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INDEX
FUNCTIONAL INDEX
type no. description page
AMPLIFIERS
NE542 dual low-noise preamplifier 91
NES532 internally-compensated dual low noise operational amplifier 129
NEBS532A internally-compensated dual low noise operational amplifier 129
NE5533 dual and single low noise operational amplifier 135
NE5S533A dual and single low noise operational amplifier 135
NE5534 dual and single low noise operational amplifier 135
NE5534A dual and single low noise operational amplifier 135
SA5534 dual and single low noise operational amplifier 135
SA5534A dual and single low noise operational amplifier 135
SE5532 internally-compensated dual low noise operational amplifier 129
SE5532A internally-compensated dual low noise operational amplifier 129
SE5534 dual and single low noise operational amplifier 136
SE5534A dual and single low noise operational amplifier 135
TDA1010A 6 W audio power ampilifier for in-car applications/10 W
audio power amplifier for mains-fed applications 811
TDA1011 2 to 6 W audio power amplifier with preamplifier 829
TDA1013B 4 W audio power amplifier with DC volume control 841
TDA1015 1 to 4 W audio power amplifier with preamplifier 849
TDA1015T 0.5 W audio power amplifier with preamplifier 859
TDA1016 2 W recording/playback audio power amplifier with
preamplifier, automatic level control, short-circuit
and thermal protection 865
TDA1020 12 W audio power amplifier with preamplifier for car radios 871
TDA1510 24 WBTL or 2 x 12 W stereo car radio power amplifier 941
TDA1510A 24 WBTL or 2 x 12 W stereo car radio power amplifier 941
TDA1512 12 to 20 W hifi audio power amplifier 983
TDA1512Q 12 to0 20 W hi-fi audio power amplifier 983
‘ TDA1514A 50 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 989
TDA1515B 24 W BTL or 2 x 12 W stereo car radio power amplifier 997
TDA1516Q 22WBTL or 2 x 11 W stereo car radio power amplifier;
closed loop voltage gain 26 dB 1003
TDA1517 2 x 6 W stereo car radio audio power amplifier (20 dB gain) 101
TDA1518Q 22 WBTL or 2 x 11 W stereo car radio power amplifier;
closed loop voltage gain 46 dB 1019
TDA1519 2 x 6 W stereo car radio audio power amplifier (40 dB gain) 1027
TDA1519A 22 WBTL or 2 x 11 W stereo car radio power amplifier 1035
TDA1519B 12 WBTL or 2 x 6 W stereo car radio power amplifier 1045
‘ TDA15208B 20 W hi-fi audio power amplifier; complete SOAR protection 1055
TDA1520BQ 20 W hi-fi audio power amplifier; complete SOAR protection 1055
TDA1521 2 x 12 W hi-fi stereo audio power amplifier 1061
‘ TDA1521A 2 x 6 W hi-fi stereo audio power amplifier 1071
TDA1521Q 2 x 12 W hi-fi stereo audio power amplifier 1061
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TDA1522 stereo playback amplifier/equalizer with mute switch 1081
TDA1535 high-speed sample-and-hold amplifier 1125
TDA1579 traffic warning decoder circuit (AM carriers); AR! system 1231
TDA1579T traffic warning decoder circuit (AM carriers); ARI system 1231
TDA1589 traffic control message and warning tone circuit; ARI system 1241
TDA2611A 5 W audio power amplifier 1305
TDA2613 6 W hi-fi audio power amplifier 1315
TDA7050 150 mW BTL or 2 x 756 mW stereo audio power amplifier;

low voltage 1423
TDA7050T 150 mW BTL or 2 x 756 mW stereo audio power amplifier;

low voltage 1427
TDA7052 1 W BTL mono audio amplifier for portable applications 1431
TDA7053 2 x 1 W BTL stereo audio power amplifier for portable applications 1437
AUDIO ICs
Bus-controlied
TDA8420 hi-fi stereo audio processor; 12 C-bus 1445
TDA8421 hi-fi stereo audio processor; 12C-bus 1467
TDA8425 hi-fi stereo audio processor; |2C-bus 1489
TEA6300 car radio preamplifier and source selector with sound

and fader controls; 12 C-bus 1787
TEAB300T car radio preamplifier and source selector with sound

and fader controls; 12 C-bus 1787
TEAG310T sound fader control circuit; 12C-bus 1803
DC-controlled
TDA1029 signal-source switch (4 x two channels) 877
TDA1074A dual tandem electronic potentiometer circuit 931
TDA1524A stereo tone/volume control circuit 1091
TDA1525 stereo tone/volume control circuit 1103
TDA1600 multi-function oscillator switch for audio cassette recorders 1293
TDA3810 spatial, stereo and pseudo-stereo sound circuit 1335
TDD1601 equalizer for audio cassette recorders 1589
CLOCK/CALENDAR
PCF8573 clock calendar; 12C-bus 329
PCF8583 clock calendar with 256 x 8-bit static RAM; 12C-bus 491
COMPANDOR
NES70 compandor 95
NEbS71 compandor 95
NEb72 programmable analogue compandor 103
NE575 low voltage compandor 11
SA571 compandor 95
SAb72 programmable analogue compandor 103
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DATA CONVERSION
ADCs, DACs
MC3410 10-bit high-speed multiplying DAC 83
MC3410C 10-bit high-speed multiplying DAC 83
MC3510 10-bit high-speed multiplying DAC 83
NE5410 10-bit high-speed multiplying DAC 119
PCF8591 8-bit ADC/DAC; 12C-bus 509
PNA7509 7-bit ADC; 22 MHz; 3-state output 527
PNA7518 8-bit muitiplying DAC; 30 MHz 539
SAA7320 stereo DAC for Compact Disc 757
SE5410 10-bit high-speed multiplying DAC 119
TDA1534 14-bit ADC 1117
TDA1541A dual 16-bit DAC 1129
TDA1543 dual 16-bit economy DAC (I2S bus format) 1145
TDAS8444 octuple 6-bit DAC; 12C-bus 1511
DIGITAL AUDIO
Compact Disc
SAA7210 decoder for Compact Disc (second generation) 671
SAA7220 digital filter and interpolator for Compact Disc {second generation) 693
SAA7310 decoder for Compact Disc (third generation) 727
SAA7320 stereo DAC for Compact Disc 757
SAD7630 CCD delay line for error correction in video and sound

carrier timebases (laservision players) 777
TDA1514A 50 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 989
TDA1541A dual 16-bit DAC 1129
TDA1542 active element for post filtering (dual channel) 1137
TDA1543 dual 16-bit economy DAC (12S bus format) 1145
TDA5K708 photo diode signal processor for Compact Disc

single-spot read-out systems 1347
TDA5709 radial error signal processor for Compact Disc 1367
TDAS8808T photo diode signal processor for Compact Disc 1519
TDAS8SOSAT photo diode signal processor for Compact Disc 1519
TDA8808T/AT transfer functions 1539
TDA8809T radial error signal processor for Compact Disc 1659
TDA8809T transfer functions 1571
Input circuits
SAA7274 audio digital input circuit (ADIC) 715
TDA1542 active element for post filtering (dual channel) 1137
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DISPLAY DRIVERS
PCF1303T 18-element bar graph LCD driver {with analogue input) 223
PCF2100 LCD duplex driver; 40 segments 229
PCF2110 LCD duplex driver; 60 segments and 2 LEDs 229
PCF2111 LCD duplex driver; 64 segments 229
PCF2112 LCD driver; 32 segments 229
PCF2201 LCD flat panel row/column driver 245
PCF8566 universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 96 elements; 12 C-bus 289
PCF8576 universal LCD driver for low muitiplex rates

(1:1 to 1:4); max. 160 segments; 12C-bus 359
PCF8577 LCD direct driver (32 segments) or duplex driver

(64 segments); |2C-bus 393
PCF8577A LCD direct driver (32 segments) or duplex driver

(64 segments); |12 C-bus; different slave address 393
PCF8578 LCD row/column driver for dot matrix graphic displays;

40 outputs, of which 24 are programmable; 12 C-bus 409
PCF8579 LCD column driver for dot matrix graphic displays;

40 column outputs; 12C-bus 447
SAA1064 4-digit LED driver; 1>C-bus 5565
DOLBY CIRCUITS
NE645 Dolby B and C type noise reduction circuit 179
NEB646 Dolby B and C type noise reduction circuit 179
NEG649 low voltage Dolby B type noise reduction circuit 185
NEB50 Dolby B type noise reduction circuit 191
NE5240 Dolby digital audio decoder 115
TEAO0651 Dolby B & C noise reduction circuit 1627
TEA0652 Dolby B & C noise reduction circuit 1627
TEA0653T stereo or 2-channel Dolby B noise reduction circuit 1645
TEA0654 preamplifier and electronic switch for Dolby B & C

noise reduction circuits 1627
TEA0657 dual Dolby B noise reduction circuit 1651
TEAO0665 Dolby B & C processor with preamplifier and electronic switch 1659
TEAQ0665T Dolby B & C processor with preamplifier and electronic switch 1659
TEA0666 Dolby B & C processor with preamplifier and electronic switch;

changed frequency response in relation to TEA0665 1669
TEAO0666T Dolby B & C processor with preamplifier and electronic switch;

changed frequency response in relation to TEA0665 1669
TEAQ670T Dolby B & C processor with preamplifier and electronic switch;

low voltage 1679
FREQUENCY SYNTHESIZERS
HEF4750V frequency synthesizer 53
SAA1057 radio tuning PLL frequency synthesizer (SYMO 1) 545
TDD1742T low power frequency synthesizer (LOPSY) 1605
TSAB057 radio tuning PLL frequency synthesizer; 1>C-bus 1821
TSAB057T radio tuning PLL frequency synthesizer; 12C-bus 1821
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INTERFERENCE SUPPRESSORS
TDA1001B interference and noise suppression circuit for FM receivers 801
TDA1001BT interference and noise suppression circuit for FM receivers 801
MEMORIES
PCF8570 256 x 8-bit static RAM; 12C-bus 319
PCF8570C 256 x 8-bit static RAM; |2 C-bus; different slave address 319
PCF8571 128 x 8-bit static RAM; 12C-bus 319
PCF8582A 256 x 8-bit EEPROM; 12 C-bus; —40 to +85 oC 481
MICROCONTROLLERS (8-bit)
8051/80C51 family CMOS
PCA80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—~40 to + 125 °C 209
PCAB0C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM;

1.2to 12 MHz; —40 to + 125 OC 209
PCA80C552 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit

capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;

—-40 to + 125 OC 213
PCA80C562 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit

capture/compare timer/counter: watch-dog timer;

2-pulse-width modulated signals; 8-bit ADC with 8 multiplexed

input lines; 1.2 to 12 MHz; —40 to + 125 0C 215
PCA80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 125 ©C 217
PCA83C552 microcontrofler; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed

input lines; 1>C-bus; 1.2 to 12 MHz; —40 to + 125 oC 213
PCA83C562 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2-pulse-width modulated signals; 8 multiplexed input lines;

1.210 12 MHz; —40 to + 125 °C 215
PCA83C652 microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0;

UART; I2C-bus; 1.2 to 12 MHz; —40 to + 125 °C 217
PCA83C654 microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0;

UART; I2C-bus; 1.2 to 12 MHz; —40 to + 125 oc 219
PCB80C31BH-3 microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 0 to +70 °C 209
PCB80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 0 to +70 oC 209
PCB80C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM;

0.5 to 12 MHz; 0 to +70 °C 209
PCB80OC51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM;

1.2 to 16 MHz; 0 to + 70 OC 209
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8051/80C51 family CMOS {continued)

PCB80C552

PCB80C562

PCB80C652
PCB80C851

PCB83C552

PCB83C562

PCB83C652
PCB83C654
PCB83C851
PCF80C31BH-3
PCF80C51BH-3

PCF80C552

PCF80Cb62

PCF80C652

PCF80C851

PCF83Cbb62

microcontroller; 256 x 8 RAM; 80C31 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;

two pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;
0to+700°C

microcontroller; 266 x 8 RAM; 80C31 CPU plus 16-bit
capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8-bit ADC with

8 multiplexed input lines; 1.2 to 12 MHz; 0 to +70°C
microcontroller; 256 x 8 RAM; serial 1/0; UART; 12C-bus;

12 to 12 MHz; 0 to +70 °C

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2 t0 12 MHz; 0 to +70 °C

microcontroller: 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;
two pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz; 0 to +70 oc
microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8 multiplexed input lines;
121012 MHz;0to +70°C

microcontroller: 256 x 8 RAM; 8K x 8 ROM; serial 1/0;
UART; 12C-bus; 1.2 to 12 MHz; 0 to +70 oC

microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0;
UART; 12C-bus; 1.2 to 12 MHz; 0 to +70 oC

microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM;
12 to 12 MHz; 0 to +70 °C

microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40to +85 °C

microcontroller; 128 x 8 RAM; 4K x 8 ROM;

1.2 t0 12 MHz; —40 to +85 °C

microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit
capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed
input lines; 12 C-bus; 1.2 to 12 MHz; —40 to +850C
microcontroller; 266 x 8 RAM; 80C31 CPU plus 16-bit
capture/compare timer/counter; watch-dog timer; 2 pulse-width
modulated signals; 8-bit ADC with 8 multiplexed input lines;
1.2 to 12 MHz; —40 to +85°C

microcontroller; 256 x 8 RAM; serial 1/0; UART; 12C-bus;

1.2 to 12 MHz; —40 to +85 °C

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2 to 12 MHz; —40 to +85 °C

microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus
16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed
input lines; 1>C-bus; 1.2 to 12 MHz; —40 to + 85 oc

213

215

217

221

213

215

217

219

221

209

209

213

215

217

221

213

10
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PCF83C562 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8 multiplexed input lines;

1.2 10 12 MHz; —40 to +85 °C 215
PCF83C652 microcontroller; 256 x 8 RAM; 8K x 8 ROM: serial I/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 85 °C 217
PCF83C654 microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to +85 °C 219
PCF83C851 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM;

1.2 t0 12 MHz; —40 to +85 OC 221
84CXX family CMOS
PCF84C00 microcontroller; 256 x 8 RAM; bond-out version

PCF84CXX family; 12C-bus 283
PCF84C12 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285
PCF84C21 microcontroller; 64 x 8 RAM; 2K x 8 ROM; plus 8-bit

LED driver; 12 C-bus; —40 to +85 °C 283
PCF84C22 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285
PCF84C41 microcontroller; 128 x 8 RAM; 4K x 8 ROM; plus 8-bit

LED driver; 12C-bus; —40 to +85 OC 283
PCF84c42 low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 285
PCF84C81 microcontroller; 256 x 8 RAM: 8K x 8 ROM; plus 8-bit

LED driver; 12 C-bus; —40 to +85 9C 283
PCF84C85 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 1/0;

plus 8-bit LED driver; 12 C-bus; —40 to + 85 °C 287
84 XX family NMOS
MAB8401 microcontroller; 128 x 8 RAM; piggy-back version for

MAB84XX family plus 8-bit LED driver; 12C-bus;

1.0 to 6 MHz; 0 to +70 °C 79
MAB8411 microcontroller; 64 x 8 RAM; 1K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12 C-bus;

1.0 to 6 MHz; 0 to +70 ©°C 79
MAB8421 microcontrolier; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to +70 ©°C 79
MAB8422 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 15 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to +70 ©°C 81
MAB8441 microcontroller; 128 x 8 RAM: 4K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; |12C-bus;

1.6 to 6 MHz; 0 to +70 OC 79
MAB8442 microcontroller; 128 x 8 RAM: 4K x 8 ROM plus

8-bit LED driver; 15 i/0O lines; 12C-bus;

1.6 to 6 MHz; 0 to +70 °C 81
MAB8461 microcontroller; 128 x 8 RAM; 6K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; }2C-bus

1.0 to 6 MHz; 0 to +70 OC 79
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84XX family NMOS (continued)

MAF84A11

MAF84A21

MAF84A22

MAF84A41

MAF84A42

MAF84A61

MAF8411

MAF8421

MAF8422

MAF8441

MAF8442

MAF8461

8048 family CMOS
PCA80C39

PCA80C49
PCB80C39
PCB80C49
PCF80C39

PCF80C49

microcontroller; 64 x 8 RAM; 1K x 8 ROM;

plus 8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 5 MHz; —~40 to +110°C

microcontroller; 64 x 8 RAM; 2K x 8 ROM plus
8-bit LED driver; 20 1/0O lines; 12 C-bus;

10to5 MHz; —40 to + 110 °C

microcontroller; 64 x 8 RAM; 2K x 8 ROM plus
8-bit LED driver; 15 1/0 lines; 12C-bus;

1.0 to 5 MHz; —40 to +110°C

microcontroller; 128 x 8 RAM; 4K x 8 ROM plus
8-bit LED driver; 20 1/0O lines; 12 C-bus;

1.0 to 5 MHz; —40 to +110°C

microcontroller; 128 x 8 RAM; 4K x 8 ROM plus
8-bit LED driver; 15 1/O lines; 12C-bus;

1.0 to 5 MHz; —40 to +110°C

microcontroller; 128 x 8 RAM; 6K x 8 ROM plus
8-bit LED driver; 20 1/O lines; 12C-bus;

1.0 to 5 MHz; —40 to + 110 °C

microcontroller; 64 x 8 RAM; 1K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C

microcontroller; 64 x 8 RAM; 2K x 8 ROM plus
8-bit LED driver; 20 1/0O lines; 12C-bus;

1.0 to 6 MHz; —40 to +85°C

microcontroller; 64 x 8 RAM; 2K x 8 ROM plus
8-bit LED driver; 15 1/0 lines; 12C-bus

1.0 to 6 MHz; —40 to +85 °C

microcontrotler; 128 x 8 RAM; 4K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C

microcontroller: 128 x 8 RAM; 4K x 8 ROM plus
8-bit LED driver; 15 1/O lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C

microcontroller; 128 x 8 RAM; 6K x 8 ROM plus
8-bit LED driver; 20 1/0O lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C

microcontroller; 128 x 8 RAM; 1.0 to 156 MHz;
—40to +110°C

microcontroller; 128 x 8 RAM; 2K x 8 ROM;
1.0 to 15 MHz; —40to +110°C
microcontroller: 128 x 8 RAM; 1.0 to 156 MHz;
Oto+70°C

microcontroller; 128 x 8 RAM; 2K x 8 ROM;
1.0to 15 MHz; 0 to +70 °C

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;
—40to +85 °C

microcontroller; 128 x 8 RAM; 2K x 8 ROM;
1.0 to 15 MHz; —40 to +85 °C

79

79

81

79

81

79

79

79

81

79

81

79

21

211

211

21

211

21
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MOTOR CONTROLLERS
TDA1059B motor speed regulator with thermal shut-down;

multiplication coefficient = 9; drop-out voltage = 1.8 V 891
TDA5040T DC motor drive circuit with magnetic-field detector 1339
PERSONAL RADIO/AUDIO
TDA7000 FM radio circuit; mono (in plastic DIL-18) 1381
TDA7010T FM radio circuit; mono (in SO-16 plastic mini-pack) 1389
TDA7021T FM radio circuit; sterea/mono; for low voltage

micro tuning system (MTS) 1397
TDA7030T low voltage micro tuning system (MTS) 1407
TDA7040T PLL stereo decoder; low voltage 1415
TDA7050 150 mW BTL or 2 x 75 mW stereo audio power amplifier;

low voltage 1423
TDA7050T 150 mW BTL or 2 x 75 mW stereo audio power amplifier;

low voltage 1427
TDA7052 1 W BTL mono audio amplifier for portable applications 1431
TDA7053 2 x 1 W BTL stereo audio power ampiifier for portable applications 1437
TEAO0670T Dolby B & C processor preamplifier and electronic switch;

low voltage 1679
TEA5551T single-chip AM radio circuit, plus dual AF amplifier,

for pocket receivers with headphones 1685
RADIO RECEIVERS
AM
TDA1072A AM receiver circuit for hi-fi and car radio 897
TDA1072AT AM receiver circuit for hi-fi and car radio 913
TDA1572 AM receiver circuit for stereo hi-fi and car radio 1153
TDA1572T AM receiver circuit for stereo hi-fi and car radio 1171
TDB1080 IF limiting amplifier, FM detector and audio amplifier 1583
TDB1080T IF limiting amplifier, FM detector and audio amplifier 1583
TEAG6200 AM upconversion radio receiver; 10.7 MHz IF 1775
AM/FM
TEAB570 AM/FM radio receiver circuit 1697
TEA5591 AM/FM radio receiver circuit 1733
FM
CA3089 FM IF system 47
NE604A high performance low-power FM IF system 149
NEG605 low-power FM |F system 159
NEG614A low-power FM |F system 169
SA604A high performance low-power FM [F system 149
SAB05 low-power FM iF system 159
SA614A low-power FM IF system 169
TDA1574 integrated FM tuner for radio receivers 1187
TDA1574T integrated FM tuner for radio receivers 1195
TDA1576 FM/IF amplifier and detector 1205
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FM (continued)

TDA1596 FM/IF amplifier and detector 1249
TDA1596T FM/IF amplifier and detector 1267
TDA7000 EM radio circuit; mono {in plastic DIL-18) 1381
TDA7010T EM radio circuit; mono (in SO-16 plastic mini-pack) 1389
TDA7021T EM radio circuit; stereo/mono; for low voltage

micro tuning system (MTS) 1397
TEA6100 FM/IF system and microcomputer-based tuning

interface; 12 C-bus 1751
REMOTE CONTROLLERS
SAA3004 high performance transmitter (455 kHz) for infrared

remote control; up to 448 commands 585
SAA3006 high performance transmitter (RC-5) for infrared

remote control; up to 2048 commands 595
SAA3007 high performance transmitter (455 kHz) for infrared

remote control; up to 1280 commands; low voltage 609
SAA3008 high performance transmitter (38 kHz) for infrared

remote control; low voltage 623
SAA3009 infrared remote control decoder; decodes 64 commands

(RECS80/RC-5); up to 32 subaddresses; high current

output capability for direct LED drive 637
SAA3010 high-performance transmitter (RC-5) for infrared remote

control; low voltage 647
SAA3028 high performance transcoder {RC-5) for infrared remote

control; 12C-bus 663
SAA3049 infrared remote control decoder, low current version

of SAA3009 637
SAF1032 receiver/decoder for infrared remote control 787
SAF1039 transmitter for infrared remote control 787
TDA3047 high performance receiver for infrared remote control;

positive output voltage 1323
TDA3048 high performance receiver for infrared remote control;

negative output voltage 1329

REMOTE 1/0 EXPANDERS

PCF8574 remote 8-bit 1/0 expander; 12 C-bus 347
PCF8574A remote 8-bit I/O expander; 12 C-bus; different slave address 347

SOUND GENERATOR

SAA1099 stereo sound generator for sound effects and music synthesis

{(uC-controlled) 565
SPEECH SYNTHESIZERS
0om8200 speech demonstration board (PCF8200) 197
0OM8201 speech demonstration box (PCF8200) 201
0omM8209 update package for OM8010 203
om8210 speech analysis/editing system (PCF8200) 205
PCF8200 voice synthesizer (CMOS); 2C-bus 267
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STEREO DECODERS
TDA1578A time multiplex PLL stereo decoder for hi-fi and car radios 1217
TDA1598 time multiplex PLL stereo decoder for hi-fi and car radios 1285
TDA7040T PLL stereo decoder; low voltage 1415
TEA5580 PLL stereo decoder for medium-fi and car radios 171
TEA5581 PLL stereo decoder with source selector switch for

medium-fi and car radios 1721
TEAB581T PLL stereo decoder with source selector switch for

medium-fi and car radios 1721
TSA6057 radio tuning PLL frequency synthesizer; |2C-bus 1821
TSAG057T radio tuning PLL frequency synthesizer; 12C-bus 1821
nA758 FM stereo multiplex decoder; PLL 1831
TUNING CIRCUITS
HEF4750Vv frequency synthesizer 53
HEF4751V universal divider 69
NE602 double-balanced mixer and oscillator 143
NE612 double balanced mixer and oscillator 163
SA602 double-balanced mixer and oscillator 143
SAA1057 radio tuning PLL frequency synthesizer (SYMO I1) 545
SAA1300 tuner switching circuit; 12 C-bus 581
TDA1574 integrated FM tuner for radio receivers 1187
TDA1574T integrated FM tuner for radio receivers 1195
TDA7030T low voltage micro tuning system (MTS) 1407
TDD1742T low power frequency synthesizer ({LOPSY) 1605
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CA3089N FM IF system 47
HEF4750VD frequency synthesizer 53
HEF4750VU frequency synthesizer 53
HEF4751VD universal divider 69
HEF4751VP universal divider 69
HEF4751VT universal divider 69
HEF4751VU universal divider 69
MAB8401B microcontroller; 128 x 8 RAM; piggy-back version

for MAB84XX family plus 8-bit LED driver; 12 C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8401WP microcontroller; 128 x 8 RAM; piggy-back version

for MAB84XX family plus 8-bit LED driver; |12 C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8411P microcontroller; 64 x 8 RAM; 1K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8411T microcontroller; 64 x 8 RAM; 1K x 8 ROM plus

8-bit LED driver; 20 /0O lines; 12C-bus;

1.0to 6 MHz; 0 to + 70 °C 79
MAB8421P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 OC 79
MAB8421T microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 20 1/0O lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8422P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 15 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 OC 81
MAB8441P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8441T microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 20 /0O lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8442pP microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 15 /O lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 81
MAB8461P microcontroller; 128 x 8 RAM; 6K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; 0 to + 70 °C 79
MAB8461T microcontroller; 128 x 8 RAM; 6K x 8 ROM plus

8-bit LED driver; 20 I/0 lines; 12 C-bus;

1.0 to 6 MHz; 0 to + 70 ©C 79
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MAF84A11P microcontroller; 64 x 8 RAM; 1K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 12C-bus;

1.0 to 5 MHz; —40 to + 110 °C 79
MAF84A21P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 20 1/O lines; I>C-bus;

1.0to 5 MHz; —40 to + 110 °C 79
MAF84A22P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 15 /0O lines; 12C-bus;

1.0t0 5 MHz; —40 to + 110 °C 81
MAF84A41P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 12C-bus;

1.0t05 MHz; —40 to + 110 °C 79
MAF84A42P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 15 1/0O lines; 12C-bus;

1.0 to 5 MHz; —40 to + 110°C 81
MAF84A61P microcontroller; 128 x 8 RAM; 6K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 12C-bus;

1.0to 5 MHz; —40 to + 110 °C 79
MAF8411P microcontroller; 64 x 8 RAM; 1K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 12C-bus;

1.0 to 6 MHz; —40 to + 85 °C 79
MAF8421P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 20 1/O lines; I2C-bus;

1.0 to 6 MHz; ~40 to + 85 °C 79
MAF8422P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus

8-bit LED driver; 15 1/O lines; 12C-bus;

1.0 to 6 MHz; —40 to + 85 °C 81
MAF8441P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; —40 to + 85 °C 79
MAF8442pP microcontroller; 128 x 8 RAM; 4K x 8 ROM plus

8-bit LED driver; 15 1/0O lines; I>C-bus;

1.0 to 6 MHz; —40 to + 85 °C 81
MAF8461P microcontroller; 128 x 8 RAM; 6K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; I2C-bus;

1.0 to 6 MHz; —40 to + 85 °C 79
MC3410F 10-bit high-speed multiplying DAC 83
MC3410CF 10-bit high-speed multiplying DAC 83
MC3510F 10-bit high-speed multiplying DAC 83
NES42N dual low-noise preamplifier 91
NE5S70F compandor 95
NES570N compandor 95
NE571D compandor 95
NE5S71F compandor 95
NES71N compandor 95
NE572D programmable analogue compandor 103
NE572N programmable analogue compandor 103
NE575D low voltage compandor 1M1
NE575N low voltage compandor 111
NE5240D Dolby digital audio decoder 115

18
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NE5240N Dolby digital audio decoder 115
NE5410F 10-bit high-speed multiplying DAC 119
NE5532D internally-compensated dual low noise operational amplifier 129
NE5532N internally-compensated dual low noise operational amplifier 129
NES532FE internally-compensated dual fow noise operational amplifier 129
NE5S532AN internally-compensated dual low noise operational amplifier 129
NE5S532AFE internally-compensated dual low noise operational amplifier 129
NE5533D dual and single low noise operational amplifier 135
NES533N dual and single low noise operational amplifier 135
NE5533AD dual and single low noise operational amplifier 135
NE5S533AN dual and single low noise operational amplifier 135
NE5534D dual and single low noise operational amplifier 135
NE5S534N dual and single low noise operational amplifier 135
NES534FE dual and single low noise operational amplifier 135
NES534AD dual and single low noise operational amplifier 135
NE5534AN dual and single low noise operational amplifier 135
NEB534AFE dual and single low noise operational amplifier 135
NE602D double-batanced mixer and oscillator 143
NEG602N double-balanced mixer and oscillator 143
NEGO2FE double-balanced mixer and oscillatoe 143
NEG6O4AD high performance low-power FM IF system 149
NEGO4AN high performance low-power FM IF system 149
NEG605D low-power FM IF system 159
NEGO5GF low-power FM IF system 159
NEG0O5N low-power FM IF system 159
NE612D double-balanced mixer and oscillator 163
NE612N double-balanced mixer and oscillator 163
NEG614AD low-power FM IF system 169
NEG614AN low-power FM IF system 169
NEG645N Dolby B and C type noise reduction circuit 179
NE646N Dolby B and C type noise reduction circuit 179
NE649N low voltage Dolby B type noise reduction circuit 185
NEG50N Dolby B type noise reduction circuit 191
OomM8200 speech demonstration board (PCF8200) 197
Oom8201 speech demonstration box (PCF8200) 201
OMm8209 update package for OM8010 203
om8210 speech analysis/editing system (PCF8200) 205
PCA80C318H-3P microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40to + 125 °C 209
PCAB0C31BH-3WP  microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40 to + 125 OC 209
PCA80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40to + 110 °C 211
PCA80C39WP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40to + 110 °C 211
PCAB80C49P microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0to 15 MHz; —40to + 110 °C 21
PCA80C49WP microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0 to 15 MHz; —40to + 110 °C 211
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PCAB0C51BH-3P

PCAB0C51BH-3WP

PCA80C552WP

PCAB0C562WP

PCA80C652P
PCA80CE52WP

PCA83C552WP

PCA83C562WP

PCA83C652P
PCAB3C652WP
PCA83C654P

PCAB3C654WP

PCB80C31BH-3P

PCB80C31BH-3WP

PCB80C31BH-3P

PCBB0OC31BH-3WP

PCB80C39P
PCB80C39WP
PCB80C49P

PCB80C49WP

microcontroller; 128 x 8 RAM; 4K x 8 ROM;

1.2 to 12 MHz; —40to + 125 °C

microcontroller; 128 x 8 RAM; 4K x 8 ROM;

12 to 12 MHz; —40 to + 125 °C

microcontroller; 256 x 8 RAM; 80C31 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;
2 pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;
—40to + 125 °C

microcontroller; 256 x 8 RAM; 80C31 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;
2 pulse-width modulated signals; 8-bit ADC with

8 multiplexed input lines; 1.2 to 12 MHz;

—40to + 125 °C

microcontroller; 2566 x 8 RAM; serial 1/0; UART;
12C-bus; 1.2 to 12 MHz; —40 to + 125 °C
microcontroller; 256 x 8 RAM; serial 1/0; UART;
12C-bus; 1.2 to 12 MHz; —40 to + 125 °C
microcontrolier; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU
plus 16-bit capture/compare timer/counter; watch-dog timer;
2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed
input lines; 12C-bus; 1.2 to 12 MHz; —40 to + 125 oc
microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU
plus 16-bit capture/compare timer/counter; watch-dog timer;
2 pulse-width modulated signals; 8 multiplexed input lines;
1.2 to 12 MHz; —40 to + 125 °C

microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0;
UART: 12C-bus; 1.2 to 12 MHz; —40 to + 125 oC
microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0;
UART: 12C-bus; 1.2 to 12 MHz; —40 to + 125 ©C
microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0;
UART: 12C-bus; 1.2 to 12 MHz; —40 to + 125 °C
microcontroller; 266 x 8 RAM; 16K x 8 ROM; serial 1/0;
UART; 12C-bus; 1.2 to 12 MHz; —40 to + 125 °C
microcontroller: 128 x 8 RAM; 0.5 to 12 MHz;
0to+70°C

microcontroller; 128 x 8 RAM; 0.5 to 12 MHz;
Oto+70°C

microcontroller; 128 x 8 RAM; 1.2 to 16 MHz;
Oto+70°C

microcontroller; 128 x 8 RAM; 1.2 to 16 MHz;
Oto+70°C

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;
Oto+70°C

microcontrolter; 128 x 8 RAM; 1.0 to 15 MHz;
Oto+70°C

microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0to0 15 MHz; 0 to + 70 °C

microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0to 15 MHz; 0 to + 70 °C

