4O
P P T 14
), S, {1
10 A 6®‘ N :Ef 2m
o < ¥
- A \0 20 an |
1rr1Hz H
7P 0.5MHz .
OM)JIMHZ ' OF ]
0 20 gjg (W) 40 0 5 10-Vpg (V) 15
7208132 I nyl (m‘n‘-l)
80 60 40 20 0 20 40 60 80
o
180 1 ” \typica’l values |||/ I 1 360°
-Vps =10V 0=, MKz,
Tamb=25°C ‘\é"@ 5"4/#
o s ) ¢ A
195 2SR 3450
Z IS
™ Ofs
210° — 330°
“__/
225° \\_j—-/ — 3150
\_:’/
240° ———— 300°
255° 285°
270°
October 1968 “ 305




TAA320

7208134
typicdl values
-Tzlrn!) = ZESO(:
2 f=1kHz
9o0s
(ma™
1.5 t
B
1
N
CIp-1oma
8 mAl
05 6mA
= 1 4mA
e 2mA
o FEEEEE AT
0 5 10-Vps (V)15

7267450

300
— R j-4=0,3 °C/mW (with cooling clip 56263)
Ptot | =—=—Rth j-a=0,5 °C/mW (in free air)
(mW) -
200 <
N
\\ A\
N
100 D
A\
N
N
A\
N
0 A
-50 0 50 100 150
Tamb (°C)
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TAA320

7208131
10 —Ip -10mA
noise -Vps =10V
(pV/\/Wz) LN
1 M
=1 —
— \‘
I QD
—f- \\
N
0N ——
E—- |
.
L sl
|
0.01
0.01 0.1 1 10 frequency (kHz) 100
307
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TAA320A

INTEGRATED MOST LEVEL SENSOR

The TAA320A is a silicon monolithic integrated circuit, consisting of a p-channel en-
hancement type MOS transistor and an n-p-n transistor, in a TO-18 metal envelope.
The device is intended for level sensors with a very high input resistance (e. g. timing
circuits, thermostats, liquid level sensors, flame control circuits).

QUICK REFERENCE DATA
Drain-source voltage (Vgg = 0) -VDss max. 20 Vv
Drain current -Ip max. 60 mA
Gate-source voltage Ly
L L _ . typ. 10,6 v
Ip =10 mA; -Vpg =10V group 1: -Vig 10,0 to 11,2 v
. typ. 11,3 \4
group 2: ~VGg 10,7t0 11,9 v
L typ. 12,0 v
group 3: ~Vgg 11,410 12,6 Vv
L typ. 12,7 A%
group 4 Vg 12,110 13,3 Vv
Gate cut-off curvent at T, . = 25 °C
‘VGS =20V ID =0 '"IGSO typ. 1 pA
-Vgs =20 V; Vpg =0 -Igss typ. 1 PA
PACKAGE OUTLINE Dimensions in mm
TO-18 (SOT-18/13)
max £ e M
DA X I 1
2
/ '} “—-! 051 1 =drain
YA s IS 3 - gare
max % v |" 3 = source
. L_n‘:;»gx_,L,_._. 12,7min ———| 72687631
max
source connected to the case
Accessories supplied on request: 56246; 56263
1) For explanation of the group codification see b under ‘Notes’.
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TAA320A

CIRCUIT DIAGRAM
R1

—[?———OD
1k

I-——J-—-”—ERZ
so—r3 TR

no

72552041

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

Voltages
Drain-source voltage (Vgg = 0) -VDpss max. 20V
Gate-source voltage (Ip = 0) -Vaso max. 20V
Non-repetitive peak gate-source voltage (t<10 ms) *VGgsMm max. 100 V
Current
Drain current -Ip max. 60 mA
Peak drain current (t < 200 ms; 6 0,001) -Ipm max. 100 mA
Temperatures
Storage temperature Tstg -65t0 +125 °C
Operating ambient temperature (see curve below) Tamb -20to 4125 °C
7267450
300 . . .
—Rp j-4=0,3 OC/mW (with cooling clip 56263)
Ptot | ===Rth j-a=0,5 °C/mW (in free air)
(mW)
200 AN
\\
\\ \\
N
\\ \
N
100 \\
\\
QY
N
0 A
-50 0 50 100 150
Tamb (°C)
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TAA320A

CHARACTERISTICS Ti =25 9C unless otherwise specified
Drain current
B typ. 5 nA
—VDS =20V: VGS =0 —IDSS - 1 PA
Drain-source voltage 1)
-Ip =10 mA: -V5g =20V -Vpg < 1 A
-Ip =60 mA: -V5g =20V -Vps < 1,5 \Y
Gate-source voltage (see note b)
. typ. 10,6 Vv
-Ip =10 mA: -Vpg =10V group 1: -V@g 10.0t0 11. 2 v
) typ. 11,3 \%
group 2: ~Vgs 10,71011,9  V
) typ. 12,0 v
group 3: -Vgs 11,41012,6  V
i typ. 12,7 Vv
group &1 ~VGs 12,1t013,3 Vv
Gate cut-off current
~Vgs =20 ViIp =0 “lgso  typ- 1 pA?d
~Vgs =20 V; Vps =0 -Igss typ. )

NOTES

a. The leads are short-circuited by a clip to protect the oxide layer against damage
due to accumulation (or build-up) of electrostatic charge on the high resistance gate
electrode. The clip should not be removed until after the device is mounted.

b.  As a service to the customer the -Vg group to which a device belongs is identified
by a numerical suffix (1, 2, 3 or 4), however, individual groups cannot be ordered
separately.

1. See also upper graph on next page.

2. Being dependent on handling and ambient humidity. the quoted value applies only up
to the time of shipping.
Efficient drying treatment is advised before the device is mounted, provided the
application requires this low current.
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TAA320A

7267452

3
HEEEEN I
[TTTTT] I’
v T Tamb=25 °C
DS [11-Vgg=20V y
W)
typ/
l'
2
max L
<l -
- 1
L] "
1 - ——— -
0
10 30 50 70 -Ipg (mA) 90
12 : l I l IJ I7T7AA9 7267451
(T P
~Ip=10mA [ 20
-VGs ~Vps=10V ] I
) < typ. values . ~Vps
N ) (T[]
11 15 Tamb=25 °CH
A\ typ. values [
\\
N
N 10
N
10
5
|
N
9 0
-50 0 50 100 150 7,5 10 12,5 15
T amb (°C) -Vgs (V)
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TCA420A

HI-FI FM./LF. AMPLIFIER

The TCA420A is a monolithic integrated f.m./i.f. amplifier for car and hi-fi equipment provided with the

foliowing functions:

® limiter amplifier

symmetrical quadrature detector
symmetrical a.f.c. output
field-strength indication output
stereo decoder switching voltage
adjustable side response suppression
muting

QUICK REFERENCE DATA

Supply voltage (pin 11) Vp typ. 15 V
Supply current (pin 11) Ip typ. 26 mA
Input limiting voltage (—3 dB); fo = 10,7 MHz Vilim typ. 20 uVv
A.F. output voltage (pin 5); Af = £15 kHz; r.m.s. value Vo(rms) typ. 1156 mV
Signal plus noise-to-noise ratio; Vi > 1 mV; Af= +15 kHz S+N/N typ. 72 dB
I.F. input voltage; Af = £15 kHz

S+ N/N=26dB Vi typ. 15 uV

S+ N/N =46 dB Vi typ. 45 pv
A.M. rejection; Vi = 10 mV; fr, = 1 kHz (f.m.); Af = +15 kHz o typ. 50 dB
Total distortion (single tuned circuit); Af = 15 kHz diot typ. 0,1 %
Centre shift of f.m. detector curve Af =1{fy1 = o2l typ. 7 kHz
Field-strength indication range AV; typ. 70 dB
Supply voltage range (pin 11) Vp 6to 18 V
Ambient temperature range Tamb —~30to +80 ©C

PACKAGE OUTLINE
16-lead DIL; plastic (SOT-38).
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Fig. 1a Part of circuit diagram; other part continued in Fig. 1b.
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Fig. 1b Part of circuit diagram; continued from Fig. 1a.
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TCA420A

RATINGS

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

Supply voltage (pin 11) Vp=Vi1.16 max. 18 V
Total power dissipation Piot max. 720 mW
Storage temperature Tstg —55 to +150 °C
Operating ambient temperature Tamb —30to +80 ©C

CHARACTERISTICS

Vp=8or15V; Tamp = 25 OC; f5 = 10,7 MHz; Af = £15 kHz; f,,, = 1 kHz; Rg = 30 ©; with de-emphasis
(Cg.6 = 10 nF); adjustment conforms to adjustment procedure unless otherwise specified; the
characteristics are valid for a TCA420A mounted on a printed-circuit board (see Figs 2, 3 and 4).

Supply voltage range (pin 11) Vp 6to18 V
Vp=8V Vp=15V
Supply current; R7.16 = 5 kS2; pin 11 Ip t<yp' 2 gg 22
I.F. amplifier/detector
Input voltages (d.c. value) V13.16: V14-16: V15-16  typ. 2,6 28 V
N _ o typ. 20 20 uVv
Input limiting voltage (—3 dB) Vilim < - 50 uV
I.F. output voltage (peak-to-peak value)
Vi =5mV; f=1MHz; without detector circuit; V1-16(p-p) | > 300 320 mV
Z1.16 = Z2-16 = 10 MQ in parallel with 8 pF V2-16(p-p)1 typ. 350 375 mV
v l> 4,7 83V
Output voltages (d.c. value) V5'16 [ty 50 9,56 V
616 < 53 11,0 V
Output voltage difference (d.c. value)
Vi=1mV; Af = £75 kHz V5.6 < 180 350 mV
A.F. output voltage; V; = 1 mV (pins 5 and 6)
Af = £15 kHz Vo > - 95 mv
typ. 60 1156 mV
Af = £40 kHz Vo typ. 160 307 mV
Af = 275 kHz Vo typ. 300 575 mV

Total distortion; Vi =1 mV; single tuned circuit; Q= 20
with de-emphasis; Cg.g = 10 nF

Af = £15 kHz diot < 0,1 0,1 %
Af = £40 kHz diot typ. 0,18 0,18 %
Af = £75 kHz diot typ. 0,45 0,45 %
without de-emphasis; Cg.g = 220 pF
Af =15 kHz diot < 0,1 0,1 %
Af = +40 kHz dtot typ. 0,22 0,22 %
- typ. 0,65 0,65 %
Af =275 kHz diot < 1 1%
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Hi-fi f.m./i.f. amplifier

TCA420A

Vp=8V |Vp=15V
I.F. input voltage; with filter: B = 250 Hz to 16 kHz
S+N/N = 26 dB; with de-emphasis; C5.g = 10 nF
Af=+15 kHz Vi typ. 15 15 uV
Af = +75 kHz Vi typ. 5 5 uVv
S+N/N = 26 dB; without de-emphasis; Cg.g = 220 pF
Af=£15 kHz V; typ. 20 20 pVv
Af = +75 kHz v, typ. 8 8 uv
S+N/N = 46 dB; with de-emphasis; C5.g = 10 nF
Af = £15 kHz Vi typ. 45 45 uv
Af = £75 kHz Vi typ. 20 20 pv
S+N/N = 46 dB; without de-emphasis; Cg.g = 220 pF
Af = £16 kHz Vi typ. 65 65 uVv
Af = £75 kHz Vi typ. 30 30 wVv
Signal plus noise-to-noise ratio; with filter:
B =250 Hz to 16 kHz; Vi =1 mV
with de-emphasis
Af=+15 kHz S+N/N typ. 74 76 dB
Af=£75 kHz S+N/N typ. 88 90 dB
without de-emphasis
Af = %15 kHz S+N/N typ. 68 70 dB
Af = £75 kHz S+N/N typ. 82 84 dB
Noise output voltage; weighted conform DIN45405
with de-emphasis
Vi=0 Vho typ. 7 12 mV
Vi=1mV Vho typ. 30 50 pV
A.M. rejection; with filter: B =700 Hz to 5 kHz
fm = 70 Hz; Af = £15 kHz (for f.m.);
fm=1kHz; m= 0,3 (for a.m.); simultaneously modulated
Vi=03mV o typ. 52 52 dB
Vi=1mV o typ. 40 40 dB
Vi=10mV o typ. 52 52 dB
Vi;=100 mV a typ. 43 43 dB
Zero crossing shift of f.m. detector curve (see note)
fn = 70 Hz; Af = 75 kHz (for f.m.);
_ e ! _ typ. 4 7 kHz
frn = 1 kHz; m = 85% (for a.m.) Af=lfo1 - fo2l £ 9 15 kHz
Detector input impedance Z3.4 4,4 k2//2,25 pF
3,3 k2

Output resistance

Note

Rs-11:Re.11 typ. 3.3

Zero crossing shift is defined as the difference between frequencies fy1 at Vi =1mV and fyo

at V;=30uV.

February 1980

319



TCA420A

CHARACTERISTICS (continued)
Side response suppression

Input voltage for 10 dB side response suppression at
S1="on" adjust R1,s0 Vig.1g= 1.3V at V;j=0;
S1="off"; R4=3,9 k2

Side response suppression level
Af =215 kHz; Vi(rms) = 1 mV
control voltage for AV, = —1dB
control voltage for AV, =—10 dB

Muting

Output signal muting at S2 = ‘on’;
reference signal at S2 = ‘off’;
Vi(rms) = 1 mV; Af = +75 kHz; R4 = 3,9 kQ

Field-strength indication

Output voltages (d.c. value)
Vi=0;1g.9=0; Rg.16 = 4.3 kQ

Field-strength indicator current

Rindicator = 2 k(;
adjust R2so lgg=0atV;=0and R3=0
measured at Vi(rmg) = 120 mV

Output resistance

Stereo decoder switching voltage
Reference voltage; without load: 17 =0
Output voltage; 110 = 110max
Available output current

Output voltage as a function of the
i.f. input voltage
R10-16 = 3.9 kQ; R1=5kQ

Input voltage for V0.1 =0,8 V
adjust R1s0 V0.1 = 1,3 V at Vj(yms) =0

Input voltage for V1g.16 =13 V
adjust R1so V10.16 = 0,8 V at Vj(yms) =3 mV

Input resistance (pin 7)

AV10-16

20 log Y—I—l
Vi2

Vp=8V Vp=15V
Vi(rms) typ. 35 30 wVv
Vi2.16 typ. 07 07V
Vig.te typ. 1,1 1,1V
AVq typ. —80 —80 dB
Vo.16  typ. 1.7 1,85 V
Vg.ie  typ. 1, 2,00 V
| > 130 140 pA
89  yp. 190 | 210 pA
Ro typ. 810 850 Q
Ro.16  typ. 37 3,7 kQ
V7.16  typ. 2,05 2,25 V
Vip-1e typ. 1,70 1,90 V
=110 max typ. 0,45 0,85 mA
typ. —0,9 | —1,2 V/20dB
. typ. 98 100 pV
Vitrms) < 150 200 uV
> - 0,5 mV
Viirms) typ. 1,3 1,3 mV
< - 1,75 mV
R7.16  typ. 4 4,7 kQ
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2 4
4 Y 2,2k 2,2k Y
Vs 1
j vy TCA420A
0,1uF
L Vi 15 o+ + R _ 5 ___ a.f. output
I I v 4-STAGE ) QUADRATURE " 2 voltage (V)
. . »| LIMITER-AMPLIFIER R DETECTOR o2
_____________ X L
0[] 47 GSJ_ 60 J_m LEVEL DETECTOR 58| 58 > 2
Q k& | nF Q nF
t 33 33| 47 47
13 k&2 k2 kS k2
on ' V3 Vp Vg .
}}0“52 g } £t 1 nim
1,6V 3,5V 42V
4 4 AMPLIFIER ! ! ! a.f.c. voltage
DRIVER FOR SIDE INTERNAL
. o FIELD-STRENGTH STEREO-DECODER RESPONSE POWER
Fig. 2 Test circuit; for INDICATOR SWITCHING SUPPRESSION
pc-board see Figs 3 and 4. . _ VOLTAGE SUPPLY
Iy
{1) Detector coil: Y 5600 1
see Fig. 18. 3.7k 5409 Vs
(2) De-emphasis: h
mono: Cg.g=10nF 7 12 +15v) [11 J;e
stereo: Cg.g = 220 pF R2 10l 1R R4 ) ) @ 7
. 1kQ Q 3.9k o +47
(3) Capacitor should be 12 . o
[e)
connected as short as J’-
3,3kQ ” 7284063.1
72 V

possible to pin 11 and
pc-board ground.