209

209

213

215

217

217

213

215

217

217

219

219

209

209

209

209

211

21

211

211

20
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PCB80C51BH-3P microcontroller; 128 x 8 RAM; 4K x 8 ROM;

0.5t0 12 MHz; 0 to + 70 °C 209
PCBBOC51BH-3WP  microcontroller; 128 x 8 RAM; 4K x 8 ROM;

0.5to 12 MHz; 0 to + 70 °C 209
PCB80C51BH-3P microcontroller; 128 x 8 RAM; 4K x 8 ROM:;

1.2 to 16 MHz; 0 to + 70 °C 209
PCB80C51BH-3WP  microcontrolier; 128 x 8 RAM; 4K x 8 ROM;

1.2 to 16 MHz; 0 to + 70 ©°C 209
PCB80C552wpP microcontroller; 256 x 8 RAM; 80C31 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;

two pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;

Oto+70°C 213
PCB80C562wWP microcontroller; 256 x 8 RAM: 80C31 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8-bit ADC with

8 multiplexed input lines; 1.2 to 12 MHz; 0 to + 70 ©C 215
PCB80C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM:

1.210 12 MHz; 0 to + 70 ©C 221
PCB80C851WP microcontrolier; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz; 0 to + 70 °C 221
PCB80C652P microcontroller; 256 x 8 RAM; serial 1/O; UART:

I2C-bus; 1.2 to 12 MHz; 0 to + 70 ©C 217
PCB80C652WP microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; 0 to + 70 °C 217
PCB83Cb552wpP microcontroller; 266 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter;

watch-dog timer; two pulse-width modulated signals;

10-bit ADC with 8 multiplexed input lines;

12C-bus; 1.2 to 12 MHz; 0 to + 70 °©C 213
PCB83C562wpP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8 multiplexed input lines;

1.2 to 12 MHz; 0 to + 70 °C 215
PCB83C652P microcontroller; 256 x 8 RAM: 8K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; 0 to + 70 °C 217
PCB83C652WP microcontroller; 256 x 8 RAM: 8K x 8 ROM:; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; 0 to + 70 °C 217
PCB83C654P microcontroller; 256 x 8 RAM; 16K x 8 ROM:; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; 0 to + 70 °C 219
PCB83C654WP microcontroller; 256 x 8 RAM: 16K x 8 ROM:; serial 1/0;

UART; I2C-bus; 1.2 to 12 MHz; 0 to + 70 ©C 219
PCB83C851P microcontroller; 128 x 8 RAM: 4K x 8 ROM; 256 x 8 EEPROM;

1.2t0 12 MHz; 0 to + 70 ©°C 221
PCB83C851WP microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM:

1.2 to 12 MHz; 0 to + 70 °C 221
PCF1303T 18-element bar graph LCD driver (with analogue input) 223
PCF2100P L.CD duplex driver; 40 segments 229
PCF2100T LCD duplex driver; 40 segments 229
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PCF2110P LCD duplex driver; 60 segments and 2 LEDs 229
PCF2110T LCD duplex driver; 60 segments and 2 LEDs 229
PCF2111P LCD duplex driver; 64 segments 229
PCF2111T LCD duplex driver; 64 segments 229
PCF2112P LCD driver; 32 segments 229
PCF2112T LCD driver; 32 segments 229
PCF2201V LCD flat panel row/column driver 245
PCF80C31BH-3P microcontroller: 128 x 8 RAM; 1.2 to 12 MHz;

—40to +85°C 209
PCF80C31BH-3WP  microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40 to +85 °C 209
PCF80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40to +850C 211
PCF80C39WP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40 10+ 85 °0C 211
PCF80C49P microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0to 15 MHz; —40 to + 85 °C 211
PCF80C49WP microcontroller; 128 x 8 RAM; 2K x 8 ROM;

1.0 to 15 MHz; —40 to + 85 °C 21
PCF80C51BH-3P microcontrolier; 128 x 8 RAM; 4K x 8 ROM;

1.2 to 12 MHz; —40 to + 85 °C 209
PCF80C51BH-3WP microcontroller; 128 x 8 RAM; 4K x 8 ROM;

1.2 to 12 MHz; —40 to + 85 °C 209
PCF80C552WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit

capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;

—40to +859°C 213
PCF80C562WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit

capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 8-bit ADC with

8 multiplexed input lines; 1.2 to 12 MHz;

—40to +859C 215
PCF80C652P microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 85 0C 217
PCF80C652WP microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 85 °C 217
PCF80C851P microcontrolter: 128 x 8 RAM; 256 x 8 EEPROM;

1.2 to 12 MHz; —40 to + 85 °C 221
PCF80C851WP microcontroller: 128 x 8 RAM; 256 x 8 EEPROM;

1.2 to 12 MHz; —40 to + 85 °C 221
PCF8200 voice synthesizer (CMQS); 12 C-bus 267
PCF83C552wpP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus

16-bit capture/compare timer/counter; watch-dog timer;

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed

input lines; 12C-bus; 1.2 to 12 MHz; —40 to + 85 oC 213
PCF83C562WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU

plus 16-bit capture/compare timer/counter; watch-dog timer;

2 puise-width modulated signals; 8 multiplexed input lines;

1.2 to 12 MHz; —40 to + 85 °C 215
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PCF83C652P microcontroller; 256 x 8 RAM; 8K x 8 ROM: serial 1/0;

UART; I2C-bus; 1.2 to 12 MHz; —40 to + 85 OC 217
PCF83C652wpP microcontroller; 256 x 8 RAM; 8K x 8 ROM:; serial 1/0;

UART; I2C-bus; 1.2 to 12 MHz; —40 to + 85 °C 217
PCF83C654P microcontroiler; 2566 x 8 RAM; 16K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to + 85 OC 219
PCF83C654WP microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to + 85 °C 219
PCF83C851P microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM;

1.2 to 12 MHz; —40 to + 85 °C 221
PCF83C851WP microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM;

1.2 to 12 MHz; —40 to + 85 °C 221
PCF84CXXX single-chip 8-bit microcontroller family 281
PCF84C00B microcontroller; 256 x 8 RAM; bond-out version

PCF84CXX family; 12C-bus 283
PCF84C00T microcontroller; 256 x 8 RAM; bond-out version

PCF84CXX family; 12C-bus 283
PCF84C12P low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285
PCF84C12T low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285
PCF84C21P microcontroller; 64 x 8 RAM; 2K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to + 85 °C 283
PCF84C21T microcontroller; 64 x 8 RAM; 2K x 8 ROM: plus

8-bit LED driver; 12C-bus; —40 to + 85 °C 283
PCF84C22P low cost microcontroller; 64 x 8 RAM: 1K x 8 ROM 285
PCF84C22T low cost microcontrolier; 64 x 8 RAM: 1K x 8 ROM 285
PCF84C41pP microcontroiler; 128 x 8 RAM: 4K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to + 85 °C 283
PCF84C41T microcontroller; 128 x 8 RAM: 4K x 8 ROM; plus

8-bit LED driver; 12 C-bus; —40 to + 85 OC 283
PCF84C42p low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 285
PCF84C42T low cost microcontroller; 64 x 8 RAM: 4K x 8 ROM 285
PCF84C81pP microcontroller; 256 x 8 RAM; 8K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to + 85 °C 283
PCF84C81T microcontroller; 256 x 8 RAM; 8K x 8 ROM,; plus

8-bit LED driver; I2C-bus; —40 to + 85 °C 283
PCF84C85pP microcontroller; 256 x 8 RAM: 8K x 8 ROM; 32 1/0;

plus 8-bit LED driver; 12 C-bus; —40 to + 85 °C 287
PCF84C85T microcontroller; 256 x 8 RAM; 9K x 8 ROM; 32 1/0;

plus 8-bit LED driver; 1% C-bus; —40 to + 85 °C 287
PCF8566P universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 96 elements; 12 C-bus 289
PCF8566T universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 96 elements; 12 C-bus 289
PCF8570P 256 x 8-bit static RAM; 12C-bus 319
PCF8570T 256 x 8-bit static RAM; 12C-bus 319
PCF8570CP 256 x 8-bit static RAM; 12 C-bus; different slave address 319
PCF8570CT 256 x 8-bit static RAM: 12 C-bus; different slave address 319
PCF8571P 128 x 8-bit static RAM; 12C-bus 319
PCF8571T 128 x 8-bit static RAM: 12C-bus 319
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PCF8573P clock calendar, 12C-bus 329
PCF8573T clock calendar; 12 C-bus 329
PCF8574AP remote 8-bit /O expander; |?C-bus

different slave address 347
PCF8574AT remote 8-bit 1/0 expander; 1> C-bus;

different slave address 347
PCF8574P remote 8-bit 1/0 expander; 1> C-bus 347
PCF8574T remote 8-bit 1/0 expander; 12C-bus 347
PCF8576T universal LCD driver for low multiplex rates

(1:1 to 1:4): max. 160 segments; 1>C-bus 359
PCF8576U universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; 1> C-bus 359
PCF8576U/10 universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; | C-bus 359
PCF8577AP LCD direct driver (32 segments) or duplex driver

.(64 segments); 12 C-bus; different slave address 393
PCF8577AT LCD direct driver (32 segments) or duplex driver

(64 segments) 12C-bus; different slave address 393
PCF8577AU LCD direct driver (32 segments) or duplex driver

(64 segments) |2C-bus; different slave address 393
PCF8577P LCD direct driver (32 segments) or duplex driver

(64 segments); 12C-bus 393
PCF8577T LCD direct driver (32 segments) or duplex driver

(64 segments); 12 C-bus 393
PCF8577U LCD direct driver (32 segments) or duplex driver

(64 segments); 12 C-bus 393
PCF8578T LCD row/column driver for dot matirx graphic displays;

40 outputs; of which 24 are programmable; 12C-bus 409
PCF8578U LCD row/column driver for dot matrix graphic displays;

40 outputs, of which 24 are programmable; 12C-bus 409
PCF8578V LCD row/column driver for dot matrix graphic displays;

40 outputs, of which 24 are programmable; 12C-bus 409
PCF8579T LCD column driver for dot matrix graphic displays;

40 column outputs; 12C-bus 447
PCF8579U LCD column driver for dot matrix graphic displays;

40 column outputs; |2 C-bus 447
PCF8579V LCD column driver for dot matrix graphic displays;

40 column outputs; 12 C-bus 447
PCF8582AP 256 x 8-bit EEPROM; 12C-bus; —40 to + 85 oC 481
PCF8582AT 256 x 8-bit EEPROM; 12 C-bus; —40 to + 85 °C 481
PCF8583P clock calendar with 256 x 8-bit static RAM; 12C-bus 491
PCF8583T clock calendar with 256 x 8-bit static RAM; 12C-bus 491
PCF8591P 8-bit ADC/DAC; 12C-bus 509
PCF8591T 8-bit ADC/DAC; 12C-bus 509
PNA7509P 7-bit ADC; 22 MHz; 3-state output 527
PNA7518P 8-bit multiplying DAC; 30 MHz 539
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SA571F compandor 95
SA571N compandor 95
SA572D programmable analogue compandor 103
SA572F programmable analogue compandor 103
SA572N programmable analogue compandor 103
SA5534N dual and single low noise operational amplifier 135
SA5534AD dual and single low noise operational amplifier 135
SAB534AN dual and single low noise operational amplifier 135
SA602D double balanced mixer and oscillator 143
SA602N double balanced mixer and oscillator 143
SAG602FE double balanced mixer and oscillator 143
SAB04AD high performance low-power FM IF system 149
SAB604AN high performance low-power FM |F system 149
SA605D low-power FM IF system 159
SAB05F low-power FM [F system 159
SA605N low-power FM IF system 159
SA614AD low-power FM |F system 169
SA614 AN low-power FM |F system ) 169
SAA1057 radio tuning PLL frequency synthesizer (SYMO 1) 545
SAA1064P 4-digit LED driver; 12C-bus 555
SAA1099 stereo sound generator for sound effects and

music synthesis (uC-controlled) 565
SAA1300 tuner switching circuit; 12C-bus 581
SAA3004P high performance transmitter (455 kHz) for
infrared remote control; up to 448 commands 585
SAA3004T high performance transmitter (455 kHz) for
infrared remote control; up to 448 commands 585
. SAA3006P high performance transmitter (RC-5) for infrared
remote control; up to 2048 commands 595
SAA3007P high performance transmitter (455 kHz) for infrared
remote control; up to 1280 commands; low voitage 609
SAA3007T high performance transmitter (455 kHz) for infrared
remote control; up to 1280 commands; low voltage 609
SAA3008P high performance transmitter (38 kHz) for infrared
' remote control; low voltage 623
SAA3008T high performance transmitter (38kHz) for infrared
remote control; low voltage 623
SAA3009P infrared remote control decoder; decodes 64 commands
{RECS80/RC-5); up to 32 subaddresses; high current
output capability for direct LED drive 637
SAA3010P high performance transmitter (RC-5) for infrared
remote control; low voltage 647
SAA3010T high performance transmitter (RC-5) for infrared
remote control; low voltage 647
SAA3028 high performance transcoder (RC-5) for infrared
remote control; 12C-bus 663
SAA3049P infrared remote control decoder, low current
version of SAA3009 637
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SAA3049T infrared remote control decoder, low current

version of SAA3009 637
SAA7210 decoder for Compact Disc {second generation) 671
SAA722P digital filter and interpolator for Compact Disc

(second generation) 693
SAA7274P audio digital input circuit (ADIC) 715
SAA7274T audio digital input circuit (ADIC) 715
SAA7310P decoder for Compact Disc (third generation) 727
SAA7310GP decoder for Compact Disc (third generation) 727
SAA7320GP stereo DAC for Compact Disc 757
SAD7630P CCD delay line for error correction in video and sound

carrier timebases {laservision players) 777
SAF1032P receiver/decoder for infrared remote control 787
SAF1039P transmitter for infrared remote control 787
SE5410F 10-bit high-speed multiplying DAC 119
SES532FE internally-compensated dual low noise operational amplifier 129
SEB532AFE internally-compensated dual low noise operational amplifier 129
SE5534N dual and single low noise operational amplifier 135
SE5534AN dual and single low noise operational amplifier 135
SEbG534FE dual and single low noise operational amplifier 135
SEbB534AFE dual and single low noise operational amplifier 135
TDA1001B interference and noise suppression circuit for FM receivers 801
TDA1001BT interference and noise suppression circuit for FM receivers 801
TDA1010A 6 W audio power amplifier for in-car applications/10 W

audio power amplifier for mains-fed applications 811
TDA1011 2 to 6 W audio power amplifier with preamplifier 829
TDA1013B 4 W audio power amplifier with DC volume control 841
TDA1015 1 to 4 W audio power amplifier with preamplifier 849
TDA1015T 0.5 W audio power amplifier with preamplifier 859
TDA1016 2 W recording/playback audio power amplifier with

preamplifier, automatic level control, short circuit

and thermal protection 865
TDA1020 12 W audio power amplifier with preamplifier for car radios 871
TDA1029 signal-sources switch {4 x two channels) 877
TDA1059B motor speed regulator with thermal shut-down;

multiplication coefficient = 9; drop-out voltage =18 V 891
TDA1Q72A AM receiver circuit for hi-fi and car radios 897
TDA1072AT AM receiver circuit for hi-fi and car radios 913
TDA1074A dual tandem electronic potentiometer circuit 931
TDA1510 24 W BTL or 2 x 12 W stereo car radio power amplifier 941
TDA1510A 24 W BTL or 2 x 12 W stereo car radio power amplifier 941
TDA1512 12 to 20 W hi-fi audio power amplifier 983
TDA1512Q 12 to 20 W hi-fi audio power amplifier 983
TDA1514A 50 W hi-fi power amplifier for digital audio

(e.g. Compact Disc) 989
TDA1515B 24 W or 2 x 12 W stereo car radio power amplifier 997
TDA1516Q 22 W BTL or 2 x 11 W stereo car radio power amplifier;

closed loop voltage gain 26 dB 1003
TDA1517 2 x 6 W stereo car radio audio power amplifier (20 dB gain) 1011
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TDA15180Q 22 WBTL or 2 x 11 W stereo car radio power amplifier;

closed loop voltage gain 46 dB 1019
TDA1519 2 x 6 W stereo car radio audio power amplifier (40 dB gain) 1027
TDA1519A 22 WBTL or 2 x 11 W stereo car radio power amplifier 1035
TDA1519B 12 W BTL or 2 x 6 W stereo car radio power amplifier 1045
TDA16208B 20 W hi-fi audio power amplifier; complete SOAR protection 1055
TDA1520BQ 20 W hi-fi audio power amplifier; complete SOAR protection 1055
TDA1521 2 x 12 W hi-fi stereo audio power amplifier 1061
TDA1521A 2 x 6 W hi-fi stereo audio power amplifier 1071
TDA1521Q 2 x 12 W hi-fi stereo audio power amplifier 1061
TDA1522 stereo playback amplifier/equalizer with mute switch 1081
TDA1524A stereo tone/volume control circujt 1091
TDA1525 stereo tone/volume control circuit 1103
TDA1534 14-bit ADC 1117
TDA1535 high-speed sample-and-hold amplifier 1125
TDA1541A dual 16-bit DAC 1129
TDA1542 active element for post filtering (dual channel) 1137
TDA1543 dual 16-bit economy DAC (12S-bus format) 1145
TDA1572 AM receiver circuit for stereo hi-fi and car radios 1153
TDA1572T AM receiver circuit for stereo hi-fi and car radios 1171
TDA1574 integrated FM tuner for radio receivers 1187
TDA1574T integrated FM tuner for radio receivers 1195
TDA1576 FM/IF amplifier and detector 1205
TDA1578A time multiplex PLL stereo decoder for hi-fi and car radios 1217
TDA1579 traffic warning decoder circuit (AM carriers); ARI system 1231
TDA1579T traffic warning decoder circuit (AM carriers); AR system 1231
TDA1589 traffic control message and warning tone circuit; AR1 system 1241
TDA1596 FM/IF amplifier and detector 1249
TDA1596T FM/IF amplifier and detector 1267
TDA1598 time multiplex PLL stereo decoder for hi-fi and car radios 1285
TDA1600 multi-function oscillator switch for audio cassette recorders 1293
TDA2611A 5 W audio power amplifier 1305
TDA2613 6 W hi-fi audio power amplifier 1315
TDA3047P high performance receiver for infrared remote control;

positive output voltage 1323
TDA3047T high performance receiver for infrared remote control;

positive output voltage 1323
TDA3048P high performance receiver for infrared remote control;

negative output voltage 1329
TDA3048T high performance receiver for infrared remote control;

negative output voltage 1329
TDA3810 spatial, stereo and pseudo-stereo sound circuit 1335
TDA5040T DC motor drive circuit with magnetic-field detector 1339
TDA5708 photo diode signal processor for Compact Disc

single-spot read-out systems 1347
TDA5709 radial error signal processor for Compact Disc 1367
TDA7000 FM radio circuit; mono (in plastic DIL18) 1381
TDA7010T FM radio circuit; mono (in SO16 plastic mini-pack) 1389
TDA7021T FM radio circuit; stereo/mono; for low voltage

micro tuning system (MTS) 1397
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TDA7030T low voltage micro tuning system (MTS) 1407
TDA7040T PLL stereo decoder; low voltage 1415
TDA7050 150 mW BTL or 2 x 75 mW stereo audio power amplifier;

low voltage 1423
TDA7050T 150 mW BTL or 2 x 75 mW stereo audio power amplifier;

low voltage 1427
TDA7052 1W BTL mono audio amplifier for portable applications 1431
TDA7053 2 x 1 W BTL stereo audio power amplifier for

portable applications 1437
TDA8420 hi-fi stereo audio processor; 12 C-bus 1445
TDA8421 hi-fi stereo audio processor; |2 C-bus 1467
TDAB8425 hi-fi stereo audio processor; 12C-bus 1489
TDA8444 octuple 6-bit DAC; 12C-bus 1511
TDASSOSAT photo diode signal processor for Compact Disc 1519
TDA8808T photo diode signal processor for Compact Disc 1519
TDAS8808 transfer functions 1539
TDAS8809T radial error signal processor for Compact Disc 1559
TDA8809 transfer functions 1571
TDB1080 IF limiting amplifier, FM detector and audio amplifier 1583
TDB1080T IF limiting amplifier, FM detector and audio amplifier 1583
TDD1601 equalizer for audio cassette recorders 1589
TDD1742T low power frequency synthesizer (LOPSY) 1605
TEAQ0651 Dolby B & C noise reduction circuit 1627
TEA0652 Dolby B & C noise reduction circuit 1627
TEA0653T stereo or 2-channel Dolby B noise reduction circuit 1645
TEA0654 preamplifier and electronic switch for Dolby B & C

noise reduction circuits 1627
TEA0657 dual Dolby B noise reduction circuit 1651
TEA0665 Dolby B & C processor with preamplifier and

electronic switch 1659
TEAQ665T Dolby B & C processor with preamplifier and

electronic switch 1659
TEAQ0666 Dolby B & C processor with preamplifier and

electronic switch; changed frequency response

in relation to TEA0665 1669
TEAO0666T Dolby B & C processor with preamplifier and

electronic switch; changed frequency response

in relation to TEA0665 1669
TEAO670T Dolby B & C processor with preamplifier and

electronic switch; low voltage 1679
TEABS51T single-chip AM radio circuit, plus dual AF amplifier,

for pocket receivers with headphones 1685
TEA5570 AM/FM radio receiver circuit 1697
TEAb580 PLL stereo decoder for medium-fi and car radios 171
TEA5581 PLL stereo decoder with source selector switch

for medium-fi and car radios 1721
TEA5S581T PLL stereo decoder with source selector switch

for medium-fi and car radios 1721
TEAB591 AM/FM radio receiver circuit 1733
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TEA6100 FM/IF system and microcomputer-based tuning

interface; 12 C-bus 1751
TEA6200 AM upconversion radio receiver; 10.7 MHz IF 1775
TEA6300 car radio preamplifier and source selector with

sound and fader controls; {2C-bus 1787
TEA6300T car radio preamplifier and source selector with

sound and fader controls; 12C-bus 1787
TEA6310T sound fader control circuit: 12C-bus 1803
TSAG057 radio tuning PLL frequency synthesizer: 12 C-bus 1821
TSAB057T radio tuning PLL frequency synthesizer; |12 C-bus 1821
uA758N FM stereo multiplex decoder: PLL 1831
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MAINTENANCE

TYPE LIST

The types listed below are not included in this handbook. Detaile

request.

SAA1056P
SAA3027

TCA730A
TCA740A

TDA1011A
TDA1506

TDA1508
TDA1533

TDA7020T

MAINTENANCE TYPE LIST

PLL frequency synthesizer
infrared remote control transmitter (RC-5)

DC volume and balance stereo control circuit
DC treble and bass stereo control circuit

2 to 6 W audio power amplifier

motor regulator and function controller
for car cassette systems

auto-reverse car radio cassette deck
steering circuit

PLL motor speed control circuit for
hi-fi applications

low voltage FM stereo radio circuit

d information will be supplied on

successor type: SAA1057
successor type: SAA3006

successor type: TDA1011

successor type: TDA7021T
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Product status defenition for type numbers
with prefixes CA, MC, NE, SA, SE and pA

Ordering information for type numbers
with prefixes CA, MC, NE, SA, SE and pA

Type designation for type numbers with prefixes
HEF, MAB, MAF, OM, PCA, PCB, PCF, PNA,
SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA
Rating systems

Handling MOS devices






For type numbers with prefixes CA, MC, NE, SA, SE and yA PRODUCT STATUS
DEFINITION

DEFINITIONS
Data Sheet
Product Status Definition
Identification
This data sheet contains the design target or goal
O Fi or In Design ifications for product Spacificati may
change in any manner without notice.
This data sheet contains preliminary data and
o, Product data will be published at a later date. Signetics reserves the
kit v right to make changes at any time without notice in order to
improve design and supply the best possible product.
This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
Product Specification Full Production notice in order 1o improve design and supply the best
possible product.
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ORDERING For type numbers with prefixes CA, MC, NE, SA, SE and pA

INFORMATION

Signetics' Linear integrated circuit prod- Table 1. Part Number Description

ucts may be ordered by contacting either

N - S CROSS REF PRODUCT PRODUCT
the local Signetics sales office, Signetics |PART NUMBER o oo SNO_ FAMILY DESCRIPTION
representatives and/or Signetics autho-

rized distributors. A complete listing is NE5537N LF398 LIN Sample-and-Hold Amp

located in the back of this manual.
Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

L——s= Description of
Product Function

Military Product:
$250 per line item per order

L—w= Linear Product Family
Table 1 provides part number informa-
tion concerning Signetics originated

products.

Table 2 is a cross reference of both the

old and new package suffixes for all L m= Package Descriptions — See Table 2

presently existing types, while Tables 3

and 4 provide appropriate explanations t——————== Device Number

on the various prefixes employed in the . )

part number descriptions. ———-——-—?ae;;:z ga;m!‘y and Temperature Range Prefix — See

As noted in Table 3, Signetics defines

device operating temperature range by
the appropriate prefix. it should be not-
ed, however, that an SE prefix (-55°C to
+125°C) indicates only the operating
temperature range of a device and not
its military qualification status. The mili-
tary qualification status of any Linear
product can be determined by either
looking in the Military Data Manual and/
or contacting your local sales office.
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For type numbers with prefixes CA, MC, NE, SA, SE and HA

Table 2. Package Descriptions
PACKAGE
OLD | NEW | hEsCRIPTION

A, AA N 14-lead plastic DIP

A N-14 | 14-lead plastic DIP
(selected analog
products only)

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

F F 14-, 16-, 18-, 22,
and 24-lead
ceramic DIP
{Cerdip)

I, 1K | 14-, 16-, 18-, 22-,
28-, and 4-lead
ceramic DIP

K H 10-lead TO-100

L H 10-lead high-profile
TO-100 can

NA, NX |N 24-lead plastic DIP

QR Q 10-, 14-, 16-, and
24-lead ceramic
flat

T, TA H 8-lead TO-99

v] U SIP plastic power

\" N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

XC N 22-lead plastic DIP

XL, XF [N 28-lead plastic DIP

A PLCC
EC TO-46 header
FE 8-lead ceramic DIP

Table 3. Signetics Prefix and

Device Temperature

DEVICE TEMPERATURE
PREFIX RANGE
NE 0 to +70°C
SE -55°C to +125°C
SA -40°C to +85°C

Table 4. Industry Standard Prefix

PREFIX

DEVICE FAMILY

ADC
AM
CA
DAC
ICM
LF
LM
MC
NE
SA
SE
SG
MA
uc

Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard

ORDERING
INFORMATION

( December 1988
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For type numbers with prefixes HEF, MAB, MAF, OM, PCA, TYPE
PCB, PCF, PNA, SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR INTEGRATED CIRCUITS

This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film,
thick-fifm 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

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

temperature range not specified
: 0to+70°C

: —55to+1250C

: —25t0+700°C

: —25t0+850C

—40 to + 85 °C

—55 to + 85 0C

OMmMOO® >

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

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

L : for chip on tape
P : for plastic DIL
Q: forQlL

T

U

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 : Quadruple-in-line (QIL)

R : Power QIL {with external heatsink)

S : Single-in-line

T : Triple-in-line

A

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

40
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For type numbers with prefixes HEF, MAB, MAF, OM, PCA, RATING
PCB, PCF, PNA, SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA SYSTEMS

RATING SYSTEMS

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

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

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

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

Bogey electronic device. An electronic device whose characteriétics have the published nominal vatues
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 conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental variations, and the effects of 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, equipmenti 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.
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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.

42
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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 |C carrier that either short-circuits all leads or insulates them from external contact.

Testing or handling

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

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

ling equipment to the same surface.

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

Mounting

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

into contact with it.

Soldering

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

Static charges

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

Transient voltages

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

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

w ( May 1983 43






DEVICE DATA






DESCRIPTION

CA30889 is a monolithic integrated circuit
that provides all the functions of a com-
prehensive FM |F system. The block
diagram shows the CA3089 features,
which include a three-stage FM IF ampli-
fier/limiter configuration with level de-
tectors for each stage, a doubly-bal-
anced quadrature FM detector and an
audio amplifier that features the optional
use of a muting (squelch)- circuit.

The circuit design of the IF system
includes desirable features such as de-
layed AGC for the RF tuner, an AFC
drive circuit, and an output signal to drive
a tuning meter and/or provide stereo
switching logic. In addition, internal pow-
er supply reguiators maintain a nearly
constant current drain over the voltage
supply range of +8V to +18V,

The CA3089 is ideal for high-fidelity
operation. Distortion in a CA3089 FM IF
system is primarily a function of the
phase linearity characteristic of the out-
board detector coil.

BLOCK DIAGRAM

CA3089
FM IF System

Product Specification

The CA3089 utilizes a 16-lead dual-in-

PIN CONFIGURATION

line plastic package and can operate
over the ambient temperature range of
-40°C to +85°C.

FEATURES

® Exceptional limiting sensitivity:
10uV typ. at -3dB point

® Low distortion: 0.1% typ. (with
double-tuned coil)

MuTE CoNTROL 5 ]

N Package
W eyt 7] [76] ne
IF INPUT
sveassing (2] [75] oetavep ace
IF INPUT
BYPASSING L 14] SUBSTRATE
FRAME E [13] TuNe meTER

[12] mute LoGic

 Single-coil tuning capability avoio our [&] njve

® High recovered audio: 400mV arc outeur [7] 10] REF. BiAS
‘yp_ IF OUT E &l::JD'RAYURE

® Provides specific signal for TOP VIEW
control of interchannel muting cotostos
(squeich)

® Provides specific signal for direct APPLICATIONS

drive of a tuning meter

® Provides delayed AGC voltage
for RF amplifier

® Provides a specific circuit for
flexible AFC

e internal supply/voltage regulators

® High-fidelity FM receivers
® Automotive FM receivers
© Communications FM receivers

QUADRATURE L

NOTES:

2. L tunes with 100pF (C) at 10.7MHz

1. All resistor values are typical and in ohms. Qo ~ 75 (G.I. EX27825 or equivalent)
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Product Specification

FM IF System CA3089

EQUIVALENT SCHEMATIC

LEVEL DETECTOR § METER Cimcurt

» mout
w o
serass
7
e
s

TC131418

NOTES:
1. All resistance values are typical and in ohms.
2. All capacitance values are in picofarads.
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Product Specification

FM IF System

CA3089

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP -40°C to +85°C CA3089N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee DC supply voltage:
between terminals 11 and 4 18 1
between terminals 11 and 14 18 \
DC current (out of Terminal 15) 2 mA
Pp Device dissipation:
up to Tp=60°C 600 mw
above Tp =60°C derate linearly
. 6.7 mW/°C
Ta Operating ambient temperature range —-40 to +85 °C
Ts16 Storage temperature range -65 to +150 °C
Lead soldering temperature o
Tsowo (10sec max) +300 C
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Product Specification

FM IF System CA3089

DC ELECTRICAL CHARACTERISTICS T, =25°C, V* =12V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typ ‘ Max

Static (DC) Characteristics
l41 I Quiescent circuit current [ No signal input, non-muted 16 [ 23 | 30 [ mA
DC Voltages*
Vi Terminal 1 (1F input) No signal input, non-muted 1.2 1.9 24 \"
Vo Terminal 2 (AC return to input) No signal input, non-muted 1.2 1.9 2.4 \
Va Terminal 3 (DC bias to input) No signal input, non-muted 1.2 1.9 24 v
Ve Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 Vv
Vz Terminal 7 (AFC) No signal input, non-muted 5.0 5.6 6.0 \)
Vio Terminal 10 (DC reference) No signal input, non-muted 5.0 5.6 6.0 \

Dynamic Characteristics

Viumy | Input limiting voltage (-3dB point)® 10 25 u
Vi = 0.1V, fo = 10.7MHz,

. . . 4
AMR AM rejection (Terminal 6) fmop = 400Hz, AM Mod = 30% 45 55 dB
Vo Recovered audio voltage (Terminal 6)° 400 500 600 mV

Total harmonic distortion:!

THD Single tuned (Termina! 6)° 05 1.0 %
THD Double tuned (Terminal 6)* fmop = 400Hz, Viy = 0.1 0.1 %
S+ N/N | Signal plus noise-to-noise ratio (Terminal 6)3 | Deviation = £ 75kHz, V|y =0.1V 60 70 dB
MU\N Mute input (Terminal 5) Vg =25V 50 70 dB
MUoyt | Mute output (Terminal 12) ViN = 50uV 0.5 \
Vin =0V 4.0 \
MTR Meter output (Terminat 13) ViN=0.1V 25 35 \
VN = 500uV 1.0 1.5 \
ViN=0V 0.7 v
AGC Delay AGC (Terminal 15) VN =0.01V 0.5 v
Vin = 10V 4.0 5.0 v
THD Double tuned (Terminal 6)* fmop = 400Hz 0.1 %

Vin=0.1

NOTES

1. THD characteristics and audio level are essentially a function of the phase and Q characteristics of the network connected between Terminals 8, 9,
and 10.

. Test circuit Figure 1.

. Test circuit Figure 2.

. Test circuit Figures 1 and 2.

> wn
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Product Specification

FM IF System CA3089

TEST CIRCUITS

AFC OUTPUT

siGNaL o 901F
NPUT F
VOLTAGE
P
s
S
9 AUDIO
3 ouTPUT
l SIGNAL AFC OUTPUT
0.01 INPUT
.F VOLTAGE
002.F 2
L AuDIO
| s 27%  OUTPUT
= = "
0.001..F
3 I
> 470
S
= = = = < 1 0.33.:F
> 270K
TC131608 <
NOTES: o
1. L tunes with 100pF (C) at 10.?MHz.
2. Al resistor values are typical and in ohms.
3. Qo (unloaded) ~ 75 (G.I. automatic mig. div. EX27825 or equivalent). = =
Figure 1. Test Circuit Using a Single-Tuned Detector Coil Tora70s
NOTES:

Al resistor values are typical and in ohms.

T: Pri—Qo (unloaded) ~ 75 (tunes with 100pF (C1) 20 t of 3de on 7/32' dia.
form) Sec. -Q (unloaded) ~ 75 (tunes with 100pF (C2) 20 1 of 34e on 7/32'
dia. form)

kQ (percent of critical coupling) > 70%

(Adjusted for coil voltage V¢ = 150mV)

Above values permit proper operation of mute (squelch) circuit 'E' type slugs,
spacing 4mm

Figure 2. Test Circuit Using a Double-Tuned Detector Coil
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Product Specification

FM IF System CA3089

TEST CIRCUITS

v* a2y
="l
|NOTE &)
L
——AAA—
o‘“‘%
it £

O——1 e 1/ CeRAMIC
30012 TUNER IF ouT FILTER AUDIO
NPUT (NOTE 1) 1 T (NOTE 2) W 27K OUTPUT

O

TC131508

NOTES:
All resistor values are typical and in ohms.
1. Waller 4SN3FIC or equivalent.
2. Murate SFG 10.7mA or equivalent.
3. Rg will affect stability depending on circuit layout. To increase stability Rg. is decreased.

Range of Rg is 330 to 502, Ry + Rg < 33002
4. L tunes with 100pF (C) at 10.7MHz Qg unloaded ~ 75 (G.l. EX27825 or equivalent).

Performance data at fo = 88MHz, fuop = 400Hz, deviation = + 74kHz.
+74kHz.
-3dB limiting sensitivity
20dB quieting sensitivity
30dB quieting sensitivity

2uV (antenna level)
1uV (antenna level)
1.5uV (antenna level)

Figure 3. Typical FM Tuner With a Single-Tuned Detector Coll

SYSTEM DESIGN

CONSIDERATIONS

The CA3089 is a very high gain device and
therefore careful consideration must be given
to the layout of external components to
minimize feedback. The input bypass capaci-
tors should be located close to the input
terminals and the values should not be large

nor should the capacitors be of the type
which might introduce inductive reactance to
the circuit. An example of good bypass ca-
pacitors would be ceramic disc with values in
the range of 0.01 to 0.05uF.

The input impedance of the CA3089 is ap-
proximately 10,000€2. It is not recommended

TYPICAL PERFORMANCE CHARACTERISTICS

to match this impedance. The value of the
input termination resistor should be as low as
possible without degrading system operation.
The lower the value of this resistor the
greater the system stability. An input terminat-
ing resistor between 50£2 and 100£2 is recom-
mended.

Muting Action, Tuner AGC AFC Characteristics '
(Tuning meter output as a (Current at Terminal 7 as a
tunction of input signal voltage.) function of change in frequency.)
w  [BCVOLTAGESUPPLYV- =12V T 125 5E POWER SUPPLY (v = 12V |
2 AMBIENT TEMPERATURE (T A) = + 25°C 100 | AMBIENT TEMPERATURE (T3) = 25°C
<, |JESTC RCUIT — SEE FIGURE 3 6 SEE TEST CIRCUIT FIGURE 3 /I
2 RECOVERED AUDIO < 75110 Ko 7
oW FROM FULL OUTPUT i o__w.@—o 4
°E .40 (LEFT CO TE) s ~ s} /i
¥ | n o uA
o3 i
G % TUNER AGC DC | 2 g
2g VOLTAGE AT [ 3 &
2 = TERMINAL NO. 15 > - 0
BY -3 (RIGHT CO-ORDINATE) 38 e
- z -25
%0 - /
o 2 s
gEw : ? H f
3] VOLTAGE € /
o AT TERMINAL o -7s 7
g -s0 'NO. 13 METER CIRCUIT —{ 1 A
E (33K1) TO GND) -100
3 (RIGHT CO-ORDINATE)
-6 -125
1 10 100 x® 10K 100K -100  -50 ) 50 100
INPUT SIGNAL - LV CHANGE IN FREQUENCY (81)— kHz
0PO8370S
0POR3S0S
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HEF4750V
LsI

FREQUENCY SYNTHESIZER

The HEF4750V 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 examples 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

—05t0+15 I 9510 105V

l ( October 1980
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HEF4750V

LSl
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7284472

Fig. 1 Pinning diagram.

VbD
MOD

ouT

0sC

XTAL

PINNING

R

\

STB
TCA
TCB
TCC
TRA
PC1q
PCo
MOD
oL
oscC
XTAL
Ag to Ag

NS, NS4
OuT .

HEFA4750VD: 28-lead DIL; ceramic (cerdip) (SOT135A).

phase comparator input, reference
phase comparator input

strobe input

timing capacitor Cp pin

timing capacitor Cg pin

timing capacitor C¢ pin

biasing pin (resistor Rp)

analogue phase comparator output
digital phase comparator output
phase modulation input
out-of-lock indication

reference oscillator/buffer input
reference oscillator/buffer output
programming inputs/programmable
divider

programming inputs, prescaler
reference divider output




HEF4750V
LS

Frequency synthesizer
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HEF4750V
LSI

FUNCTIONAL DESCRIPTION
Phase comparator 1

Phase comparator 1 (PC1) is built around a SAMPLE and HOLD circuit. A negative-going transition at
the V-input causes the hold capacitor (Ca) to be discharged and after a specified delay, caused by the
Phase Modulator by means of an internal V' pulse, it produces a positive-going ramp. A negative-going
transition at the R-input terminates the ramp. Capacitor Cp holds the voltage that the ramp has
attained. Via an internal sampling switch this voltage is transferred to Cc and in turn buffered and

made available at output PCq.

If the ramp terminates before an R-input is present, an internal end of ramp (EOR) signal is produced.

These actions are illustrated in Fig. 3.

\% I
----- b ]
R ]
1
v’
determined by the
— -«———}— phase modulator
'——-—————-——,7————————‘———-—— VpD
//
TCA ol §
{analogue) voltage
transferred to TCC
—_— o ———— — —— Vgg
hold reset ramp hold f
Fe————————— ——— o —
EOR 1
1
analogue ON OFF ON
sampling — -
switch 'S”  ON OFF ON
—_——|-r—-—————————— —-|-—————— e ———————— —_—
——_—'—_—_—"'—_“"’——"‘—_—_— VbD
TCC ="
(analogue)
— e ——— — ———Vgg

7284474

Fig. 3 Waveforms associated with PC1.
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Frequency synthesizer HEF4750V
LSI

The resultant phase characteristic is shown in Fig. 4.

PCq

A 4
output
voltage

[-—-——— 21T—>~

A 4

4
\ 4

—_——
7284476 Pv ¥R

Fig. 4 Phase characteristic of PCq.

PC1 is designed to have a high gain, typically 3200 V/cycle (at 12,5 kHz). This enables a low noise
performance.

Phase comparator 2

Phase comparator 2 (PC2) has a wide range, which enables faster lock times to be achieved than
otherwise would be possible. It has a linear + 3600 phase range, which corresponds to a gain of
typically 5 V/cycle. This digital phase comparator has three stable states:

— reset state,

— V'’ leads R state,

— R leads V' state.

Conversion from one state to another takes place according to the state diagram of Fig. 5.

active R- edge active R - edge

{negative going) (negative going)
—_— T e
‘\__’/ \—/

active V- edge active V- edge

(negative going) (negative going) 7284477

Fig. 5 State diagram of PC2.

Output PCo produces positive or negative-going pulses with variable width; they depend on the phase
relationship of R and V'. The average output voltage is a linear function of the phase difference.
Output PCy remains in the high impedance OF F-state in the region in which PC1 operates. The
resultant phase characteristic is shown in Fig. 6.

I (October 1980
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HEF4750V

LSi

FUNCTIONAL DESCRIPTION (continued)

PCy
average . . /
output "
voltage

- 2 T —
—e-

7284478 Py T ¥R

Fig. 6 Phase characteristic of PCa.

Strobe function

The strobe function is intended for applications requiring extremely fast lock times. In normal
operation the additional strobe input (STB) can be connected to the V-input and the circuit will
function as described in the previous sections.

In single, phase-locked-ioop type frequency synthesizers, the comparison frequency generally used is
either the nominal channel spacing or a sub-multiple. PC2 runs at the higher frequency {a higher
reference frequency must also be used), whilst strobing takes place on the lower frequency, thereby
obtaining a decrease in lock time. In a system using the Universal Divider HEF4751V, the output OFS
cycles on the lower frequency, the output OFF cycles on the higher frequency.

Qut-of-lock function

There are a number of situations in which the system goes from the locked to the out-of-lock state
(OL goes HIGH):

1. When V' leads R, however out of the range of PC1.

2. When R leads V.

3. When an R-pulse is missing.

4. When a V-pulse is missing.

5. When two successive STB-commands occur, the first without corresponding V-signal.

Phase modulator

The phase modulator only uses one external capacitor, Cp at pin TCB. A negative-going transition at
the V-input causes Cg to produce a positive-going linear ramp. When the ramp has reached a value
almost equal to the modulation input voltage (at MOD), the ramp terminates, Cg discharges and a
start signal to the Ca-ramp at TCA is produced. A linear phase modulation is reached in this way.

1f no modulation is required, the MOD-input must be connected to a fixed voltage of a certain
positive value up to Vpp. Care must be taken that the V' pulse is never smaller than the minimum
value to ensure that the external capacitor of PC1 (Cp) can be discharged during that time. Since the
V' pulse width is directly related to the TCB ramp duration, there is a requirement for the minimum
value of this ramp duration.

58
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Frequency synthesizer HEF4750V
LSI

Reference osciliator

The reference oscillator normal ly operates with an external crystal as shown in Fig. 2. The internal
circuitry can be used as a buffer amplifier in case an external reference should be required.

Reference divider

The reference divider consists of a binary divider with a programmabile division ratio of 1 to 1024 and
a prescaler with selectable division ratios of 1,2, 10 and 100, according to the following tabies:

® Binary divider ® Prescaler
N (Ag to Ag) division ratio programming word division ratio
(NSg, NS1)
0 1024
0<N<1023 N ' 0 1
1 2
2 10
3 100

In this way suitable comparison frequencies can be obtained from a range of crystal frequencies. The
divider can also be used as a ‘stand alone’ programmable divider by connecting input TRA to VpD,
which causes all internal analogue currents to be switched off.

Biasing circuitry

The biasing circuitry uses an external current source or resistor, which has to be connected between
the TRA and Vgg pins. This circuitry supplies all analogue parts of the circuit. Consequently the
analogue properties of the device, such as gain, charge currents, speed, power dissipation, impedance
levels etc., are mainly determined by the value of the input current at TRA. The TRA input must be
decoupled to VDD. as shown in Fig. 7. The value of Cp has to be chosen such that the TRA input is

‘clean’, e.g. 10 nF at R =68 k2.
l VoD
Cp

HEF4750vV

Vss
7284479

Fig. 7 Decoupling of input TRA.

' ( October 1980
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HEF4750V
LS!

RATINGS

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

Supply voltage
Voltage on any input

D.C. current into any input or output

Power dissipation per package
for Tamp = 0 to + 85 °C

Power dissipation per output

for Tymb = 0 t0 85 °C
Storage temperature

Operating ambient temperature

VpD —-05t0o +15 V
Vi —-05toVpp+05 V
B max. 10 mA
PtOt max. 500 mW
P max. 100 mW
Tstg —65 to + 150 OC
Tamb —40to +85 OC

D.C. CHARACTERISTICS at Vpp = 10 V * 5%; voltages are referenced to Vgg =0V, unless
otherwise specified; for definitions see note 1.

Tamb (ec
parameter symbol —40 +25 + 85 unit | notes
min. typ. max.| min. typ. max. min. typ. max.
Quiescent device
current IpD - - 100 |- - 100 (- - 750 |uA |2
Input current; logic
inputs, MOD thNn |- - 300 |- — 300 {— — 1000 |nA |3
Output leakage current
at% Vpp 3,4
TCA, hold-state tlz - - 20 |— 005 20 |— ~— 60 | nA
TCC, analogue
switch OFF tlz - - 20 {— 0056 20 |— ~— 60 | nA
PC», high impedance )
OFF-state tiz - - 50 |- — 50 {— — 500 | nA
Logic input voltage
LOW ViL max. 0,3 Vpp \"
HIGH VIH _—  — min. 0,7 Vpp \)
Logic output voitage
LOW; at |I0 | <1wA |VoL |— - 50 |- -— 50 |- — 50 mV |3
HIGH VoH min. Vpp—50 mV mV |3
Logic output current
LOW; at VgL =05V 3
outputs OL, PCo,
ouT loL 556 -— — |46 -— — (36 - - |mA
output XTAL oL 28 -— - 24 — - 19 - — |mA

60
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Frequency synthesizer

HEF4750V

LSl

parameter

symbol

Tamb (OC)

min.

typ.

max.

+25

min. typ.

max.

+85
typ.

unit | notes

min. max.

Logic output current
HIGH;
atVoH=Vpp—0,6 V
outputs OL,PCo,0UT
output XTAL

Output TCC sink
current

Output TCC source
current

Internal resistance
of TCC
|output swing | <200 mv
specified output range:
0,3Vpp to 0,7 Vbb
Output TCC voltage
with respect to
TCA input voltage
Output PCq sink
current
Output PC1 source
current
Internal resistance
of PCq
|output swing |< 200 mv
specified output range:
0,3Vpp to 0,7 Vbbp
Output PC1 voltage
with respect to
TCC input voltage
EOR generation
VEOR=VDD-VTCA
Source current; HIGH

at Voyt =% Vpp;
output in ramp mode

TCA
TCB

1,5
1,4

0,9

1,3
1,2

21

1,9

0,7

1.1

1,0

1.4

0,7

13
2,5

mA
mA

10 - -
09 - -
mA {3,455

mA | 3,4,6

kQ |34

34,7

mA | 3,48

mA [ 3,49

k2 13,4

34
mA
mA

34,10

3.4,11

' ( October 1980

61



HEF4750V
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A.C. CHARACTERISTICS

General note

The dynamic specifications are given for the circuit built-up with external components as given in

Fig. 8, under the following conditions; for definitions see note 1; for definitions of times see Fig. 19;
Vpp = 10 V £ 5%; Tamp = 25 ©C; input transition times < 20 ns; Rp = 68 k2 + 30% (see also note 4);
Ca =270 pF; Cg = 150 pF; Cc = 1 nF; Cp = 10 nF; unless otherwise specified.

symbol | min. typ. ~max. unit | conditions notes

Slew rate

TCA StcA - 52 - V/us | Rp = minimum |12

TCA StecAa | — 28 - V/us | Rp = maximum |12

TCB StcB - 20 - V/us | Rp = minimum |12

TCB StcB - 10 - V/us | Rp = maximum |12
Ramp linearity

TCA ITcA — 2 — % 13

TCB ITes - 2 - % 13
Start of TCA-ramp delay tCBCA | — 200 — ns
Delay of TCA-hold tRCA — 40 — ns
Delay of TCA-discharge tvCA — 60 - ns
Start of TCB-ramp delay tvCB - 60 - ns
TCB-ramp duration tCB - 250 - ns Vmop =4V

tCB - 350 - ns VMmop =6V
tcB - 450 - ns Vmop =8V

Required TCB min.

ramp duration tCB - 150 - ns 14
Pulse width

V:LOW tpwvL | — 20 - ns

V : HIGH tpwVvH | — 20 - ns

R: LOW tpwRL | — 20 - ns

R: HIGH tPWRH | — 20 — ns

STB : LOW tpwsSL | — 20 - ns

STB : HIGH tPWSH - 20 - ns
Fall time

TCA tfCA - 50 - ns

TCB tfcB - 50 - ns
Prescaler input frequency PR - 30 - MHz | all division ratios
Binary divider frequency foiv — 30 - MHz | all division ratios
Crystal oscillator frequency fosc - 10 - MHz
Average power supply current locked state

with speed-up 1 : 10 lp - 3,6 - mA 15

without speed-up Ip - 3,2 - mA 16
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Frequency synthesizer HEF4750V
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to VSS or VDD
A

r —

L L I ity

NSO NS, Agmm—— e __ Ag
— VDD OUT |—
—MOD
—R PCyI—

HEF4750V

-V PCy f—
—1STB

TRA TCA TCB TCC OSC XTAL

ododale
1T

Vss
7284480

Fig. 8 Test circuit for measuring a.c. characteristics.

NOTES

1. Definitions:
Ra = external biasing resistor between pins TRA and Vss: 68 k2 + 30%.
Ca = external timing capacitor for time/voltage converter, between pins TCA and Vss.
Cg = external timing capacitor for phase modulator, between pins TCB and Vgg.
Cc = external hold capacitor between pins TCC and Vss.
Cp = decoupling capacitor between pins TRA and Vpp.

Logic inputs: V, R, STB, Ag to Ag, NSp, NS4, OSC.
Logic outputs: OL, PCy, XTAL, OUT.
Analogue signals: TCA, TCB, TCC, TRA, PCq, MOD.
- TRA at Vpp; TCA, TCB, TCC and MOD at Vss: logic inputs at Vgg or Vpp.
- All logic inputs at Vgg or V.
- Ra connected; its value chosen such that ITRA = 100 yA.
- The analogue switch is in the ON position {see Fig. 9).

G bhWN

VbD
'\ o %ch
1x - 0—
l/ analogue
switch

Vsg 7284481

TCA %

Fig. 9 Equivalent circuit for note 5.

' ( October 1980
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NOTES (continued)
6. The analogue switch is in the ON position (see Fig. 10).

VpD
TCA { l\ lo
1x —o— 00—
l/ analogue TCC
switch
Fig. 10 Equivalent circuit for note 6.

Vss

7284482
7. This guarantees the d.c. voltage gain, combined with d.c.-offset.

Input condition: 0,3 Vpp < VTCA <0,7 Vpp-

AV =V1cc—VTCA:

analogue

TCA !
switch

k§2 Fig. 11 Circuit for note 7.
7284483 Vgg
8.
Vbp
r\\\\ -4!51— P01
1x
: Fig. 12 Equivalent circuit for PCq
Tce l/ sink current.
Vss 7284484
9.

l/ l Fig. 13 Equivalent circuit for PCq
Vss  source current.

10. This guarantees the d.c. voltage gain, combined with d.c.-offset.
Input condition: 0,3 Vpp < Vtcc < 0.7 Vpp-.
AV =Vpc1-VTCC:

7284485

Vbp

20

kQ

L\ PC,
X
reccd 7 20
k2 Fig. 14 Circuit for note 10.

7284486 Vsg
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11. Switching level at TCA, generating an EOR-signal, during increasing input voltage.
12

70% VDD
specified
30 % VDD range
* Fig. 15 Waveform at the output.
7284487

13. Definition of the ramp linearity at full swing.

ramp waveform

7284488

Fig. 16 AV is the maximum deviation of the ramp waveform to the straight line, which joins the
30% Vpp and 70% Vpp points.

x 100%.

Linearity = ;
% VDD

14. The external components and modulation input voltage must be chosen such that this requirement
will be fulfilled, to ensure that Ca is sufficiently discharged during that time.

W (October 1980
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NOTES (continued)

15. Circuit connections for power supply current specification, with speed-up 1:10.V and R are in the
range of PC1, such that the output voltage at PCq is equal to5 V.
fosc = 5 MHz (external clock)
fgTg = 12,6 kHz

fy = 125 kHz
+10V
/
[ |RERREAARA
NSO NS1 AO ———————————— AQ
v Y —ouT
bb division ratio=40
+5V—|MOD
PCq —
R
HEF4750V
Y PCy |—
M.—s78
I Vss oL }—
4 TRA TCA TCB TCC 0SC XTAL

LI L
.|_o A-I-A—-B-J-C_ﬂ_

¢ . V
SS
VDD Jz 7284489

Fig. 17 Circuit for note 15.
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16. Circuit connections for power supply current specification, without speed-up. V and R are in the
range of PC1, such that the output voltage at PCq isequalto 5 V.
fosc = 5 MHz (external clock)
fgTg = 12,5 kHz

fy = 12,5 kHz
+10V
V.
[TTTTTTTITT
NSO NS1 AO ————————————— AQ
VoD .Y ouT
division ratio=400
+5V— MOD
PCi|—
R
HEF4 vV
_I—v EF4750 PC2—_
J | ——1STB
;VSS OoL—
7 TRA TCA TCB TCC OSC XTAL

g TANEE
LTI

. : : V,
V, SS
bD % 7284490

Fig. 18 Circuit for note 16.
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\ 50% \\
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R \
<—'PWRH - tpWwRL ——!
sTB 50%
-— tpySH = tpwsL -]
forbidden
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50ns —e| |=— —» |<—100ns
e — —Vpp
TcA ! [iRea
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{J
s
05V
_— 2y — —Vgg
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—= |=—1cBCA
——— e —_——— 4 —Vpp
TCB
(analogue) / 90%
0,5V 10% v
SS
trcB —
——l - t5cB 7284475

(1) Forbidden zone in the focked state for the positive edge of V and R and both edges of STB.

Fig. 19 Waveforms showing times in the locked state.
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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: 6 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 programrnability 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.

28] [o7] [oe] [2s] 4] [23] [52] o) [oo] [9] [i8] [77] [re] []
Vpp OFF RI OFSOTBS(TBZO_FE1W IN Bz B, B; By S

[ HEF4751V

CT 2T GT e 8] o] 7 (o (o] o] (o] 1] 1] T

7284464

Fig. 1 Pinning diagram.

SUPPLY VOLTAGE HEF4751VP : 28-lead DIL; plastic (SOT117).
HEF4751VD: 28-lead DIL; ceramic (cerdip) (SOT 135A).
HEF4751VT : 28-lead mini-pack ; plastic

. recommended
rating operating (5028; SOT136A).
—0,5t0 +18 45t0 125V
FAMILY DATA

see Family Specifications
Ipp LIMITS category LSI
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data valid
(shaded)

fetch period

|

d

B7Za7/
[ ol Tl T2] [3f 1ol [=] le]

LI

| |
A,

[ ol |

Fig. 4 Timing diagram showing programme data inputs.

Allocation of data input

fetch
period

inputs

Az Ay A1 Ag

B3 By By Bg

O O WN-=0O

NoA
nA
n2A
n3A
n4a
N5A

M

noB
nB
n2s
n3p
n4g
n5g

% channel
control

COp,
control

X XXX XXT

Allocation of data input B3 to Bg during fetch period 6

‘Gl ° ! 67Zl844667

Bz | B2 | COp division ratio B Bg | % channel configuration
L L 1 L L H=1
L | H 2 L | H H=2;np=0
H L 5 H H H=2;np=1
H H 10/11 H L test state

H = HIGH state (the more positive voltage)
L = LLOW state (the less positive voltage)
X = state is immaterial
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PROGRAMME DATA INPUT (see also Figs 3 and 4)

The programming process is timed and controlled by input PC and PE. When the programme enable
(PE) input is HIGH, the positive edges of the programme clock (PC) signal step through the internal
programme counter in a sequence of 8 states. Seven states define fetch _periods, each indicated by a
LOW signal at one of the corresponding data address outputs (550 to ODg). These data address
signals may be used to address the external programme source. The data fetched from the programme
source is applied to inputs Aq to A3 and Bq to B3. When PC is LOW in a fetch period an internal load
pulse is generated, the data is valid during this time and has to be stable. When PE is LOW, the
programming cyclus is interrupted on the first positive edge of PC. On the next negative edge at input
PC fetch period 6 is entered. Data may enter asynchronously in fetch period 6.

Ten blocks in the U.D. need programme input signals (see Fig. 2). Four of these (COp, C3, C4 and RSH)
are concerned with the configuration of the U.D. and are: programmed in fetch period 6. The remaining
blocks (RSO to RS4 and C1) are programmed with number P, consisting of six internal digits ng to ng.

P=(ng-10% +ng - 10% + n3 . 10? +n2:10+nq) - M+ng

These digits are formed by a substractor from two external numbers A and B and a borrow-in (bjn).
P= A — B — by, or if this result is negative; P= A — B — bjn + M - 105,

The numbers A and B, each consisting of six four bit digits nga to nga and ngg to nsg, are applied in
fetch period 0 to 5 to the inputs Ag to A3 (data A) and Bg to B3 (data B) in binary coded negative
logic.

A= (ngp - 104 +ngp - 103 +n3p - 102 +ngp "10+nqp) "M+ noA.

B=(ngg - 10* +ngp - 10° +n3g - 10% + nyg - 10+n1g) - M+ ngp.

Borrow-in (bj) is applied via input Sl in fetch period 0 (S = HIGH: borrow, SI = LOW: no borrow).
Counter C1 is automatically programmed with the most significant non-zero digit {nmg) from the

internal digits ng to n2 of number P. The counter chain C — 2 to C1 (see Fig. 3) is fully programmable
by the use of pulse rate feedback.

Rate feedback is generated by the rate selectors RS4 to RS0 and RSH, which are programmed with
digits n4 to ng and Ny, respectively. In fetch period 6 the fractional counter C3, half channel counter

C4 and COy, are programmed and configured via data B inputs. Counter C3 is programmed in fetch
period 6 via data A inputs in negative logic (except all HIGH is understood as: M = 16). The counter

CO is a side steppable 10/11 counter composed of an internal part COp, and an external part CO,. COp

is configured via B3 and B3 to a division ratio of 1 or 2 or 5 or 10/11; €O, must have the complementary
ratio 10/11 or 5/6 or 2/3 or 1 respectively. In the latter case COp, comprises the whole CO counter

with internal feedback, CO0, is then not required.

The half channel counter C4 is enabled with Bg = HIGH and disabled with Bg = LOW, With C4
enabled, a half channel offset can be programmed with input B1 = HIGH, and no offset with By = LOW.
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FEEDBACK TO PRESCALERS (see also Figs 5 and 6)

The counters C1, CO, C—1 and C—2 are side-steppable counters, i.e. its division ratio may be increased by
one, by applying a pulse to a control terminal for the duration of one division cycle. Counter C2 has

10 states, which are accessible as timing signals for the rate selectors RS1 to RS4. A rate selector,
programmed with n (nq to ng in the U.D.) generates n of 10 basic timing periods an active signal. Since
n <9, 1 of 10 periods is always non-active. In this period RS1 transfers the output of rate selector RSO,
which is timed by counter C3 and programmed with nq. Similarly, RSO transfers RSH output during
one period of C3. Rate selector RSH is timed by C4 and programmed with n,. In one of the two states
of C4, if enabled, or always, if C4 is disabled, RSH transfers the LOW active signal at input RT to RSO.
If RI is not used it must be connected to HIGH. The feedback output signals of RS1, RS2 and RS3 are
externally available as active LOW signals at outputs OFB4, OFB2 and OFB3.

Output OFB is intended for the prescaler at the highest frequency (if present), OF By for the next

(if present) and C)_F_B3 for the lowest frequency prescaler (if present). A prescaler needs a feedback
signal, which is timed on one of its own division cycles in a basic timing period. The timing signal at
OSY is LOW during the last U.D. input period of a basic timing period and is suitable for timing of the
feedback for the last external prescaler. The synchronization signal for a preceding prescaler is the OR-
function of the sync. input and sync. output of the following prescaler (all sync. signals active LOW).

c-1 co,
+10/11 +5/6 co ci c2
o—]In" out > N’ AJYV) of S L b +ng/
+2 L ng+1 +10
5 PE” g’ PE’ I
T -
1
Sy RS4
! «1° RS )
RSN switch I— 4
-—-(\ [ i - ? 1
-- 5v - OFB4 RS3
n3
o 1]
OFB, RS2
n2
L 1111
OFB, RS1
UNIVERSAL DIVIDER

7284466

Fig. 5 Block diagram showing feedback to prescalers.
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m Sl R [ miatai N il R\ [ i N r~4--—u rT T
€2 | et dola——z6 — +5 —t $6 —Te|e— +5 = 15 —
' ! 1 | | 1
IN,OUT" | : i i 1 g
R T T
! Y -0 —Cr —O
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o f i 5 ' '
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(1) scaling factor 7284468

Fig. 6 Timing diagram showing signals occurring in Fig. 5.

w ( October 1980 75



HEF4751V

LSl

CASCADING OF U.D.s (see also Fig. 8)

A U.D. is programmed into the ‘slave’ mode by the programme input data: nga = 11, ngg = 10,

n3A = NgA = N3g = N4g = ng = 0. A U.D. operating in the slave mode performs the function of two
extra programmable stages C2’ and C3’ to a ‘master’ (not slave) mode operating U.D. More slave U.D.s
may be used, every slave adding two lower significant digits to the system.

Output O_FB3 is converted to the borrow output of the programme data subtractor, which is valid after
fetch period 5. Input S! is the borrow input (both in master and in slave mode), which has to be valid
in fetch period 0. Input Sl has to be connected to output 0—F§3 of a following slave, if not present, to
LOW. For proper transfer of the borrow from a lower to a higher significant U.D. subtractor, the U.D.s
have to be programmed sequentially in order of significance or synchronously if the programme is
repeated at least the number of U.D.s in the system.

Rate input RI and output OFS must be connected to rate output OFB+ and the input IN of the next
slave U.D. The combination thus formed retains the full programmability and features of one U.D.

OUTPUT (see also Fig. 7)

The normal output of the U.D. is the slow output OFS, which consists of evenly spaced LOW pulses.
This output is intended for accurate phase comparison. |f a better frequency acquisition time is
required, the fast output OFF can be used. The output frequency on OFF is a factor M - H higher than
the frequency on OFS. However, phase jitter of maximum +1 system input period occurs at OF F,
since the division ratio of the counters preceding OFF are varied by slow feedback pulse trains from
rate selectors following OFF.

OFS l__l
SN T B ey - ~ i

(M- H) pulses - 7284465

Fig. 7 Timing diagram showing output pulses.
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D.C. CHARACTERISTICS Vgg =0V

Tamb (°C)
Vpp |VoH | VoL —40 +25 +85
\" Vv \ symbol min. max. min. max. min. max.
Output (sink) 4,75 0,4 1,6 14 11 mA
current LOW 5 04 | 1oL |17 1,5 1,2 mA
10 0,5 2,9 2,7 2,2 mA
Output (source) 5 | 4,6 1,0 0,85 0,65 mA
current HIGH 5 {25 —lon | 3.0 2,5 1,7 mA
10 | 95 3,0 25 1,7 mA
A.C. CHARACTERISTICS
Vgs =0 V; Tamb = 25 OC; input transition times < 20 ns
parameter Vl\)/D symbol min. typ. max. unit
Propagation delay 5 136 270 ns -
IN — OSY | 10 | PHL 45 90 ns CL=10pF
HIGH to LOW
Output transition
times i
[ 30 60 ns _
HIGH to LOW 10 tTHL 12 25 s CL =50pF
5 : 45 90 ns _
LOW to HIGH 10 | tTLH o0 40 ns CL =50pF
Maximum input 5 p 4 8 MHz { § =50%
frequency; IN 10 max 12 24 MHz COp, ratio > 1
Maximum input 5 f 2 4 MHz { § =50%
frequency; IN 10 max 6 12 MHz COy, ratio =1
Maximum input 5 f 0,15 03 MHz
frequency; PC 10 max 0,5 1,0 MHz
VpD - where
) typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power C = load capacitance (pF)
dissipation per 5 1200 f; + Z(foCL) x Vpp? =(foCL) = sum of outputs
package (P) 10 5400 f; + Z{f,CL) x Vpp? Vpp = supply voltage (V)
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MAB84X1
‘ MAF84X1

BLIS MAF84AX1
— FAMILY

FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET.