<140uA
Rindicator <2 k2

7

;1‘1F 2

stereo decoder
switching voltage

Vp

R1 = preset potentiometer for adjusting output voltage V0.1 for mono/stereo switching of stereo decoder. S1 = side response suppression
R2 = preset potentiometer for adjusting the zero level of the field-strength indicator current.

R3 = preset potentiometer for adjusting the maximum level of the field-strength indicator current.

R4 = preset potentiometer for adjusting the side response suppression.

switch.
S2 = output

signal muting switch.
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TCA420A J L

stereo decoder

<140uA
Rj <2kQ

O
Ca
g__i\ l_
1 10nF
HE e 39
1uF
AN
§ Ch ”100nF
Y R5 390
Vp O— 1
+ |*15V
on O Y C6”]100;1F
off
S1
¢r [
10nF
] R7 T
muting O {1+
4,7k R6
C2 602
input O——”
100nF  _[_

C3
68nF
4

(1) Cg = Cx.¢ (see Fig. 2).
For mono: C8 = 10 nF.
For stereo: C8 = 220 pF.

9 8
10 7
1 6
12 5
TCA420A
13 4
14 3
15 2

16

—_

R2 R10

1k 3,3kQ
R1
4

R8

10k

(1)
Cc8

000 33KQ
PF R

a.f.
output

3.3kQ

c9

ll

]

33pF
C10

-

R11
820
2

Lseo
c11
F
L[ °

33pF 0,42mH 7279947

Fig. 3 Circuit diagram showing components arrangement for printed-circuit board (Fig. 4).
The circuit is similar to the test circuit of Fig. 2.

322 February 1980\ (



€ce 0861 /\Jenlqadj k

muting input

7279949

. ste .
a.f. output indicator decged(;r switch Vp ground

Fig. 4 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 3.
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TCA420A

7284064
VO
e e
(dB)
+20 Af=
+75kHz
— vl +40kHz
o e +15kHz
4 SN
—20£
. - +H
~40
—60
AN
N
80
1 10 102 103 104 109 106
Vi (uV)
Fig. 5 Vp=15V; f, =~ 1 kHz; B = 250 Hz to 16 kHz; typical values.
60 7284065
(67
(dB) ~
g
/ - typ
40
/
/
20 7
/
4
0
1 10 102 103 104 0% 06
Vi (V)

Fig. 6 A.M. rejection; f.m.: Af = £15 kHz; f,, = 70 Hz.

a.m.: m = 30%:; fm = 1 kHz; simultaneously modulated.

324 February 1980\ (




Hi-fi f.m./if. cmpiifior TCA420A

7284066

- e Sl e S S S

Fig. 7 Total distortion as a function of frequency
deviation; single tuned circuit with O) = 20
fin 1 kHz; Cg.6 = 220 pF.

7284067

ST T T T B

| |
Jdor || L ~r—j/Af=175kHz -
L (%) : TV

-75 50 T 0 325 +50 175
(fo) Af (kHz)
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TCA420A

22 7284068
, P T 1
AT Ve -16
Y, =
(V) i
o AT Ve-16%1
]
"
2 -
e
AT
A
- gt
1,8 -
i ™~
-
h-\
[
fiVe-16
[
16 [ 1
’ 2 3 4 5 6
1 10 10 10 10 10 Vi (V) 10

Fig. 9 Field-strength indication output voltages as a function of i.f. input voltage; R2 adjusted so
Vg.g9 = 0at V; = 0; Rindicator + R2 = 2 k2; for Vg.16* definition see Fig. 11.
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Hi-fi f.m./i.f. amplifier TCA420A
100 7284069
scale // i
division vd
(%) i - A
75
/
/
V
50
25
7
,/
P
—'/
0 == 2 3 4 5 6
1 10 10 10 10 10 10
Vi (uV)

Fig. 9 Scale division of indicator as a function of i.f. input voltage; R2 adjusted so Vg.g = 0 at V;=0;
Rindicator = 2 k§2; R3 adjusted at indication 100%; indicator current = 140 uA; see Fig. 11.

5600
3,7k§2

TCA420A

Fig. 11 Circuit diagram showing field-strength
v 7284070 indicator adjustment components.
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TCA420A

9 7284071
Vi0-16
(v)
— TN R
Sag NI N N 7-16=

15 I~ N N 5

§ N AV [TH4,2 k2

\ 3,9 k2

N N N \ N | [IN3.5k

N N [\l 3k§

1 \ T\ off
AY
\ Cadl \ stereo: Tl
N \ \ on
N \ \
05 AV

A \

\ \\ N

AL NAMA
N \ \\ \N. \\
0 RS ‘\N N
1 2 3 4 5 6
10 10 10 10 10 Vi (uV) 10
Fig. 12 Stereo decoder switching voltage as a function of i.f. input voltage; R4 = 3,9 kQ2; ——— R1 ad-

justed so V10.16 = 0 at V; = O; see Fig. 13.

540Q
TCA420A 7
7 10
R1 '
10k2 R4
3,9k
Fig. 13 Circuit diagram showing stereo
7 7284072 decoder switching voltage adjustment.
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Hi-fi f.m./i.f. amplifier TCA420A

30 7284073 15 7284074 Af=
K +300kHz
Ip o~ | Vs-16 /
(mA) ~ (=Ve6-16) /| A+75kHz
(V) 7
// v (// f0
I //
/ — 75 kHz
20 A 10 AN &y
/7
/] A/
7 7 7
/ p4 4 4—300kHz
v/ 7
I/ //// ';/
// /:/.// /,
/ (, ‘V’ P d
10 5 S A
V' 4
///) R
7 47
// 7
00 0
10 Vp (V) 20 0 10 Vp (V) 20
Fig. 14 Supply current consumption. Fig. 15 Output voltage range.
150 7284075 15 7284076
\
o d
tot
(mv) ‘7/ (%)
100 / 1
//
/ Af=
T 75kHz 7]
50 / 0,5
*+40kHz
=
+15kHz_|
0 0 [
0 10 Vp (V) 20 0 10 Vp (V) 20
Fig. 16 A.F. output voltage; Af = £15 kHz; Fig. 17 Total distortion; fr, = 1 kHz;
frn=1kHz; Vi=1mV. V;=1mV; Cg.g =220 pF.
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33 pF

: ) .
3
560 820 I L1

L

I

|

TCA420A oF o , |
CUT T A

2 D U - -
Ly —J

e &

33pF

15pF _—

== ! ! ] I

l |
560

oF 1k | L2 |

| |

— | l

1
I
bF L_I; _
7 1284077

Fig. 18 Example of the TCA420A when using a detector with two tuned circuits; f5 = 10,7 MHz;
L1=12=0,4uH; Qq = 70.

Adjustment of the detector:

When havingani.f. input signal on top of the limiter capability, L2 should be detuned, L1 should be
adjusted to minimum distortion, and then L2 to minimum distortion.

— T
I L

O

1

) i 7284078
T
dtot
(%)
1,5
1
Af=
\\ +75kHz ‘/
0,5
N = +40kHz
™~ N > >
N N 7 e
P — ~ // _—//
-75 -50 -25 0 +25 +50 +75
(fy) Af (kHz)

Fig. 19 Total distortion as a function of detuning; circuit as Fig. 18; f, = 1 kHz; Cg.g = 220 pF.
Vo =500 mV for a frequency deviation Af = +75 kHz and d¢g <0,1%.
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Hi-fi f.m./i.f. amplifier L TCA420A

APPLICATION INFORMATION

5,6 pF S
H
L1s
if input  15pF 100 |100
voltage - —=pF ==pF TCA420A
(v;) L1 L2 L3 13
330
Q
14
T 1 f—r
2 v /72

68nF
; 7284079

Fig. 20 I.F. coupling circuit, using LC filter; L1 = L2 =7 + 7 turns h.f. litz wire (5 x 0,04); L3 = 3 turns
h.f. litz wire wound on L2 (5 x 0,04).

if input  <5pF
voltage o—]|- ’ 15
i L Ll [asoe
L1 == [ [ TCA420A
100 T
oF 2 3 10nFI 14
68nF
2

7 I/ 7284080

Fig. 21 L.F. coupling circuit, using ceramic filter; L1 = 14 turns h.f. litz wire (5 x 0,04), tab at 3 turns.
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TCA420A

APPLICATION INFORMATION (continued)

it ®
NN
10nF <1404A 4,7kQ
stere0 ¢+——————— R <2k
decoder .
——
\4
10nF ) 8| — N
1k 3,3k82
5“'{”’1"—"‘ E'g I*" N
1 uF 3 10 7br ]._.JL. S
§ ” 100nF 10k
A 39Q 3,3k v
Vp {1 1M S e — Y (a(f))
L ™t 7
§'— ”———- Cs..q j e
on O O 1 100 uF , T 56 T Laso. Vo
1 5 nF  (af.c.)
ff f.c.
° s TCA420A 1“{:}"1‘_’
% 47 k82
-.__..A_NIW.__. 13 4 -
10nF
508 114 3t - |
?
509 Vi 68nF 3 PF
T} I 15 2b A=+ ~ l - ;fi
v 100nF 4 560; g8?0
G 3 | T pF 11 Q
—- ’L 16 s | &
0,4 uH
4 33pF K 7279948

(1) For mono: Cg.g = 10 nF.
For stereo: Cg.g = 220 pF.

Fig. 22 Application example of using TCA420A.
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TDA1001B
TDA1001BT

INTERFERENCE AND NOISE SUPPRESSION CIRCUIT
FOR FM RECEIVERS

GENERAL DESCRIPTION

The TDA1001B is a monolithic integrated circuit tor suppressing interference and noise in FM mono

and stereo receivers.

Features

Active low-pass and high-pass filters
Interference pulse detector with adjustable and cuntrollable response sensitivity

Schmitt trigger for generating an interference suppression pulse

Active pilot tone generation (19 kHz)

®
°
® Noise detector designed for FM i.f. amplifiers with ratio detectors or quadrature detectors
°
°
°

Internal voltage stabilization

QUICK REFERENCE DATA

Supply voltage (pin 9) Vp typ. 12V
Supply current (pin 9) lp typ. 14 mA
A.F. input signal handling (pin 1)

(peak-to-peak value) Vit p) typ. 1V
Input resistance (pin 1) R; min. 35 k&2
Voltage gain (V1.16/Ve-16) Gy typ. 0,5 dB
Total harmonic distortion THD typ. 0,25 %
Bandwidth B typ. 70 kHz
Suppression pulse threshold voltage

(peak value); R13=0 Vi(tr)OM typ. 19 mV
Suppression pulse duration tg typ. 27 us
Supply voltage range (pin 9) Vp 751016 V
Operating ambient temperature range Tamb —30to +80 °C

PACKAGE OUTLINE

TDA1001B: 16-lead DIL; plastic (SOT-38).
TDA1001BT: 16-lead mini-pack; plastic (SO-16; SOT-109A).
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TDA1001B

TDA1001BT

Vp
R
HIGH - PASS 13 m
FILTER L
R12 R10
—r—
15 14 13 |12 11 10 9
Y h .
HIGH - PASS . AG.C. 'NTE:SES'?EENCE SUP:Sf::'ON
AMPLIFIER AMPLIFIER DETEGTOR GENERATOR
+ ]
TDA1001B SUPPLY
DE’\'lI'(I)EICS‘I!'EOR — —#— VOLTAGE |—
toVp STABILIZER
Y
INPUT STAGE INTERFERENCE 19 kHz
Vi-»} (EMITTER~ ;m;;f:: > SUPPRESSION f— PILOT - TONE
FOLLOWER) PULSE STAGE GENERATOR
2 3 4 5 6 7 8 Cl__1'6
’ »
4
| Low-pass 19 kHz
" FILTER A= FILTER
'
a.f. output 7287171

Fig. 1 Block diagram.
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Interference and noise suppression circuit for FM receivers TDA1001B

TDA1001BT

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 9) Vp max. 18 V
Input voltage (pin 1) Vi.1g  max. Vp V
Output current (pin 6) l6 max. 1 mA

: —lg max. 15 mA
Total power dissipation see derating curves Fig. 2
Storage temperature range Tstg —65 to +150 ©C
Operating ambient temperature range Tamb —-30to +80 °C

15 7287172

Piot
(W)

0,5

Fig. 2 Power derating curves.

- in plastic DIL (SOT-38) package (TDA1001B)

————— in plastic mini-pack (SO-16; SOT-109A) package (TDA1001BT); mounted on a ceramic
substrate of 50 x 15 x 0,7 mm.
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TDA1001B
TDA1001BT

CHARACTERISTICS
Vp =12 V; Tamp = 25 9C; measured in Fig. 4; unless otherwise specified

parameter symbol min. typ. max. unit
Input stage
Input impedance (pin 1) )

f=40kHz 1Zi1i — 45 - k&2
Input resistance (pin 1)

with pin 2 not connected Ri1 - 600 - kQ
Input bias current (pin 1)

Vi1=48V li1 — 6 15 MA
Output resistance (pin 2)

unloaded Ro2 low-ohmic
Internal emitter resistance R2.16 - 5,6 - k2
Low-pass amplifier
Input resistance (pin 3) Ri3 10 — — M
Input bias current (pin 3) liz - - 7 uA
Output resistance (pin 4) Ro4 — — 5 Q
Voltage gain (V4/V3) Gya/3 - 11 | -
Suppression pulse stage
Input offset current at pin 5

during the suppression time tg lios — 50 200 nA
Output stage
Output resistance (pin 6) Rog low-ohmic
Internal emitter resistance Re-16 6 - k&2
Current gain (15/l1g) Gis/6 — 85 - dB
Pilot tone generation (19 kHz)
Input impedance (pin 8) 1Z;gl — - 1 | Q
Output impedance (pin 7)

pin 8 open 1Zg71 150 - — k2
Output bias current (pin 7) lo7 0,7 1 1.3 mA
Current gain (17/1g) Gij7/8 - 3 -
High-pass amplifier
Input resistance (pin 15) Ri15 10 — — MQ
Input bias current (pin 15) li1s - - 7 HA
Output resistance (pin 14) Ro14 - - 5 Q
Voltage! gain (V14/15) Gy14/15 — 1.4 -
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Interference and noise suppression circuit for FM receivers TDA1001B

TDA1001BT

parameter symbol min. typ. max. unit

A.G.C. amplifier; interference and
noise detectors

Internal resistance (pins 13 and 14) R13-14 1,5 2,0 2,5 139/

Operational threshold voltage
(uncontrolled); peak value (pin 14)

of the interference pulse detector *V1idintm | — 15 - mV

of the noise detector *Vidanm - 6,5 - mV
Output voltage (peak value; pin 11) V11-16M 5,2 5,8 6,4 \%
Output control current (pin 12)

(peak value) 11o9m 150 200 250 HA
Output bias current (pin 12) 012 - 2,5 6 HA
Input threshold voltage for onset

of control (pin 12) Vi2.9 360 425 500 mV

(Vi(tr)o + 3 dB) or: - 066Vgg| — mV

Suppression pulse generation
(Schmitt trigger)

Switching threshold (pin 11)

1: gate disabled V1i1-16 - 3,2 - \%

2: gate enabled V1i1-16 - 2,0 - \
Switching hysteresis AV11-16 — 1,2 — \%
Input offset current (pin 11) lio11 - - 100 nA
Output current (pin 10)

gate disabled; peak value lo1oMm 0,6 1 1.4 mA
Reverse output current (pin 10) IR10 - - 2 RA
Sensitivity (pin 10) V10-16 25 - - Vv
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TDA1001B
TDA1001BT

APPLICATION INFORMATION
Vp=12V; Tgmp = 25 OC; f = 1 kHz; measured in Fig. 4; unless otherwise specified

parameter symbol min. typ. max. unit
Supply voltage range (pin 9) Vp 7,5 12 16 \%
Quiescent supply current (pin 9) Ip 10 14 18 mA
Signal path
D.C. input voltage (pin 1) Vi1 — 4,5 - \%
Input impedance (pin 1); f=40kHz 1Zi11 35 - — k2
D.C. output voltage (pin 6) Ve6-16 24 2,8 - \%
Output resistance (pin 6) Rog low-ohmic
Voltage gain (Vg/V1) Gy6/1 0 05 1 dB
—3 dB point of low-pass filter f(—3dB) - 70 - kHz
Sensitivity for THD < 0,5%

(peak-to-peak value) Vi(p-p) 1,2 1,8 — \%

Residual interference pulse after suppression
(see Fig. 3); pin 7 to ground;
Vi(tr)M = 100mV; (peak-to-peak value) V6-16(pp) | — - 3 mV

Interference suppression at R13 = 0;
notes 5 and 6; Vj(yms) = 30 mV; f = 19 kHz
(sinewave); Vi(tr)m = 60 mV; . = 400 Hz Qjnt 20 30 — dB

Interference processing
Input signal at pin 1; output signal at pin 10

Suppression pulse threshold voltagé; control
function OFF (pin 9 connected to pin 12);
r.m.s. value; note 1

measured with sinewave input signal
f=120kHz;, -V199>1V

atR13=0% Vi(tr)rms 8 1 14 mV
at R13=2,7 k2 Vi(tr)rms 18 28,5 40 mV
voltage difference for safe triggering/

non-triggering (r.m.s. value) AVi(rms) - 1 - mV

measured with interference pulses
f =400 Hz (see Fig. 3); peak value

atR13=0% Vi(tr)M — 19 — mV
at R13=2,7kQ Viftr)M - 45 - mV
Suppression pulse duration (note 2) tg 24 27 30 us
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Interference and noise suppression circuit for FM receivers TDA1001B

TDA1001BT
parameters symbol min. typ. max. unit
Noise threshold feedback control
(notes 1 and 3)

Noise input voltage (r.m.s. value)
f =120 kHz sinewave
for V2.9 =300 mV
at R13=08Q Vhi(rms) 23 3.3 43 mV
at R13=2,7kQ Vhi(rms) - 8,2 — mV
for V12.9 =425 mV (Vj(tr)o + 3 dB)
at R13=0Q Vhi(rms) - 73 — mV
at R13=2,7kQ Vhni(rms) - 16,5 - mV
for V2.9 = 560 mV (Vj(tr)o + 20 dB)
atR13=0Q Vhni(rms) 33 45 57 mV
at R13=2,7 kQ2 Vhi(rms) - 107 - mV
Amplification control voltage by interference
intensity (note 4)
Vi(rms) =50mV; f=19 kHz;
Vi(tr)M = 300 mV; r.m.s. value
at repetition frequency f, = 1 kHz Vo6(rms) 49 - 56 mV
at repetition frequency f,. = 16 kHz Vo6(rms) 45 - 65 mV
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TDA1001B
TDA1001BT -

Notes to application information

1.

The interference suppression and noise feedback control thresholds can be determined by R13 or a
capacitive voltage divider at the input of the high-pass filter and they are defined by the following
formulae:

Vi(tr) = (14 R13/Rg) x Vij(tr)o in which Rg =2 k&;

Vni = (1+R13/Rg) x Vphijo inwhich Rg=2kQ.

The suppression pulse duration is determined by C11 = 2,2 nF and R11 = 6,8 k{2.

The characteristic of the noise feedback control is determined by R12 (and R10).

The feedback control of the interference suppression threshold at higher repetition frequencies is
determined by R10 (and R12).

The 19 kHz generator can be adjusted with R7.1g (and R7.g). Adjustment is not required if compo-
nents with small tolerances are used e.g. AR < 1% and AC < 2%.

Measuring conditions:

The peak output noise voitage (Vo m, CCITT filter) shall be measured at the output with a de-
emphazing time T = 50 us (R = 5 k€2, C = 10 nF); the reference value of 0 dB is Vi3t with the

19 kHz generator short-circuited (pin 7 grounded).

E Vit m 7287173
{mYy)
1 D
SOQUARE -~ WAVE L570 m
INPUT VOLTAGE g‘;
0 ] l
T p—
ey
D e v ¢ v T ]
SUPPRESSION i0-9 e 1= 27 5 ]
PULSE (TRIGGER) (V) o
OUTPUT 15 [N

over -shoot of the
/ low- pass filter

Vg ' —
ouTPUT 6-16 1
VOLTAGE L L — I
-1 offset voltage = voltage
_2 and drift l
0 10 20 30 0
time (us)

Fig. 3 Measuring signal for interference suppression; at the input (pin 1) a square-wave is applied
with a duration of ty = 10 us and with rise and fall times t, = tf = 10 ns.
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interference and noise suppression circuit for FM receivers TDA1001B
HIGH - PASS FILTER
Y%
to Vp S
430k 47PF (10 to 16 V)
91k g2
330pF |330pF 330pF 330pF R11 686 2204k 2=
- I R13 6,8k T+
cn i
2[ ] 27 =
k| | ke | k2 22k 10 nF_r. 2,2nF 22]0nF
] S
] . 15k82 1,6kS2
|
- —_ T
16 15 14 13 12 11 10 9
o Vp TDA10018
120k
1 2 3 4 5 6 7 8
i + |
Bsl 4 7ur 39
1,5k 6,8 nf LriF 2,2kQ
82k 47kQ  47kQ 47kQ ] FI—‘
+
o= 39
7 680 680 1,2 = 2,1kQ
pF pF l nF pF l
4 7 7 7 7287170
R Vo
LOW - PASS FILTER 19 kHz FILTER

Fig. 4 Application circuit diagram.
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TDA1002A

RECORDING AND PLAYBACK AMPLIFIER

This integrated circuit incorporates all amplifier circuits necessary for the record/playback functions,
with the exception of the audio power output amplifier. It comprises:

— a preamplifier for microphone or playback,

— a recording amplifier with automatic level control,

— adynamic limiter with a short limiting time.

Compared to its predecessor TDA1002, this type features an improved automatic level control circuit;
the control range has been enlarged from 40 to 55 dB and the spread in control characteristic has been
reduced to less than 2 dB.

QUICK REFERENCE DATA

Supply voltage range Vp 4t012 V
Operating ambient temperature Tamb —25to + 125 OC
Total quiescent current (Vp =9 V) ltot typ. 15 mA
Preamplifier
Input impedance (pin 1) |Zi] typ. 16 kQ
Open loop gain G, typ. 70 dB
Clipping level (pin 4); Vp =9 V; r.m.s. value V4.5(rms) typ. 2V
Equivalent noise input voltage

Rg =500 £2; B =300 Hz to 15 kHz Vn(rms) < 0,75 uV
Recording amplifier
Input impedance (pin 8) |Zi] typ. 40 k2
Open loop gain Go typ. 80 dB
Clipping level (pin 9); Vp =9 V; r.m.s. value Vo.10(rms)  typ- 2V

Automatic Level Control (A.L.C.)
Input impedance (pin 6)

at low signal level at pin 8 |Zi| typ. 250 k2

at high signal level pin 8 |Zil typ. 25 Q
Control voltage

V4.5=10mV;f=1kHz; Vp=9V Vg.10 typ. 250 mV

Vg4.5= 1000 mV; f=1kHz;Vp=9V Vg.10 typ. 750 mV
Limiting time (Fig. 12) 1] typ. 10 ms
Level setting time (Fig. 12) tg typ. 4 s
Recovery time (Fig. 13) ty typ. 35 s

PACKAGE OUTLINE
16-lead DIL; plastic (SOT-38).
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Recording and playback amplifier TDA1002A

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage preamplifier V16-5 max. 12V
Supply voltage recording amplifier V1s-10 max. 12V
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg —65to+ 1256 OC
Operating ambient temperature Tamb —25to+ 1256 ©C
1000 72720311
Ptot
(mW)
500
N
N
M
0-25 0 50 100
Tamp (°C)

Fig. 2 Power dissipation derating curve.

D.C. CHARACTERISTICS
Tamb = 25 OC unless otherwise specified.

Supply voltage recording amplifier Vis-10 4t012 V
Supply voltage preamplifier V165 4t012 V
Quiescent current rec. amplifier; Vp =9 V 15 typ. 10 mA
Quiescent current preamplifier; Vp =9 V l16 typ. 5 mA
Output voltage recording amplifier Vg.10 typ. “2Vp V
Output voltage preamplifier V4.5 typ. %Vp—0,35 V
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TDA1002A

A.C. CHARACTERISTICS
Tamb = 25 9C; Vp = 9 V unless otherwise specified.

Preamplifier (note 1)

Open loop voltage gain Go
Closed loop voltage gain at f = 1 kHz Ge
Output voltage (clipping level); r.m.s. value V4.5(rms)
Equivalent noise input voltage; r.m.s. value (note 2) Vp
Input impedance (pin 1) |Zil
Total harmonic distortion
f=1kHz; V4.5 =150 mV d¢
f=1kHz; V4.5 = 500 mV dy

Amplitude response

Recording amplifier (Fig. 9)
with A.L.C.; unless otherwise specified.

Open loop gain Go
Closed loop voltage gain at f = 1 kHz (note 3) G¢
Output voltage (clipping level); r.m.s. value V9.10(rms)
Input impedance pin 8 |Z;|
Input impedance pin 6
low signal levels |Zi
high signal levels |Zi]

Total harmonic distortion
Amplitude response (note 3)

Automatic level control (see Fig. 8)

V4.5=10mV; f=1kHz Vo.10

V4.5=100mV; f=1kHz Vo.10

V4.5 = 1000 mV; f=1 kHz Vo.10

V4.5 =2000 mV; f=1 kHz Vo.10
Limiting time (see Fig. 12) 1
Level setting time (see Fig. 12) tg
Recovery time (see Fig. 13) tr
Notes

1. For recording see Fig. 3; for playback see Fig. 5.
2. Rg = 500 £2; bandwidth = 300 Hz to 15 kHz.
3. Pin 6 not connected to pin 8.

recording | playback
typ. 70 70 dB
typ. 38 45 dB
typ. 2 2V
< 0,75 0,75 uVv
typ. 16 16 kQ
typ. - 0,12 %
< 0,2 —
flat: 20 Hz to 20 kHz | see Fig. 7
typ. 80 dB
typ. 49 dB
typ. 2V
typ. 40 k2
typ. 250 k2
typ. 25 Q
see Fig. 11
see Fig. 10
typ. 250 mV
typ. 450 mV
typ. 750 mV
typ. 880 mV
typ. 10 ms
typ. 4 s
typ. 35 s
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Recording and playback amplifier TDA1002A

VP=9V
10 4F. J‘G 104F
o— ! 4 } 0
TDA1002A
500 2 +|10uF
RS Q _'-'J;_ .
v
Vv 39.L 5 3 3[] Va-s
1-5 nFT 22k e
I
| IE———
J 220 +
o

é O
’L 7274930
72

Fig. 3 Preamplifier used as microphone amplifier.

727493
075 T
dtot
(%)
/’
0,5 1/
4
7,/
typ LA
0,25 A
L1
0
0 0,5 1 1,5 2
Vg_g5 (V)

Fig. 4 Total harmonic distortion of preamplifier used for recording.
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TDA1002A

Vp=9V
10uF 1 16 10kF
4
gl Ty
50 TDA1002A T
ki 500 2 33 \%
\Y L <
1-5 I:]Q = 21| Va-s
¢ wlo oL
*T' nf 100 uF
L) T - O
10082 12k 560k§2
M S S i S 4
% ____."_____ 7274932
10nF

Fig. 5 Preamplifier used for playback.

7274933
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2 3 4 5
10 10 10 10 f (Hz) 10°

Fig. 6 Total harmonic distortion of preamplifier used for playback at V4.5 = 150 mV.
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TDA1002A

Recording and playback amplifier

7274334

20 — W, S .w’.“,..n“ P y—— e i
amplitude [~ 77 ““";\“ T - T T
(8) . | IS N A A IR
10 SR R N U VN .50 O N .
R — — . - - FUUY E—— - — H . S | 4,{
0 L us
10 e
SRS RS R RS S
. - — ..{_ o — - -
04

—-20
f (Hz)

10
Fig. 7 Amplitude response of preamplifier used for playback; typical values.
0 dB = input voltage of 0,3 mV at f = 333 Hz. Dotiled line according to DIN 45513

72749351

104 s
Vo_10 -
(mV) S S— L
103 -
B /
4/’ i
i typ // = ol M I T
—“/4
L1
L
102 -l
103 104

2
1 10 10 Vg (mV)

Fig. 8 Automatic level control; for circuitry see Fig. 9; f= 1 kHz.
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Fig. 9 Application of TDA1002A (recording position).
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Recording and playback amplifier

TDA1002A
7274937
10
amplitude N
(dB) \\
/
5 p4 \
4 \
\
typ \
0 S — \
~ \
\
\
_s \1
-10
10 102 103 109 ¢ (Ha) 10°
Fig. 10 Amplitude response of recording amplifier (A.L.C. not connected).
7274938
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/
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Fig. 11 Total harmonic distortion recording amplifier with A.L.C.; f =1 kHz.
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TDA1002A J L

TIMING DIAGRAMS

7274939
—— tl -
2d8
Vo-10
<-—ts—>
Vi-5 40 dB
t) = limiting time.
ts = level setting time.
0 time

Fig. 12 Output response at input level jumps.

7274940
2 dB
P
Vg_10 /
tl’
Vi-sg 40¢dB
1, = recovery time.
0 time

Fig. 13 Output response at input level jumps.
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TDA1005A
TDA1005AT

FREQUENCY MULTIPLEX PLL STEREO DECODER

The TDA1005A is a high quality PLL stereo decoder based on the frequency-division multiplex (f.d.m.)
principle, performing:

— excellent AC! (Adjacent Channel Interference) and SCA (Storecast) rejection

— very low BFC (Beat-Frequency Components) distortion in the higher frequency region

The circuit incorporates the following features:

— with simplified peripheral circuitry the circuit can perform as a time-division multiplex (t.d.m.)
decoder, for use in economic medium and low-class apparatus

— for car radios: operation at a supply voltage of 8 V

— extra pin for smooth mono/stereo take-over without ““clicks"’

— automatic mono/stereo switching (minimum switching level is 16 mV), controlled by both pilot
signal and field strength level

— low distortion in the loop resonance frequency region (=~ 300 Hz; THD = 0,2% typ.)