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION
The MAB84X1 family of microcontrollers is fabricated in NMOS. The family consists of 5 devices:
o MAB8401 — 128 bytes RAM, external program memory, with 8-bit LED-driver (10mA),

emulation of MAB/F8422/42* possible
® MAB/MAF8411 — 1K byte ROM/64 bytes RAM plus 8-bit LE D-driver
® MAB/MAF8421 — 2K bytes ROM/64 bytes RAM plus 8-bit LED-driver
® MAB/MAF8441 — 4K bytes ROM/128 bytes RAM plus 8-bit LED-driver
® MIAB/MAF8461 — 6K bytes ROM/128 bytes RAM plus 8-bit LED-driver

Each version has 20 quasi-bidirectional /O port lines, one serial 1/O line, one single-ievel 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 ““8-bit Single-chip Microcontrollers user manual"’.

* 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

Seriai 1/0 that 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

® 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: Oto+ 700C MAB84X1 family
—40to+ 850C MAF84X1 family only
—40to+1100C MAF84AX1 family only

PACKAGE OUTLINES

MABB401B: 28-lead ‘Piggy-back’ package {with up to 28-pin EPROM on top).
MABB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT188).
MAB/MAF8411/21/41/61P: 28-lead DIL; plastic (SOT117).
MAF84A11/21/41/61P:; 28-lead DIL; plastic (SOT117).
MAB8411/21/41/61T: 28-lead mini-pack; plastic (SO28; SOT163A).

| (December 1987
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MAB84X1
MAF84X1
MAF84AX1
FAMILY

SERIAL DATA/ P2.3

. r——— il
{pin 2) | | P1.7-P1.0 EMU20 PO.7-P0.0
setk $2.2-P20 (| mesicent ROM | m
(pins 1,27, 26) | |
|| ea11: 1kevrEs ||
8421: 2 KBYTES
| 8441: 4 KBYTES
cLocK DATA PORT 2 1| 8ae1: 6xBYTES |! PORT 1 POAT 0
*| BuFFer | | BUFFER BUFFER
DECODE |
PORT 2 ! i poRT1 | 4 porTO | 4>
LATCH L) __—__. LATCH LATCH
MEMORY
BANK 13
FLIPFLOPS -—l
SERIAL +32 TIMER/ HIGHER LOWER
RAM
INPUT/ EVENT PROGRAM PROGRAM P:.?f-rus
ouTPUT COUNTER COUNTER COUNTER WORD
INTERFACE INTERNAL [—’ (8) (5) (8)
cLoc
SI0 FREQ.  TEST1 timer
interrupt interrupt 8 3 g
AV A \}
[ /} 8 ]
{/ A4
INTER- MULTIP
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 Rufn ADRD‘}%SS [ MuLTiecexen |
(8) (8) (8) LOGIC REGISTER REGISTER 0
T REGISTER 1
t REGISTER 2
*l mux ARITHMETIC INSTRUCTION REGISTER 3
LOGIC UNIT || REGISTER REGISTER 4
&
REGISTER §
_m DECODER
EXSI — D REGISTER 6
— | B
o 8 LEVEL STACK
D | (VARIABLE LENGTH)
vee «— TEST O E
—= OPTIONAL SECOND
POWER | ernal [«— TEST 1 REGISTER BANK
externa
supeLY | IS8 np interrupt CONDITIONAL |«— TIMER
BRANCH
Logic  [e— CARRY DATA STORE
— ACC
_ CONTROL & TIMING <—_—_‘—"::> ACCBIT
iNT/TO RESET XTALT XTAL2 TEST
RESIDENT RAM ARRAY
8401: 128 BYTES
INTERRUPT INITIALIZE ~ OSCILLATOR 8411: 64 BYTES
XTAL 8421: 64 BYTES
N 8441 : 128 BYTES
1
(1} EXSI and EMU20 for 8401 WP only 7283739.5 8461 : 128 BYTES
Fig. 4a Block diagram of the MAB84X1 family.
e e —_—_————— e —— ——
r A0-A12 1 | AD-A12 7
| D0-D7 | ]/‘} 00-D7 |
| PN | | |
CLK +—] | FSEN +—
‘ Ti K | |8
| HALT —»| | I |
| INTA +— | | |
;_.__jlat.__._._________! I____i;t._____._._,_l
7297968

Fig. 4b Replacement for dotted part in Fig. 4a
for the MAB8401WP bond-out version.

Fig. 4c Replacement of dotted part in Fig. 4a
for the MAB8401B ‘Piggy-back’ version.
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MAB8422/42
MAF8422/42
MAF84A22/A42

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

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 microcontrolier that has been developed from the
28 pin MAB8421/8441 microcontrollers. The versions are:

® MABB8422 - 2K x 8 ROM/64 bytes RAM
® MABB8442 - 4K x 8 ROM/128 bytes RAM

Each version has 15 1/0 port lines comprising one 8-bit parallel port (P0), one 2-bit parallel port (P1.0
and P1.1 that are shared with the serial 1/0 lines SDA and SCL), one 3-bit parallel port (P2.0- P2.2) and
two input lines (INT/T0 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 upon
request. For detailed information see the user manual 'Single-chip 8-bit microcontrollers’.

Features

8-bit: CPU, ROM, RAM and 1/0
20 pin package
MAB8422: 2K x 8 ROM/64 bytes RAM
MABB8442: 4K x 8 ROM/128 bytes RAM
13 quasi-bidirectional 1/0 port lines
Two testable inputs T1 and INT/TO
High current output on PO (Ig = 10 mA at VoL=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 I/0 that can be used in single or multi-master systems (serial 1/0 data and clock
via P1.0 and P1.1 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 power supply
Operating temperature ranges: 0to+700C (MAB84X2)
—40 to +85 0C (MAF84X2)
—40 to +110 °C (MAF84AX2)

PACKAGE OUTLINES
MAB/MAF84X2, MAF84AX2: 20-iead DIL; plastic (SOT146).
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—1 oureut BUFFER BUFFER ! 8442:4KBYTES | | BUFFER
INTERFACE |
PORT 1 PORT 2 | DECODE | PORT 0 3
LATCH LATCH L 1 LATCH
MEMORY
BANK
FLIPFLOPS »—‘
+32 TIMER/ HIGHER LOWER PROGRAM
| EVENT PROGRAM PROGRAM STATUS
COUNTER COUNTER COUNTER WORD
INTERNAL (8) 5) (8)
CLOCK
tREQ.  TEST1
2{P1.0—P1.1 8
< A4 <
F ) 1
2N
A 4 isnlgrrupl "(imer
interrupt|
L .
INTER- RAM MULTIPLEXER
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT ADDRESS | I
® @ )| | Logic REGISTER REGISTER 0
REGISTER 1
— REGISTER 2
ARITHMETIC INSTRUCTION REGISTER 3
LOGIC UNIT } | REGISTER REGISTER 4
& REGISTER 5
— DECODER E REGISTER 6
b © REGISTER 7
O sLeveLstack
E | (VARIABLE LENGTH)
Veo le— TESTO
—_ OPTIONAL SECOND
gg;vpf_ﬂ Ves axtemal [¢— TEST1 REGISTER BANK
Y
= ¢ DECIMAL TIMER
GND interrupt IUST CONDITIONAL [¢— ("=
LOGIC  [¢— CARRY
DATA STORE
CONTROL & TIMING j— ACC
— ACC BIT
INT/TO RESET XTAL 1 XTAL 2 TEST
RESIDENT RAM ARRAY
8422 . 64BYTES
INTERRUPT  INITIALIZE osc)i(l#ALTon 280477.2 8442 - 128 BYTES

Fig. 1 Block diagram of the MAB8422/8442.
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DESCRIPTION

The MC3410 series are 10-bit Multiply-
ing Digital-to-Analog Converters. They
are capable of high-speed performance,
and are used as general-purpose buiid-
ing blocks in cost-effective D/A sys-
tems.

The Signetics' design provides complete
10-bit accuracy without laser trimming,
and guaranteed monotonicity over tem-
perature. Segmented current sources, in
conjunction with an R-2R DAC provides
the binary weighted currents. The output
buffer amplifier and voltage reference
have been omitted to allow greater
speed, lower cost, and maximum user
flexibility.
FEATURES
® 10-bit resolution and accuracy
(+0.05%)
® Guaranteed monotonicity over
temperature

® Fast settling time — 250ns typical
BLOCK DIAGRAM

MC3410, MC3510,
MC3410C

10-Bit High-Speed Multiplying
D/A Converter

Product Specification

© Digital inputs are TTL and CMOS PIN CONFIGURATION

compatible F Package
e Wide output voitage compliance
range .
* High-speed multiplying input slew vee (4] 19 Vaer
rate — 20mA/us Gno 7] 78] Vaer -
© Reference amplifier internally- ouvreut [7 14 vee
compensated 01 (Mss) [] (13] 010 (LS8)
© Standard supply voltages +5V 02 5] 7] 0,
and -15V 03 [5] [T1) 0g
APPLICATIONS o oor
® Successive approximation A/D $ (210
converters TOP VIEW
® High-speed, automatic test ToP VIEW Corazeos
equipment

® High-speed modems

¢ Waveform generators

® CRT displays

® Strip CHART and X-Y plotters
® Programmable power supplies

® Programmable gain and
attenuation

msg LSB
Cs D2 D3 D4 Ds Cg D7 Dg Dg Dyo

AASANASAA N

3
CURRENT SWITCHES
b
LITTTTTTT
LADDER TERMINATORS
T TTTTT]
R-2R LADDER 4
16
VRer( +) 0—
VIEﬂ(‘)Oi [ | sus
CIRCUNRY
REFERENCE 14
CURRENT o vee
AMPLIFIER
1 2
Vee GND
BDO9960OS.
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Product Specification

10-Bit High-Speed Multiplying MC3410. MC3510, MC3410C
D/A Converter ' '

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Cerdip 0 to +70°C MC3410F
16-Pin Cerdip 0 to +70°C MC3410CF
16-Pin Cerdip -55°C to +125°C MC3510F

ABSOLUTE MAXIMUM RATINGS T,= +25°C unless otherwise noted

SYMBOL PARAMETER RATING UNIT
Vee Power supply +7.0 Vbc
Vee -18 Voc
A Digital input voltage +15 Vpo
Vo Applied output voltage ) 0.5, -5.0 Voc
Irer(1e) | Reference current 25 mA
VReF Reference amplifier inputs Vee, Vee Voc
VRerp) | Reference amplifier differential inputs 0.7 Voc
Ta Operating ambient temperature range

MC3510 -55 to +125 °C
MC3410, 3410C 0 to +70 °C
T Junction temperature, ceramic
J package +150 °C
Pp Maximum power dissipation,
Tp=25°C (still-air)’!
F package 1190 mw
NOTE:

1. Derate above 25°C, at the following rates:
F package at 9.5mwW/°C
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Product Specification

10-Bit High-Speed Multiplying

D/A Converter

MC3410, MC3510, MC3410C

Vi
DC AND AC ELECTRICAL CHARACTERISTICS Vo = +5.0Voc, Ve = - 1500, ~258 = 2.0mA, all digtal inputs at high
logic level. R1é
MC3510: T, =-55°C to + 125°C, MC3410 Series: Tao=0°C to +70°C,
unless otherwise noted.
MC3410, MC3510 MC3410C
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
£ Relative accuracy T, = 25°C +0.05 +0.1 %
r (error relative to full-scale Io) A s s LSB
Relative accuracy drift °
. 2. /
TCE (relative to full-scale o) 25 ® ppm/°C
Monotonicity Over temperature 10 10 Bits
Settling time to within + %2 LSB _ oro
s (all bits LOW-to-HIGH) Ta=25°C 250 250 ns
teLn ) o = oro 35 35
torL Propagation delay time Ta=25°C 20 20 ns
TClo Output full scale current drift 60 70 ppm/°C
Digital input logic levels (all bits)
ViH HIGH-level, Logic ''1" 20 2.0 Voc
LOW-level, Logic ''0" } 0.8 i 0.8
Digital input current (all bits)
i HIGH-level, V; = 5.5V +.04 +.04 mA
I LOW-level, V,_ = 0.8V -0.05| -0.4 -0.05| -0.4
IREF(15) Reference input bias current (Pin 15) -1.0 | -5.0 -1.0 | -5.0 HA
lor Output current range 4.0 5.0 4.0 50 ° mA
. ) VRer = 2.000V,
loH Output current (all bits high) Ryg = 10002 38 3996 42 38 |3996| 4.2 mA
loL Output current (all bits low) Ta = 25°C 0 2.0 0 4.0 HA
) Cre -25 -25
Vo Output voltage compliance Ta=25°C +02 +02 Voc
SR Iger Reference ampiifier slew rate 20 20 mA/us
ST Iger Reference amplifier settling time 0 to 4.0mA, £0.1% 2.0 2.0 us
PSRR(-) | Output current power supply sensitivity 0.003 | 0.01 0.003 | 0.02 %/ %
Co Output capacitance Vo=0 25 25 pF
Digital input capacitance
G @il bits high) 40 40 PF
lcc Power supply current +18 +18 A
lee (all bits low) -11.4] -20 -11.4| -20 m
Vee — pro, +4.75| +5.0 | +5.25|+4.75| +5.0 | +5.25
Veg Power supply voltage range Ta=25°C -14.25( -15 |-15.75|-14.25| -15 |-15.75 Voo
Power consumption
(all bits low) 220 380 220 | 380 mw
(all bits high) 200 200
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Product Specification

10-Bit High-Speed Multiplying MC3410, MC3510, MC3410C
D/A Converter ' '

40 E a0
g w0
g 30 w
£ 2 20
- Vee= +5.0V s
E 20 Vee= - 15.0V _| o o +Vee= +5V
z Ta=25°C > - Vgg= - 15V
> lngr=2mA - g o Rep=2mA
(3] z
- 10 < -0
5 <
2 g
5 3 -20
@ o 8
= -30
g
-10 5 - 40
-5 -3 -10 1 3 s S -75-50-25 0 25 50 75 100 125
COMPLIANCE VOLTAGE (VOLTS) Ta{°C)
OP19630S OP1e0i0s

Figure 2. Maximum Output Compliance

vs Temp!

Figure 1. Output Current vs Output Compliance Voltage

R 18.0
£ I 160 R15= R16 = 1.0K
.
z 2 3 140 |8 CURVE VRer(~) =0V
< =T & 120 [ SMALL-SIGNAL BW
g E 10.0 | ro=1000
o 8.0 | VRer(+)=50 mV,
> 10 ] Vee= +5V — 2 60 |CENTERED AT ¢ &
g ~Veg= ~15V 5 a0 tH
L 4 IngF =2 mA~— S 20 il
] ] w o al
x 3 E 0 N
3 % ~20 [ ACURVE
S 2 +lgg & —40 I~ LARGE SIGNAL BW
S & -60 (=200 1
-] ~8.0 | vper(+)m2V,
5 —10 [~ CENTERED AT + 1.0V TTY(]
S o 12 NTERED AT + 1OV
= _75-50-25 0 25 50 75 100 125 01 020305 1.0 203050 10
TA(O) 1, FREQUENCY (MHz2)
OP19660S
0P196508
Figure 3. Power Supply Current vs Temperature Figure 4. Reference Amplifier Frequency Response
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Product Specification

10-Bit High-Speed Multiplying

D/A Converter

MC3410, MC3510, MC3410C

CIRCUIT DESCRIPTION

The MC3410 consists of four segment cur-
rent sources which generate the two most
significant bits (MSBs), and an R-2R DAC
implemented with ion-implanted resistors for
scaling the remaining eight least significant
bits (LSBs) (See Figure 5). This approach
provides complete 10-bit accuracy without
trimming.

The individual bit currents are switched ON or
OFF by fully differential current switches. The
switches use current steering for speed.

An on-chip high-slew reference current ampli-
fier drives the R-2R ladder and segment
decoder. The currents are scaled in such a
way that, with all bits on, the maximum output
current is two times 1023/1024 of the refer-
ence amplifier current, or nominally 3.996mA
for a 2.000mA reference input current. The
reference ampiifier allows the user to provide
a voltage input. Out-board resistor Rqg (see
Figure 6) converts this voltage to a usable
current. A current mirror doubles this refer-
ence current and feeds it to the segment

decoder and resistor ladder. Thus, for a
reference voltage of 2.0V and a 1k§2 resistor
tied to Pin 18, the full-scale current is approxi-
mately 4.0mA. This relationship will remain
regardless of the reference voltage polarity.

Connections for a positive reference voltage
are shown in Figure 6a. For negative refer-
ence voltage inputs, or for bipolar reference
voltage inputs in the multiplying mode, Rys
can be tied to a negative voltage correspond-
ing to the minimum input level. For a negative
reference input, Ryg should be grounded
(Figure 6b). In addition, the negative voltage
reference must be at least 3V above the VEE
supply voltage for best operation. Bipolar
input signals may be handled by connecting
Ry6 to a positive voltage equal to the peak
positive input level at Pin 15.

When a DC reference voltage is used, capaci-
tive bypass to ground is recommended. The
5V logic supply is not recommended as a
reference voltage. If a well regulated 5.0V
supply, which drives logic, is to be used as
the reference, Ryg should be decoupled by

connecting it to the +5.0V logic supply
through another resistor and bypassing the
junction of the two resistors with a 0.1uF
capacitor to ground.

The reference amplifier is internally-compen-
sated with a 10pF feed-forward capacitor,
which gives it its high slew rate and fast
settling time. Proper phase margin is main-
tained with all possible values of Ryg and
reference voltages which supply 2.0mA refer-
ence current into Pin 16. The reference
current can also be supplied by a high imped-
ance current source of 2.0mA. As Ry in-
creases, the bandwidth of the amplifier de-
creases slightly and settling time increases.
For a current source with a dynamic output
impedance of 1.0MS2, the bandwidth of the
reference amplifier is approximately haif what
it is in the case of Ryg = 1.0kS2, and settling
time is = 10us. The reference amplifier phase
margin decreases as the current source value
decreases in the case of a current source
reference, so that the minimum reference
current supplied from a current source is
0.5mA for stability.

[ (13)
mse [ ® (o] ® ® (10) an 12) Lss
0y 0 D3 Ds Ds Og 07 Ds 0y Do
9 9 GND
-]
T Ty ik
3
SEGMENT - - J _ -4 - d ] ]
DECODER
Veias
(INTERNAL)
—T -
2R 2R 2R 2R 2R 2R 2R 2R
41 & " S
- - -d
CODE SELECTED 0111110011
Vee (1)
LD08290S.
Figure 5. MC3410 Equivalent Circuit
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Product Specification

10-Bit High-Speed Multiplying

MC3410, MC3510, MC3410C

D/A Converter

Va(+)

Dy THROUGH
Do

Vee

Dy THROUGH
D1o

o——1

Vee

a. Positive Reference Voitage

[T

b. Negative Reference Voltage
Figure 6. Basic Connections

Ryg + Ry = Ris = Rper
Ry < < Ry
Jo F.S. =2 In = VRer/ RREF

Tc221008

Rig+ Rr=Ryg
Ry < < Rys
Vagr = Vee +3V

TC221108

OUTPUT VOLTAGE

COMPLIANCE

The output voltage compliance ranges from
_25 to +0.2V. As shown in Figure 2, this
compliance range is nearly constant over
temperature. At the temperature exiremes,
however, the compliance voitage may be
reduced if Vgg > -15V.

ACCURACY
Absolute accuracy is a measure of each
output current level with respect to its intend-

November 14, 1986

od value. It is dependent upon relative accu-,

racy and full-scale current drift. Relative accu-
racy, or linearity, is the measure of each
output current with respect to its intended
fraction of the full-scale current. The relative
accuracy of the MC3410 is fairly constant
over temperature due to the excellent tem-
perature tracking, of the implanted resistors.
The full-scale current from the reference
amplifier may drift with temperature causing a
change in the absolute accuracy. However,
the MC3410 has a low full-scale current drift
with temperature.

88

The MC3510 and the MC3410 are accurate
to within £0.05% at 25°C with a reference
current of 2.0mA on Pin 16.

MONOTONICITY

The MC3410, MC3510 and MC3410C are
guaranteed monotonic over temperature.
This means that for every increase in the
input digital code, the output current either
remains the same or increases but never
decreases. In the multiplying mode, where
reference input current will vary, monotonicity
can be assured if the reference input current
remains above 0.5mA.

SETTLING TIME

The worst-case switching condition occurs
when all bits are switched "on," which corre-
sponds to a low-to-high transition for all bits.
This time is typically 250ns for the output to
settle to within  ¥2 LSB for 10-bit accuracy,
and 200ns for 8-bit accuracy. The turn-off
time is typically 120ns. These times apply
when the output swing is limited to a small
(<0.7V) swing and the external output ca-
pacitance is under 25pF.

The major carry (MSB off-to-on, all others on-
to-off) settles in approximately the same time
as when all bits are switched off-to-on.

If a load resistor of 62550 is connected to
ground, allowing the output to swing to -2.5V,
the settling time increases to 1.5us.

Extra care must be taken in board layout as
this is usually the dominant factor in satisfac-
tory test results when measuring settling time.
Short leads, 100uF supply bypassing, and
minimum scope lead length are all necessary.

A typical test setup for measuring settling
time is shown in Figure 7. The same setup for
the most part can be used to measure the
slew rate of the reference amplifier (Figure 9)
by tying all data bits high, pulsing the voltage
reference input between 0 and 2V, and using
a 5005 load resistor Ryi.



Product Specification

10-Bit High-Speed Multiplying

D/A Converter

MC3410, MC3510, MC3410C

Vee
0.1,F
1 +2Vde
14 = 9 RISE AND FALL TIMES = 10ns
4 16 1k 24v
s —O—‘M—j vy 1.4V
6 15 * 01.F 0.av
7 >
1_ S = 0.5V
81 mcastor =5003 R,
9] wmc3a0
Vo
10 3
11 Yo 0
ts — 250ns TYPICAL
12 1 TO = 121$8
13 2 T Co = 250F USE R, TO GND FOR TURN.OFF MEASUREMENT
VR I = s FOR SETTLING TIME
' 50 1 = MEASUREMENT.
(ALL BIT SWITCHED
0.1,F LOW TO HIGH)
WF211008
Vee
TC221208
Figure 7. Settling Time
Vee
0.1,F
L RISE AND FALL TIMES < 10ns
14 = 24V
* +2Vde f \
16 v K
0.4V -J
15 1k ji 0.1,F
MC3510/ -
MC3410
3
Vo OV vy
R Vo *
20 - 80mv }
2
_l = - |
1 = teLn tere
0.1,F FOR PROPAGATION
DELAY TIME
WF21110S8
Vee
TC221308
Figure 8. Propagation Delay Time
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Product Specification

10-Bit High-Speed
D/A Converter

Multiplying MC3410, MC3510, MC3410C

Vee
9
0.04F
¢ 1
= Vreri +) _
14 |
. 6 ® °
—o—] O—AW\- 20V
6 s W J_ VRer(+)
—0—7] —O—Wv—-L 0.1,F °
L I
MC3s10/ =
ol MCaa10 RS = o8V
p—-o0—— soo:»
10 3 Vo SLEW RATE
" Vo
r—j—l ° V' g =28 TYPICAL
=28
13 2 7 s 25F 70 £0.1%
| = 1 USE Ry =200 TO GNO FOR
1 = = SLEW RATE MEASUREMENT
0.14F WF211208
Vee
TC221408
Figure 9. Reference Amplifier Settling Time and Slew Rate

TYPICAL APPLICATIONS

4
8us

CONTROL
SIGNAL
FROM P

=

7 D1of
s Dy
5 O
4 Mrnrr 7]
LATCH [
3 10-817
18313 ™ol DAC  |—opouteur
H be] csa0
D
B ey 3
28T 0
LATCH Q)
12 L8376
LDOSIN0S

Et

WF211308

THE VALID DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH Ez PULSE.
TIMING WILL DEPEND ON THE PROCESSOR USED.

Figure 10. intertacing 10-Bit DAC With 8-Bit Microprocessor
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DESCRIPTION

The NE542 is a dual preampilifier for the
amplification of low level signals in appli-
cations requiring optimum noise perfor-
mance. Each of the two amplifiers is
completely independent, with individual
internal power supply decoupler-regula-
tor, providing 110dB supply rejection
and 70dB channel separation. Other
outstanding features include high gain
(104dB), large output voltage swing
(Vcc-2Vp.p), and internal compensation
to 10dB. The NE542 operates from a
single supply across a range of 9 to 24V.

The NE542 is ideal for use in stereo
phono, tape, or microphone preamps
and other applications requiring low
noise amplification of small signals.

ORDERING INFORMATION

NES542

Dual Low-Noise Preamplifier

Product Specitication

FEATURES

® Low noise — 0.7,V total input
noise

¢ High gain — 104dB open-loop

® Single supply operation

® Wide supply range 9 to 24V

® Power supply rejection 110dB

® Large output voltage swing
(Vce-2Vp.p)

¢ Wide bandwidth 15MHz unity
gain

® Power bandwidth 100kHz (15Vp.p)

¢ Internally-compensated (stable at
10dB)

® Short-circuit protected
® High slew rate 5V/us

PIN CONFIGURATION

N Package

+INm [T
~IN() [Z]

anp [3]
OUTPUT (1) [T]

[S]+iney
(7] -ne»
(8] vee

[$] ouTPUT )

TOP VIEW

CD110208.

APPLICATIONS
® Tape preamplifier
® Phono preamplifier

® Microphone preamplifier

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

8-Pin Plastic DIP

0 to +70°C

NES42N

EQUIVALENT CIRCUIT

TC134118.
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Product Specification

Dual Low-Noise Preamplifier NE542
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +24 v
Pp Power dissipation 500 mwW
Ta Operating ambient temperature range 0to +70 °C
Tsta Storage temperature range -65 to +150 °C
Lead soldering temperature _
Tsow | (10sec max) +300 = dc
DC ELECTRICAL CHARACTERISTICS Ta=25°C; Vcc = 14V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Supply voltage 9 24 \
lec Supply current Vec=9 to 18V, R = 9 15 mA
Rin Input resistance
Positive input 100 (394
Negative input 200 k2
Rout Output resistance Open-loop 150 Q
AC ELECTRICAL CHARACTERISTICS Ta=25°C; Vog = 14V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Ay Voltage gain Open-loop 160,000 \"74%
N Negative Input current 0.5
Source 8 14 mA
fout Qutput current Sink (linear operation) 2 3 mA
Vout Output voltage swing Veo -2.5 | Vec -2 A
Small signal bandwidth 15 MHz
SR Slew rate 5 V/us
Pew Power bandwidth 15Vpp 100 kHz
VIN Maximum input voltage Linear operation, < 2.5% distortion 300 mVRems
PSRR Power supply rejection ratio f =60, 120Hz 100 dB
f=1kHz 110 dB
Channel separation f=1kHz 40 70 dB
THD Total harmonic distortion 40dB gain, f=1kHz 0.1 0.3 %
Total equivalent input noise Rg = 60052, 100 - 10,000Hz 0.7 1.2 uVRMms
Rg = 50kS2, 10— 10,000Hz 12 dB
Noise figure Rg = 20kS2, 10 - 10,000Hz 1.2 dB
oise figul Rg = 10k, 10 - 10,000Hz 15 dB
Rg = 5k§2, 10— 10,000Hz 24 dB
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Product Specification

Dual Low-Noise Preampilifier

NE542

TYPICAL PERFORMANCE CHARACTERISTICS

Large-Signal Frequency Response

Gain vs Temperature
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>
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g I
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y 08
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g 5 0.2
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Product Specification

Dual Low-Noise Preamplifier NE542

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Noise Voltage vs Frequency Noise Current vs Frequency Pulse Response
18 T T T TTT 9 T
NOTE: Rg=0 NOTE: Rs =50k Av=10
[
14
7
12 0.8 > 6
N N 1
2 N AN 5 °
3 10 < 3 os g a
! AN I N 3 s
z Z 04 N % \
> M = 7 NN = 2
w.\~~ ? \
5 .2 1 \
) e
100 *® 10k 100 1k 10k 0-10 0 10 20 30 40 50 80 70 B0
FREQUENCY — Hz FREQUENCY — Hz TIME — s
OP10040S ©OP100508 OP10060S
TYPICAL APPLICATIONS
0.1,F
+—o 0.5VAMS 1,4 500k T
800, A o
AT ” Bo—i
1kHz 1F 500K §
ot
1F 500k
L No-- -
TCt3421S
Typical Tape Playback Amplifier Audio Mixer
Vee= +18V
0.1,F INU(®
+ 4,
T(‘u) N ¢ .s: out
e T 1800 2 40k
ax 158F 3s0ks  Loaoopr
a70
1+ (113
ToF T2 S04F B
= = = = TC134408 = TC134508
Two-Pole Fast Turn-On NAB Tape Preamp RIAA Magnetic Phono Preamp
NOTE:
All resistor values are typical and in ohms.
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DESCRIPTION

The NE570/571 is a versatile low cost
dual gain control circuit in which either
channel may be used as a dynamic
range compressor or expandor. Each
channel has a full-wave rectifier to de-
tect the average value of the signal, a
linerarized temperature-compensated
variable gain cell, and an operational
amplifier.

The NE570/571 is well suited for use in
cellular radio and radio communications
systems, modems, telephone, and satel-
lite broadcast/receive audio systems.

CIRCUIT DESCRIPTION

The NE570/571 compandor building
blocks, as shown in the block diagram,
are a full-wave rectifier, a variable gain
cell, an operational amplifier and a bias
system. The arrangement of these
blocks in the IC result in a circuit which
can perform well with few external com-
ponents, yet can be adapted to many
diverse applications.

The full-wave rectifier rectifies the input
current which flows from the rectifier
input, to an internal summing node
which is biased at Vrgr. The rectified
current is averaged on an external filter
capacitor tied to the Crecr terminal, and
the average value of the input current
controls the gain of the variable gain
ceil. The gain will thus be proportional to
the average value of the input signal for
capacitively-coupled voltage inputs as
shown in the following equation. Note
that for capacitively-coupled inputs there
is no offset voltage capable of producing
a gain error. The only error will come
from the bias current of the rectifier
(supplied internally) which is less than
0.1pA.

mlle - Vrer lavg
Ry

G

or

G Vin lavg
Ry
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NES70/571/SA571

Compandor

Product Specification

FEATURES

® Complete compressor and
expandor in one IC

® Temperature compensated

® Greater than 110dB dynamic
range

® Operates down to 6Vpc

® System levels adjustable with
external components

® Distortion may be trimmed out

APPLICATIONS
o Cellular radio

® Telephone trunk compandor —
570

® Telephone subscriber
compandor — 571

® High level limiter

¢ Low level expandor — noise gate
® Dynamic noise reduction systems
® Voltage-controlled amplifier

© Dynamic filters

ORDERING INFORMATION

PIN CONFIGURATION

D, F, N Packages'

Rect Cap 1 [1] 16] Rect Cap 2
Rect 1n 1 [2] [15) Rect 1n 2
AG Ceil in 1[3] [72] 4G Cetiin 2
ono [4] 73] vee
tnv In "E Elnv in2
Res. R, 1[6 | [17] Res. R, 2
Output 1 E E OQutput 2
THO Trim 1[8 ] 9] THD Trim 2

TOP VIEW co108008|
NOTE:
1. SOL - Released in Large SO Package Only.

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Cerdip 0 to +70°C NE570F
16-Pin Plastic DIP 0 to +70°C NE570N
16-Pin Plastic SOL 0 to +70°C NE571D
16-Pin Cerdip 0 to +70°C NE571F
16-Pin Plastic Cerdip 0 to +70°C NE571N
16-Pin Cerdip -40°C to +85°C SA571F
16-Pin Plastic DIP -40°C to +85°C SA571N

BLOCK DIAGRAM

THD TRIM T

variable
gain cel

R1 10K

RECT IN RECTIFIER

R2 20K
4G IN

1 RECT CAP

R3 INVERTER IN

R3
20K

output
V REF
R4 V8V +
30K

Tc1i81s
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Product Specification

Compandor NE570/5741/SA571

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Veo Positive supply
570 24 Vpc
571 18
Ta Operating ambient temperature range
NE 0to +70 °C
SA -40 to +85 °C
Ppo Power dissipation 400 mw

DC ELECTRICAL CHARACTERISTICS T, =25°C, Voo = 15V. Except where indicated, the 571 specifications are identical to
those of the 570.