— external adjustment for obtaining optimum channel separation in the complete receiver

— internal amplification: t.d.m., 7 dB; f.d.m., 10 dB

— driver for stereo indicator lamp

— externally switchable: VCO-off or mono condition

— guaranteed VCO capture range (> 3,5% or 2,7 kHz)

QUICK REFERENCE DATA

Supply voltage range Vg.16 8to18 V
Supply voltage Vg.16 typ. 15 V
Ambient temperature Tamb  typ. 25 ©OC
Measured at Vi(p-p) = 1 V (MUX signal with 8% pilot) t.d.m. | f.d.m.
Channel separation at f = 1 kHz « typ. 50 556 dB
Carrier suppression

at f=19 kHz a9 typ. 36 36 dB

at f= 38 kHz azg typ. 45 40 dB

atf=76 kHz a76 typ. 80 75 dB
ACI rejection at f = 114 kHz ®114 typ. 52 70 dB
SCA rejection at f = 67 kHz L%y typ. 85 90 dB
VCO capture range > 35 35 %
Total harmonic distortion

fm =1 kHz THD typ. 0,2 01 %

fm =300 Hz to 10 kHz THD typ. 0,2 01 %
BFC suppression dggrc > 40 60 dB

PACKAGE OUTLINES

TDA1005A ; 16-lead DIL; plastic (SOT-38).
TDA1005AT; 16-lead flat pack; plastic (SO-16; SOT-109A).
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Fig. 1 Block diagram.
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Frequency multiplex PLL stereo decoder TDA1005A

TDA1005AT
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage Vg.16 max. 18 V
Indicator lamp voltage Vig.16 max. 22V
Mono/stereo switching voltage V1i4.16 max. 4V
Indicator lamp current 15 max. 100 mA
Indicator lamp turn-on current (peak value) l15Mm max. 200 mA
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg —55to + 150 °C
Operating ambient temperature (see also Fig. 2) Tamb —25to + 150 ©C

7272036.1
2000
Ptot
(mW)
1000 \\\
\\
0
—25 0 +50 +100 +150

Tamb (°C)

Fig. 2 Power derating curve.
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TDA1005AT

A.C. CHARACTERISTICS and APPLICATION INFORMATION
Tamb = 25 °C; Vg.16 = 15 V (unless otherwise specified); see also Fig. 7 and Fig. 10.

note | pin parameter t.d.m. f.d.m. unit
Channel separation
. > 40 45 dB
- see Figs 23 and 24 1,2 12,3| « typ. 50 55 dB
F.M.—I.F. roll-off correction
range 1,2 48 to 72 - kHz
Input MUX-voltage; L =1, R =1
for THD < 0,35% 1,2 |1 Vi(p-p) typ. 1 1 \%
Input impedance 11 IZi | i/p gg 2(5) tg
Voltage gain per channel 1,2 Gy typ. 7 10 dB
Channel balance 1,2 t AGy < 1 1 dB
Output voltage (r.m.s. value)
Lp= 1: R =g1 1,2 2 V2.16(rms) =~ 0,61 0,97 v
3 V3.16(rms) > 0,61 0,97 \%
5,6 5,6 k&

Output impedance 3 2,3 | |20 l typ. 4107 | 4107 KO

Total harmonic distortion;
see Figs 25 and 26

fm = 1 kHz (all conditions) 1 2,3 | THD typ. 0,2 0,1 %
fn=1kHz; L=1,R=1 2,3 | THD < 0,35 0,35 %
fry =300 Hz to 10 kHz 2,3 | THD typ. 0,2 0,1 %
Carrier suppression 2,3
f= 19 kHz; without notch filter | 1 19 typ. 36 36 dB
f=19 kHz; with notch filter 1,9 o19 typ. 60 60 dB
f =38 kHz; without notch filter | 1 azg > 40 38 dB
f =38 kHz; with notch filter 1,9 azg > 72 72 dB
f=57 kHz; without notch filter | 1 ag7 typ. 46 56 dB
f=57 kHz; with notch filter 1,9 ag7 typ. 59 61 dB
f= 76 kHz; without notch filter | 1 a76 typ. 80 75 dB
ACI rejection 2,3
at f=114 kHz 4 a114 typ. 52 70 dB
at f =190 kHz 4 a190 typ. 55 74 dB
SCA rejection at f = 67 kHz 5 2,3 | a7 typ. 85 90 dB
Rip\)/ple rejectioil;;0=0103 Hz; aR > 40 40 dB
8-16(rms) = XU M typ. 50 50 | dB
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Frequency multiplex PI.L stereo decoder TDA1005A

TDA1005AT
vh{)te pin_ parameter t.d.m. f.d.m. unit

VCO; adjustable with Ry. 15

nominal frequency 6 fveo typ. 76 76 kHz

capture range (deviation from

76 kHz centre frequency)

19 kHz pilot signal of 32 mVv 6 > 35 3,6 %

temperature coeffiniant

uncompensated 5 -TC typ. 450.10° | 450.10° K-

compensated 6 +TC typ. 200.10® | 200.10°° K

Stereo/maono switch

when equal to 19 kHz pilot-tone
threshold voltage; adjustable
with R3.g 7 " Vi 10 to 100 |10 to 100 mV

when equal to threshold
voltage at R13.9 = 620 k{2

for switching to stereo " Vi 7to 16 710 16 mV
for switching to mono 11 Vi < 5 b mV
hysteresis 2 11 AV; typ. 25 25 dB
Smoeoth take-over circuit
full mono 8 6 Ve.16 < 0,65 0,65 \
full sterec 8 6 Vg-16 = 1,3 1,3 \
Notes
1. Vi(p-p) =1V (MUX signal with 8% pilot level).

o

~N O

. AV; = 20 log

2. fip =1 kHz.
3.
4. Measured with a composite input signal: L = R; fr, = 1 kHz; 90% M-signal; 9% pilot signal; 1%

At supply voltages of 8 to 11V, resistors of 5,6 k{2 have to be connected from ground to pins 2 and 3.

spurious signal of 110 kHz (for aq14) or 186 kHz (for ct1gq).
Vo (at 4 kHz)

ACI suppression is defined as: 20 log —————.
ppress! 9V, fat 1 kHz)

. Measured with a composite input signal: L = R; f,,, = 1 kHz; 80% S-signal; 9% pilot signal; 10% SCA

Vo (at 9 kHz)

ier (67 kHz); d13 = 20 log ——-———-.
carrier ( z);d13 og V. @ TRAD

. See also Figs 7 and 10; compensated with RC network on pin 7.
- Adjustable with R13.g; see also Fig. 28; for field strength dependent input (pin 14) see next page.

V11.16 (mono/sterec)

V11.16 (stereo/mono)’
For additional circuitry on pin 6 see Figs 7 and 10; for graph see Fig. 29.

. For example of notch filter see Fig. 6.
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D.C. CHARACTERISTICS
Tamb = 25 °C; Vg.16 = 15 V (unless otherwise specified)

Supply voltage range Vg.16 8to18 V *
Total current (except indicator lamp) Ig typ. 21 mA
Power dissipation (operating)

at lamp current [{5 = 100 mA; Vg 16 =18 V Piot < 570 mwW
Saturation voltage of lamp driver

at I15 =100 mA V1i5-16 typ. 09 Vv
Maximum lamp driver voltage Vigig < 22V
Switching voltage

to mono Via-16 > 1,2 v**

to stereo Via1e < 0,65 V

hysteresis V1416 typ. 02V

APPLICATION NOTES
1. Switching-off the VCO

If the internal gain is used with A.M. reception, the VCO can be switched off by connecting pin 9
via a 100 k&2 resistor to ground (no h.f. signal on the leads), or connecting pin 7 to ground.

2. Mono button

The decoder can be switched to the mono position by connecting pin 12 to ground. The VCO then
remains operational so this possibility cannot be used with A.M. reception.

3. Economic periphery

a. For a fixed stereo switching level of < 16 mV a resistor of 620 k&2 can be connected between pin 13
and positive supply (+) instead of a potentiometer in series with a resistor.

b. The 10 k2 resistor connected in paraliel with the stereo indicator lamp can be omitted, however,
some TDA1T005A circuits will switch to mono during lamp failure.

c. The 10 uF capacitor in series with a 1 k€2 resistor at pin 9 can be decreased to a 1 uF capacitor,
bearing in mind that the distortion will increase, especially around loop resonance.

d. A MUX-input filter is not needed, if i.f. roll-off starts at a frequency of 62 kHz.

4. Printed-circuit boards

For both the f.d.m. and t.d.m. stereo decoder circuits a printed-circuit board layout is given as an
example (Figs 8 and 11). Also for an active filter, which is mainly used with a t.d.m. decoder, a
printed-circuit board layout is given in Fig. 4.

5. Notch filter

If attention has to be paid for suppression of the 57 kHz signal (T.W.S. = Traffic Warning System) '
and the 19 kHz signal, an input filter can be used as given in Fig. 6.

*

At supply voltages of 8 to 11 V, resistors of 5,6 k2 have to be connected from ground to pins
2 and 3.

** Maximum voltage for safe operation: V4.1 <4 V.
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Frequency multiplex PLL stereo decoder TDA1005A
TDA1005AT

APPLICATION INFORMATION

+15V
MUX R4 RE R6
input 3,3k 3,3k§2 3,3k§2
3
+ JpMux
10nF output
(to pin 11
R2| [470 ga| |33 C2==2nF cad TD/‘\)1005A)

k§2 [39] T
ground :

Fig. 3 Active filter circuit diagram.

% 72778931
2

7278925

1 -t

MUX  ground ground +15V  MUX
output input
Fig. 4 Printed-circuit board component Fig. 5 Printed-circuit board showing track side.

side, showing component layout.

+15V 23mH(3)

6,8nF

10k

15k2

omitted 7»'/ TDA1005A /3 7278940

(1) Transistor to achieve low impedance driving of notch filter.

(2) 33 nF will give common mode suppression of 19 kHz.

(3) Coil: TOKO 10 PA, 700 turns, $0,07 mm Cu; case type: P06-0114; drumcore: AN01-0021; base
5 pins type: 07-0084-02; core type CAN02-0029.

Fig. 6 Example of using a 19 kHz tuned notch filter; for other input structures see Figs 13 to 21.
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J k0861 Aleniga 09¢€

pilot level
+15V * .
Ji;fé‘ ; 470k /8 Zr Maio
u
*l 0,47 100_L R6 T 10k§2
. uF 1 nF :‘:C5 | external
R3 K2 "7 150 note 4 stereo indicator
note 3 ke 680
RIL | (W)
MUX -input 47k0 note1 4,7uF mono/stereo switch
voltage 4= v Vg4 16 <0,65V :stereo
Vip-p) =1V * c7 =33 , Vi4_16> 1.2V :mono
560 pF | TrF j@
; 9 10 1 12 13 14 15 16
TDA1005A
8 7 6 5 4 3 2 1
audio
Ge-diode l left output
V6416<O,65V:m0no Cc9 1nF
V6_16>1,3V:stereo ;;
smooth take-over audio
c10 _L right output Coil data:
R1 =
(metal 18:<Q . L1Lo=2,6 mH
film) L1 (1%) Q1.2 =35, Qmin =30
C1 4560
= = 1 .
(micropoco) pF R2 c3 N1.9 = 357% turns;
note 2 4,7kQ N3.4 = 297% turns:
7 R4 R10 scrambled wound with
77 7 TkQ 2,2k wire diameter 0,09 mm,
VCO frequency R11 E
' 34
RS 15kq | C8 | CN —— x 100% = 82%
1,5 k§2 33nF E 1 _2
10 nF

Notes

1. For other input structures see Figs 13 to 21; shown here is with RC-filter (Fig. 15).
2. The micropoco capacitor has a temperature coefficient of 125.10° + 60.10°® K.

7

channel separation

7276461.3

3. In simplified circuits a fixed resistor (e.g. 620 k€2) can be used for a guaranteed switching level of < 16 mV.
4. Either the LED circuit or an external stereo indicator can be used.

Fig. 7 Basic application circuit of a frequency-division multiplex (f.d.m.) stereo decoder.
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Frequency multiplex PLL stereo decoder TDA1005A
TDA100O5AT

1. Positive supply
(+15 V).

. Left output.

. Ground.

. Right output.

. Mono/stereo switch.

. MUX input.

. External stereo
indicator.

NOOA~WN

Fig. 8 Printed-circuit board component side of an f.d.m. decoder, showing component layout. For
circuit diagram see Fig. 7.

7278928.1

Fig. 9 Printed-circuit board showing track side.
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pilot level
+15V .
o4 470kQ o
+ 10 uF R6 A4
0,47 100 L 10k§2
c2 uF nF T external
1 C5 150 -
k2 R7| |ka stereo indicator
note 3
MUX-input 4,7k note 1 4,7 uF , mono/stereo switch
voltage _:"T‘* —I " f33 V14-16<0,65V :stereo
Vitnn) =1V Via_16>1,2V:mono
i(p-p) 560pF l CGTnF Zr 14-16
; 9 10 11 12 13 14 15 16
TDA1005A
8 7 6 5 4 3 2 1
Ge-diode J
Ve—16 <065V : mono audio
V6—16 > 1,3V :stereo »— left output
smooth take-over 22k N
¢7 > i thjdlot t
R4 > i outpu
- 1 ' 0 ce L Lco™
channe 10nF 10nF
R1 ’ 4,7 uF l J;
(metal 18 k2 separation ” .
film) LJ (1%)
C1 5600F + 7276460.3
(micropoco) P C35233uF R5|[1.8ka '
note 2 R2
4,7 kQ
4 7
2 4

Notes

VCO frequency

1. For other input structures see Figs 13 to 21; shown here is with RC-filter (Fig. 15).
2. The micropoco capacitor has a temperature coefficient of 125.10°° £ 60.10-° 0C-'.
3. In simplified circuits a fixed resistor (e.g. 620 k§2) can be used for a guaranteed switching level of < 16 mV.
4. Either the LED circuit or an external stereo indicator can be used.

Fig. 10 Basic application circuit of a time-division multiplex (t.d.m.) stereo decoder.
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Frequency multiplex PLL sterec decoder TDA1005A

TDA1005AT

7278929.1

—_

. Positive supply
(+15 V).

. Left output.

. Ground.

. Right output.

. MUX input.
. External stereo
indicator.

NOOA~,WN

Fig. 11 Printed-circuit board component side of a t.d.m. decoder, showing component layout. For
circuit diagram see Fig. 10.

7278928.1

Fig. 12 Printed-circuit board showing track side.

. Mono/stereo switch.
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TDA1005A
TDA1005AT

INPUT STRUCTURES (see also Figs 7 and 10)

4,7 uF
MUX 4,7kS2 + T
input

560
pF ;l; 1M 12
2
7278935 TDA1005A 7278936 TDAT005A
Fig. 13 Without filtering. Fig. 15 With RC-filter for achieving

i.f. roll-off (typ. 62 kHz).

7278931 7278934

7 6 7 6

Fig. 14 Printed-circuit board component

Fig. 16 Printed-circuit board component
side, showing component layout of Fig. 13.

side, showing component laycut of Fig. 15.

23mH

MLJX ) N int
input 6.8 les '
nF nF
33
nF T

to pin 12 10k to pin 11
TDA1005A TDA1005A

15k

4 7278937

7 6
Fig. 17 With 19 kHz notch filter. Fig. 18 Printed-circuit board component

side, showing component layout of Fig. 17.
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Frequency multiplex PLL stereo decoder TDA1005A
TDA1005AT

+15V

BC547
4,7 uF

to pin 11
F— toa1005A

7278932

to pin 12
TDA1005A

7 1278938

Fig. 19 With buffer stage (to achieve low
impedance driving of notch filter; see Fig. 6)
and 19 kHz notch filter.

7 6

Fig. 20 Printed-circuit board component
+15V side, showing component layout of Fig. 19.

BC547
4,7 uF

to pin 11
F— Tpba1005a

2
to pin 12
TDA1005A

7278933

7 1278939

Fig. 21 With RC-filter, buffer stage and
19 kHz notch filter.

Fig. 22 Printed-circuit board component
side, showing component layout of Fig. 21.
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TDA1005A

TDA1005AT
60 7276453.1
typical values
[64
(dB) —=——=—3%= = <<
Y
50 —_—
N
NN
\ s
40 N NN T~ without i.f. filter
BN [ 1]
\ with i.f. filter
YELi S————
VUl =~ without i.f. filter H
30 :
Y
N
| with i.f. filter
20 1 2
10 1 10 ¢ (kHz) 10
1
TDA1005A
MUX -
generator 16

; 7276452.2

time-division multiplex system; adjusted at 1 kHz (R4 in Fig. 10)

— — — frequency-division multiplex system; adjusted at 1 and 5 kHz (R4 and R10 in Fig. 7)

Conditions: Vg.16 =15 V; Vj(p.p) = 1 V.
Note: RC-filter for simulating the i.f. roll-off (typ. 62 kHz).

Fig. 23 Channel separation as a function of frequency.
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Frequency multiplex PLL stereo decoder TDA1005A

TDA1005AT
100 7276455.1
«
(dB)
50 ] \\
N LYP
P
Y \‘
N
0
0 0,5 1 Rg_10 (k€2) 1,5

Fig. 24 Channel separation at f = 1 kHz as a function of resistance between pins 5 and 10 for a t.d.m.
system. For test circuit see Fig. 23.

0,4 7276456.2
THD
(%)
03
0.2
|
01 T TYP 11
0 3
10 102 10 f (Hz) 104

Fig. 25 Distortion as a function of audio frequency; R =1; L =0; Vg.1g = 15 V;
Vo.16=V3.16=1V (rms.). — — — t.d.m. system; —— f.d.m. system.
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TDA1005A
TDA1005AT

7276459.1

FA 12kHz !Lll%%

I
26 kHz 111
a

(lower sideband

-20

(dB)

(pilot)

38 kHz

-40 (sub-carrier) 1

—-60

—-80

—100

—-20

dgrc (2)
(dB)
—40

—-60

—80

—100

0 10 20 30 f (kHz)

(1) Audible interferences (BFC-distortion) and desired 12 kHz signal.

VBFC

2) dgpe =20 log ———F &
(2) dgpc =20 log G i)

Fig. 26 Spectrum at the decoder outputs; A for t.d.m.; B for f.d.m. Vi(p_p) =1V;R=1,L=0;
m =90% for f = 12 kHz; m = 10% for f = 19 kHz.
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Frequency multiplex PLL sterec decoder TDA1005A

TDA1005AT
7276458.1
+10
afyco ERe——
(kHz) L
’/
+5 —
—
P
<
0
i
T—
—_5 ——
\\\
\\\
—
-10
o 50 100 Vi(p-p) (MV) 150

Fig. 27 Typical values of the capture range of the oscillator as a function of the pilot threshold voltage
at MUX-input.

Vg.16 = 15 V; Afyco = fyco—76 kHz where: fyyco = modulated, free-running oscillator frequency;
Afycp = maximum fyyco deviation which will be captured if pilot signal (pin 11) is switched-on.
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TDA1005A

TDA1005AT
103 7Z276457.1
Vi
(mV)
102 1y
T
N
\ typ
N
AN
10 -
N
~
1
1000
0 500 Rg.13 (k)

Fié. 28 Pilot input voltage switching level (stereo ‘on’) as a function of resistance between pins 8 and 13.
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Frequency multiplex PLL sterec decoder ) TDA1005A

TDA1005AT
60 7276454
a
(dB)
pd
40
typ
20 7
7

/

4
0

05 VeVl 1

Fig. 29 Channel separation as a function of Vg.1g at 1 kHz (smooth take-over).
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J L TDA1010A

6 W AUDIO POWER AMPLIFIER IN CAR APPLICATIONS
10 W AUDIO POWER AMPLIFIER IN MAINS-FED APPLICATIONS

The TDA1010A isa monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL)
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 §2 and

2 §2 load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive
proposition for record players and tape recorders with output powers up to 10 W.

Special features are:

® single in-line (SIL) construction for easy mounting
® separated preamplifier and power amplifier

® high output power

@ |ow-cost external components

® good ripple rejection

® thermal protection

QUICK REFERENCE DATA

Supply voltage range
Repetitive peak output current
Output power at pin 2; digt = 10%

Vp=144V; R . =2Q

Vp=144V; R =4Q

Vp=144V;R =8Q

Vp =144 V; R|_= 2 Q; with additional

bootstrap resistor of 220 £ between pins 3 and 4

Total harmonic distortion at P, = 1 W; R| =4 Q

Input impedance
preamplifier (pin 8)
power amplifier (pin 6)

Total quiescent current at Vp = 14,4 V
Sensitivity for P, =58W; R =4 Q
Operating ambient temperature
Storage temperature

6t024 V
max. 3 A
typ. 64 W
typ. 6,2 W
typ. 34 W
typ. 9w
typ. 02 %
typ. 30 k&2
typ. 20 k&
typ. 31 mA
typ. 10 mVv
—25to + 150 ©C
—-55 to + 150 °C

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-110B).
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R14 —0 3
50~ TRY
R28
[ TR0 ) —o4
D1 R3 | |RE TR20 TR23
R15 R16 Hms R21 Hﬂzs
TR4 TR27
TR1 TR22
TR
® TR18 D7 TR29
o] ) v
TR12 T D8

RIS -— []R30

TR13 TR26 2
oy
R17 R32
1H
TR8 D4
R33
TR11 TR14 TR24

R1 D3¥  RI9 R20 TR25 R31

90— 01
72751941

Fig. 1 Circuit diagram.

voloval

1




6 W audio power ampilifier in car applications TDA1010A
10 W audio power amplifier in mains-fed applications

RATINGS

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

Supply voltage Vp max. 24V
Peak output current lom max. 5 A
Repetitive peak output current IORM max. 3 A
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg 55 tc + 150 °C
Operating ambient temperature Tamb —25to + 150 °C

A.C. short-circuit duration of load
during sine-wave drive;
without heatsink at Vp = 14,4 V tsc max. 100 hours

7276419.3

tot

(w) \ \

2 \
\

0
-25 0 50 100 150
Tamb (°c)

Fig. 2 Power derating curve.

HEATSINK DESIGN

Assume Vp = 14,4 V; R =2 Q; Tamp = 60 °C maximum; thermal shut-down starts at Tj =150 OC.
The maximum sine-wave dissipation in a 2  load is about 5,2 W. The maximum dissipation for music
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the

total resistance from junction to ambient
150 — 60
Rthja = Rthjtab * Rthtabh * Rthh-a = —55— =23 K/W.

Since Rip j-tap = 10 K/W and Rip tab-h = 1 K/W,

Rihh-a=23—(10+1) = 12 K/W.
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TDA1010A

D.C. CHARACTERISTICS

Supply voltage range

Repetitive peak output current

Total quiescent current at Vp = 14,4 V

A.C. CHARACTERISTICS

Vp
IORM
ltot

6 to 24
< 3
typ. 31

Tamb =25 °C; Vp=14,4V; R|_=4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power (see Fig. 4) at dygt = 10%;
measured at pin 2; with bootstrap

Vp=14,4V; R =2 (note 1)
Vp=14,4V; R =4 Q (note 1 and 2)

Vp=14,4V;R_=8% (note 1)
Vp=14,4V; R =4 Q; without bootstrap

Vp=14,4V; R =2 Q; with additional bootstrap

resistor of 220 2 between pins 3 and 4

Voltage gain
preamplifier (note 3)

power amplifier

total amplifier

Total harmonic distortion at P, = 1W
Efficiency at Po =6 W
Frequency response (—3 dB)

Input impedance
preamplifier (note 4)

power amplifier (note 5)

Output impedance of preamplifier; pin 7 (note 5)
Output voltage preamplifier (r.m.s. value)
diot < 1% (pin 7) (note 3)
Noise output voltage (r.m.s. value; note 6)
Rg=08
Rg =8,2 kQ
Ripple rejection at f = 1 kHz to 10 kHz (note 7)
atf=100 Hz; C2=1uF
Sensitivity for P, =5,8 W

Bootstrap current at onset of clipping; pin 4 (r.m.s. value)

Gy tot

dtot

1Zi |
| Zi |

| Zo

Vo(rms)

Vh(rms)

Vi(rms)

RR
RR

14(rms)

typ. 6,4
[> 5,9
ltyp. 6,2

typ. 3.4

typ. 5,7

typ. 9

typ. 24

21 to 27
typ. 30
27 to 33
typ. 54
51 to 57

typ. 0,2

typ. 75

80 Hzto 15

typ. 30

20 to 40
typ. 20
14 to 26
typ. 20
14 to 26

> 0,7

typ. 0,3

typ. 0,7

< 1,4

> 42

> 37

typ. 10

typ. 30

\%
A
mA

=E === =

kHz

39
k&2

k&
kQ

k2
k&

mV

mV
mV

dB
dB

mV
mA

376
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6 W audio power amplifier in car applications TDA1010A
10 W audio power amplifier in mains-fed applications

Notes

1. Measured with an ideal coupling capacitor to the speaker load.
.UptoPa <3 W: digr < 1%.

. Measured with a load impedance of 20 k2.

. Independent of load impedance of preamplifier.

o » ON

. Output impedance of preamplifier (| Zo' ) is correlated (within 10%) with the input impedance
(|2i] ) of the power amplifier.

[22]

. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

7. Ripple rejection measured with a source impedance between 0 and 2 k€ (maximum ripple amplitude:
2 V).

8. The tab must be electrically floating or connected to the substrate (pin 9).

p “ ool
ripple
100Ci f 100C2 f voltage
nF T R1 330kQ2 n eter
= T o,
| S
100 uF
TDA1010A 4 ﬂ|c7
T Ul
AR \l\ 2
o—{[———{ PrREAMP. POWER +| 1000 uF
AMP. c8
1 uF Vp
C6 L.
100nF
Vi 9 7 |6 1 RL
- A2 40
c3 4,7 Q
Lca
100 nF T1 nE
O < 3 $ —0 —
% 7276418.2

Fig. 3 Test circuit.

] ( November 1982 377



TDA1010A )
15 7277909.A
PO
(W)
RL=2Q(” R =48
=+
10 3
Jf
L ”
r AN
y1lx =R, =
7 ! C £ Ry 280
od 1| =
vl T ZAR =84
/ 27 Z
) 4 | 5 d
5 ¥ /1A, ! 4
"V // | 7
N/ AP % i
17/ o”d 1"
A P |
DA > [
4’4/ Pra
o - B= |
— = 1
0 |
0 5 10 ‘:15 Vplv) 20
14,4

Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance
as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available
at pin 2 of the TDA1010. R =2 Q (1) has been measured with an additional 220  bootstrap resistor
between pins 3 and 4. Measurements were made at f = 1 kHz, d¢ot = 10%, Tamp = 25 ©C.

Fig. 5 See next page.

Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load
impedance as a parameter; typical values. Solid lines indicate the power across the load, dashed lines
that available at pin 2 of the TDA1010. R. =2 Q (1) has been measured with an additional 220
bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 kHz, Vp= 14,4 V.
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6 W audio power amplifier in car applications TDA101OA
10 W audio power amplifier in mains-fed applications
10 ' : 7277910
1 i } H
dtot F ,' I["
(%) l 1 I
‘ : [
| ,l
f i
————— ! i
l ],', }
R =8 -
5 i | Inl [l
T
! Il ]
! Iy
] 2szg lll (1)
Faa YTy 28]
N f l
I Wil
2,5 M-
/il
Vayg
AV i
A4
(0 = I
-1
10 1 Py (W) 10
Fig. 5 For caption see preceding page.
7277912
Po
(dB)
0 o -y
L N
202 /// )
401
8 2+
25 - If \\
-5
10 102 103 104 f (Hz) 108

Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance; typical

values. P relativeto0dB =1W; Vp =144 V.
\ (November 1982
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TDA1010A

6 7277914
L1
I
RLZZQ °
Ptot — ] 100
(W) = 1 -
4 i 80
// » 8¢ —= 40
s Pd ’--’ 29’
fad b -t T -
= - el 60
& el -
L - ~- .
P ’—"— ™~
2 —~ T ST4q 40
/) e
- ™80 0
0 0
0 2 4 6 Po (W) 8

Fig. 7 Total power dissipation {solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as
a function of the output power with the load impedance as a parameter (for R =2 Q an external
bootstrap resistor of 220 2 has been used); typical values. Vp = 14,4 V; =1 kHz.
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6 W audio power amplifier in car applications TDA1010A
10 W audio power amplifier in mains-fed applications

7277915
30
Rthh-a
(°c/w)
20
\\
Ny
o
I~
My
10 T <N S Ptot=
- LI 2W T 11
e
5W +—
0
0 25 50 75 100

heatsink area (cm?)

Fig. 8 Thermal resistance from heatsink to ambient of a 1,6 mm thick bright aluminium heatsink as a
function of the single-sided area of the heatsink with the total power dissipation as a parameter.
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APPLICATION INFORMATION

' 1

4
fcg

Cc2 Cb
100 nF == R1 330k 100 nF 680 uF
+
330k T o,
O- 5 3 c7
100 uF
TDA1010A : 4 1k
7 \\\\l\\\ + cJJ
1uF
R5 8 2 c8
POWER +
1«——|[|'+— PREAMP. AI\V 1000 uF
volume c6 | T \Y
Vi 100nF T
9 7 6 1 R
- g5 ]
c3 - 4,7 2
. C4 .
’ 100nF T1nF
O

[

o

Fig. 9 Complete mono audio amplifier of a car radio.
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6 W audio power amplifier in car applications TDA1010A
10 W audio power amplifier in mains-fed applications

TDA1010A

7277931

Fig. 10 Track side of printed-circuit board used for the
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm.

output

72779321

Fig. 11 Component side of printed-circuit board
showing component layout used for the circuit of Fig. 9.
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V. V. ‘zz
c2 C5 f -
220nF T R1 150k 220nFT o
toa < { } . O +
o) 5 3 c7
TDA1010 4 10D0#F
10A
| + H
POWER 2 c8
PREAMP. A'\V + 1000 uF
\Y
Iefitn%huinnel ce L P
100nF
9 7 6 1 R
100 R2
(39 c3 4,7Q
100 nF C4
T 1nF
o —O0 —
V.
C105 f
220nF
a p— T —O0 +
o- 5 3 C107
4 100 uF
TDA1010A L
\l\ i
2
POWER Cc108
PREAMP. P +| 7000 uF
right channel Vp
input C106 L
100nF
9 7 |6 1 R
R102
C103 47Q
100nF C104
T1 nF
O- —

7

Fig. 12 Complete stereo car radio amplifier.
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G8¢ C861 J13quianoN ‘ l

Fig. 13 Track side of printed-circuit board
used for the circuit of Fig. 12; p.c. board
dimensions 83 mm x 65 mm.

right channel left channel
output output

72779341

right
channel
input 7T~

left ——#%
channel
input

WA

Fig. 14 Component side of printed-circuit board
showing component layout used for the circuit of Fig. 12.
Balance control is not on the p.c. board.
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TDA1010A

100 7277922

channel
separation
(dB)

75

mamn typ

50

25

10 102 103 104 f (Hz) 10°

Fig. 15 Channel separation of the circuit of Fig. 12 as a function of the frequency.