NE570 NE/SA571°
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vee Supply voltage 6 24 6 18 v
lcc Supply current No signal 3.2 4.8 3.2 4.8 mA
lout | Output current capability +20 +20 mA
SR Output slew rate +5 +5 V/us
Gain cell distortion® Untrimmed 0.3 1.0 0.5 2.0 %
Trimmed 0.05 0.1
Resistor tolerance +5 +15 +5 +15 %
Internal reference voltage 1.7 1.8 1.9 1.65 1.8 1.95 \
Output DC shift® Untrimmed +20 +50 +30 +100 | mV
Expandor output noise No signal, 15Hz - 20kHz' 20 45 20 60 Y
Unity gain level -1 0 +1 -15 +1.5 dBm
Gain change® * -40°C < T< 70°C +0.1 0.4 dB
0°C < T<70°C +0.1 +0.2 +0.1 +04
Reference drift* -40°C < T < 70°C +2, -25 (+10, -40 +2, -25 |+20, -50 mV
0°C < T<70°C t5 +10 +5 +20
Resistor drift* -40°C<T<70°C +8, -0 %
0°C< T<70°C +1-0
Tracking error (measured Rectifier input, dB
relative to vaiue at Vp = +6dBm, V4 = 0dB +0.2
unity gain) equals
Vo~ Vo (unity gain)] - - - -
4B - VodBm V, = -30dBm, V4 = 0dB +0.2 0.5, +1 +0.2 1, +15
Channel separation 60 60 dB
NOTES:

N -

oW

. Input to V¢ and V2 grounded.
. Measured at 0dBm, 1kHz.

. Expandor AC input change from no signal to 0dBm.
. Relative to value at Ta = 25°C.
. Electrical characteristics for the SA571 only are specifie

November 14, 1986
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The speed with which gain changes to follow
changes in input signal levels is determined
by the rectifier filter capacitor. A small capaci-
tor will yield rapid response but will not fully
filter low frequency signals. Any ripple on the
gain control signal will modulate the signal
passing through the variable gain cell. in an
expandor or compressor application, this
would lead to third harmonic distortion, so
there is a trade-off to be made between fast
attack and decay times and distortion. For
step changes in amplitude, the change in gain
with time is shown by this equation.

G(t) = (Ginitiat ~ Gtinat) e—1/7
+Giinai; 7 = 10k X Crect

The variable gain cell is a current-in, current-
out device with the ratio loyt/liN controlled by
the rectifier. Iy is the current which flows
from the AG input to an internal summing
node biased at Vger. The following equation
applies for capacitively-coupled inputs. The
output current, loyr, is fed to the summing
node of the op amp.

_Vin-VRer _ Vin

i
IN Ra Ra

A compensation scheme built into the AG cell
compensates for temperature and ‘cancels

November 14, 1986

out odd harmonic distortion. The only distor-
tion which remains is even harmonics, and
they exist only because of internal offset
voltages. The THD trim terminal provides a
means for nulling the internal offsets for low
distortion operation.

The operational amplifier (which is internally
compensated) has the non-inverting input
tied to VRer, and the inverting input connect-
ed to the AG cell output as well as brought
out externally. A resistor, Rg, is brought out
from the summing node and allows compres-
sor or expandor gain to be determined only by
internal components.

The output stage is capable of + 20mA output
current. This allows a +13dBm (3.5VRus)
output into a 30082 load which, with a series
resistor and proper transformer, can result in
+13dBm with a 60002 output impedance.

A bandgap reference provides the reference
voltage for all summing nodes, a regulated
supply voltage for the rectifier and AG cell,
and a bias current for the AG celi. The low
tempco of this type of reference provides very
stable biasing over a wide temperature range.

The typical performance characteristics illus-
tration shows the basic input-output transfer
curve for basic compressor or expandor cir-
cuits.

TYPICAL TEST CIRCUIT

TYPICAL PERFORMANCE

CHARACTERISTICS
E .20
3
=
E +10]
g
5 ofm—————
e
3 -0 |
= |
S
Q 20p— e — |
g {1
% -30] l
u |
S -a0fm | |
s |
S .s0 | | |
2 o
Z 60— ' | I
Ea /111
g I
S oL 1 | |
8 -40 -30 -20 -10 ¢ +10

COMPRESSOR OUTPUT LEVEL
OR

EXPANDOR INPUT LEVEL (dBm)

oPoTe21S

Basic Input-Output Transfer Curve

Vgg =15V

vy 220F] 20K

20K

o -o-wW+

TC118518
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INTRODUCTION

Much interest has been expressed in high
performance electronic gain control circuits.
For non-critical applications, an integrated
circuit operational transconductance amplifier
can be used, but when high-performance is
required, one has to resort to complex dis-
crete circuitry with many expensive, well-
matched components. This paper describes
an inexpensive integrated circuit, the NE570
Compandor, which offers a pair of high per-
formance gain control circuits featuring low
distortion ( < 0.1%), high signal-to-noise ratio
(90dB), and wide dynamic range (110dB).

CIRCUIT BACKGROUND

The NE570 Compandor was originally de-
signed to satisfy the requirements of the
telephone system. When several telephone
channels are multiplexed onto a common
line, the resulting signal-to-noise ratio is poor
and companding is used to allow a wider
dynamic range to be passed through the
channel. Figure 1 graphically shows what a
compandor can do for the signal-to-noise
ratio of a restricted dynamic range channel.
The input level range of +20 to -80dB is
shown undergoing a 2-to-1 compression
where a 2dB input level change is com-
pressed into a 1dB output level change by the
compressor. The original 100dB of dynamic
range is thus compressed to a 50dB range for
transmission through a restricted dynamic
range channel. A complementary expansion
on the receiving end restores the original
signal levels and reduces the channel noise
by as much as 45dB.

The significant circuits in a compressor or
expandor are the rectifier and the gain control
element. The phone system requires a simple
full-wave averaging rectifier with good accura-
¢y, since the rectifier accuracy determines the
(input) output level tracking accuracy. The
gain cell dotermines the distortion and noise
characteristics, and the phone system specifi-
cations here are very loose. These specs
could have been met with a simple operation-
al transconductance muitiplier, or OTA, but
the gain of an OTA is proportional to tempera-
ture and this is very undesirable. Therefore, a
linearized transconductance multiplier was
designed which is insensitive to temperature
and offers low noise and low distortion perfor-
mance. These features make the circuit use-
ful in audio and data systems as well as in
telecommunications systems.

BASIC CIRCUIT HOOK-UP AND
OPERATION

Figure 2 shows the block diagram of one half
of the chip, (there are two identical channels
on the IC). The full-wave averaging rectifier
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provides a gain control current, Ig, for the
variable gain (AG) cell. The output of the AG
cell is a current which is fed to the summing
node of the operational amplifier. Resistors
are provided to establish circuit gain and set
the output DC bias.

H
= z
2 [
] H
INPUT [ 2 outpuT
LEVEL 2 a LEVEL
1)
i
[ 4

7 \".

WEATI10S

Figure 1. Restricted Dynamic Range
Channel

THD TRIM
Tes 611 |52

R, INV.IN

an

The circuit is intended for use in single power
supply systems, so the internal summing
nodes must be biased at some voltage above
ground. An internal band gap voltage refer-
ence provides a very stable, low noise 1.8V
reference denoted Vggr. The non-inverting -
input of the op amp is tied to Vger, and the
summing nodes of the rectifier and AG cell
(located at the right of Ry and Ry) have the
same potential. The THD trim pin is also at
the Vpee potential.

Figure 3 shows how the circuit is hooked up
to realize an expandor. The input signal, Vin,
is applied to the inputs of both the rectifier
and the AG cell. When the input signal drops
by 6dB, the gain control current wiil drop by a
factor of 2, and so the gain will drop 6dB. The
output level at Voyr will thus drop 12dB,
giving us the desired 2-to-1 expansion.

Figure 4 shows the hook-up for a compres-
sor. This is essentially an expandor placed in
the feedback loop of the op amp. The AG cell
is setup to provide AC feedback only, so a
separate DC feedback loop is provided by the
two Rpc and Cpc. The values of Rpc will
determine the DC bias at the output of the op
amp. The output will bias to:

*External components

7.10 Riet + R
mecT. W Vour DG= 1.+ 2210002
213 R, X VCC PIN 13 4
. GND. PIN 4 A
RECT DC TOT
TC118318| VRer =( 1 +—-—36r ) 1.8V
Figure 2. Chip Block Diagram
(1 of 2 Channels)
R,
AAA~
‘cin R;
a6 ) Vout
Vin a 4 VREF M
24
<
*CiN2 R, L
:Jtc;\ecr
- TC11841S
NOTES:
GAIN -2 R3 Vin (avg)
Ri Rz lg
1g = 140pA

Figure 3. Basic Expandor
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The output of the expandor will bias up to:

R
Vour DC =1+ — Vper
Ry

VREF = 1+20k 1.8V =3.0v
REF 30k - g

The output will bias to 3.0V when the internal
resistors are used. External resistors may be
placed in series with R, (which will affect the
gain), or in parallel with R4 to raise the DC
bias to any desired value.

Vour
—o

TC11861S
NOTES:
Y2
R Rz,
GAN=| — 128
2R3 Viy (avg)

Ip = 140pA
*externali components

Figure 4. Basic Compressor

TC11871S

Figure 5. Rectifier Concept

CIRCUIT DETAILS — RECTIFIER

Figure 5 shows the concept behind the full-
wave averaging rectifier. The input current to
the summing node of the op amp, ViNRy, is
supplied by the output of the op amp. If we
can mirror the op amp output current into a
unipolar current, we will have an ideal rectifi-
er. The output current is averaged by Rs, CR,
which set the averaging time constant, and
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A Figure 6. Simplified Rectifier Schematic

TC11801S

then mirrored with a gain of 2 to become Ig,
the gain control current.

Figure 6 shows the rectifier circuit in more
detail. The op amp is a one-stage op amp,
biased so that only one output device is on at
a time. The non-inverting input, (the base of
Q4), which is shown grounded, is actually tied
to the internal 1.8V Vggr. The inverting input
is tied to the op amp output, (the emitters of
Qs and Qg), and the input summing resistor
Rj. The single diode between the bases of Qs
and Qg assures that only one device is on at
a time. To detect the output current of the op
amp, we simply use the collector currents of
the output devices Qs and Qg. Qg will conduct
when the input swings positive and Qs con-
ducts when the input swings negative. The
collector currents will be in error by the a of
Qs or Qg on negative or positive signal
swings, respectively. ICs such as this have
typical NPN s of 200 and PNP fs of 40. The
a's of 0.995 and 0.975 will produce errors of
0.5% on negative swings and 2.5% on posi-
tive swings. The 1.5% average of these
errors yields a mere 0.13dB gain error.

At very low input signal levels the bias current
of Qy, (typically 50nA), will become significant
as it must be supplied by Qs. Another low
level error can be caused by DC coupling into
the rectifier. If an offset voltage exists be-
tween the V)y input pin and the base of Qy,
an error current of Vog/R, will be generated.
A mere 1mV of offset will cause an input
current of 100nA which will produce twice the
error of the input bias current. For highest
accuracy, the rectifier should be coupled into
capacitively. At high input levels the § of the
PNP Qg will begin to suffer, and there will be
an increasing error until the circuit saturates.

29

Saturation can be avoided by limiting the
current into the rectifier input to 250uA. If
necessary, an external resistor may be
placed in series with R4 to limit the current to
this value. Figure 7 shows the rectifier accura-
cy vs input level at a frequency of 1kHz.

1 T T T
L]
z
<
o oL B
§
H
-1 L 1 L
-40 -20 0
RECTIFIER INPUT dBm
OP07830S
Figure 7. Rectifier Accuracy

At very high frequencies, the response of the
rectifier will fall off. The roll-off will be more
pronounced at lower input levels due to the
increasing amount of gain required to switch
between Qs or Qg conducting. The rectifier
frequency response for input levels of 0dBm,
—20dBm, and -40dBm is shown in Figure 8.
The response at all three levels is flat to well
above the audio range.
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INPUT = 0dBm

GAIN EAROR (d8)

1
10K TMEG
FREQUENCY (Hz)

0P07840S.

Figure 8. Rectifier Frequency
esponse vs Input Level

VARIABLE GAIN CELL

Figure 9 is a diagram of the variable gain cell.
This is a linerarized two-quadrant transcon-
ductance multiplier. Q;, Q2 and the op amp
provide a predistorted drive signal for the gain
control pair, Qg and Qq4. The gain is controlled
by Ig and a current mirror provides the output
current.

The op amp maintains the base and collector
of Q, at ground potential (Vger) by controlling
the base of Qp. The input current Iy
(= VIN/Ry) is thus forced to flow through Q
along with the current |y, so lg1 =l +in.
Since |3 has been set at twice the value of |4,
the current through Q3 is:

=01+ IN) =11 - In=lc2.

The op amp has thus forced a linear current
swing between Q; and Q; by providing the
proper drive to the base of Q. This drive
signal will be linear for small signals, but very
non-linear for large signals, since it is com-
pensating for the non-linearity of the differen-
tial pair, Q¢ and Qy, under large signal condi-
tions.

The key to the circuit is that this same
predistorted drive signal is applied to the gain
control pair, Qz and Q4. When two differential
pairs of transistors have the same signal
applied, their collector current ratios will be
identical regardless of the magnitude of the
currents. This gives us:

o1 _los_ iy

lc2 lca  h-In

plus the relationships g =Ic3 +Ics and
lout = Ica — Ics will yield the multiplier transfer
function,
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TC118908

NOTE:
|OUT=|E|IN o dn
Iy 12 Re
Figure 9. Simplified AG Cell Schematic
la Vinla ! .
lour=—IN= 57" operating level of 0dBm, a 1mV offset will
h Rz yield 0.34% of second harmonic distortion.

This equation is linear and temperature-insen-
sitive, but it assumes ideal transistors.

INPUT LEVEL (dBm)

OPo7B50S|

Figure 10. AG Cell Distortion
vs Offset Voitage

|f the transistors are not perfectly matched, a
parabolic, non-linearity is generated, which
results in second harmonic distortion. Figure
10 gives an indication of the magnitude of the
distortion caused by a given input level and
offset voltage. The distortion is linearly pro-
portional to the magnitude of the offset and
the input level. Saturation of the gain cell
occurs at a +8dBm level. At a nominal

100

Most circuits are somewhat better than this,
which means our overall offsets are typically
about Y2mV. The distortion is not affected by
the magnitude of the gain control current, and
it does not increase as the gain is changed.
This second harmonic distortion could be
eliminated by making perfect transistors, but
since that would be difficult, we have had to
resort to other methods. A trim pin has been
provided to aliow trimming of the internal
offsets to zero, which effectively eliminated
second harmonic distortion. Figure 11 shows
the simple trim network required.

Vee
L]
3.6v
82K
20K
To THD Trim
4.
T - L
s =
TC11900S
Figure 11. THD Trim Network
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Figure 12 shows the noise performance of
the AG cell. The maximum output level be-
fore clipping occurs in the gain cell is plotted
along with the output noise in a 20kHz
bandwidth. Note that the noise drops as the
gain is reduced for the first 20dB of gain
reduction. At high gains, the signal to noise
ratio is 90dB, and the total dynamic range
from maximum signal to minimum noise is
110dB.

Control signal feedthrough is generated in the
gain cell by imperfect device matching and
mismatches in the current sources, |1 and |,
When no input signal is present, changing Ig
will cause a small output signal. The distortion
trim is effective in nulling out any control
signal feedthrough, but in general, the null for
minimum feedthrough will be different than
the null in distortion. The control signal feed-
through can be trimmed independently of
distortion by tying a current source to the AG
input pin. This effectively trims 14. Figure 13
shows such a trim network.

W e — =
o
r MAXIMUM
- 20— SIGNAL LEVEL
é / 9008
ey ok 11008
g
5 L
=]
_sof~
ey ‘d'/m ~
= 20KHz BW
L L 1 i J
" -20 []
VCA GAIN (B}
OPO76860S
Figure 12. Dynamic Range of NE570
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R - SELECT FOR
eV ~——i

470K
100K &AM \———0 TO PIN 3 OR 14

TC119108

Figure 13. Control Signal Feedthrough
Trim

OPERATIONAL AMPLIFIER

The main op amp shown in the chip block
diagram is equivalent to a 741 with a 1MHz
bandwidth. Figure 14 shows the basic circuit.
Split collectors are used in the input pair to
reduce gm, so that a small compensation
capacitor of just 10pF may be used. The
output stage, although capable of output
currents in excess of 20mA, is biased for a
low quiescent current to conserve power.
When driving heavy loads, this leads to a
small amount of crossover distortion.

RESISTORS

Inspection of the gain equations in Figures 3
and 4 will show that the basic compressor
and expandor circuit gains may be set entirely
by resistor ratios and the internal voltage
reference. Thus, any form of resistors that
match well would suffice for these simpie
hook-ups, and absolute accuracy and tem-
perature coefficient would be of no impor-
tance. However, as one starts to modify the
gain equation with external resistors, the
internal resistor accuracy and tempco be-

101

come very significant. Figure 15 shows the
effects of temperature on the diffused resis-
tors which are normally used in integrated
circuits, and the ion-implanted resistors which
are used in this circuit. Over the critical 0°C to
+70°C temperature range, there is a 10-to-1
improvement in drift from a 5% change for
the diffused resistors, to a 0.5% change for
the implemented resistors. The implanted
resistors have another advantage in that they
can be made ¥ the size of the diffused
resistors due to the higher resistivity. This
saves a significant amount of chip area.

TC11931S

Figure 14. Operational Amplifier

118 wi o
DIFFUSED
" RESISTOR

L=
Low TC
IMPLANTED
RESISTOR
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-4 o @ 80 120
TEMPERATURE

OPo7870S

Figure 15. Resistance vs Temperature







DESCRIPTION

The NE572 is a dual-channel, high-per-
formance gain control circuit in which
either channel may be used for dynamic
range compression or expansion. Each
channel has a full-wave rectifier to de-
tect the average value of input signal, a
linearized, temperature-compensated
variable gain cell (AG) and a dynamic
time constant buffer. The buffer permits
independent control of dynamic attack
and recovery time with minimum exter-
nal components and improved low fre-
quency gain control ripple distortion over
previous compandors.

The NE572 is intended for noise reduc-
tion in high-performance audio systems.
It can also be used in a wide range of
communication systems and video re-
cording applications.

ORDERING INFORMATION

NE/SA572

Programmable Analog

Compandor

Product Specification

FEATURES

e Independent control of attack
and recovery time

o improved low frequency gain
control ripple

o Complementary gain compression
and expansion with external op
amp

o Wide dynamic range — greater
than 110dB

o Temperature-compensated gain
control

e Low distortion gain cell

o Low noise — 6uV typical

e Wide supply voltage range —
6V - 22V

e System level adjustable with
external components

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0 to +70°C NES72D
16-Pin Plastic DIP 0 to +70°C NES72N
16-Pin Plastic SO ~40°C to +85°C SA572D
16-Pin Cerdip ~-40°C to +85°C SA572F
16-Pin Plastic DIP -40°C to +85°C SA572N

BLOCK DIAGRAM

(7.9) R1

{5.11)

(6.10)

GAIN CELL

(3.13)

RECTIFIER

o e ]

(1.15)

(@

80035915
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D, N, F Packages'
TRACK TRIM A [ 6] vee
RECOV. CAP. A [7] [75] TRACK TRIM 8
RECT. W A [3] 78] RECOV. CAP. B
ATTACK CAP A [4] [13] recT. ve
a6 outa [5] [72] aTTacK car 8
THO ThiM A [6 | 7] sGouts
sema (7] [70) THO TRIM B
GROUNO [ 5] :GINB
TOP VIEW
CD105118
NOTE:
1. Em;;ackage released in large SO (SOL) package

APPLICATIONS

® Dynamic noise reduction system
e Voltage control amplifier

e Stereo expandor

e Automatic level control

o High-level limiter

e Low-level noise gate

e State variable filter

853-0813 90829
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Programmable Analog Compandor NE/SA572

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 22 Vbe
Ta Operating temperature range
NE572 0 to +70 °C
SA572 -40 to +85
Pp Power dissipation 500 mw
DC ELECTRICAL CHARACTERISTICS Standard test conditions (unless otherwise noted) Vg = 15V, Tp = 25°C; Expandor
mode (see Test Circuit). Input signals at unity gain level (0dB) = 100mVgrys at 1kHz;
Vi =Vy; Rp=3.3k§2; Rz =17.3kQ2.
NES72 SA572
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vee Supply voltage 6 22 6 22 Voc
lcc Supply current No signal 6 6.3 mA
VA Internal voltage 23 | 25 { 27 | 23 | 25 | 27 Voc
reference
Total harmonic distortion _ o
THD (untrimmed) 1kHz Cp = 1.0uF 0.2 1.0 0.2 1.0 %
Total harmonic distortion _ o
THD (trimmed) 1kHz Cg = 10uF 0.05 0.05 %
Total harmonic distortion o
THD (trimmed) 100Hz 0.25 0.25 %
. . Input to V4 and V» grounded
No signal output noise (20 - 20kHz) 6 25 6 25 uv
DC level shift Input change from no signal to . . . .
(untrimmed) 100mVpus 20 50 *20 50 mv
Unity gain level -1 0 +1 -1.5 0 +1.5 dB
Large-signal distortion Vi = Vo = 400mV 0.7 3.0 0.7 3 %
Tracking error (measured
relative to value at unity | Rectifier input
gain) = Vp=+6dB V4 =0dB £0.2 +0.2
[Vo - Vo (unity gain)ldB V, =-30dB V; = 0dB £05 | -15 +0.5 | -25 dB
-V,dB +0.8 +1.6
Channel crosstalk 200mVpys into channel A, 60 60 dB
measured output on channel B
PSRR ;‘:‘;"' supply rejection 120Hz 70 70 )
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TEST CIRCUIT

AuF 1000
I 1 M- -15v
22,F
2.2uF 1% I I~
-2 6.8K A = =
ae 5,11 3
vi o—{} AAA a6 ] AA-
f1 17.3K
- \
LI PR = 270pF
f o 2.2¢ NESS34 ——0 Vo
CrR 16.10)
= 10uF I BUFFER M 1'/
+
= 2.F
.12 T
cA J‘ 8 R
1 =
- 1.15)
2.20F  3.3K(3,13) 100!
V2 o—{—AW RECTIFIER (16) WVWA— T15v
R2 .
1% AuF -:E I 22uF
TC118425

AUDIO SIGNAL PROCESSING IC
COMBINES VCA AND FAST
ATTACK/SLOW RECOVERY
LEVEL SENSOR

In high-performance audio gain control appli-
cations, it is desirable to independently con-
trol the attack and recovery time of the gain
control signal. This is true, for example, in
compandor applications for noise reduction.
In high end systems the input signal is usually
split into two or more frequency bands to
optimize the dynamic behavior for each band.
This reduces low frequency distortion due to
control signal ripple, phase distortion, high
frequency channel overload and noise modu-
lation. Because of the expense in hardware,
multiple band signal processing up to now
was limited to professional audio applications.

With the introduction of the Signetics NE572
this high-performance noise reduction con-
cept becomes feasible for consumer hi fi
applications. The NE572 is a dual channel
gain control IC. Each channel has a linear-
ized, temperature-compensated gain cell and
an improved level sensor. in conjunction with
an external low noise op amp for current-to-
voltage conversion, the VCA features low
distortion, low noise and wide dynamic range.
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The novel level sensor which provides gain
control current for the VCA gives lower gain
control ripple and independent control of fast
attack, slow recovery dynamic response. An
attack capacitor Cs with an internal 10k
resistor Rs defines the attack time ta. The
recovery time tg of a tone burst is defined by
a recovery capacitor Cg and an internal 10k
resistor Rp. Typical attack time of 4ms for the
high-frequency spectrum and 40ms for the
low frequency band can be obtained with
0.1uF and 1.0uF attack capacitors, respec-
tively. Recovery time of 200ms can be ob-
tained with a 4.7uF external capacitor. With
the recovery capacitor added in the level
sensor, the gain control ripple for low fre-
quency signals is much lower than that of a
simple RC ripple filter. As a resuit, the residu-
al third harmonic distortion of low frequency
signal in a two quad transconductance ampli-
fier is greatly improved. With the 1.0uF attack
capacitor and 4.7 uF recovery capacitor for a
100Hz signal, the third harmonic distortion is
improved by more than 10dB over the simple
RC ripple filter with a single 1.0uF attack and
recovery capacitor, while the attack time
remains the same.

The NE572 is assembled in a standard 16-pin
dual in-line plastic package and in oversized
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SOL package. It operates over a wide supply
range from 6V to 22V. Supply current is less
than 6mA. The NE572 is designed for con-
sumer application over a temperature range
0-70°C. The SA572 is intended for applica-
tions from -40°C to +85°C.

NE572 BASIC APPLICATIONS

Description

The NE572 consists of two linearized, temp-
erature-compensated gain cells (AG), each
with a full-wave rectifier and a buffer amplifier
as shown in the block diagram. The two
channels share a 2.5V common bias refer-
ence derived from the power supply but
otherwise operate independently. Because of
inherent low distortion, low noise and the
capability to linearize large signals, a wide
dynamic range can be obtained. The buffer
amplifiers are provided to permit control of
attack time and recovery time independent of
each other. Partitioned as shown in the block
diagram, the IC allows flexibility in the design
of system levels that optimize DC shift, ripple
distortion, tracking accuracy and noise floor
for a wide range of application requirements.




Product Specification

Programmable Analog Compandor

NE/SA572

Gain Cell

Figure 1 shows the circuit configuration of the
gain celi. Bases of the differential pairs
Q;-Qy and Q3-Qq4 are both tied to the
output and inputs of OPA A;. The negative
feedback through Qq holds the Vgg of
Q4-Qy and the Vgg of Qz3—-Q4 equal. The
following relationship can be derived from the
transistor mode! equation in the forward ac-
tive region.

AVBEqs s = “BEQ1 -2
(Vge = V1 I IC/1S)
Yalg + Vel Yelg - Yalo
V1 Iy s =Vr s s

Iy +1 lo=11~1
=V ln( : ls'")—vT m(———z . )(2)

V
where |y =N
Ry

Ry = 6.8k
Iy = 140pA
1 = 280pA

lp is the differential output current of the gain
cell and g is the gain control current of the
gain cell.

If all transistors Qq through Q4 are of the
same size, equation (2) can be simplified to:

1
lo=— "IN *lg-=(2-2l) * lg @)
I2

The first term of Equation 3 shows the
multiplier relationship of a linearized two
quadrant transconductance amplifier. The
second term is the gain control feedthrough
due to the mismatch of devices. In the design,
this has been minimized by large matched
devices and careful layout. Offset voltage is
caused by the device mismatch and it leads
to even harmonic distortion. The offset volt-
age can be trimmed out by feeding a current
source within +25uA into the THD trim pin.
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Figure 1. Basic Gain Cell Schematic
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The residual distortion is third harmonic dis-
tortion and is caused by gain control ripple. In
a compandor system, available control of fast
attack and slow recovery improve ripple dis-
tortion significantly. At the unity gain level of
100mV, the gain cell gives THD (total har-
monic distortion) of 0.17% typ. Output noise
with no input signals is only 6uV in the audio
spectrum (10Hz - 20kHz). The output current
lo must feed the virtual ground input of an
operational amplifier with a resistor from out-
put to inverting input. The non-inverting input
of the operational amplifier has to be biased
at Vper if the output current Ig is DC coupled.

Rectifier

The rectifier is a full-wave design as shown in
Figure 2. The input voltage is converted to
current through the input resistor Ry and
turns on either Qg or Qg depending on the
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signal polarity. Deadband of the voltage to
current converter is reduced by the loop gain
of the gain block A,. If AC coupling is used,
the rectifier error comes only from input bias
current of gain block A,. The input bias
current is typically about 70nA. Frequency
response of the gain block Az also causes
second-order error at high frequency. The
collector current of Qg is mirrored and
summed at the collector of Qs to form the full
wave rectified output current Ig. The rectifier
transfer function is

_ Vin-VRer
Rz

If Vi is AC-coupled, then the equation will be
reduced to:

~ ViN(AVG)
AC R

Ir (4)
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Programmable Analog Compandor
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Figure 3. Butfer Amplifier Schematic
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The internal bias scheme limits the maximum
output current Ig to be around 300uA. Within
a +1dB error band the input range of the
rectifier is about 52dB.

Buffer Ampilifier

In audio systems, it is desirable to have fast
attack time and slow recovery time for a tone
burst input. The fast attack time reduces
transient channel overioad but also causes
low-frequency ripple distortion. The low-fre-
quency ripple distortion can be improved with
the slow recovery time. if different attack
times are implemented in corresponding fre-
quency spectrums in a split band audio sys-
tem, high quality performance can be
achieved. The buffer amplifier is designed to
make this feature available with minimum
external components. Referring to Figure 3,
the rectifier output current is mirrored into the
input and output of the unipolar buffer amplifi-
er Ag through Qg, Qg and Qqo. Diodes D1y
and D, improve tracking accuracy and pro-
vide common-mode bias for As. For a posi-
tive-going input signal, the buffer amplifier
acts like a voltage-follower. Therefore, the
output impedance of Az makes the contribu-
tion of capacitor CR to attack time insignifi-
cant. Neglecting diode impedance, the gain
Ga(t) for AG can be expressed as follows:

-t

Ga(t) = (Gawr - Gapny) © » + GapnL

Gaynt = Initial Gain

GagnL = Final Gain
7a=Ra + CA=10k + CA

where 7, is the attack time constant and Rp
is a 10k internal resistor. Diode D15 opens the
feedback loop of Az for a negative-going
signal if the value of capacitor CR is larger
than capacitor CA. The recovery time de-
pends only on CR + Rp. If the diode imped-
ance is assumed negligible, the dynamic gain
Gg (t) for AG is expressed as follows.
-t

Gr(t) =GR Wr-Gr enD @ 7+ GR ENL

TR=Rg * CR =10k * CR

where 7R is the recovery time constant and
RR is a 10k internal resistor. The gain control
current is mirrored to the gain cell through
Qq4. The low level gain errors due to input
bias current of A and A3 can be trimmed
through the tracking trim pin into Ag with a
current source of +3uA.
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Figure 4. Basic Expandor Schematic
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Basic Expandor

Figure 4 shows an application of the circuit as
a simple expandor. The gain expression of
the system is given by

Vour _2  R3* Vinave) )
VN h Rz * Ry
(11 = 140pA)

Both the resistors Ry and R; are tied to
internal summing nodes. Ry is a 6.8k internal
resistor. The maximum input current into the
gain cell can be as large as 140uA. This
corresponds to a voltage level of 140uA -
6.8k = 952mV peak. The input peak current
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into the rectifier is limited to 300uA by the
internal bias system. Note that the value of
R4 can be increased to accommodate higher
input level. R, and Rg are external resistors. It
is easy to adjust the ratio of Ra/Ry for
desirable system voltage and current levels.
A small Ry results in higher gain control
current and smaller static and dynamic track-
ing error. However, an impedance buffer Ay
may be necessary if the input is voltage drive
with large source impedance.

The gain cell output current feeds the sum-
ming node of the external OPA A,. Rz and Az
convert the gain cell output current to the
output voltage. In high-performance applica-
tions, A, has to be low-noise, high-speed and
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wide band so that the high-performance out-
put of the gain cell will not be degraded. The
non-inverting input of A, can be biased at the
low noise internal reference Pin 6 or 10.
Resistor R, is used to bias up the output DC
level of Ay for maximum swing. The output
DC level of Ay is given by

Rs

-Vg —

Ra (6)

Vooc = VRer | 1+
Ra
Vg can be tied to a regulated power supply for
a dual supply system and be grounded for a
single supply system. CA sets the attack time

constant and CR sets the recovery time
constant.
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Basic Compressor

Figure 5 shows the hook-up of the circuit as a
compressor. The IC is put in the feedback
loop of the OPA A;. The system gain expres-
sion is as follows:

Your [l _RzRi ), -
ViN 2 Rz * ViNave)

Rpci1, Rpca, and CDC form a DC feedback for
A4. The output DC level of Aq is given by

Roc1 + Rocz
Vobc = VRer ( 1+——R
4
Roct + Roce
-Ve ( ®)
Rs

The zener diodes Dy and Dj are used for
channel overioad protection.

Basic Compandor System

The above basic compressor and expandor
can be applied to systems such as tape/disc
noise reduction, digital audio, bucket brigade
delay lines. Additional system design tech-
niques such as bandlimiting, band splitting,
pre-emphasis, de-emphasis and equalization
are easy to incorporate. The IC is a versatile
functional biock to achieve a high perfor-
mance audio system. Figure 6 shows the
system level diagram for reference.
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Figure 5. Basic Compressor Schematic
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Figure 6. NE572 System

Level
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DESCRIPTION

The NES75 is a dual gain-control circuit
designed for low voltage applications.
The NE575's channel 1 is an expandor,
whiie channel 2 can be configured either
for expandor, compressor, or automatic

level controller (ALC) application.

ORDERING INFORMATION

NES75

Low Voltage Compandor

Preliminary Specification

FEATURES

e Operating voltage range from 3
to 7v

o Reference voltage of
100mVpns = 0dB

® One dedicated summing op amp
per channel and two extra
uncommitted op amps

® 60052 drive capability

® Single or split supply operation

® Wide input/output swing
capability.

APPLICATIONS

e Portable communications

o Cellular radio

e Cordless telephone

e Consumer audio

e Portable broadcast mixers

e Wireless microphones

¢ Modems

o Electric organs

PIN CONFIGURATION

NES75 D, N Packages

Vi, E [0] v..
-va [99] +v,
Ve 5] ofER
RECT.IN1 E 117] Vours
Cocon [5] [76] rectnz
sumour [¢] 5] Coeere
comp.int [7] [1¢] sumour2
Voer [2] [13] comp.in2
GANCELL E [ 12] sumnoDE2
ano [ [77) aaveen

CD12481S

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0 to +70°C NE575N
20-Pin Plastic SO 0 to +70°C NES75D

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 8 v
Ta Operating temperature range -40 to +85 °C
Tsta Storage temperature range -65 to +150 °C

December 1988
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Preliminary Specification

Low Voltage Compandor

NE575

DC ELECTRICAL CHARACTERISTICS T, =25°C, 0dB = 100mV, expander mode, Vcc = 5V, Figure 1, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typ ] Max
For compandor, including summing amplifier
Vee Supply voltage' 3 5 7 v
lec Supply current No signal 3 4 5.5 mA
Ry Summing amp output load 10 [49]
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.13 1.0 %
eno Output voltage noise BW = 20kHz, Rg = 002 6 20 u
0dB Unity gain level 1kHz -1.0 1.0 dB
Vos Output voltage offset no signal -100 100 mvV
Output DC shift no signal to 0dB -50 10 50 mv
Tracking error 1kHz, +6dB to ~30dB -0.5 +0.5 dB
Crosstalk 1kHz, 0dB, Cgrgr = 220uF -80 -65 dB
For operational amplifier
Vo Output swing Vp.p, RL = 10k§2 Vee-0.4|Vee-0.2 \
RL Output load 1kHz 600 Q
CMR Input common-mode range 0 Vee \
CMRR Common-mode rejection ratio 60 80 dB
Ig Input bias current Vin = 0.5V -4.5V -0.3 0.3 HA
Vos Input offset voltage -10 3 10 mvV
AvoL Open-loop gain Ry = 10k2 80 90 dB
SR Slew rate unity gain 1 V/us
GBW Bandwidth unity gain 3 MHz
eni Input voltage noise BW = 20kHz 25 uv
PSRR Power supply rejection ratio 1kHz, 250mV 60 dB
NOTE:
1. The IC remains functional down to 2V.
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Preliminary Specification

Low Voltage Compandor NE575

Vo= +5V
ce c15
\_/ _i_.zo i
OP AMP '__L
NES75 cu = GND
2 1 10uF
Vv, OP AMP V)
our .__I_ o'
Re + 0k
200 c3 -
WuF 3 18
7
L our
RS
00k RECTIFIER
L of 4 v
- GND AAA4 R 4B
RECTIFIER ‘.‘;"F 100k
5 ' o AL — GND
_';L P ¢ Loy =
R
il
= GND . 5 .
+[22,
cs I
v bl 7 [T
IN | prs
Vaer R sumame ok | o
- W < Rs
Lo < g
Iz
R?
= GND 9 12 30k
+
'l cs
GAIN CELL I WF
10k = GND
GND = = GAIN CELL
CD13760S
NOTE:
Left channel in expander mode; right channel in compressor mode.
For additional information, call the factory.
Figure 1. Typical Application
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DESCRIPTION

The NE5240 is a two channel decoder
for the Dolby Digital Audio System. *The
IC includes input latches to separate two
channels of audio and control data, a
precision internal voltage reference, and
digital/analog signal processing circuitry
for each channel. The IC design is imple-
mented in a bipolar process to achieve
low noise, low distortion, and wide dy-
namic range.

NOTE:

*Available only to licensees of Dolby Laboratories
Licensing Corporation, San Francisco, from whom
licensing and applications information must be ob-
tained. Dolby is a registered trademark of Dolby
Laboratories Licensing Corporation, San Francisco,
California.

ORDERING INFORMATION

NE5240

Dolby Digital Audio Decoder

Preliminary Specification

FEATURES
e Wide dynamic range — 85dB

o Low distortion 0.05% @ 1kHz,
-10dB

e TTL and CMOS compatible logic
inputs

® Audio bandwidth — 30Hz to
15kHz

APPLICATIONS

o High quality digital transmission
of audio data

e Satellite reception

e Cable TV

e Microwave distribution systems

PIN CONFIGURATION

N, D Packages

muLTout [ 28]
ANALOG

suppLYvouT 2] 27]

VARIABLE -

IMPEDANCE* 128}

out [4] 28]

SUM NODE* (5] 24]

INTERNAL E
AMPLIFIER*
SLIDING BAND
BUFFER IN* E
SLIDING BAND E
BUFFER OUT*
STEP SIZE
BUFFERIN* E
STEP SIZE
BUFFER OUT*

TOP VIEW

MULT OUT**

SLIDING BAND
BUFFERIN**

SLIDING BAND
BUFFER QUT**

STEP SIZE
=l BUFFERIN**
5] STEP SIZE
BUFFER OUT**
8] DIGITAL GND

CD132608

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin SO 0 to +70°C NES5240D
28-Pin Plastic DIP 0 to +70°C NE5240N

December 1988

115




Preliminary Specification

Dolby Digital Audio Decoder NES5240

BLOCK DIAGRAM

R1 R2 R3
43K 43K 360K R15
1 c3 A
0.47uF 47nF 4.7nF
Voo w1 ;; o T R13 R14
R4 43K R543K RE 360 51K s10
A AAA— S AAA WA c
CaL Cs-L  Ce-L 1 cu
T tonF
o.nur; 47nF/;; 4.7nF/;; T 0uF 1
1 10/ 8 79 1 6| = Hi
INTEGRATOR :t SUMMING
MP S | AMP a6
- 2K
L] >< = AAA- 4 :A'Af_‘_ Vour
Voo + l CHA
o AAA cis c16
- [ vy ]—mp; oo
2 — 3 =
$SD |
é/ NES5240
2
Vi
B VB REFERENCE e
GENERATOR W7
INPUT Vi REX
LOGIC Va R17
s Y " Veer 16 104K
Iten
220uF
15 4 AGND 2 L
cK b =
26
o MW SUMMING J—fs“ .
D GND INTEGRATOR AMP 09!
AMP
Vour
— X R18 cHB
62K L cie
| I»
18 19 21 2 20 28 23 24 =
e
TC1ss1S
NOTE:
One channel of the application shown with external components.
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Preliminary Specification

Dolby Digital Audio Decoder NES5240

ABSOLUTE MAXIMUM RATINGS

‘ SYMBOL PARAMETER RATING UNIT

‘ Vg Analog supply voltage +15 \
Voo Logic supply voltage +7 \
Ta Operating ambient temperature range 0 to +70 °C
TsTG Storage temperature range -65 to +150 °C
TsoLp Lead temperature (soldering, 60sec) +300 °C

DC ELECTRICAL CHARACTERISTICS Al specifications are at Tp = 25°C, Vg = 12V, Vpp = 5V.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Analog voltage supply range 10 12 14 \
Voo Logic voltage supply range 4.5 5 5.5 \
lcc Supply current Voo =12V 10 24 35 mA
Ipp Supply current Vpp = 5V 5 12 18 mA
ViH Input voltage high 2 5 v
ViL Input voltage low 0 0.8 \
I Input current low Vpp = 4.5V 10 100 A
‘ I Input current high 1 100 uA
ts Setup time 150 ns
‘ tH Hold time 150 ns
Ig Input buffers, Pins 7, 9, 20, 22 ViN = 2.0V 100 nA
Ry Summing amp output load 5 k2
Vos Output offset voltage 0.1 0.6 v
Vos Output offset change 10%-SBD-70% 5 +20 mv
VRer Reference voltage 55 |0.5Vgc| 6.5 \"
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Preliminary Specification

Dolby Digital Audio Decoder NE5240
AC ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL PARAMETER TEST CONDITIONS? UNIT
Min Typ Max
Vo Full-Scale output, 0dB f=100Hz 18 VRMS

Absolute output level f = 1kHz, SSD = 40% 93 118 150 mVRMs
Channel balance f = 1kHz, 20%-SSD-70% -15 15 dB
Step-Size linearity f = 1kHz, 20%-SSD-70% -1.5 1.5 dB
Step-Size linearity f=100Hz, SSD =90% -25 1.0 dB
fr Frequency response f=2kHz, SBD =10% -1.0 1.0 dB
R Frequency response f =5kHz, SBD = 20% -1.0 1.0 dB
fr Frequency response f =7kHz, SBD = 30% -1.0 1.0 dB
fr Frequency response f = 8kHz, SBD = 40% -1.0 1.0 dB
fr Frequency response f = 10kHz, SBD =50% -1.0 1.0 dB
fr Frequency response f=12kHz, SBD =60% -1.0 1.0 dB
(all WRT 100Hz2) f = 14kHz, SBD = 70% -15 1.5 d8
S/N Dynamic range SSD = 70%, CCIR/ARM 80 85 dB
THD Harmonic distortion f=1kHz, -3dB 0.1 0.5 %
THD Harmonic distortion f = 1kHz, -10dB 0.05 0.2 %
Channel separation f=1kHz, 0dB 60 75 dB
PSRR Power supply rejection ratio’ = 1kHz 60 dB

NOTES:

1. PSRR depends on value of capacitor on Pin 16.

2. The duty cycle of SSD and SBD control data is 10%, unless otherwise noted.

December 1988
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DESCRIPTION

The NE5410/SE5410 are 10-bit Muiti-
plying Digital-to-Analog Converters pin-
and function-compatible with the indus-
try-standard MC3410, but with improved
performance. These are capable of high-
speed performance, and are used as
general-purpose building blocks in cost
effective D/A systems.

The NE/SE5410 provides complete 10-
bit accuracy and differential non-linearity
over temperature, and a wide compli-
ance voltage range. Segmented current
sources, in conjunction with an R/2R
DAC, provide the binary weighted cur-
rents. The output buffer amplifier and
voltage reference have been omitted to
allow greater speed, lower cost, and
maximum user flexibility.

ORDERING INFORMATION

NE/SE5410

10-Bit High-Speed Multiplying

D/A Converter

Product Specification

FEATURES

® Pin- and function-compatible with
MC3410

® 10-bit resolution and accuracy
(£ 0.05%)

® Guaranteed differential non-
linearity over temperature

® Wide compliance voltage range —
-2.5 to +2.5V

® Fast settling time — 250ns typical

® Digital inputs are TTL- and
CMOS-compatible

e High-speed multiplying input slew
rate — 20mA/us

® Reference amplifier internally-
compensated

® Standard supply voltages +5V
and -15V

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Cerdip 0 to +70°C NE5410F
16-Pin Cerdip -55 to +125°C SE5410F

BLOCK DIAGRAM
Ms8 Lss
D1 D, D3 D4 Ds Dg Dy Og Og Dyg
IAAAAAARAN A
o
CURRENT SWITCHES |
ITTTTTTTTT
LADDER TERMINATORS
TTTTTTTT
R-2R LADDER 4
Vas:(')ol .__J
VREF(-)Oi | | BIAS
CIRCUITRY
REFERENCE 14
CURRENT —o Vee
AMPLIFIER
1 lz
Vee GNOD
BDO75408

November 14, 1986
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PIN CONFIGURATION

F Package
Vee (1] 1€ Vaer *
GND [Z] 18] Vaer -
OuTPUT [3] [14) Ve
Dy (MsB) [4] [13] 010 (LSB)
o, 5] 120y
03 [6] [11]05
0. [7] [16] 07
Ds E [9106
TOP VIEW
€D11081S5
APPLICATIONS

® Successive approximation A/D
converters

® High-speed, automatic test
equipment

o High-speed modems

® Waveform generators

e CRT displays

® Strip CHART and X-Y plotters

® Programmable power supplies

® Programmable gain and
attenuation

853-0945 86554




Product Specification

10-Bit High-Speed Multiplying D/A Converter NE/SE5410

ABSOLUTE MAXIMUM RATINGS T, = +25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Power supply +7.0 Voc
Vee -18 Vbc
\ Digital input voltage +15 Vpc
Vo Applied output voltage +4, -5.0 Voc
IRer(16) | Reference current 25 mA
VRer Reference amplifier inputs Vee, VEE Vpc
Vaerp) | Reference amplifier differential inputs 0.7 Vpc
Ta Operating temperature range

SE5410 -55 to +125 °C

NE5410 0 to +70 °C
Ty Junction temperature

Ceramic package +150 °C
Tsta Storage temperature -65 to + 150 °C

NOTE:
1. Derate above 25°C at the following rate:
F package at 9.5mW/°C.

DC ELECTRICAL CHARACTERISTICS Vcc = +5.0Vpe, Vee =-15Voc, Irer = 2.0mA, all digital inputs at high logic level.
SE5410: Ta =-55°C to +125°C, NE5410 Series: Ta =0°C to +70°C, unless
otherwise noted.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Relative accuracy +0.025 | +0.05 %
i (Error relative to full scale lo) Over temperature +a T LSB
+0.025 | *0.05 %
Differential non-linearity Over temperature e Es B
Vs £
Settling time to within + %2 LSB ~ oro
ts (@l bits tow 1o high) Ta=25°C 250 ns
teun Propagation delay time Ta=25°C 35 ns
torL 20
TClo Output full-scale current drift 20 40 ppm/°C
Digital input logic levels (all bits)
ViH High level, Logic 1" 2.0 Vpc
Low level, Logic ""0" 08
Digital input current (all bits)
" High level, Vi = 5.5V 20 uA
e Low level, V| = 0.8V -20
IREF(15) Reference input bias current (Pin 15) -1.0 -5.0 uA
(15)
loH Output current (all bits high) Vgﬁi;%ggg" 3.937 3.996 4.054 mA
oL Output current (all bits low) Ta=25°C 0 0.4 HA
Ta=25°C _25
Vo Output voltage compliance €gr < 0.050% +é 5 Voc
relative to full-scale )
SR Iger Reference amplifier slew rate 20 mA/us
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Product Specification

10-Bit High-Speed Multiplying D/A Converter

NE/SE5410

DC ELECTRICAL CHARACTERISTICS (Continued) Vcc = +5.0Vpc, Ve =-15Vpe, Irgr = 2.0mA, all digital inputs at high

logic level. SE5410: Tp =-55°C to +125°C, NE5410 Series: Ta=0°C
to +70°C, unless otherwise noted.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
ST Iger Reference amplifier settling time 0 to 4.0mA, +0.1% 2.0 us
. Output current power supply o /9
PSRR(-) sensitivity 0.003 0.01 %! %
Co Output capacitance Vo=0 25 pF
Digital input capacitance
G (all bits high) 40 pF
Icc Power supply current +2 +4 mA
133 (all bits low) -12 -18
Vee Ta =25°C +4.75 +5.0 +5.25
Ve Power supply voltage range Vo=0 _14.25 _15 _15.75 Voc
Power consumption 190 300 mwW
40 g 40
g a0
§ 30 § 20
e = 2 — -
3 Miahbro 3 1o +Voc= +5V
w20 e ] > ~Vge= - 15V
A=25°C o (]
g IReF=2mA  — g 0 lRep=2mA
o 10 < -0
o> -
a a
5 Z -20
S o7 8 o
g -3
[y
-1.0 S ~4.0
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Figure 3. Power Supply Currents vs Temperature Figure 4. Reference Amplifier Frequency Response
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Product Specification

10-Bit High-Speed Multiplying D/A Converter

NE/SE5410

CIRCUIT DESCRIPTION

The NE5410 consists of four segment current
sources which generate the 2 Most Signifi-
cant Bits (MSBs), and an R/2R DAC imple-
mented with ion-implanted resistors for scal-
ing the remaining 8 Least Significant Bits
(LSBs) (see Figure 5). This approach pro-
vides complete 10-bit accuracy without trim-
ming.

The individual bit currents are switched ON or
OFF by fully-differential current switches. The
switches use current steering for speed.

An on-chip high slew reference current ampli-
fier drives the R/2R ladder and segment
decoder. The currents are scaled in such a
way that, with all bits on, the maximum output
current is two times 1023/1024 of the refer-
ence amplifier current, or nominally 3.996mA
for a 2.000mA reference input current. The
reference amplifier allows the user to provide
a voltage input: out-board resistor R16 (see
Figure 6) converts this voltage to a usable
current. A current mirror doubles this refer-
ence current and feeds it to the segment

decoder and resistor ladder. Thus, for a
reference voltage of 2.0V and a 1k§2 resistor
tied to Pin 16, the full-scale current is approxi-
mately 4.0mA. This relationship will remain
regardless of the reference voltage polarity.

Connections for a positive reference voltage
are shown in Figure 6a. For negative refer-
ence voltage inputs, or for bipolar reference
voltage inputs in the multiplying mode, R15
can be tied to a negative voltage correspond-
ing to the minimum input level. For a negative
reference input, R16 should be grounded
(Figure 6b). In addition, the negative voltage
reference must be at least 3V above the Vge
supply voltage for best operation. Bipolar
input signals may be handled by connecting
R16 to a positive voltage equal to the peak
positive input level at Pin 15.

When a DC reference voltage is used, capaci-
tive bypass to ground is recommended. The
5V logic supply is not recommended as a
reference voltage. If a well regulated 5.0V
supply, which drives logic, is to be used as
the reference, R16 should be decoupled by

connecting it to the +5.0V logic supply
through another resistor and bypassing the
junction of the two resistors with a 0.1uF
capacitor to ground.

The reference amplifier is internally-compen-
sated with a 10pF feed-forward capacitor,
which gives it its high slew rate and fast
settling time. Proper phase margin is main-
tained with all possible values of R16 and
reference voltages which supply 2.0mA refer-
ence current into Pin 16. The reference
current can also be supplied by a high imped-
ance current source of 2.0mA. As R16 in-
creases, the bandwidth of the amplifier de-
creases slightly and settling time increases.
For a current source with a dynamic output
impedance of 1.0MS2, the bandwidth of the
reference amplifier is approximately half what
it is in the case of R16 = 1.0k, and settling
time is =10us. The reference amplifier phase
margin decreases as the current souce value
decreases in the case of a current source
reference, so that the minimum reference
current supplied from a current source is
0.5mA for stability.

{13)

(@)
MsB (s) (6 [y @ © 10) o (12) LsB
Dy D2 D3 Da Ds Ds D7 Ds Dy D1
Q ? ? Q T GND
@
+——o
+ = lout
l ) l l l 4 b ®
SEGMENT - - - N T - J -
DECODER
VBias
IFJ I (INTERNAL)
-
2R { 5‘ 2R 2R 2R 2R 2R
. N WA W
[TRITRITEL
i} 4 - ]
(16)
+ O—
VREeF +
CODE SELECTED 0111110011
(15)
2Ry Ry

Figure 5. NE5410 Equivalent Circuit

TC135608
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Product Specification

10-Bit High-Speed Multiplying D/A Converter

NE/SE5410

Va(+)

0y THROUGH
D1o

TC135708
NOTES:
Ryg+ AT = Rys = Rpgr
Ry< <Ryg
lo F.S. =2 Iy = Vage/Rpge
a. Positive Reference Voitabe

Vee
Dy THROUGH | ™
Do,
Vee
TC135808

NOTES:
Ris+Rr = Ryg
Rr< <Ry

IVagr 3 Ryge+ 3V
b. Negative Reference Voltage

Figure 6. Basic Connections
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OUTPUT VOLTAGE
COMPLIANCE

The output voltage compliance ranges from
~2.5 to +2.5V. As shown in Figure 2, this
compliance range is nearly constant over
temperature. At the temperature extremes,
however, the compliance voltage may be
reduced if Vgg > -15V.

ACCURACY

Absolute accuracy is a measure of each
output current level with respect to its intend-
ed value; It is dependent upon relative accu-
racy and full-scale current drift. Relative accu-
racy, or linearity, is the measure of each
output current with respect to its intended
fraction of the full-scale current. The relative
accuracy of the NE5410 is fairly constant
over temperature due to the excellent tem-
perature tracking, of the implanted resistors.
The full-scale current from the reference
amplifier may drift with temperature causing a
change in the absolute accuracy. However,
the NE5410 has a low full-scale current drift
with temperature.

The SE5410 and the NE5410 are accurate to
within +% LSB at 25°C with a reference
current of 2.0mA on Pin 16.

MONOTONICITY

The NE5410 and SE5410 are guaranteed
monotonic over temperature. This means that
for every increase in the input digital code,
the output current either remains the same or
increases but never decreases. In the multi-
plying mode, where reference input current
will vary, monotonicity can be assured if the
reference input current remains above
0.5mA.




Product Specification

10-Bit High-Speed Multip

lying D/A Converter

NE/SE5410

SETTLING TIME

The worst-case switching condition occurs
when all bits are switched "‘on," which corre-
sponds to a LOW-to-HIGH transition for all
bits. This time is typically 250ns for the output
to settle to within + ¥2 LSB for 10-bit accura-
cy, and 200ns for 8-bit accuracy. The turn-off
time is typically 120ns. These times apply
when the output swing is limited to a small
(< 0.7V) swing and the external output ca-
pacitance is under 25pF.

The major carry (MSB oft-to-on, all others on-
to-off) settles in approximately the same time
as when all bits are switched off-to-on.

If a load resistor of 62552 is connected to
ground, allowing the output to swing to -2.5V,
the settling time increases to 1.5us.

Extra care must be taken in board layout as
this is usually the dominant factor in satisfac-
tory test results when measuring settling time.

Short leads, 100uF supply bypassing, and
minimum scope lead length are all necessary.

A typical test setup for measuring settling
time is shown in Figure 7. The same setup for
the most part can be used to measure the
slew rate of the reference amplifier (Figure 9)
by tying all data bits high, pulsing the voltage
reference input between 0 and 2V, and using
a 50082 load resistor Ry.

Vee
0.14F
— +2Vdce
14 =
16 1%
—O_W——T
1 1 0.44F
i | T ‘
S =
<5003 R = 0.4V
NE5410
osv
—O Vo
Vo
>~ Co < 25pF °

24V

-/

RISE AND FALL TIMES < 10ns

ty — 250ns TYPICAL
TO =12LSB

WF17901S

Vee
TC13591S
Figure 7. Settling Time
Vee
0.94F
1 = 2av RISE AND FALL TIMES < 10ns
16 *® +2Vdc v } { \
'
0.4V \.__
15 1k I 0.14F ;
NES410
3
Vo ov
—
» v b
2 20 -80mV
1 = — I—— —
! - thL touL
0.14F FOR PROPAGATION
DELAY TIME
= WF178108
Vee
TC13600S

Figure 8. Propagation Delay Time
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10-Bit High-Speed Multiplying D/A Converter NE/SE5410

= VRer(+)

—a2v
o I
20v
VRer(+)
0.1,F [
:[: 0.5V
NES410 S =
1 Vo SLEW RATE
—0 Vo
[}
V' t=2,s TYPICAL
< s 25pF TO =01%
WF179208
) -
0.4,4F NOTE:
Use R =202 to GND for slew rate measurement.
Vee
TC13611$
Figure 9. Reference Amplifier Settling Time and Slew Rate
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a. Bipolar Output (-10 to +10V) b. Unipolar Positive Output (0 - 10V)

Figure 10. Voltage Output Circuits
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Product Specification

10-Bit High-Speed Multiplying D/A Converter NE/SE5410

5V
REF
ANALOG
2.4k INPUT
FsS. +5Vdc ©-109) 20k v +5Vde
ADJ 2000 TM -V O—AM—0 +
16 25k S ZERO S 500k 1 |
2.5k 15 3 ADJ ¢ it var
L_.\M,_ NE5410 INA
= \ 4 NES29
_l. 25k ,
~15Vde = _L AM—]INB OUTA
Oour < || | 417 = e _b"
: o | -10vdc
4 2504 SAR 3| START
cLock o—|cp Q1o EoC

+5Vde

TC138418

NOTES:
10-bit conversion time = 3.3us with 3MHz clock.

This converter uses a 2504 12-bit successive approximation fegister in the short cycle operating mode where the end of conversion signal is taken from the first unused bit of the

SAR (Qi0).
Figure 11. Successive Approximation A/D Converter
"=
7 19 O
16
6 15
s 12
4
P 9 Lsaz3
BUS | 3
[ NE5410
2
5
1
2
0
CONTROL | £,
SIGNALS
FROM P 1 N 2 €20 1"
—Do Qo © Q2
112 LS375 112 LS375
7 b a 6 Qs 13
¢l Eo,l 3l
4
TIMING SEQUENCE
DBo,y DB2-9
10136508
NOTE:
With this double latch technique, valid data will be latched to the DAC until updated with the Ej pulse. Timing will depend on the processor used.

Figure 12. 8-Bit uP Bus Interface
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10-Bit High-Speed Multiplying D/A Converter NE/SE5410

sv
REF T,. T,
2.5k 15

25Kk 45 NES5410

= LS8 1312fi1]i0l9 [8 [7 |6
°our¢ -

STARY -—O|RST 10-8IT COUNTER

TC138608
NOTE:

1023
Vin FULL SCALE =4mA (Ry +Ry) | —
1024

Figure 13. Staircase A/D
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DESCRIPTION

The 5532 is a dual high-performance low
noise operational amplifier. Compared to
most of the standard operational ampilifi-
ers, such as the 1458, it shows better
noise performance, improved output
drive capability and considerably higher
small-signal and power bandwidths.

This makes the device especially suit-
able for application in high-quality and
professional audio equipment, instru-
mentation and control circuits, and tele-
phone channel amplifiers. The op amp is
internally compensated for gains equal
to one. If very low noise is of prime
importance, it is recommended that the
5532A version be used because it has
guaranteed noise voltage specifications.

NE/SE5532,/5532A

Internally-Compensated Dual
Low Noise Operational

Amplifier
Product Specification

FEATURES
o Small-signal bandwidth: 10MHz

e Output drive capability: 60052,
10VgruMs

o Input noise voltage:
5nV/+V/Hz (typical)

e DC voltage gain: 50000

e AC voltage gain: 2200 at 10kHz
e Power bandwidth: 140kHz

e Slew rate: 9V/us

e Large supply voltage range: +3
to + 20V

¢ Compensated for unity gain

EQUIVALENT SCHEMATIC (EACH AMPLIFIER)

PIN CONFIGURATIONS

FE, N Packages
ourputa [1] Blv+
s ] 7] outeure
oS o
v ) ::‘o’ﬂu-;u'v!nvmﬂ
TOP VIEW 0090505
D Package'
-INa [0 > NC
+1Ny E } [15] NC
ne [3] 4] NC
-vee [4] [13] ouTy
NC E _Tg] +Vee
Ne [€] [11] ouTe
+INg [7] [0] NC
~INg E } [9] Ne
TOP VIEW
NOTE: comens
1. SOL and non-standard pinout.

-

T

¢

-

i

Y A

X

TCo85328
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Product Specification

Internally-Compensated Dual Low Noise
Operational Amplifier

NE/SE5532/5532A

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to 70°C NES5532N
8-Pin Ceramic DIP 0 to 70°C NE5532FE
8-Pin Plastic DIP 0 to 70°C NE5532AN
8-Pin Ceramic DIP 0 to 70°C NES532AFE
8-Pin Ceramic DIP -55°C to +125°C SE5532FE
8-Pin Ceramic DIP -55°C to +125°C SE5532AFE
16-Pin Plastic SOL 0 to 70°C NE5532D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vg Supply voltage +22 v
VIN Input voltage + VgyuppLY \
VoiFF Differential input voltage® 0.5 v
Ta Operating temperature range

NE5532/A 0 to 70 °C

SE5532/A -55 to +125 °C
Tsta Storage temperature -65 to +150 °C
Ty Junction temperature 150 °C
Po Maximum power dissipation,

Ta = 25°C, (still-air)?

N package 1200 mwW

F package 1000 mw

D package 1200 mw
TsoLp Lead soldering temperature (10sec max) 300 °C

NOTES:

1. Diodes protect the inputs against over-voltage. Therefors, unless current-limiting resistors are used, large
currents will flow if the ditferential input voltage exceeds 0.6V. Maximum current should be limited to
+10mA.

2. Thermal resistances of the above packages are as follows:

N package at 100°C/W.
F package at 135°C/W.
D package at 105°C/W.
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Product Specification

Internally-Compensated Dual Low Noise
Operational Amplifier

NE/SE5532/5532A

DC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =15V, unless otherwise specified.’ 2 3

SE5532/5532A NES5532/5532A
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Offset voltage 0.5 2 0.5 4 mv
Over temperature 3 5 mV
AVps/ AT 5 5 uv/°c
los Offset current 100 10 150 nA
Over temperature 200 200 nA
Alpg/ AT 200 200 pA/°C
s Input current 200 | 400 200 800 nA
Over temperature 700 1000 nA
Alg/ AT 5 5 nA/°C
! Supply current 8 105 8 16 mA
cC pply Over temperature 13 mA
Vem Common-mode input range +12 | 13 +12 | £13 \
CMRR Common-mode rejection ratio 80 100 70 100 dB
PSRR Power supply rejection ratio 10 50 10 100 uv/v
RL > 2k§2, Vo =110V 50 100 25 100 V/mv
. . Over temperature 25 15 V/mv
AvoL Large-signal voltage gain RL>600Q, Vo=210V | 40 | 50 15 | s0 v/mv
Over temperature 20 10 V/mv
R_ = 60092 +12 | £13 +*12 | +13 \
Over temperature 10 | +12 +10 | £12 \"
Vout Output swing R, =600, Vg=+18V | 15 | +16 +15 | 16 v
Over temperature 12 | +14 12 | 14 \
R = 2k2 +13 {135 +13 (135 \
Over temperature 12 |+125 +10 (2125 "
Rin Input resistance 30 300 30 300 k2
Isc Output short circuit current 10 38 60 10 38 60 mA
NOTES:

voltage exceeds 0.6V. Maximum current should be limited to +10mA.

wn

exceeded.
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For operation at eievated temperature, derate packages based on the package thermal resistance.
Output may be shorted to ground at Vg =115V, T, = 25°C. Temperature and/or supply voltages must be limited to ensure dissipation rating is not

. Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential input




Product Specification

internally-Compensated Dual Low Noise

Operational Amplifier
AC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =115V, unless otherwise specified.
NE/SE5532/5532A
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
. Ay = 30dB Closed-loop
Rour Output resistance f= 10kHz, R, = 60082 03 Q
Voitage-follower
Overshoot ViN = 100mVp.p 10 %
Cy = 100pF, R = 6000
Ay Gain f=10kHz 2.2 V/mVv
GBW Gain bandwidth product CL = 100pF, R = 600£2 10 MHz
SR Slew rate 9 V/us
Vout = £ 10V 140 kHz
Power bandwidth Vout = £ 14V, R = 60052, 100 kHz
Voo =118V
ELECTRICAL CHARACTERISTICS T, =25°C, Vg =t 15V, unless otherwise specified.
NE/SE5532 NE/SE5532A
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
VNOISE Input noise voltage fo = 30Hz 8 8 12 | nv/VHz
fo = 1kHz 5 5 6 | nv/VHz
INOISE input noise current fo = 30Hz 2.7 2.7 pA/vHz
fo = 1kHz 0.7 0.7 pA/VHZ
Channel separation f = 1kHz, Rg = 5k2 110 110 dB
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Internally-Compensated Dual Low Noise

Operational Amplifier

NE/SE5532/5532A

TYPICAL PERFORMANCE CHARACTERISTICS

Open-Loop Frequency
Response

TYPICAL VALUES
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|
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|
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Interally-Compensated Dual Low Noise NE/SE5532/5532A
Operational Amplifier

TEST CIRCUITS

Vour

= TCo8s508
TCo85408

Closed-Loop Frequency Response Voltage-Follower
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DESCRIPTION

The 5533/5534 are dual and single high-
performance low noise operational am-
plifiers. Compared to other operational
amplifiers, such as TLO083, they show
better noise performance, improved out-
put drive capability and considerably
higher small-signal and power band-

widths.