D1 BY226
@ unloaded: + 21V
[o, ' » A loaded: + 17 V
IRYA
R13
—> B
A )D2 2,2k2
BY226
~ (220V) +
=) — C18
—~C17 _
T2200uF | 68KF
O
7277937
w7

Fig. 16 Power supply of circuit of Fig. 17.
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Fig. 177 Complete mains-fed ceramic stereo pick-up amplifier; for power supply see Fig. 16.
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TDA1010A

TDA1010A

Fig. 18 Track side of printed-circuit board used for the circuit
of Fig. 17 (Fig. 16 partly); p.c. board dimensions 169 mm x 118 mm.

7277935
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6 W audio power ampiifier in cur applicat
d

10 W audio power amplifier in miuins{

iGHS
applications

J L TDA1010A

left channe!  risht channel left channel right channel
output

Ut input output
|

7277936

st side of printed-circuit board showing

o) for the clicuit of Fia. 17 (Fig. 16 partly).
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TDA1010A
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25
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Fig. 20 Channel separation of the circuit of Fig. 17 as a function of frequency.
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TDA10M

2 TO 6 W AUDIO POWER AMPLIFIER

The TDA1011 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic
package. The device is especially designed for portabie radio and recorder applications and delivers up
to 4 Win a 4 Q load impedance. The device can deliver up to 6 W into 4  at 16 V loaded supply in
mains-fed applications. The maximum permissible supply voltage of 24 V makes this circuit very suitable
for d.c.and a.c. apparatus, while the very low applicable supply voltage of 3,6 V permits6 V applications.

Special features are:

® single in-line (SIL) construction for easy mounting

® separated preamplifier and power amplifier
® high output power

® thermal protection

® high input impedance

® |[ow current drain

® limited noise behaviour at radio frequencies

QUICK REFERENCE DATA

Supply voltage range
Peak output current

Output power at dygt = 10%
Vp=16V;R_.=4Q
Vp=12V;R_=4Q
Vp= 9V;R_.=4Q
Vp= 6V;RL=4Q
Total harmonic distortion at Po=1W;R_ =4Q
Input impedance
preamplifier (pin 8)
power amplifier (pin 6)

Total quiescent current
Operating ambient temperature
Storage temperature

Vp 3,6 to 20
lom max. 3
Py typ. 6,56
Po typ. 4,2
Po typ. 2,3
Po typ. 1,0
dtOt typ. 0,2
| Z;| > 100
| Zi] typ. 20
ItOt typ. 14
Tamb —25to + 150
Tstg —b55 to + 150

> <

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-110B).

November 1982 391



6¢€

) kewl Asenuer

R33
TR8
TR10 ljRM R19
D1 81 |rs R13 R16 Yo4
‘k{
TR TR1Z}
R11
TR2 TR4 TR14
TR5 TR7
R4 TR9 R20
— 1
TR3
R7
— 1
R8 [JRQ TR15
TR17} ITris
yel LN
R18
D2y TR6
03y
R1 R2 R6 R10 R12 |RI5 R17
90—+ (L 7274907
o]
8 7

Fig. 1 Circuit diagram.
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2 to 6 W audio power amplifier TDA1011

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Supply voltage Vp max. 24 V
Peak output current lom max. 3 A
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg —55 to + 150 °C
Operating ambient temperature Tamb —251to + 160 °C
A.C. short-circuit duration of load
during sine-wave drive; Vp =12 V tse max. 100 hours
7,5 7278628.2
Ptot
(W)
5 T
infinite
heatsink
Iy
25 NG without
’ ‘\\heatsmk
N
™~
0 N
-25 0 +50 +100 +150 T, (9C)

Fig. 2 Power derating curve.

HEATSINK DESIGN

Assume Vp =12 V; R =4 Q; Tymp = 60 °C maximum; P, =3,8 W.

The maximum sine-wave dissipation is 1,8 W.

The derating of 10 K/W of the package requires the following external heatsink (for sine-wave drive):
150 — 60

Rthj-a = Rthjtab * Rthtab-h * Rthha = —— 5~ = BOKMW.

Since Reh j-tab = 10 K/W and R tab-h = 1 K/W, Ry g = 50— (10+1) = 39 K/W.
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TDA101M

D.C. CHARACTERISTICS
Supply voltage range
Repetitive peak output current

Total quiescent current at Vp =12 V

A.C. CHARACTERISTICS

Tamb =25 °C; Vp=12V; R =4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power at d¢g¢ = 10% (note 1)
with bootstrap:
Vp=16V;R_=4Q

Vp=12V;R . =4Q

Vp= 9V;R_.=4Q
Vp= 6V;R_=4Q
without bootstrap:
Vp=12V; R =4Q
Voltage gain:
preamplifier (note 2)

power amplifier
total amplifier

Total harmonic distortion at Po=15W

Frequency response; —3 dB (note 3)

Input impedance:
preamplifier (note 4)

power amplifier

Output impedance preamplifier

Output voltage preamplifier (r.m.s. value)
dtOt < 1% (note 2)

Noise output voltage (r.m.s. value; note 5)
Rg=08Q

Rg = 10 kQ

Noise output voltage at f = 500 kHz (r.m.s. value)

B=5kHz; Rg =0

Ripple rejection (note 6)
f=1to 10 kHz
f=100 Hz; C2=1 uF

Bootstrap current at onset of clipping; pin 4 (r.m.s. value)

Vp
IoRM

ltot

Gy tot

dtot

[ Zi1|
| Zi2 |
[ Zo1|

Vo(rms)

Vh(rms)

Vn(rms)

Vn(rms)

RR
RR

14(rms)

36t020 V
< 2 A
typ. 14 mA
< 22 mA

typ. 656 W
> 36 W
typ. 42 W
typ. 23 W
typ. 10 W
typ. 30w
typ. 23 dB
21to25 dB
typ. 29 dB
27 t0 31 dB
typ. 52 dB
50 to 54 dB
typ. 03 %
< 1%
60 Hzto 15 kHz
> 100 k2
typ. 200 k2
typ. 20 k2
typ. 1 k2
> 0,7 V
typ. 0,2 mV
typ. 0,6 mV
< 1,4 mV
typ. 8 uv
typ. 42 dB
> 35 dB
typ. 35 mA
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2 to 6 W audio power amplifier

TDA10M

Notes
1. Measured with an ideal coupling capacitor to the speaker load.
2. Measured with a load resistor of 20 kS2.

3. Measured at Py = 1 W; the frequency response is mainly determined by C1 and C3 for the low
frequencies and by C4 for the high frequencies.

4. Independent of load impedance of preamplifier.
5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

6. Ripple rejection measured with a source impedance between 0 and 2 k€ (maximum ripple
amplitude : 2 V).

7. The tab must be electrically floating or connected to the substrate (pin 9).

/ / -
c2 f c6 f ripple voltage

meter
100nF T R1 300kQ 100nFT iy
| | V O +
L Y
5 3 Lcs
T220nF
TDA1011 4 |+ |
c7
¢ s POWER g 100#F
o—||—+— PREAMP. t +| co
100nF 1000
C8 . uF
100nF T Ve
v, 9 1_71 6 1 RL
c3 R2 4Q
100nel 4,79[]
==C4
Té,BnF '
Py o__

O- 7L 72749052
/4

Fig. 3 Test circuit.
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TDA1011 J L

APPLICATION INFORMATION

4 4
czf o C G
TuF 52 R1330kS2 +] 10uF
* 1} 3 O+
5 3 .]_CG
150nF
TDA1011 4 T .

. i
c1 l\ \L\ ’;87F LL
1004 +| C10
o 12— PreAWP. POWER 2

AV 680

1uF uF

; IA ce L v
100nF

RL
V.
i =c3 9(34 7 6 1 R3 40
100 pF 100_1:—;2 470
nF 1,80F
56kQ Z=C5

& & -
7L‘ 7274906.2
72

Fig. 4 Circuit diagram of a 4 W amplifier.

40 : 7278629.1
- !
| i
s i
IIOI
(mA)
20 pm=
—
P
s
/,
1A
P
0
0 10 20 Vp (V) 30

Fig. 5 Total quiescent current as a function of supply voltage.
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2 to 6 W audio power amplifier

TDA1011

TDA1011 +

7279431

Fig. 6 Track side of printed-circuit board used for the circuit of Fig. 4;

p.c. board dimensions 62 mm x 48 mm.

72794321

output

Fig. 7 Component side of printed-circuit board showing component layout used for the circuit of Fig. 4.
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TDA1011
10 12188311 \,/p=6V l}\/\ 12{\( 1|£A1V 1/E/3V
diot I I r 1 |
(%) , .l l '
| 'l "
|
" T l
] l ]
| | [
e
|
i I I AN LN
l | | 1 T
| ! L]
Il h | | ”I
/ l
* 7 1]
| /111 JAT 4
! S T4/
’/ A’/' </<O</ '/
—1 EA
° 10~1 1 P, (W) 10

102
Fig. 8 Total harmonic distortion as a function of output power across R ; —— with bootstrap;
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when

7278630.1

measured at pin 2 (due to series resistance of C10).

[TTT1

EEEREY 4

RL=4 {8

5 /
/

Po
(W) / /

pd /

4 /
4 /
//
25 v
A/ .
pd d
A »
/, o
-
- 4/'
-
0 1
5 10 15 ypqv) 20

0]
Fig. 9 Output power across R as a function of supply voltage with bootstrap; digt = 10%; typical
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10).
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2 to 6 W audio power amplifier

TDA101

10 7278637.1
PO
(dB)
typ
0 S
e N
AN
AN
y, N
A AN
\
~10 \
-20
10 102 103 104 f (Hz) 105

Fig. 10 Voltage gain as a function of frequency; P relative to0dB =1W; Vp=12V; R =4 Q.

10

tot
(%)

7,5

2,5

0

7278636.1

p 4

typ

10

102

103

104 f (Hz) 10°

Fig. 11 Total harmonic distortion as a function of frequency; Po =1W; Vp=12V; R|_=4 Q.
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TDA1011

60 7278635.1
RR
(dB) =
et _
[ f=1kHz ——
40 L —
/’
——100 Hz ]
20
0
1 10 R2 (kQ) 102
Fig. 12 Ripple rejection as a function of R2 (see Fig. 4); Rg = 0; typical values.
600 — 72786331
Rg =82k
Vi
(uV)
\\
400 ™
N\
N\
.
\\
N
Re=0
S
200 ~J
T— \\
0
1 10 R2 (k) 102

Fig. 13 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor
Cb is adapted for obtaining a constant bandwidth.
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2 to 6 W audio power amplifier TDA1011

102 7278632.1
a
AN
— N
b
Vn(rms) ™
(uV) \\
AN
s
\\
1
102 101 1 f (MHz) 10

Fig. 14 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power
amplifier; B = 56 kHz; Rg = 0; typical values.

7278634.1
60

(dB) -

typ

40 -

20

1 10 R2 (k) 102
Fig. 16 Voltage gain as a function of R2 (see Fig. 4).
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J L TDA1012

RECORDING / PLAY-BACK AND 2 W AUDIO POWER AMPLIFIER

The TDA1012 is a monolithic integrated audio power amplifier, preamplifier and A.L.C. circuit
designed for applications in radio-recorders and recorders. The wide supply voltage range makes
this circuit very suitable for d.c. and a.c. apparatus. The circuit is thermal protected and contains
the following functions:

® Power amplifier

® Preamplifier )

® Automatic Level Control (A.L.C.) circuit
® Voltage stabilizer

QUICK REFERENCE DATA
Supply voltage range Vp 36to18 V

Total quiescent current at Vp =9 V ltot typ. 14 mA

Power amplifier
Output power at digt = 10 %

Vp=9V;R =4Q Po typ. 2 W
Closed loop voltage gain G¢ typ. 36 dB
Preamplifier
Open loop voltage gain Go > 66 dB
Minimum closed loop voltage gain Ge min 31 dB
Output voltage at digt = 1 % Vo > 2V
Automatic Level Control (A.L.C.)

Gain variation for AV; =40 dB AGy  typ. 2 dB
Stabilized supply voltage
Output voltage V11-15 typ. 42 V

PACKAGE OUTLINE
16-lead DIL; plastic with internal heat spreader (SOT-38WE-2).
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Vp
/ T
- 100
T 22 160 10 3; = F 100kQ
kS Q k2 |
—=560pF * 1o
) 16 |
4 FMF
> 1 10 9
ELEchTTREORN'C — STABILIZER
ol " A.L.C.
pF T
PREAMP. ] *
TDA1012 ——|
5 6 ! 8 [
2kQ
ﬂ; 47 J__l+
2 uF 422 |22 10
10F°_L a70 L v R T T " @ e
n uF P 390;2 100k T s k< o
: T nF
2'7 RL=4Q # 72
Q 7 -
o 10 kO 430k
> preamplifier ”
7284246.1 7

Fig. 1 Block diagram/test circuit.
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Recording/play-back and 2 W audio power amplifier TDA1012

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134;
Supply voltage (pin 4) Vp=Va.1q max. 183V
Non-repetitive peak output current (pin 2) loswm max. 2 A
Storage temperature Tstg —55 to +150 OC
Crystal temperature Te max. 150 °C
Total power dissipation see derating curve Fig. 2
A.C. short-circuit duration of load
during sine-wave drive; Vp = 12 V tsc max. 100 hours
72842471
3
Piot
(W)
2
N I
1 N
AN
N
bt
0 N
-50 0 50N 00 150
Qe
T (70

Fig. 2 Power derating curve,

THERMAL RESISTANCE
From junction to ambient Rthj-a = 55 K/W
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TDA1012

CHARACTERISTICS

Vp=9V;RL=4Q;f=1kHz; Tgmp = 25 OC; measured in test circuit of Fig. 1;

unless otherwise specified.

Power amplifier

Output power at digt = 10 %

Closed loop voltage gain

Total harmonic distortion at P = 1W
Input impedance

Ripple rejection at f = 100 Hz

Noise output voltage (r.m.s. value)
Rg=0Q; B =60 Hzto 15 kHz

Preamplifier
Open loop voltage gain
Closed loop voltage gain

Minimum closed loop voltage gain
(when changing R¢)

Output voltage at digt = 1 %
Qutput voltage with A.L.C.

Vi=4,8mV

Total harmonic distortion with A.L.C.
Vi=4,8mV
V; =480 mV

Signal-t}“)—noise ratio

related to V; = 1,2 mV; Rg= 0 £2; B = 60 Hz to 15 kHz
Input impedance
Ripple rejection at f= 100 Hz
Output impedance
Automatic Level Control (A.L.C.)
Gain variation for AV; = 40 dB
Limiting time at AV; = 40 dB
Level setting time at AV; = 40 dB
Recovery time at AV;=40dB
Voltage stabilizer
Output voltage
Load current
Ripple rejection at f = 100 Hz

S/N

AGy

V11-15
11
RR

typ.
typ.