This makes the devices especially suit-
able for application in high quality and
professional audio equipment, in instru-
mentation and control circuits and tele-
phone channel amplifiers. The op amps
are internally compensated for gain
equal to, or higher than, three. The
frequency response can be optimized
with an external compensation capacitor
for various applications (unity gain ampli-
fier, capacitive load, slew rate, low over-
shoot, etc.) If very low noise is of prime

NE5533 /5533A

NE/SA/SES5534/5534A

Dual and Single Low Noise
Op Amp

Product Specification

FEATURES

© Small-signal bandwidth: 10MHz

© Output drive capability: 60052,
10Vpus at Vg =+ 18V

e Input noise voltage: 4nV// Hz
e DC voltage gain: 100000
e AC voltage gain: 6000 at 10kHz

e Power bandwith: 200kHz

to t20v

available

APPLICATIONS
e Audio equipment

circuits

importance, it is recommended that the

e Slew rate: 13V/us
e Large supply voltage range: +3

© 5534 MIL-STD processing

© Instrumentation and control

® Telephone channel amplifiers
o Medical equipment

PIN CONFIGURATIONS

NE/SA/SE5534/5534A
D, FE, N Packages

eaLance 1] E] CompensaTION
INVERTING
el D
"°""‘“7J.:'$ 3 6] outeur
v-[3 [5] compensaTion
CDASH00S
NES533/5533A
N Package
INVINPUT A [T] 18] BAL COMP A
Pfg;&ul#x Z] 5] comp A
BALANCE A [3] [14] outPUT A
v- [€ 13] v+
BALANCE B [5] [12] outPuT B
NON-NV B [€] —L [11] comp B
Ne [7] j10] NC

5533A/5534A version be used which INVB L8 —1~  [S]eacomes
has guaranteed noise specifications. TOP VIEW
CD13740S8
ORDERING INFORMATION
NE5533/5533A
DESCRIPTION TEMPERATURE RANGE ORDER CODE
N D Package
14-Pin Plastic DIP 0 to +70°C NES5533N o2
16-Pin Plastic SO package 0 to +70°C NES533AD
Y BALANCE/
14-Pin Plastic DIP 0 to +70°C NE5533AN INVINPUT A [T] 18] comp A
NON-INV
16-Pin Plastic SO package 0 to +70°C NE5533D weuTA (2] 5] come
BALANCE A [3] 13} ouTPUTA
8-Pin Plastic SO package 0 to +70°C NE5534D
v-[3 i3] v+
8-Pin Hermetic Cerdip 0 to +70°C NE5534FE BALANCE B ] [72] outPuTB
8-Pin Plastic DIP 0 to +70°C NE5534N NONANV 8 [E] 7} comps
8-Pin Plastic SO package 0 to +70°C NE5534AD Ne [7] [10] N
BALANCE/
8-Pin Hermetic Cerdip 0 to +70°C NES534AFE nve (3] 91 Comp &
8-Pin Plastic DIP 0 to +70°C NE5534AN TOP VIEW
CD11390S
8-Pin Plastic DIP -40°C to +85°C SA5534N NOTE:
This device may not be symboled in standard
8-Pin Plastic SO package —-40°C to +85°C SA5534AD format.
8-Pin Plastic DIP -40°C to +85°C SA5534AN
8-Pin Hermetic Cerdip -55°C to +125°C SES5534AFE
8-Pin Plastic DIP -55°C to +125°C SE5534N
8-Pin Hermetic Cerdip -55°C to +125°C SE5534FE
8-Pin Plastic DIP -55°C to +125°C SE5534AN
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Product Specification

Dual and Single Low NE5533/5533A
Noise Op Amp NE/SA/SE5534 /5534A
EQUIVALENT SCHEMATIC
1] o8 05 o7
Yz K 3‘} K
30— K ———t
'ﬂj >
$ 3 = -+ H
T -
| J LY
LN
achl 10
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Product Specification

Dual and Single Low
Noise Op Amp

NE5533/5533A
NE/SA/SE5534/5534A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vs Supply voltage +22 v
Vin Input voltage +V supply Vv
VoIFF Differential input voltage! +0.5 v
Ta Operating temperature range
SE -55 to +125 °C
SA ~40 to +85 °C
NE 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
Ty Junction temperature 150 °C
Pp Power dissipation at 25°C2
5533D 1350 mw
5533N 1500 mw
5534D 750 mw
5534FE 800 mw
5534N 1150 mw
Output short-circuit duration® Indefinite
Tsowo Lead soldering temperature (10sec 300 °c
max)
NOTES:

-

. Diodes protect the inputs against over voltage. Therefore, unless current-limiting resistors are used, large
currents will fiow if the differential input voltage exceeds 0.6V. Maximum current should be limited to
+10mA.

. For operation at el d P , derate based on the following junction-to-ambient
thermal resistance:

8-pin ceramic DIP 150°C/W
8-pin plastic DIP 105°C/W
8-pin plastic SO 160°C/W
14-pin plastic DIP 80°C/W
16-pin plastic SO 80°C/W

. Output may be shorted to ground at Vg = * 15V, Ta = 25°C. Temperature and/or supply voltages must be
limited to ensure dissipation rating is not exceeded.

»

[A]
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Product Specification

Dual and Single Low NE5533/5533A
Noise Op Amp NE/SA/SE5534,/5534A

DC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =t 15V, unless otherwise specified.’ % 3

sessaa/ssaan | |(MNESSSIIRSSS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos 0.5 2 0.5 4 mV
Offset voltage Over temperature 3 5 mV
AVos/ AT 5 5 uv/°C
los 10 200 20 300 nA
Offset current Over temperature 500 400 nA
Algs/ AT 200 200 pA/°C
g 400 800 500 | 1500 nA
Input current Over temperature 1500 2000 nA
Alg/ AT 5 5 nA/°C
| Supply current 4 6.5 4 8 mA
cc per op amp Over temperature 9 10 mA
Vem Common mode input range +12 | +13 +12 | +13 \
CMRR Common mode rejection ratio 80 100 70 100 dB
PSRR Power supply rejection ratio 10 50 10 100 uv/v
. . RL > 60082, Vo =110V 50 100 25 100 V/mVv
Avor Large-signal voltage gain Over temperature 25 15 V/mV
R, > 60092 +12 | 13 +12 | *13 \
Over temperature +10 | 12 +10 | €12 \
Vout Output swing R > 600, Vg=*18V £15 | £16 +15 | +16 v
RL = 2kQ2 £13 [£135 +13 [£135 \'
Over temperature 12 [t125 +12 |£125 \"
Rin Input resistance 50 100 30 100 k2
Isc Output short circuit current 38 38 mA
NOTES:

1. For NE5533/5533A/5534/5534A, Ty = 0°C, Tyax = 70°C.
2. For SE5534/5534A, Ty = —55°C, Tyax = +125°C.
3. For SA5534/5534A, Ty = -40°C, Tyax = +125°C.
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Product Specification

Dual and Single Low NE5533/5533A
Noise Op Amp NE/SA/SE5534 /5534A
AC ELECTRICAL CHARACTERISTICS T, =25°C, Vg=*15V, unless otherwise specified.
SESSM/SSMA | \ecascaussai
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Ay = 30dB closed-loop
Rout Output resistance f = 10kHz, Ry = 6002, 0.3 0.3 Q
Cc = 22pF
Voitage-follower,
. VIN = 50mV
Transient response R, = 6008, Cg = 22pF,
CL = 100pF
tr Rise time 20 20 ns
Overshoot 20 20 %
Transient response Vin =50mV, Ry = 60002
Cc = 47pF, C_ = 500pF
tr Rise time 50 50 ns
Overshoot 35 35 %
Ay Gain f=10kHz, Cc=0 6 6 V/mv
f=10kHz, C¢c = 22pF 22 2.2 V/mV
GBW Gain bandwidth product Cg = 22pF, C_ = 100pF 10 10 MHz
Cc=0 13 13 V/us
SR Slew rate Co = 22pF 6 6 Vius
Power bandwidth Vout =10V, Cc =0 200 200 kHz
Vour = £ 10V, Cg = 22pF 95 95 kHz
Vout = * 14V, R_ = 600§2 70 70 kHz
Cc = 22pF, Vec=t18V
ELECTRICAL CHARACTERISTICS T, =25°C, Vg = 15V, unless otherwise specified.
5533/5534 5533A/5534A
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
. fo = 30Hz 7 55 7 nV/vHz
VNoise | Input noise voltage fo = 1kHz 4 35 45 | nv/vAz
! to = 30Hz 25 1.5 pA/\/Hz
INOISE Input noise current fo = 1kHz 0.6 0.4 pA/VFZ
. " f = 10Hz - 20kHz,
Broadband noise figure Rg = 5k 0.9 dB
Channel separation f = 1kHz, Rg = 5k§2 110 110 dB

November 3, 1987
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Product Specification

Dual and Single Low
Noise Op Amp

NE5533/5533A
NE/SA/SE5534,/5534A

TYPICAL PERFORMANCE CHARACTERISTICS

Open-Loop Frequency

v)
vop-p) 2

VIN (V)

Response
120
TYPICAL VALUES
NN
\'&c =0

PN
3 N

-0

M0 107 100 104 104 106 107

112

Large-Signal Frequency

Response

VS s 115V
TYPICAL VALUES

Ce=

OpF
T
ATpF

\

AN

108

100

104 108 100 107
1(Hz)

Input Common-Mode

Voltage Range

TYPICAL VALUES

7

/zos
v

N\

10 2
Vo:i-vpn (V)

OPos1208

Slew Rate as a Function of
Compensation Capacitance

Vg = tsv
Cc
s
wim ® \\
\ Tvp
. I ]
°
o © s
Cctef)
OPOS0708

Output Short-Circuit Current

vgs t1sv
s
10 . N
(mA) s .
S
0
[
-85 <25 0 25 50 75 100 +125
Tarc
OPO5100S

Supply Current
per Op Amp

0 2
Vi VN (V)
OPO§1308

GAIN (dB)

Closed-Loop Frequency
Response

[ TYPICAL VALUES

Cc= 0: RF = 10k} ; RE = 1001!

Cc= 0:RF = 9k(2; RE = kit
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Cgc = 22pF; RF = k) RE = o

-20
10 104 108 08 107 100
1 (H2)

Input Bias Current
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(wA)
\ JYP
-
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°
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Product Specification

Dual and Single Low
Noise Op Amp

NE5533/5533A
NE/SA/SE5534/5534A

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Input Noise Total Input Broadband input
Current Density Noise Density Noise Voltage
0 0 102
TYPICAL VALUES
10 TYPICAL VALUES
10 10 10 /
A ! /
100 10Hz TO 20kHz
N AA™
gy < ‘,,:',",,"-"%,W 1= Vnrma) /
vy ;g
*° ‘THERMAL NOISE OF
1o ) T IHeRmA | e 200Hz TO akHz
- 100
10
102
10 10 10 104 0?
. 10 10 100 10t 100 10 102
Rg () 102 100 1o 108 108
Rg (1)
OPOS1508 OPOS1008 ‘OPOS1708
TEST LOAD CIRCUITS
F 6001
- —
= = TC08720S

V-

TCo87108

Frequency Compensation and Ofiset Voitage

Adjustment Circuit

Closed-Loop Frequency Response
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Product Specification

Dual and Single Low
Noise Op Amp

NE5533/5533A
NE/SA/SE5534,/5534A

NOISE TEST BLOCK DIAGRAM

nVIVHz

g

nVIVHz

J

CAL POWER —
0sc SUPPLY CAL
T ovee] [-vec - METeR VAN
r— ——n BANDPASS
| AT 1 kHz
TN '\
DUT >
10 [ | )¢ l/
| 10k g +40d8 /\
= |
| [ BANDPASS
| P AT 30 Hz
1000 2
| vesreoano 1
L—
= GND

80029605
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DESCRIPTION

The SA/NE602 is a low-power VHF
monolithic double-balanced mixer with
input amplifier, on-board oscillator, and
voltage regulator. It is intended for high
performance, low power communication
systems. The guaranteed parameters of
the SA602 make this device particularly
well suited for cellular radio applications.
The mixer is a "'Gilbert cell'" multiplier
configuration which typically provides
18dB of gain at 45MHz. The oscillator
will operate to 200MHz. It can be config-
ured as a crystal oscillator, a tuned tank
oscillator, or a buffer for an external L.O.
The noise figure at 45MHz is typically
less than 5dB. The gain, intercept per-
formance, low-power and noise charac-
teristics make the SA/NE602 a superior
choice for high-performance battery op-
erated equipment. It is available in an 8-
lead dual in-line plastic package and an
8-lead SO (surface-mount miniature
package).

BLOCK DIAGRAM

NE/SA602
Double-Balanced Mixer and
Oscillator

Product Specification

FEATURES PIN CONFIGURATION

e Low current consumption: 2.4mA
typical

o Excellent noise figure: < 5.0dB weut a[1] [8 ] vee
typical at 45MHz weut B[ 2| OSCILLATOR

o High operating frequency

e Excellent gain, intercept and arounos | ¢ ] oscucaton
sensitivity outeut af 4] [sJouteut e

e Low external parts count;
suitable for crystal/ceramic filters

© SA602 meets cellular radio
specifications

APPLICATIONS

o Cellular radio mixer/oscillator

o Portable radio

o VHF transceivers

o RF data links

o HF/VHF frequency conversion

¢ Instrumentation frequency
conversion

e Broadband LANs

CD100418]

I S
Vee
n!gtn?rgﬂl OSCILLATOR l
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Product Specification

Double-Balanced Mixer and Oscillator NE/SA602
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE602N
8-Pin Plastic SO 0 to +70°C NE602D
8-Pin Cerdip 0 to +70°C NE602FE
8-Pin Plastic DIP -40°C to +85°C SA602N
8-Pin Plastic SO -40°C to +85°C SA602D
8-Pin Cerdip -40°C to +85°C SAB02FE
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Veo Maximum operating voltage ) \
Tsta Storage temperature -65 to +150 °C
TaA Operating ambient temperature range 0 to +70 °C
NE602 -40 to +85 °C
SA602
AC/DC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =6V, Figure 1
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vce Power supply voltage range 4.5 8.0 \
DC current drain 24 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 45MHz 5.0 6.0 dB
Third-order intercept point RFn = -45dBm: f; =45.0 -15 -17 dBm
fo = 45.06
Conversion gain at 45MHz 14 18 dB
RN RF input resistance 15 k2
Cin RF input capacitance 3 35 pF
Mixer output resistance (Pin 4 or 5) 1.5 k2
DESCRIPTION OF OPERATION
The NE/SA602 is a Gilbert cell, an oscillator/
0.5 to 1.3, 22pF = buffer, and a temperature compensated bias
_L_rrm_| = 44.545MHz THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit.
v set L 0F 5.6pF The Gilbert cell is a differential amplifier (Pins
had AV + 1 and 2) which drives a balanced switching
oar | L 1000 T f_l‘l cell. The differential input stage provides gain
T I 10nF = 8 7 6 5 and determines the noise figure and signal
= = 150pF handling performance of the system.
OuTPUT
The NE/SA602 is designed for optimum low
802 Wi §T 330pF power performance. When used with the
SAB04 as a 45MHz cellular radio 2nd IF and
] Ti20pF = demodulator, the SA802 is capable of receiv-
1 2 3 4 ing -119dBm signals with a 12dB S/N ratio.
L Third-order intercept is typically —15dBm
(that's approximately + 5dBm output intercept
INPUT = because of the RF gain). The system design-
er must be cognizant of this large signal
limitation. When designing LANs or other
closed systems where transmission levels are
= high, and small-signal or signal-to-noise
To027028 issues not critical, the input to the NE602
I iatel .
Figure 1. Test Configuration should be appropriately scaled
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Product Specification

Double-Balanced Mixer and Oscillator

NE/SA602

Besides excellent low power performance
well into VHF, the NE/SA602 is designed to
be flexible. The input, output, and oscillator
ports can support a variety of configurations
provided the designer understands certair
constraints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedence is approximately
1.5k |l 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the internal positive supply by a 1.5k$2 resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank "'Q'" and required drive
levels. The higher the "'Q"" of the tank or the
smaller the required drive, the higher the

[vee

> 1.5K

AAA

’J

15K

WA

Figure 2.

Equivalent Circuit

15K

—AAA,
H—AAA

75020305

permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be at
least 200mVp_p.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cellular
radio. As shown, an overtone mode of opera-
tion is utilized. Capacitor C3 and inductor L1
suppress oscillation at the crystal fundamen-
tal frequency. in the fundamental mode, the
suppression network is omitted.

Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlled
applications. It is important to buffer the
output of this circuit to assure that switching
spikes from the first counter or prescaler do
not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isola-
tion with low current. The FET offers good
isolation, simplicity, and low current, while the
bipolar transistors provide the simpie solution
for non-critical applications. The resistive di-
vider in the emitter-foliower circuit should be
chosen to provide the minimum input signal
which will assure correct system operation.

When operated above 100MHz, the oscillator
may not start if the Q of the tank is too low. A
22k§2 resistor from Pin 7 to ground will
increase the DC bias current of the oscillator
transistor. This improves the AC operating
characteristic of the transistor and should
help the osciilator to start. 22kS2 will not upset
the other DC biasing internal to the device,
but smaller resistance values should be
avoided.

~1

I

TCo2041$

a. Single-Ended Tuned Input

TCo2081S

b. Balanced Input (For Attenuation
of S d-Order Prod )

Figure 3. Input Configuration

D
G—— 1

70020615

c. Single-Ended Untuned Input
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Product Specification

Double-Balanced Mixer and Oscillator

NE/SA602

CFUAss
OR EQUIVALENT

TCo2011S

a. Single-Ended Ceramic Filter

12pF

It
1t

rh

2-10pF

I_‘I.J
TCo2081S

c. Single-Ended IFT

7

1]
;é é"uHT’p‘=:

FILTER K&L38780 OR EQUIVALENT
*Cy MATCHES 3.5K( TO NEXT STAGE.

b. Single-Ended Crystal Filter

Figure 4. Output Configuration

7020915

d. Balanced Output

TCo2071S.

602

m b

it
\
el

,:__Im\{
] Y

H

D

602

602

| S QR T B BT B T |

TC021018

a. Colpitts Crystal Oscillator

(Overtone Mode)

L) 2] g L]

TCo21118

b. Colpitts L/C Tank Oscillator

Figure 5. Oscillator Circuits

L 2] [3] L

TCo21218

c. Hartley L/C Tank Oscillator

November 9, 1987

146




Product Specification

Double-Balanced Mixer

and Oscillator

NE/SA602

SR 7pF I 10pF
o =
1000pF =
+— DC CONTROL VOLTAGE
5 1000pF FROM SYNTHESIZER
0.064H I MV2105
f OR EQUIVALENT
TC021208

°
'LO.OIpF
e 1
100K 2 xS =
< < = 3sK126
001pF
] 1L
1 1€ A
2pF . TO SYNTHESIZER
L ]
LAY 1
100K 330 = 0.01pF

Teoz1408

Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers

lﬂ—)

2N918

TCo21508 TCv21608

INPUT

=11

2pF
. 44.545 MHz
5.6pF l
[

THIRD OVERTONE CRYSTAL

31

0.5 10 1.3uM
. S5H ‘-rm;‘
o =
Yo papt
Sl T L
T T 100F =

5
)

mIVALENT

Figure 7. Typical Application for Cellular Radio

TC02021S
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Product Specification

Double-Balanced Mixer

and Oscillator

NE/SA602
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Linear Products

DESCRIPTION

The NE/SAB04A is an improved mono-
lithic low-power FM IF system incorpo-
rating two limiting intermediate frequen-
cy amplifiers, quadrature detector, mut-
ing, logarithmic received signal strength
indicator, and voltage regulator. The
NE/SA604A features higher IF band-
width (25MHz) and temperature com-
pensated RSS| and limiters permitting
higher performance application com-
pared with the NE/SA604. The NE/
SAB04A is available in a 16-lead dual-in-
line plastic and 16-lead SO (surface-
mounted miniature package).
FEATURES
e Low-power consumption 3.3mA
typical
e Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 90dB

BLOCK DIAGRAM

NE/SA604A

High-Performance Low-Power

FM IF System

Preliminary Specification

e Two audio outputs ~ muted and
unmuted

e Low external component count;
suitable for crystal/ceramic filters

® Excellent sensitivity: 1.5uV across
input pins (0.22uV into 5002
matching network) for 12dB
SINAD (Signal to Noise and
Distortion ratio) at 455kHz

® SA604A meets cellular radio
specifications

APPLICATIONS
e Cellular Radio FM IF

® High performance
communications receivers

¢ Intermediate fregency
amplification and detection up to
21MHz

® RF level meter

® Spectrum analyzer

¢ Instrumentation

® FSK and ASK data receivers

PIN CONFIGURATION

D and N Packages

IF AMP 3
DECOUPLING
GND E

MUTE INPUT E

Vee E
RSSI OUTPUT E

MUTE AUDIO (5

ouTPuT
UNMUTE AUDIO
QUTPUT
QUADRATURE
INPUT | 8

7

/

E IF AMP INPUT
T3] IF Amp
DECOUPLING

IF AMP

4] outeoT

13| GND
LIMITER
INPUT

7] LIMITER
DECOUPLING

0] LIMITER
DECOUPLING

E] LIMITER

12

TOP VIEW

CD153408

16 15

VOLTAGE
REGULATOR

GND

SIGNAL
STRENGTH

bl 2] T

Tel

BDO1910S
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Preliminary Specification

High-Performance Low-Power FM IF System NE/SA604A

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE | ORDER CODE
16-Pin Plastic DIP 0 to +70°C NEGO4AN

16-Pin Plastic SO (Surface-
mounted miniature package)

16-Pin Plastic DIP -40 to +85°C SAB04AN
16-Pin Plastic SO (Surface-

0 to +70°C NE604AD

o
mounted miniature package) -40 to +B5°C SAGD4AD
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voitage 9 )
Tsta Storage temperature -65 to +150 °C
Operating temperature
Ta NEG04A 0 to 70 °C
SAB04A -40 to +85 °C

DC ELECTRICAL CHARACTERISTICS Ta=25°C; Vog = +6V unless otherwise stated

’ TEST NE604A SA604A
SYMBOL PARAMETER CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Power supply voltage range 45 80 | 45 8.0 \
DC current drain 25 3.3 4.0 25 33 4.0 mA
Mute switch input threshold (on) 1.7 1.7 \
(off) 1.0 1.0 v
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Preliminary Specification

High-Performance Low-Power FM IF System

NE/SA604A

AC ELECTRICAL CHARACTERISTICS

Typical reading at Tp =25°C; Voo = + 6V unless otherwise stated. IF frequency

= 455kHz; IF level = -47dBm; FM modulation = 1kHz with +8kHz peak deviation.
Audio output with C-message weighted filter and de-emphasis capacitor. Test circuit
Figure 1. The parameters listed below are tested using automatic test equipment to
assure consistent electrical characteristics. The limits do not represent the ultimate
performance limits of the device. Use of an optimized RF layout will improve many

of the listed parameters.

TEST NE604A SA604A
SYMBOL PARAMETER CONDITIONS UNIT
Min Typ Max Min Typ Max

Input limiting-3dB Test at Pin 16 -92 -92 dBm/5082
AM rejection 80% AM 1kHz 30 34 30 34 dB
Recovered audio level 15nF de-emphasis 110 175 250 80 175 260 MVims
Recovered audio level 150pF de-emphasis 530 530 MVims
SINAD sensitivity RF level -97dBm 16 16 dB
THD -35 -42 -34 -42 dB
Signal-to-noise ratio No modulation for noise 73 73 dB

RF level = -118dBm 0 160 550 0 160 650 mv
RSSI oulput1 RF level = -68dBm 2.0 2.65 3.0 1.09 2,65 3.1

RF level = ~18dBm 41 4.85 55 4.0 4.85 56 \
RSSI range R4 =100k Pin 5 90 90 dB
RSS! accuracy R4 =100k Pin 5 15 +15 dB
IF input impedance 1.4 1.6 1.4 1.6 k2
IF output impedance 0.85 1.0 0.85 1.0 k2
Limiter input impedance 1.4 1.6 1.4 1.6 k2
Unmuted audio output resistance 58 58 k2
Muted audio output resistance 58 58 Q

NOTE:

1.NE604 data sheets refer to power at 5082 input termination; about 21dB less power actually enters the internal 1.5k input.
NEB04A (1.5k)/NE605 (1.5k)

NE604(50)

-97dBm
—47dBm

+3 dBm

-118dBm
~68dBm
-18dBm

2.The NEB05 and NE604A are both derived from the same basic die. The NE605 performance plot NEG604A.

December 1988
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Preliminary Specification

High-Performance Low-Power FM IF System

NE/SA604A

NE604A TEST CIRCUIT

Fl

Cy

P e,
e R"'W_"]#'
16 15

EMI}A

Q = 20 LOADED

o "H

= D

NEGO4A

-{35

NOTES:

C1 10nF +80-20% 63V K10000-Z5V Ceramic
C2 100nF +10% 50V

€3 100nF +10% 50V

C4 100nF +10% 50V

C5 100nF £10% 50V

C6 10pF +2% 100V NPO Ceramic

C7 100nF £10% 50V

C8 100nF +10% 50V

C9 15nF £10% 50V

TCo2451S

C10 150pF +2% 100V N1500 Ceramic

C11 1nF £10% 100V K2000-Y5P Ceramic
C12 6.8uF +20% 25V Tantalum

F1 455kHz Ceramic Filter Murata SFG455A3
F2 455kHz IF Filter A2549

R1 6102+1% YaW Metal Film

R2 150082 + 1% YaW Metal Film

R3 15002 +5% YsW Carbon Composition
R4 100kS2+ 1% VaW Metal Film

SIGNETICS
NEB@4 TEST CKT @ ©

raeiied O
ol

LOF:

SIGNETICS
NEsgd TEST ckT © ©
00

(05
©
gr\o 00 () (O]

macx \/o

§k:) I)

CD154108

©D15380S

Figure 1. NE604A Test Circuit

€0153908
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Preliminary Specification

High-Performance Low-Power FM IF System

NE/SA604A

—1
K
16 12 I " I
GNO
42K
2 700
)¢
I™
< 1 3 r
> 16 40K A (16K 40K
WA 700 % WA
FULL : 3
FULL WAVE
WAVE 1
RECT. = ReCY
| VOLTAGE/
CONVERTER
"ﬂl vour VOLTAGE
RAEG REGULATOR
]
BAND
GAP
VoLt
—
Vee
20K
GND = = Vee
|J_]' L] [
TCO0004S
Figure 2. Equivalent Circuit

CIRCUIT DESCRIPTION

The NE/SAB04A is a very high gain, high
frequency device. Correct operation is not
possible if good RF layout and gain stage
practices are not used. The NE/SA604A can
not be evaluated independent of circuit, com-
ponents, and board layout. A physicial layout
which correlates to the electrical limits is
shown in Figure 1. The configuration can be
used as the basis for production layout.

The NE/SA604A is an IF signal processing
system suitable for IF frequencies as high as
21.4MHz. The device consists of two limiting
amplifiers, quadrature detector, direct audio
output, muted audio output, and signal
strength indicator (with log output characteris-
tic). The sub-systems are shown in Figure 2.
A typical application with 45MHz input and
455kHz IF is shown in Figure 3.

December 1988

IF AMPLIFIERS

The IF amplifier section consists of two log-
limiting stages. The first consists of two
differential amplifiers with 39dB of gain and a
small signal bandwidth of 41MHz (when driv-
en from a 50$2 source). The output of the first
limiter is a low impedance emitter follower
with 1k§2 of equivalent series resistance. The
second limiting stage consists of three differ-
ential amplifiers with a gain of 62dB and a
small signal AC bandwidth of 28MHz. The
outputs of the final differential stage are
buffered to the internal quadrature detector.
One of the outputs is available at Pin 9 to
drive an external quadrature capacitor and L/
C quadrature tank.

Both of the limiting amplifier stages are DC
biased using feedback. The buffered output
of the final differential amplifier is fed back to
the input through 42kS2 resistors. As shown in
Figure 2 the input impedance is established

163

for each stage by tapping one of the feed-
back resistors 1.6kS2 from the input. This
requires one additional decoupling capacitor
from the tap point to ground.

Because of the very high gain, bankwidth and
input impedance of the limiters, there is a very
real potential for instability at IF frequencies
above 455kHz. The basic phenomenon is
shown in Figure 6. Distributed feedback (ca-
pacitance, inductance and radiated fields)
forms a divider from the output of the limiters
back to the inputs (including the RF input). If
this feedback divider does not cause attenua-
tion greater than the gain of the forward path,
then oscillation or low level regeneration is
likely. If regeneration occurs, two symptoms
may be present: (1)The RSSI output will be
high with no signal input (should nominally be
250mV or lower), and (2) the demodulated
output will demonstrate a threshold. Above a
certain input level, the limited signal will begin




Preliminary Specification

High-Performance Low-Power FM IF System

NE/SA604A
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Figure 3. Typical Application Cellular Radio (45MHz to 455kHz)
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Figure 4. First

TC232008

Limiter Bias

to dominate the regeneration, and the de-
modulator will begin to operate in a ""normal”
manner.
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There are three primary ways to deal with
regeneration: (1) Minimize the feedback by
gain stage isolation, (2) lower the stage input
impedances, thus increasing the feedback
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attenuation factor, and (3) reduce the gain.
Gain reduction can effectively be accom-
plished by adding attenuation between sta-
ges. This can also lower the input impedance
if well planned. Examples of impedance/gain
adjustment are shown in Figure 7. Reduce
gain will result in reduced limiting sensitivity.

A feature of the NE604A IF amplifiers, which
is not specified, is low phase shift. The
NE604A is fabricated with a 10GHz process
with very small collector capacitance. It is
advantageous in some applications that the
phase shift changes only a few degrees over
a wide range of signal input ampiitudes.
Additional information will be provided in the
upcoming product specification (this is a pre-
liminary specification) when characterization
is complete.
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Stability Considerations

The high gain and bandwidth of the NEG04A
in combination with its very low currents
permit circuit implementation with superior
performance. However, stability must be
maintained and, to do that, every possible
feedback mechanism must be addressed.
These mechanisms are: 1) Supply lines and
grounds, 2) stray iayout inductances and
capacitances, 3) radiated fields, and 4) phase
shift. As the system IF increases, so must the
attention to fields and strays. However,
ground and supply loops cannot be over-
looked, especially at lower frequencies. Even
at 455kHz, using the test layout in Figure 1,
instability will occur if the supply line is not
decoupled with two high quality RF capaci-
tors, a 0.1uF monolithic right at the Ve pin,
and a 6.8uF tantalum on the supply line. An
electrolytic is not an adequate substitute. At
10.7MHz, a 1uF tantalum has proven accepti-
ble with this layout. Every layout must be
evaluated on its own merit, don't underesti-
mate the importance of good supply bypass.

At 455kHz, if the layout of Figure 1 or one
substantially similar is used, it is possible to
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directly connect ceramic filters to the input
and between limiter stages with no special
consideration. At frequencies above 2MHz,
some input impedance reduction is usually
necessary. Figure 7 demonstrates a practical
means.

As illustrated in Figure 8, 430€) external
resistors are applied in parallel to the internal
1.6k$2 load resistors, thus presenting approxi-
mately 330%2 to the filters. The input filter is a
crystal type for narrow-band selectivity. The
filter is terminated with a tank which trans-
forms to 33082 The interstage filter is a
ceramic type which doesn't contribute to
system selectivity, but does suppress wide-
band noise and stray signal pickup. In wide-
band 10.7MHz IFs the input filter can also be
ceramic, directly connected to Pin 16.

In some products it may be impractical to
utilize shielding, but this mechanism may be
appropriate to 10.7MHz and 21.4MHz IF. One
of the benefits of low current is lower radiated
field strength, but lower does not mean non-
existent. A spectrum analyzer with an active
probe will clearly show IF energy with the
probe held in the proximity of the second
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limiter output or quadrature coil. No specific
recommendations are provided, but mechani-
cal shielding should be considered if layout,
bypass, and input impedance reduction do
not solve a stubborn instability.

The final stability consideration is phase shift.
The phase shift of the limiters is very low, but
there is phase shift contribution from the
quadrature tank and the filters. Most filters
demonstrate a large phase shift across their
passband (especially at the edges). If the
quadrature detector is tuned to the edge of
the filter passband, the combined filter and
quadrature phase shift can aggravate stabili-
ty. This is not usually a problem, but should
be kept in mind.