\%

typ.

typ.

typ.

VAWAN

typ.

A

N ANZ

typ.

typ.

2
36

40

150

66
48

31

11

60
100
52
50

50
50
100

4,2
1
40

w
dB
%
MQ
dB

uVv

dB
dB

dB

%
%

dB
k&
dB

dB
ms

ms

mA
dB
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J L TDA1013A

4 W AUDIO POWER AMPLIFIER WITH D.C. VOLUME CONTROL

The TDA1013A is a monolithic integrated audio amplifier circuit with d.c. volume control in a 9-lead
single in-line (SIL) plastic package. The wide supply voltage range makes this circuit very suitable for
applications in mains-fed apparatus such as television receivers and record players.

The d.c. volume control stage has a logarithmic control characteristic with a range of more than 80 dB;
control can be obtained by means of a variable d.c. voltage between 3,5and 8 V.

The audio amplifier has a well defined open loop gain and a fixed integrated closed loop gain. This
offers an optimum in number of external components, performance and stability.

The SIL package (SOT-110B) offers a simple and low-cost heatsink connection.

QUICK REFERENCE DATA

Supply voltage range Vp 15t035 V
Repetitive peak output current IORM max. 1,5 A

Total sensitivity (d.c. control at max. gain)
forPo =26 W Vi typ. 556 mV

Audio amplifier
Output power at digt = 10%

Vp=18V;R_=88Q Po typ. 45 W
Total harmonic distortion at P =25 W; R =8 Q diot typ. 05 %
Sensitivity for Po = 2,6 W Vi typ. 125 mV

D.C. volume control unit

Gain control range ¢ > 80 dB
Signal handling at dygy < 1%

(d.c. control at 0 dB) Vi > 1,2V
Sensitivity for Vo = 1256 mV at max. voltage gain Vi typ. 55 mV
Input impedance (pin 8) 1Z;1 typ. 250 k2

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-110B).
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TDA1013A

_L * O +18V
14
0,1
=)
0,1uF I“F H
A
o—} A
l 0,1 "l 470
uF uF
v 9 7 1
+ 3,3 RL
ﬂj:ic, Q@ 8Q
O . O —
71/7 7286574.3

(1) Belongs to power supply.

Fig. 1 Basic application diagram also used as test circuit with R1 =5,1 k2 and C1 =22 nF.

RATINGS

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

Supply voltage Vp max. 35 V
Non-repetitive peak output current losm max. 3 A
Repetitive peak output current lI0ORM max. 1,6 A
Storage temperature Tstg —55to + 150 °C
Crystal temperature Tj —25to0 + 150 °C
Total power dissipation see derating curve Fig. 2

HEATSINK DESIGN

Assume Vp =18 V; R =8 Q; Tamp = 60 °C (max.); T;=150 OC (max); for a 4 W application into an

8  load, the maximum dissipation is about 2,5 W.

The thermal resistance from junction to ambient can be expressed as:

Tj max — Tamb max _ 150 — 60
Pmax 2,5

Since Rih j-tab = 9 K/W and Rth tab-h =1 KW, Rth h-a =36 — (9 + 1) =26 K/W.

6 K/W.

Rth j-a = Rth j-tab * Rth tab-h + Rth h-a =

408
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4 W audio power amplifier with d.c. volume control TDA1013A

7286573

Ptot
(W)

N g \
’ \
™~
TN \
\h
\\~
0
0 50 100 150
Tamb (°c

Fig. 2 Power derating curve.
infinite heatsink;
— — — without heatsink.

CHARACTERISTICS
Vp=18 V; R =8 Q; f=1kHz; Tymp = 25 OC; unless otherwise specified

typ. 18 V
Supply voltage Vp o 1510 35 V
Total quiescent current ltot typ. 35 mA
Noise output voltage (see also note) Vn < 1,4 mV
Total sensitivity (d.c. control at maximum gain)
- 3810 69 mV
forPo=25W Vi typ. 55 mV
Frequency response (—3 dB) f 35 Hz to 20 kHz
Audio amplifier
Repetitive peak output current lorm < 1,6 A
> 4 W
= 0,
Output power at diot = 10% Po typ. 45 W
0
Total harmonic distortion at P =2,5 W diot t<yp. 0,? ;:
Voltage gain Gy typ. 30 dB
Sensitivity for Po = 2,56 W Vi typ. 125 mV
. . > 100 k2
Input impedance (pin 5) 1Z;] typ. 250 KO
Note

Measured in a bandwidth according to IEC 179-curve ‘A’; Rg =5 k2 and d.c. control at minimum gain.
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TDA1013A

CHARACTERISTICS (continued)
D.C. volume control unit

Gain control range (see also Fig. 3) ¢ > 80 dB
Signal handling at d¢gt < 1%
(d.c. control at 0 dB) Vi > 1,2V
Sensitivity for V, =125 mV at max. voltage gain Vi typ. b5 mV
. . > 100 k2
Input impedance (pin 8) 1Z;l typ. 250 k2
. . 100 to 400 Q

Output impedance (pin 6) 1Zo] typ. 200 Q

8 : 7286572.2
Vi-9 N | |

(V)
7 /|
//
\\ /
5
S
. N /
~ P4
3
+20 0 -20 —40 -60 -80 -05 -04 -03 -02 -01 0 01 02 03
@ (d8) I7 (mA)

Fig. 3 Typical values gain control; V; at pin 7.
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TDA1015

1 TO 4 W AUDIO POWER AMPLIFIER

The TDA1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic
package. The device is especially designed for portable radio and recorder applications and delivers up

to 4 Win a4 Q load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications.

Special features are:

® single in-line (SIL) construction for easy mounting
® separated preamplifier and power amplifier

® high output power

® thermal protection

® high input impedance

® |ow current drain

® |imited noise behaviour at radio frequencies

QUICK REFERENCE DATA

Supply voltage range
Peak output current

Output power at digt = 10%
Vp=12V;R =4 Q
Vp= 9V;R_ =4Q
Vp= 6V;R_ . =4Q

Total harmonic distortion at P, = 1W; R =4 Q

Input impedance
preamplifier (pin 8)
power amplifier (pin 6)

Total quiescent current
Operating ambient temperature
Storage temperature

361t018
max. 2,5
typ. 4,2
typ. 2,3
typ. 1,0
typ. 0,3
> 100
typ. 20
typ. 14
—25 to + 150
—55 to + 150

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-110B).
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TDA1015
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Fig. 1 Circuit diagram.
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1 to 4 W audio power amplifier

TDA1015

RATINGS

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

Supply voltage
Peak output current
Total power dissipation

Vp 18 V
lom 25 A
see derating curve Fig. 2

max.

max.

Storage temperature Tstg —55to + 1560 °C
Operating ambient temperature Tamb —25to + 150 ©C
A.C. short-circuit duration of load
during sine-wave drive; Vp = 12 V tse max. 100 hours
727 .
75 8628.2
-
Ptot
(W)
5
infinite
heatsink
N
L without
2,5 \Sheatsink
N
- ™
0 q
-25 0 +50 +100 +150 T, (°C)

HEATSINK DESIGN

Fig. 2 Power derating curve.

Assume Vp =12 V; R =4 Q; Tymp =45 °C maximum.
The maximum sine-wave dissipation is 1,8 W.

Rthj-a = Rthj-tab * Rthtab-h + Rthh-a

_150 —45

=58 K/W.
1.8 w

Where R¢p ja of the package is 45 K/W, so no external heatsink is required.
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TDA1015

D.C. CHARACTERISTICS

Supply voltage range Vp 36t018 V
Repetitive peak output current lorm < 2 A

. _ typ. 14 mA
Total quiescent current at Vp =12 V ltot < 25 mA

A.C. CHARACTERISTICS
Tamb =25°C; Vp =12 V; R_=4 Q; f= 1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power at diot = 10% (note 1)
with bootstrap:

Vp=12V; R =4Q Po typ. 42 W

Vp= 9V;R_=4Q Po typ. 23 W

Vp= 6V;R_.=4Q Po typ. 10 W

without bootstrap:

Vp=12V; R =4Q Po typ. 30W
Voltage gain:

preamplifier (note 2) Gy1 typ. 23 dB

power amplifier Gy2 typ. 29 dB

total amplifier Gy tot typ‘ig to g?, Sg
Total harmonic distortion at P = 1,5 W diot '2/[). ?:g :;:
Frequency response; —3 dB (note 3) B 60 Hzto 15 kHz
Input impedance: > 100 k2

preamplifier (note 4) | Zi1 | typ. 200 kS

power amplifier | Zi2| typ. 20 k2
Output impedance preamplifier [Zo1| typ. 1 kQ
Output voltage preamplifier (r.m.s. value)

dtot < 1% (note 2) Vo(rms) typ. 08V
Noise output voltage (r.m.s. value; note 5)

Rg=08Q Vn(rms) typ- 0,2 mV

Rg =10 k2 Vn(rms) typ. 0,5 mV
Noise output voltage at f = 500 kHz (r.m.s. value)

B=5kHz; Rg=08Q Vh(rms) typ- 8 uVv
Ripple rejection (note 6)

f=100 Hz RR typ. 38 dB
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1 to 4 W audio power amplifier

TDA1015

Notes

1. Measured with an ideal coupling capacitor to the speaker load.
2. Measured with a load resistor of 20 kS2.

3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low
frequencies and by C4 for the high frequencies.

4. Independent of load impedance of preamplifier.

5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

6. Ripple rejection measured with a source impedance between 0 and 2 k€2 (maximum ripple

amplitude : 2 V).

7. The tab must be electrically floating or connected to the substrate (pin 9).

/
Cé6 f ripple voltage

c2
o uF R1 100nF meter
' s
5 300ka 3 =5 20nF
TDA1015 4Tjr”
ci \k +C7 i
100 uF
o—| -4 Preame POWER 2 - co
100nF / 1mF v
. J
c8 ==
100nF
Vi 9 |1| 6 1 RL
R2 40
c3
100nF H 479
=c4
6,8 nF |
o- - —0 -
% 7289094 .1

Fig. 3 Test circuit.
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TDA1015 J L

APPLICATION INFORMATION

£

T

‘:=‘1C2F R1 €9
+1 TH L, +] 10pF
Y O
5 330k 3 ceé 4
T220nF
TDA1015 2 S
+
o S A
100 uF
o34 PreEAWP. POWER 2 c10
TuF / 680 uF
c8= Ve
100nF
) R
Vizmes |® 7oe R3 s
100 pF Cc4 R2 4,72
100 C5
nF 56kQ == 138
nF
o :
% 7289095
Fig. 4 Circuit diagram of a 1 to 4 W amplifier.
40 7289097
ltot
(mA)
20
I~
-
L
1Y 2
/I
7‘/
0
0 10 20 Vp (V) 30

Fig. 5 Total quiescent current as a function of supply voltage.
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TDA1015

1 to 4 W audio power amplifier

9V 12V
7289093

Vp=6V
10 P '/\ ,/
dot Y : ,'
(%
’ 11
T
7.5 } l'

} - i , '
[} I X
| l .
I
5 | f
| I
/ I, |
I ! I

/ [ ]

26 / | i Il |

AT
FARP AV (| /%
0
107" 1 Py (W) 10
with bootstrap;

1072
Fig. 6 Total harmonic distortion as a function of output power across Ry ;
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when

measured at pin 2 (due to series resistance of C10).
7289096

5 /
4
Po
(W) /
,/ /
Ry =4Q 80
25
7
V.
/’
A |
]
Y /'
10 15 Vp (V) 20

0

0 5
Fig. 7 Output power across R|_ as a function of supply voltage with bootstrap; dyot = 10%; typical
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10).
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TDA1015

7278637.1
10
P0
(dB)
typ
0 — -
e N
AN
p N\
y N
4
\
/
\
—-10 7 \
—-20
10 102 103 104 f (Hz) 105

Fig. 8 Voltage gain as a function of frequency; P, relative to 0dB = 1 W; Vp =12 V; R =4 Q.

7278636.1

10

dtot
(%)

7,5

2,5

typ 3

0
10 102 103 104 f (Hz) 105

Fig. 9 Total harmonic distortion as a function of frequency; P =1W;Vp=12V; R =4 Q.
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1 to 4 W audio power amplifier J L TDA1015

60 7278635.1
RR
(dB) -
N
gt —
| f=1kHz i
40 L —
"
— 100 Hz —]
20
0
1 10 R2 (k) 102
Fig. 10 Ripple rejection as a function of R2 (see Fig. 4); Rg = 0; typical values.
600 I — 72786331
T T
RS = 8,2 k2
Vn
(uV)
400 K
N
N\.
AN
i\
N
RS =0
200 ~J
— T
0
1 10 R2 (k) 102

Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor
C5 is adapted for obtaining a constant bandwidth.
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TDA1015

102 7278632.1
a
\\‘
v T RS
n(rms)
(V) N
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N,
\\
1
102 10~! 1 f (MHz) 10

Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power
amplifier; B = 5 kHz; Rg = 0; typical values.

60 7278634.1
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Fig. 13 Voltage gain as a function of R2 (see Fig. 4).
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TDA1015T

0,5 W AUDIO POWER AMPLIFIER

GENERAL DESCRIPTION

The TDAT015T is a low cost audio amplifier which can deliver up to 0,5 W output power into a 16 2
load impedanae at a supply voltage of 9 V. The amplifier is specially designed for portable applications

such as rac

Features

@ High input impedance

® Sepurated preamplifier and power amplifier
® |imitedn behaviour at radio frequencies
® Shortcircuit protectad

@ lVinicture encapsulation

QUICK REFERENCE DATA

and recorders. The IC has a very low supply voltage requirement (3,6 V min.).

Supply voltage rangs

Peak output current

Ouiput power

Voltage guin power amplifier

Voltage gain preamplifier

Total guiescent current

Operating ambient temperature range

Gtorage temporature range

36t012 V
max. 1A
typ. 05 W
typ. 29 dB
typ. 23 dB
max. 22 mA

—25 to +150 °C
—55 to +150 ©C

PACKAGE OUTLINE
¢ lead mint-pacl plastic (50-8; SOT-G6A).

March 1986
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TDA1015T

6 ELECTRONIC ) ) 5

FILTER

7
8

4

3

PREAMPLIFIER POWER
AMPLIFIER
2
TDA1015T
7287971.1

Fig. 1 Block diagram.

RATINGS

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

Supply voltage Vp max. 12V
Peak output current lom max. 1T A
Total power dissipation see derating curve Fig. 2
Storage temperature range —556 to +150 ©C

A.C. short-circuit duration of load
during sine-wave drive at Vp =9 V tsc max. 1 hour

0,6 7287973

Prot \
(W) \\
0,4

AN

0 50 100 0

15
Tamb (°C)

Fig. 2 Power derating curve.
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0,5 W audio power amplifier

TDA1015T

CHARACTERISTICS
Tamb =250C; Vp=9V; R|_=16 Q; f = 1 kHz; see Fig. 3; unless otherwise specified

parameter

symbol min. typ. max. unit

Supply voltage Vp 3,6 9 12 \
Repetitive peak output current IORM — - 1 A
Total quiescent current ltot — 12 22 mA
A.F. output power at dgt = 10%

(note 1)

Vp=9V;R_=16%Q Po — 05 — W

Vp=6V;RL= 8%Q Po — 0,3 - w
Voltage gain power amplifier Gy1 — 29 — dB
Voltage gain preamplifier (note 2) Gy2 — 23 - dB
Total voltage gain Gtot 49 52 55 dB

60 to

Frequency response at —3 dB (note 3) B — 15 000 - Hz
Input impedance power amplifier 1Zi1] — 20 - k&
Input impedance preamplifier (note 4) 1Zi2| 100 200 — k&2
Output impedance preamplifier 1Zo21 05 1 1,6 k&2
Output voltage preamplifier (r.m.s. value)

dtot < 1% (note 2) Vo2(rms) - 0,7 — \
Noise output voltage (r.m.s. value)

(note 5)

Rg= 0Q Vn(rms) - 0,2 - mV

RS= 10 k2 Vn(rms) — 05 — mV
Noise output voltage (r.m.s. value)

f=500kHz; B=5kHz; Rg =08 Vn(rms) - 8 - uv
Ripple rejection at f = 100 Hz;

C2 =1 uF (note 6) RR - 38 — dB

Notes to the characteristics

1.

2

Output power is measured with an ideal coupling capacitor to the speaker load.

. Measured with a load resistance of 20 k2.
3.

The frequency response is mainly determined by the capacitors, C1, C3 (low frequency) and C4

(high frequency).

. Independent of load impedance of preamplifier.

12 dB/octave).

of 2 V).

. Effective unweighted r.m.s. noise voltage measured in a bandwidth from 60 Hz to 15 kHz (slopes

. Ripple rejection measured with a source impedance between 0 and 2 k§2 (maximum ripple amplitude

March 1986
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TDA1015T J l

APPLICATION INFORMATION

100nF 300kQ
L —
N 1 | S
c2 R1 .—l—f
s : T
TDA1015T
10007 1 POWER 4
o——(|:|1— PREAMP AMP ncs
[ 1oo 220uF
input 2 8 7 3 .
c3 | c4 47
100nF 6,8nF

O
; 7295550
7

Fig. 3 Test circuit.

20 7287972.1 06 RL=';9 5;9 ";Q 7297115
32
| 05 ,l 1 [ // 7
. Hi Ay sy
= 04 A7/
18 7AW, Y
10 el 03 1 /,/ //V
L1 ¢ T 7 // /
| yrivi / 7
7 02 ,// // /// ;/
// Z /
0,1 Iv// //,,/ /
%
0 0 | .
0 4 8 2 4 6 10 12
vp(v) 12 36 Vp (V)
Fig. 4 Total quiescent current as a function Fig. 5 Output power as a function of supply
of supply voltage. voltage; dtot = 10%; f = 1 kHz.

measured in Fig. 3
———— measured with a 1,5 M2 resistor
connected between pins 7 and 2.
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TDA1015T

0,5 W audio power amplifier

12 7297114
diot |
(%) I
10 I
6 |
6 }
1
|
4
i
2 I | Fig. 6 Total distortion as a function of output
I power; Vp=9V; R =16 2; f=1kHz.
A measured in Fig. 3
00,01 01 P (W) T = measured with a 1,5 MS2 resistor
° connected between pins 7 and 2.

§"'||]'; Ve
5
TDA1015T
. 220 4F
POWER

§— PREAMP S T-UH RL

22nF

3 470

' 100nFT d 7

input 7297116.1

Fig. 7 Application circuit for power stage only and battery
power supply; Gy1 = 29 dB; |Zj1| = 20 k2.

RCE
5 5
TDA1015T 7
0,1uF 1 220 pF
input ——] |— PREAMP ng’&gn 4 —fﬂH R,
22nF
2 8 7 3 47 Q
b4 0,1 uF b 7 7297117.1

Fig. 8 Application circuit for preamplifier and power amplifier
stages and battery power supply; Gy tot = 52 dB; |Zj2| = 200 k2.
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TDA1016

RECORDING/PLAYBACK AND 2 W AUDIO POWER AMPLIFIER

GENERAL DESCRIPTION

The TDA1016 is a monolithic integrated audio power amplifier, preamplifier and A.L.C. circuit designed
for applications in radio-recorders and recorders. The wide supply voltage range makes this circuit very

suitable for d.c. and a.c. apparatus. The circuit incorporates the following features:

Features
® Power amplifier/monitor amplifier

Voltage stabilizer

QUICK REFERENCE DATA

Preamplifier/record and playback amplifier
Automatic Level Control (A.L.C.) circuit

Short-circuit (up to 12 V a.c.) and thermal protection.

Supply voltage range

Supply current; total quiescent at Vp =6 V

Operating ambient temperature range

Power amplifier

Output power at dygt = 10%
Vp=6V;R_ =4Q
Vp=9V;R_=48Q

Closed loop gain

Preamplifier

Open loop gain

Minimum closed loop voltage gain
Output voltage at dygt = 1%

Automatic Level Control (A.L.C.)
Gain variation for AV; = 40 dB

Stabilized supply voltage
Output voltage

Vp
ltot
Tamb

AG,

V5.16

typ.

typ.
typ.
typ.

min.
min.

min.

typ.

typ.

36

70
35

2,6

36to15 V
10
--25 to 150

mA
oC

dB

dB
dB

dB

PACKAGE OUTLINE

16-lead DIL; plastic, with internal heat spreader (SOT-38WE-2).

November 1983
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TDA1016

ji

= 220pF

NN
2409
==2.2nF 22k§ 1600 == 560 pf
220F
Rg 1/uF+ '=1 M 100kQ 100nF
Vi— [ s N e S|
10nF  100kQ “Tk "73+22;.1F =
8 9 |10 |12 13 A |6
| s
ALC. LIS
* F— PREAME )
TDA1016
STABILIZER [+ ELECTRONIC
7 6 5 4 3 2
220nF | JOOMF
2kQ
+
MQ S2220F
180kQ
+ +
C222uF  L247F
270kQ

7280254.2

Fig. 1 Block diagram with external components; also used as test circuit
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Recording/playback and 2 W audio power amplifier TDA1016

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 3) Vp max. 18 V
Repetitive peak output current I0RM max. 1A
Non-repetitive peak output current (pin 1) losm max. 2 A
Total power dissipation see derating curve Fig. 2
A.C. short-circuit duration of load during

sinewave drive; Vp =12 V tsc max. 100 hours
Crystal temperature Tc max. 150 oC
Storage temperature range Tstg —55 to + 150 °C
Operating ambient temperature range Tamb —25to + 150 °C

THERMAL RESISTANCE
The power derating curve (Fig. 2) is based on the following data

From junction to ambient Rthj-a = 55 K/W

7230256

Ptot
(w)

N
\

0
-50 ¢} 50 100 150
Tamb (°C)

Fig. 2 Power derating curve.
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TDA1016

CHARACTERISTICS
Vp=6V; R =4Q;f=1kHz; Tymp =25 9C; measured in test circuit Fig. 1; unless otherwise specified

parameter ~ | symbol | min. typ. max. unit
Supply (pin 3}
Supply voltage Vp 3,6 6 15 \
Supply current; total quiescent

atVp=6V ltot o 10 — mA
Power amplifier
Output power at dig¢ = 10%*

Vp=6V Po - 1 - w

Vp=9V Po — 2 - w
Closed loop voltage gain Ge — 36 — dB
Total harmonic distortion atP,=0,5 W diot - - 1 %
Input impedance 1Z;l 0,5 - - MQ
Ripple rejection at f = 100 Hz (Rg=0%) RR 40 50 — dB
Noise output voltage (r.m.s. value)

Rg=0%; B =60Hzto 15 kHz Vn(rms)| — 90 200 uVv
Noise output voltage at 500 kHz

Rg=08; B=5kHz Vi — 8 - uVv
Preamplifier
Open loop voltage gain at f = 10 kHz Go 70 78 — dB
Closed loop voltage gain Ge - 52 — dB
Minimum closed loop voltage gain

(when changing R¢) Gemin| 35 - - dB
Output voltage at diot = 1% Vo 1 - - \
Output voltage with A.L.C.

Vi=2mV Vo 0,45 05 0,55 Y
Total harmonic distortion with A.L.C.

V| =2mV dtOt - — 1 %

V| = 360 mV dtOt - _ 3 %
Signal-to-noise ratio related to V; = 1,2 mV;

Rg=1k&; B=60Hzto 15 kHz S/N - 60 — dB
Input impedance 1Z; 100 - - k&
Ripple rejection

- atf=100Hz; Rg=0Q RR 50 54 — dB
Output impedance ** 1Zol - -~ 50 Q

* Measured with an ideal coupling capacitor connected to the speaker load.

** Ip (effective value) must not exceed 1 mA.
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Recording/playback and 2 W audio power amplifier

TDA1016

parameter symbol | min. typ. max. unit
Automatic Level Control (A.L.C.) (see Fig. 3) **
Gain variation for AV; =45 dB AGy, - 2 3 dB
Limiting time* 1 - - 50 ms
Level setting time* tg — — 50 ms
Recovery time* 4 ty — 100 — s
Voltage stabilizer
Output voltage V1115 | — 2,6 - \
Load current 111 — - 1,5 mA
Ripple rejection at f = 100 Hz RR 40 — — dB
Vo
)
v
05 ‘_/—/"T\/—o:gdB max.
) t
! !
[ |
;! . . i .
12 10 102 a4 103
12 Vi {mV)
vl
(mV)
e AVj =40dB
12 T
time
VO
(v) F\
05 N f 3dB ‘%WB

—

F—t —

ts fe—
nl'

time

7280255.1

Fig. 3 Typical A.L.C. curve with Rg = 10 kS2.

* At AV; =40 dB with respect to V;= 1,2 mV.
** A.L.C. tracking in stereo anode pin 6 interconnected to an RC, time constant has a typical spread

within 7 dB.

A Without a shunt resistor across A.L.C.
With 1 M or 2,2 MS2 across A.L.C. recovery time becomes 22 or 50 seconds.
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TDA1020

12 W CAR RADIO POWER AMPLIFIER

The TDA1020 is a monolithic integrated 12 W audio amplifier in a 9-lead single in-line (SIL) plastic
package. The device is primarily developed as a car radio amplifier. At a supply voltage of Vp = 14,4 V,
an output power of 7 W can be delivered into a 4  load and 12 W into 2 2.

To avoid interferences and car ignition signals coming from the supply lines into the IC, frequency
limiting is used beyond the audio spectrum in the preamplifier and the power amplifier.

The maximum supply voltage of 18 V makes the IC also suitable for mains-fed radio receivers, tape
recorders or record players. However, if the supply voltage is increased above 18 V (< 45 V), the
device will not be damaged (load dump protected). Also a short-circuiting of the output to ground
(a.c.) will not destroy the device. Thermal protection is built-in. As a special feature, the circuit has a
low stand-by current possibility.

The TDA1020 is pin-to-pin compatible with the TDA1010.

QUICK REFERENCE DATA

Supply voltage range Vp 6to18 V
Repetitive peak output current IORM < 4 A
Output power at dygt = 10% (with bootstrap) > 10 W

Vp=144V;RL.=2Q Po typ. 12 W

Vp=144V;R_ =4Q Po typ. 7 W

Vp=14,4V;R =88 Po typ. 35 W
Output power at digt = 10% (without bootstrap)

Vp=144V;R =4Q Po > 45 W
Input impedance

preamplifier (pin 8) 1Zi] typ. 40 k2

power amplifier (pin 6) 1Zi | typ. 40 kQ
Total quiescent current at Vp = 14,4 V ltot typ. 30 mA
Stand-by current Ish < 1 mA
Storage temperature range Tstg —b5 to+ 160 OC
Crystal temperature Tc max. 150 OC

PACKAGE OUTLINE
9-lead SIL; plastic (SOT-110B).
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Fig. 1 Internal block diagram; the heavy lines indicate the signal paths.

PINNING

1. Negative supply (substrate)
2. Output power stage
3. Positive supply (Vp)

4. Bootstrap
5. Ripple rejection filter
6. Input power stage

7. Output preamplifier
8. Input preamplifier
9. Negative supply

\] ( Ocolval




10 W car radio power amplifier TDA1020

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage; operating (pin 3) Vp max. 18 V
Supply voltage; non-operating Vp max. 28 V
Supply voltage; load dump Vp max. 45 VvV
Non-repetitive peak output current losm max. 6 A
Total power dissipation see derating curves Fig. 2
Storage temperature range Tstg —55 to + 160 °C
Crystal temperature Te max. 150 °C
Short-circuit duration of load behind output electrolytic capacitor
at 1 kHz sine-wave overdrive (10 dB); Vp = 14,4V tse max. 100 hours
7284548.1
10 8
. N
PtOt Ny
(W)
P
\\
5 > Rthh-a infinite 1
9K/W \ heatsink[ 7]
\ N
N N
N
WAN
N
0 N
0 50 100

Fig. 2 Power derating curves.

HEATSINK DESIGN EXAMPLE
The derating of 8 K/W of the encapsulation requires the following external heatsink (for sine-wave
drive):

10Win2QatVp=144V
maximum sine-wave dissipation: 5,2 W
Tamb = 60 °C maximum

15%_60 =173 K/W

’

Rthj-a = Rthj-tab * Rthtab-h + Rthha =
Since Rthj-tab + Rth tab-h =8 K/W, Rth h-a = 17,3 —8 =~ 9 K/W.

November 1982
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TDA1020

D.C. CHARACTERISTICS
Supply voltage range (pin 3)
Repetitive peak output current

Total quiescent current
atVp=144V
atVp=18V

A.C. CHARACTERISTICS

Vp
lORM

ltot
ltot

6 to 18
< 4
typ. 30
typ. 40

Tamb =25°C; Vp=14,4V; R =4 Q; f = 1 kHz; unless otherwise specified; see also Fig. 3

Output power at dig¢ = 10%; with bootstrap (note 1)
Vp=144V;R =28

Vp=144V; R =4 Q

Vp=144V;R =8Q

Output power at dyqt = 1%; with bootstrap (note 1)
Vp=144V;R =2Q

Vp=144V;R =4Q
Vp=144V;R =8Q

Output volitage (r.m.s. value)
Rp =1kQ; diot = 0,5%

Output power at digt = 10%; without bootstrap

Voltage gain
preamplifier (note 2)

power amplifier

total amplifier
Input impedance

preamplifier

power amplifier

Output impedance
preamplifier
power amplifier

Output voltage (r.m.s. value) at digt = 1%
preamplifier (note 2)

Frequency response

Noise output voltage (r.m.s. value; note 3)
Rg=08Q

Rg = 8,2 k2

12,1

2o

Vo(rms)

B
Vn(rms)

Va(rms)

> 10
typ. 12
> 6
typ. 7
typ. 3,6
typ. 9,5
typ. 6
typ. 3
typ. 5
> 4,5
typ. 17,7
16,7 to 18,7
typ. 29,5
28,51030,5
typ. 47
46,2 t0 48,2
typ. 40
28 to 52

typ. 40
28 to 52

typ. 2,0
14t02,6
typ. 50
> 1
typ. 1,56
50 Hz to 25
typ. 0,3
< 0,5
typ. 0,5
< 1,0

\
A

mA
mA

= s £

= =

=

dB
dB

dB
dB

dB
dB

k&
k&

k2
k2

39
k2
m&

kHz
mV
mV

mV
mV
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10 W car radio power amplifier TDA1020

Ripple rejection (note 4)

atf =100 Hz; C2=1uF RR typ. 44 dB
> 48 dB
at f = t H -

at 1 kHz to 10 kHz RR typ. 54 4B
Bootstrap current at onset of clipping (pin 4)

RL=4Qand2Q 4 typ. 40 mA
Stand-by current (note 5) Isbh << 1 mA
Crystal temperature for -3 dB gain Te > 150 °C
Notes

1. Measured with an ideal coupling capacitor to the speaker loa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>