Quadrature Detector

Figure 5 shows an equivalent circuit of the
NE604A quadrature detector. It is a multiplier
cell similar to a mixer stage. Instead of mixing
two different frequencies, it mixes two signals
of common frequency but different phase.
Internal to the device, a constant amplitude
(limited) signal is differentially applied to the
lower port of the multiplier. The same signal is
applied single ended to an external capacitor
at Pin 9. There is a 90° phase shift across the
phase shift across the plates of this capacitor,
with the phase shifted signal applied to the
upper port of the multipler at Pin 8. A quadra-
ture tank (parallel L/C network) permits fre-
quency selective phase shifting at the IF
frequency. This quadrature tank must be
returned to ground through a DC blocking
capacitor.
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Vour

TC291508

Figure 9.

The loaded Q of the quadrature tank impacts
three fundamental aspects of the detector:
Distortion, maximum modulated peak devia-
tion, and audio output amplitude. Typical
quadrature curves are illustrated in Figure 10.
The phase angle transiates to a shift in the
multiplier output voltage.

Thus a small deviation gives a large output
with a high Q tank. However, as the deviation
from resonance increases, the nonlinearity of
the curve increases (distortion), and, with too
much deviation, the signal will be outside the
quadrature region (limiting the peak deviation
which can be demodulated). If the same peak
deviation is applied to a lower Q tank, the
deviation will remain in a region of the curve
which is more linear (less distortion), but
creates a smaller phase angle (smaller output
amplitude). Thus the Q of the quadrature tank
must be tailored to the design. Basic equa-
tions and an example for determining Q are
shown below. This explanation includes first
order effects only.

Frequency Discriminator Design
Equations for NE604A

Cs

Vo= .
° Cp+Cg

(1a)

e Vn

Wy wi |2
1+ —4+| =
Q8 S

1

here =
e TG T o

Q= R (Cp + Cg) w4

(1b)

(1c)
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From the above equation, the phase shift
between nodes 1 and 2, or the phase across
Cs will be:

$=LVo-LVy=tg!

w
Figure 10. is the plot of ¢ vs ‘—)
wy

It is notable that at ¢y = w1, the phase
g
shift is E and the response is close to

a straight line with a siope of

Ap  2Q,
Aw  wy’

The signal V, would have a phase shift

n {2Q,
of |~ ~| — Jw | with respect to the V.
2 W

If Vi = A Sin wt )
-=Vo=A
T [2Q
Sin [wt+— —(—1)03]
2 w1

Multiplying the two signals in the mixer, and
low pass filtering yields:

ViN * Vo = A2Sin wt (4)
2Q
Sin[wt-o-z—(——‘)w]
2 wy

after tow pass filtering

=Vour =5A2 (5)
2Q 1 2Q

cos [f-(—‘)w]=—Azsm ‘—1)00
2 wq 2 wn

w wy + Aw
Vour™2Q, o 2Qq T (6)

Which is the discriminated FM output.
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NOTE: Aw is the deviation frequency from
the carrier ;.

Ref. Krauss, Raab, Bastian; Solid State Radio
Eng.; Wiley, 1980, p.311. Example: At 455kHz
IF, with +5kHz FM deviation. The max/min
normalized frequency will be

455 *5kHz

=1.010 or 0.990
455

Go to the ¢ vs. normalized frequency curves
(Figure 10) and draw a vertical

w
straight line at ‘ — j =1.01.
w1

The curves with Q =100, Q=40 are not
linear, but Q=20 and less shows better
linearity for this application. Too small Q
decreases the amplitude of the discrimination
FM signal. (Eq.6)

==Choose a Q = 20.

The internal R of the 604A is 40k. From Eq.
1c, and then 1b, it results that

Cp+Cs=174pF and L = 0.7mH.

A more exact analysis including the source
resistance of the previous stage shows that
there is a series and a parallel resonance in
the phase detector tank. To make the paralle!
and series resonances close, and to get
maximum attenuation of higher harmonics at
455kHz IF, we have found that a Cg = 10pF
and Cp = 164pF (commercial values of
150pF or 180pF may be practical), will give
the best results. A variable inductor which
can be adjusted around 0.7mH, should be
chosen and optimized for minimum distortion.
(For 10.7MHz, a value of Cs = 1pF is recom-
mended.)

Audio Outputs

Two audio outputs are provided. Both are
PNP current-to-voltage converters with 55k
nominal internal loads. The unmuted output is
always active to permit the use of signaling
tones in systems such as cellular radio. The
other output can be muted with 7048 typical
attenuation. The two outputs have an internal
180° phase difference.

The nominal frequency response of the audio
outputs is 300kHz. This response can be
increased with the addition of external resis-
tors from the output pins to ground in parallel
with the internal 55k resistors, thus lowering
the output time constant. Since the output
structure is a current-to-voltage converter
(current is driven into the resistance, creating
a voltage drop), adding external parallel resis-
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tance also has the effect of lowering the
output audio amplitude and DC level.

This technique of audio bandwidth expansion
can be effective in many applications such as
SCA receivers and data transceivers. Be-
cause the two outputs have a 180° phase
relationship, FSK demodulation can be ac-
complished by applying the two outputs differ-
entially across the inputs of an op amp or
comparator. Once the threshold of the refer-
ence frequency (or ''no-signal” condition)
has been established, the two outputs will
shift in opposite directions (higher or lower
output voltage) as the input frequency shifts.
The output of the comparator will be the
logical output. The choice of op amp or
comparator will depend on the data rate. With
high IF frequency (10 MHz and above), and
wide IF bandwidth (L/C filters) data rates in
excess of 4Mbaud are possible.

RSSI

The "received signal strength indicator", or
RSSI, of the NE604A demonstrates monoton-
ic logarithmic output over a range of 90dB.
The signal strength output is derived from the
summed stage currents in the limiting amplifi-
ers. It is essentially independent of the IF
frequency. Thus, unfiltered signals at the

limiter inputs, spurious products, or regener-
ated signals will manifest themselves as RSSI
outputs. An RSSI output of greater than
250mV with no signal (or a very small signal)
applied, is an indication of possible regenera-
tion or oscillation.

In order to achieve optimum RSS! linearity,
there must be a 12dB insertion loss between
the first and second limiting amplifiers. With a
typical 455kHz ceramic filter, there is a nomi-
nal 4dB insertion loss in the filter. An addition-
al 6dB is lost in the interface between the
filter and the input of the second limiter. A
small amount of additional loss must be
introduced with a typical ceramic filter. In the
test circuit used for cellular radio applications
(Figure 3) the optimum linearity was achieved
with a 5.182 resistor from the output of the
first limiter (Pin 14) to the input of the inter-
stage filter. With this resistor from Pin 14 to
the filter, sensitivity of 0.25uV for 12dB SI-
NAD was achieved. With the 3.6k resistor,
sensitivity was optimized at 0.22uV for 12dB
SINAD with minor change in the RSSI lineari-
ty.

Any application which requires optimized
RSS! linearity, such as spectrum analyzers,
cellular radio, and certain types of telemetry,
will require careful attention to limiter inter-
stage component selection. This will be espe-

cially true with high IF frequencies which
require insertion loss or impedance reduction
for stability.

At low frequencies the RSSI makes an excel-
lent logarithmic AC voltmeter.

For data applications the RSSI is effective as
an amplitude shift keyed (ASK) data slicer. If
a comparator is applied to the RSSI and the
threshold set slightly above the no signal
level, when an inband signal is received the
comparator will be sliced. Unlike FSK demod-
ulation, the maximum data rate is somewhat
limited. An internal capacitor limits the RSS!
frequency response to about 100kHz. At high
data rates the rise and fall times will not be
symmetrical.

The RSS! output is a current-to-voltage con-
verter similar to the audio outputs. However,
an external resistor is required. With a 91kQ2
resistor, the output characteristic is 0.5V fora
10dB change in the input amplitude.

Additional Circuitry

Internal to the NEB04A are voltage and cur-
rent regulators which have been temperature
compensated to maintain the performance of
the device over a wide temperature range.
These regulators are not accessible to the
user.
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DESCRIPTION

The NE/SA605 is a monolithic, low pow-
er FM IF system incorporating VHF
monolithic, double-balanced mixer with
input amplifier, on-board oscillator, two
limiting intermediate frequency amplifi-
ers, quadrature detector, muting, loga-
rithmic signal strength indicator, and
voltage regulator.

It is intended for high performance, low
power communication systems. The
guaranteed parameters of the SA605
make this device particularly well-suited
to cellular radio applications. The mixer
is a "'Gilbert cell'” multiplier configuration
which typically provides 15dB of gain at
45MHz. The oscillator will operate to
200MHz. It can be configured as a
crystal oscillator, a tuned tank oscillator,
or a buffer for an external L.O. The noise
figure at 45MHz is typically less than
5dB. The gain, intercept performance,
low power, and noise characteristics
make the NE/SA605 a superior choice
for high-performance battery-operated
equipment.

The NE/SA605 is available in 20-lead
dual in-line plastic and Cerdip packages
and 20-pin SO (surface-mounted minia-
ture) packages.

ORDERING INFORMATION

NE/SA605
Low Power FM

Objective Specification

FEATURES

® Low power consumption: 5.3mA
typical

® Excellent noise figure: < 5.0dB
typical at 45MHz

® High operating frequency

® Excellent gain, intercept, and
sensitivity

® Low external parts count;
suitable for crystal/ceramic filters

® SA605 meets cellular radio
specifications

® Logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 80dB

® Separate data output

® Audio output with muting

® Excellent sensitivity: 1.5,V across
input pins (0.27uV into 5052
matching network) for 12dB
SINAD (Signal-to-Noise and
Distortion ratio) at 455kHz

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0 to +70°C NE605N
20-Pin Plastic SO 0 to +70°C NEB05D
20-Pin Ceramic DIP 0 to +70°C NEB05F
20-Pin Plastic DIP -40°C to +85°C SAB05N
20-Pin Plastic SO ~40°C to +85°C SA605D
20-Pin Ceramic DIP -40°C to +85°C SAB05F j
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IF System

PIN CONFIGURATION

D, F, N Packages

RFIN [T] [20] MIXER OUT
RF IF AMP
] DECOUP
osc [3] [18] IF AMP IN
osc v 4] 7] Secoup
MUTEIN [] [18) iF AMP OUT
Vee [6] [15] GND
RssiouT [7] [14] LIMITER IN
Auploour [F] 73] GMITER
DATA OUT [§] DeATER,
QUADIN [T0] [11] LUmTER OUT
TOP VIEW
CD13081S
APPLICATIONS

® Cellular radio FM IF

® Communications receivers

® Intermediate frequency
amplification and detection up to
25MHz

® RF level meter

® Spectrum analyzer

® Instrumentation

® Portable radio

® VHF transceivers

® RF data links

® HF/VHF frequency conversion

¢ Instrumentation frequency
conversion :
® Broadband LANs
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BLOCK DIAGRAM
T 120 o19 Tw Tﬂ 16 JT:s
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ABSOLUTE MAXIMUM RATINGS

December 1988

SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 \
TstG Storage temperature range -65 to +150 °C
TA Operating temperature range

NE605 0to +70 °
SAB05 -40 to +85 °
160
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Low Power FM IF System NE/SA605
DC ELECTRICAL CHARACTERISTICS Ta = 25°C; Voo = +6V, unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Veo Power supply voltage range 4.5 8.0 A
DC current drain 53 6.0 mA
Mute switch input threshold
(on) 1.7 v
(off) 1.0 \

AC ELECTRICAL CHARACTERISTICS T, =25°C; Vce = +6V, unless otherwise stated. RF frequency = 45MHz; IF
frequency = 465MHz; FM modulation = 1kHz with * 8kHz peak deviation. Audio output
with C-message weighted filter and de-emphasis capacitor.

SYMBOL PARAMETER TEST CONDITIONS LTS UNIT
Min Typ Max
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 45MHz 5.0 dB
Third-order intercept point RFn =-45dBm: f; =450 -15 dBm
fp = 45.06
Conversion gain at 45MHz 15 dB
Rin RF input resistance Single-ended input 1.5 k2
Cin RF input capacitance 3 35 pF
Mixer output resistance (Pin 20) 1.5 k2
Input limiting -3dB Test at Pin 1 -117 dBm
AM rejection 80% AM 1kHz 30 dB
Recovered audio level After C ﬁlti;:::n;e-emphasis 80 100 mVams
Recovered data level 250 350 MVRms
SINAD sensitivity RF level ~117dBm 12 15 dB
THD Total harmonic distortion -35 dB
S/N Signal-to-noise ratio No modulation for noise 70 75 dB
RSSI output Rpssi = 100K
RF level = -117dBm 0 400 mv
RF level = -67dBm 2.0 2.6 \
RF level = -23dBm 4.0 5.0 Vv
RSSI range Rpss! = 100k Pin 7 90 dB
RSSI accuracy Rpssi = 100k Pin 7 15 daB
IF input impedance 1.5 k2
IF output impedance 1.0 k2
Limiter input impedance 15 39
iC:ﬂu;a;;:::g: detector data output 50 k2
Muted audio output impedance 50 kQ
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Circuit Description

The NE/SA605 is an RF/IF signal processing
system suitable for second IF or single con-
version systems with input frequency as high
as 500MHz. The bandwidth of the IF amplifi-
ers is 25MHz. However, the gain distribution
is optimized for 455kHz. The overall system is
well-suited to battery operation as well as
high-performance and high quality products
of all types.

The input stage is a Gilbert cell mixer with
oscillator. Typical mixer characteristics in-
clude a noise figure of 5dB, conversion gain
of 15dB, and input third order intercept of
—~15dBm. The oscillator will operate well in
excess of 200MHz in L/C tank configurations,
either Hartley or Colpitts. For crystai oscilla-
tors, the Colpitts configuration is used.

The output of the mixer is internally loaded
with a 1.5kS) resistor permitting direct con-

nection to a 455kHz ceramic filter. The equiv-
alent input impedance of the limiting IF ampli-
ers is also 1.5kS§2. With most 455kHz ceramic
filters and many crystal filters, no impedance
matching network is necessary. To achieve
optimum linearity of the log signal strength
indicator, there must be a 6dB insertion loss
between the first and second IF stages. If the
IF filter or interstage network does not cause
6dB insertion loss, a fixed or variable resistor
can be added between the first IF output (Pin
16) and the interstage network..

The signal from the second limiting amplifier
goes to a Gilbert cell quadrature detector.
One port of the Gilbert cell is internally driven
by the IF. The other output of the IF is AC-
coupled to a tuned quadrature network. This
signal, which now has a 90° phase relation-
ship to the internal signal, drives the other
port of the multiplier cell.

Overall, the IF section has a gain of 92dB. For
operation at intermediate frequencies greater
than 455kHz, special care must be given to
layout, termination, and interstage loss to
avoid instability. Alternatively, if gain distribu-
tion permits, only the second limiting iF stage
can be used. This stage has 57dB of gain.

The demodulated output of the quadrature
detector is available at two pins, one continu-
ous and one with a mute switch. Signal
attenuation with the mute activated is greater
than 60dB. The mute input is very high
impedance and is compatible with CMOS or
TTL levels.

A log signal strength indicator completes the
circuitry. The output range is greater than
80dB and is temperature compensated. This
log signal strength indicator exceeds the
criteria for AMPs or TACs cellular telephone.

80094925

FILT1 FILT 2
T T
= c® —E ci5
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L. ) L L
crr 2R3 cu ci3
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) NE605
1 2 3 4 5 7 8 ) 10
ca
] h—li c10 cti
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c6 = l: :7[
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Figure 1. NE/SA605 45MHz Test and Application Circuit
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DESCRIPTION

The NE612 is a low-power VHF mono-
lithic double-balanced mixer with on-
board oscillator and voltage regulator. It
is intended for low cost, low power
communication systems with signal fre-
quencies to 500MHz and local oscillator
frequencies as high as 200MHz. The
mixer is a "Gilbert cell’ multiplier config-
uration which provides gain of 14dB or
more at 49MHz,

The oscillator can be configured for a
crystal, a tuned tank operation, or as a
buffer for an external L.O. Noise figure at
49MHz is typically below 6dB and makes
the device well suited for high perfor-
mance cordless telephone. The low
power consumption makes the NE612
excellent for battery operated equip-
ment. Networking and other communica-
tions products can benefit from very low

NE612

Double-Balanced Mixer and

Oscillator

Product Specification

FEATURES

® Low current consumption
® Low cost

® Operation to 500MHz

® Low radiated energy

® Low external parts count;
suitable for crystal/ceramic filter

® Excellent sensitivity, gain, and
noise figure

APPLICATIONS

e Cordless telephone

® Portable radio

® VHF transceivers

© RF data links

® Sonabuoys

® Communications receivers
o Broadband LANs

® HF and VHF frequency

PIN CONFIGURATION

D, N Packages

INPUT A E
weut s (2]
GrRounD [ 3 |

OUTPUT A 4

8 | Vcc
7 I OSCILLATOR

z] OSCILLATOR

B OouTPUT B

TOP VIEW

CD100408

radiated energy levels within systems. conversion
The NE612 is available in an 8-lead dual
in-line plastic package and an 8-lead SO
(surface mounted miniature package).
BLOCK DIAGRAM
I 8 | | 7 I I 6 l l 5 |
N
Lo ]L OSCILLATOR j

D

GROUND

CT ]

80018015

November 3, 1987

163

853-0391 91251




Product Specification

Double-Balanced Mixer and Oscillator NE612
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE612N
8-Pin Plastic SO 0 to +70°C NE612D
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 A
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C
AC/DC ELECTRICAL CHARACTERISTICS T =25°C, Vcc =6V, Figure 1
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min Typ Max
Vece Power supply voltage range 4.5 8.0 Vv
DC current drain 24 3.0 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 49MHz 5.0 dB
Third-order intercept point at 49MHz RFn =-45dBm -15 dBm
Conversion gain at 49MHz 14 18 dB8
Rin RF input resistance 1.5 (39
Cin RF input capacitance 3 pF
Mixer output resistance (Pin 4 or 5) 1.5 kS2
DESCRIPTION OF OPERATION
The NE612 is a Gilbert cell, an oscillator/
0. 5‘°‘_°“:‘ buffer, and a temperature compensated bias
S5 — T""‘“ OVERTONE CRYSTAL network as shown in the equivalent circuit.
Vee : i The Gilbert cell is a differential amplifier (Pins
AL .L 1 and 2) which drives a balanced switching
&.8F %:l L 1oonr I 1 | cell. The differential input stage provides gain
I 0nF = ? 4 \ and determines the noise figure and signal
- - mF i
l OUTPUT handling performance of the system.
NE612 15t N The NE612 is designed for optimum low
4.2 power performance. When used with the
L NE614 as a 49MHz cordless telephone sys-
' 2 3 . $—Tiz00F = tem, the NE612 is capable of receiving
-119dBm signals with a 12dB S/N ratio.
A7pF Ld_—— Third-order intercept is typically -15dBm
INPUT — (that's approximately + 5dBm output intercept
Io.m 1o 0263:H because of the RF gain). The system design-
220pF er must be cognizant of this large signal
100nF limitation. When designing LANs or other
= closed systems where transmission levels
To0R7118 are high, and small-signal or signal-to-noise
Figure 1. Test Configuration issues not critical, the input to the NE612
should be appropriately scaled.

November 3, 1987
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Besides excellent low power performance
well into VHF, the NE612 is designed to be
flexible. The input, output, and oscillator ports
can support a variety of configurations provid-
ed the designer understands certain con-
straints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedance is approximately
1.5k || 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the internal positive supply by a 1.5kS2 resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single-ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank "Q" and required drive
levels. The higher the Q of the tank or the
smaller the required drive, the higher the

permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be
200mVp_p minimum to 300mVp.p maximum.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cordless
telephones. In this circuit a third overtone
parallel-mode crystal with approximately 5pF
load capacitance should be specified. Capac-
itor C3 and inductor L1 act as a fundamental
trap. In fundamental mode oscillation the trap
is omitted.

@ Veo Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controiled
applications. It is important to buffer the
$ output of this circuit to assure that switching
< suFFER p 4 spikes from the first counter or prescaler do
[e1— = g not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isola-
] (o] tion with low current. The FET offers good
isolation, simplicity, and low current, while the
—+ bipotar circuits provide the simple solution for
- non-critical applications. The resistive divider
in the emitter-follower circuit should be
BIAS BiAS chosen to provide the minimum input signal
'\l f which will assume correct system operation.
—0
oK 0
Bias | |
EE 1.5 $ 31
= = B =
GND
Too21808
Figure 2. Equivalent Circuit
) NE612 > NE612
> NE612
T 2T |SS N |
meur {
= % _lT‘ T
I §_ I
- TC02190S - TC022008 TC022108
a. Single-Ended Tuned Input b. Balanced Input (for Attenuation ¢. Single-Ended Untuned input
of Second Order Products)
Figure 3. Input Configuration
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NE612

TC022608

a. Colpitts Crystal Oscillator
(Overtone Mode)

Tooze70s

b. Colpitts L/C Tank Oscillator

Figure 5. Oscillator Circuits

c. Hartley L/C

12pF cr
[\_—_* = —
T -m’—l_ 1
H L 1 2:10pF -7‘ M1H 3‘,,:L ;é 2-10pF
‘CFUASS —[-
OR EQUIVALENT
) NE612 ) NES12 FILTER K&138780 OR EQUIVALENT
*Ct MATCHES 3.5K0 TO NEXT STAGE.
T
TC022208 TC02230S
a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter

Ok [

3

) NE612 == § > NE612 TL 3 ue
T T
TC022408 TC02250S
¢. Single-Ended IFT d. Balanced Output
Figure 4. Output Configuration
L Cs J‘G‘ I = £ ¥
r.n'?"’n__)}__“.' = xin T
= 3 i = =
1
[ 71 el a1 s 31 1 rl| %
> NE612 > NE612 > NE612
L] 2] 1 1[4 D) 2] 3] L[] 1 2] 3] L[al

TC022808

Tank Oscillator
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DC CONTROL VOLTAGE
4 FROM SYNTHESIZER
0.06.H T MV2105
? OR EQUIVALENT
C02290S
°
‘LO.D‘IpF
< < I I
100K 2 xQ = =
1 < 35K126 T
2n918
0.01pF
' o 1
2F TO SYNTHESIZER s o I
100K | 330 R 0.01pF I TO SYNTHESIZER
1002 0.001pF
- -.]: l = — = ==
TC02300S - TC023108 TC023208
Figure 6. Colpitts Oscillator S for Synthesi Applicati and Typical Buffers
TEST CONFIGURATION
0.510 1.3:H 220F L
iy L =
5.5M _L_{W“F' 56pF|  THIRD OVERTONE CAYSTAL
Vec = f {
6.0.F 100nF T L =

ITI o

D -

INPUT

CFU 455
OR EQUIVALENT
-

TC021708

Figure 7. Typical Application for 46/49MHz Cordless Telephone
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Figure 8. NE612 Third-Order
Intermod and 1dB Compression Figure 9. Input Third-Order Figure 10. Third-Order Intercept
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DESCRIPTION

The NE/SA614A is an improved mono-
lithic low-power FM IF system incorpo-
rating two limiting intermediate fre-
quency amplifiers, quadrature detec-
tor, muting, logarithmic received signal
strength indicator, and voltage regula-
tor. The NE/SA614Afeatures higher IF
bandwidth (25MHz) and temperature
compensated RSSI and limiters per-
mitting higher performance application
compared with the NE/SA604. The
NE/SA614A is available in a 16-lead
dual-in-line plastic and 16-lead SO
(surface-mounted miniature package).

FEATURES

» Low-power consumption
3.3mA typlcal

» Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a

ORDERING INFORMATION

NE/SA614A

Low Power FM IF System

Preliminary Specification

dynamic range In excess of
90dB

» Two audio outputs - muted
and unmuted

* Low external component
count; suitable for
crystal/ceramic fiiters

« Excellent senslitivity: 1.5uV
across input pins (0.22uV into
50Q matching network) for 12dB
SINAD (Signal to Noise and
Distortion ratio) at 455kHz

* SA614A meets consumer cellular
radio specifications

APPLICATIONS

« Consumer cellular radlo FM IF

« Consumer communications
receivers

« Intermediate frequency
amplification and detection up to
25MHz

* RF level meter

PIN CONFIGURATION
D,N PACKAGE
D”':,:,":‘: % ~7 [16] 1F Amp input
GND IF AMP
z 19 Docacping
Mute input E [14] IF Amp output
vcc E E GND
RSS! output [ 5 [12] Limiter input
Muted audio Limit
output (€] i Decoupling
Unmuted [5 o] Limiter
audio output Decoupling
MT‘,::; 7] 9] Limiter output
TOP VIEW

= Spectrum analyzer
« Instrumentation

« FSK and ASK data receivers

DESCRIPTION TEMPERATURE RANGE | ORDER CODE
16-Pin Plastic DIP 0to +70°C NE614AN
16-Pin Plastic SO (Surface-mounted miniature package); 0 to +70°C NE614AD
16-Pin Plastic DIP -40 to +85°C SA614AN
16-Pin Plastic SO (Surface-mounted miniature package); -40 to +85°C SA614AD

BLOCK DIAGRAM

STRENGTH

September 13, 1988
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Low Power FM IF System NE/SA614A
ABSOLUTE MAXIMUM RATINGS
SYMBOL AND PARAMETER RATING UNIT
Maximum operating voltage 9 v
Storage temperature -65 to +150 °C
Operating temperature
NE614A Oto 70 °C
SA614A -40 to +85 °C
DC ELECTRICAL CHARACTERISTICS T, =25°C; V,, = +6V unless otherwise stated
PARAMETER TEST NE614A SA614A
CONDITIONS MIN | TYP | MAX MIN |TYP | MAX [ UNIT
Power supply voltage range 45 8.0 45 8.0 \J
DC current drain 25 | 33| 40 25| 33| 40 mA
Mute switch input threshold_(on) 1.7 1.7 )
(off) 1.0 10 | V

AC ELECTRICAL CHARACTERISTICS Typical reading at T, = 25°C; V,, = +6V uniess otherwise stated. IF
frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message
weighted filter and de-emphasis capacitor. Test circut Figure 1. The parameters listed below are tested using automatic

test equipment to assure consistent electrical

of the device. Use of an optimized RF layout will improve many of the listed parameters.

| characteristics. The limits do not represent the ultimate performance limits

PARAMETER TEST NE/SA614A

CONDITIONS MIN TYP MAX UNIT
Input limiting - 3dB Test at Pin 16 -92 dBm/50Q
AM rejection 80% AM 1kHz 25 33 dB
Recovered audio level 15nF de-emphasis 60 175 260 mv,
Recovered audio Jevel 150pF de-emphasis 530 mV, .
SINAD sensitivity RF level -97dBm 12 dB
THD -30 -42 dB
Signal-to-noise ratio No modulation for noise 68 dB
RSS1 output RF level = -118dBm 0 160 800 mV

RF level = -68dBm 1.7 2.50 3.3 Vv

RF level = -18dBm 3.6 4.80 5.8 Vv
RSSI range R, = 100k Pin 5 80 dB
RSSI accuracy R, = 100k Pin 5 2.0 dB
IF input impedance 1.4 1.6 kQ
IF output impedance 0.85 1.0 kQ
Limiter input impedance 1.4 1.6 kQ
Unmuted audio output resistance 58 kQ
Muted audio output resistance 58 kQ

E:
1. NE614A data sheets refer to power at 50Q input termination; about 21dB less power actually enters the intomal 1.5k input.

NE614A (50) NE614A (1.5k)NE615 (1.5k)
-97dBm -118dBm

-47dBm -68dBm

+3dBm -18dBm

The NE615 and NE614A are both derived from the same basic die. The NE615 performance plots are directly applicable to the NE614A.
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NEGO4A TEST CIRCUIT l_l r e
= |
- l I als _l_ Q = 20 LOADED
g ¢ 2R, € =G
el ) = ‘l‘ E' [
w] [s]1 [¢] 3] 2] ] o) [
- l cy
G > NE614A :?[ =
DATA
OUTPUY
MUTE Ve ?NSSI
WNPUT ourTeuT
€1 100F 80~ 20% 63V K10000-25V Corame SIGNETICS
2 100me +10% 30v NEE14 TEST kTP OO O
haagy & ° 3
G Too 7 Tob oo Carame I §
€7 100nF 2 10% 50V OO0 () (01
C8 100nF = 10% SOV (WD ] ~¢ 4 g
€9 15nF < 10% 50V 7 -M—D

C10 150pF = 2% 100V N1500 Ceramic <
€11 1nF 2 10% 100V K2000-Y5P Ceramic no

C12 6 8uF 2 20% 25V Tantalum (g}

F1 455kHz Ceramic Filter Murata SFG455A3

F2 455kHz IF Futer -

RY 510 ¢ 1% 174W Mewl Fum ’
A2 1500822 1% 1/4W Metal Film g\.\
R3 150002 : 5% 1/8W Carbon Composibon /
R4 100h2 2 1% 1/4W Metai Fum

g 8%

SIGNETICS
NESL4 TEST kT @ O OF
a [ d

) o] ofo
5% B
) ('x'l.) °© oo
S o 01‘3 )
% %) 5)
-] @ 5~)
[c0)

Figure 1. NE614A Test Circult
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GND
— e
AA- VWA
>
S 700
>
b3
s J.. 3 Ve e A
< - >
> 1.6K aox e 1.6K 0K
VA~ 0 & —AAN—
I_ s
FuLL 1 FULL WAVE
WAVE = RECT
MECT.
VOLTAGE l
CURRENT |
CONVERTER

Vee voLt VOLTAGE

—

BAND

“WT‘;QE

g N

GAP
vOLY

A/

>

oo

Figure 2. Equivalent Circult

Circuit Description

The NE/SA614A Is a very high gain,
high frequency device. Correct
operation Is not possible it good RF
layout and gain stage practices are
not used. The NE/SA614A can not
be evaluated independent of circuit,
components, and board layout. A
physical layout which correiates to
the electrical limits Is shown in Fig-
ure 1. This configuration can be
used as the basis for production
layout.

The NE/SA614A is an IF signal proc-
essing system suitable for IF frequen-
cies as high as 21.4MHz. The device
consists of two limiting amplifiers,
quadrature detector, direct audio out-
put, muted audio output, and signal
strength indicator (with log output char-

acteristic). The sub-systems are
shownin Figure 2. Atypical application
with 45MHz input and 455kHz IF is
shown in Figure 3.

IF Amplifiers

The IF amplifier section consists of two
log-limiting stages. Thefirst consists of
two differential amplifiers with 39dB of
gain and a small signal bandwidin of
41MHz (when driven from a 50Q
source). The outputofthe first limiteris
a low impedance emitter follower with
1kQ of equivalent series resistance.
The second limiting stage consists of
three differential amplifiers with a gain
of 62dB and a small signal AC band-
width of 28MHz. The outputs of the
final differential stage are buffered to
the internal quadrature detector. One
of the outputs is available at Pin 9 to
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drive an external quadrature capacitor
and L/C quadrature tank.

Both of the limiting amplifier stages are
DC biased using feedback. The buff-
ered output of the final differential
amplifier is fed back to the input
through 42kQ resistors. As shown in
Figure 2 the input impedance is estab-
lished for each stage by tapping one of
the feedback resistors 1.6kQ from the
input. This requires one additional
dacoupling capacitor from the tap point
to ground.

Because of the very high gain, band-
width and input impedance of the limit-
ers, there is a very real potential for
instability at IF frequencies above
455kHz. The basic phenomenon is
shown in Figure 6. Distributed feed-
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back (capacitance, inductance and
radiated fields) forms a divider from the
output of the limiters back to the inputs
(including the RF input). If this feed-
back divider does not cause attenu-
ation greater than the gain of the for-
ward path, then oscillation or low level
regeneration is likely. If regeneration
occurs, two symptoms may be present:
(1)The RSSi output will be high with no
signal input (should nominally be
250mV or lower), and (2) the demodu-
lated output will demonstrate a thresh-
old. Above a certain input level, the
limited signal will beginto dominate the
regeneration, and the demodulator will
begin to operate in a "normal® manner.

There are three primary ways to deal
with regeneration: (1) Minimize the
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Figure 5. Second Limiter and Quadrature Detector

s W L

aP— |__I

Figure 6. Feedback Paths

feedback by gain stage isolation, (2)
lower the stage inputimpedances, thus
increasing the feedback attenuation
factor, and (3) reduce the gain. Gain
reduction can effectively be accom-
plished by adding attenuation between
stages. This can also lower the input
impedancae if well planned. Examples
of impedance/gain adjustment are
shown in Figure 7. Reduced gain will
result in reduced limiting sensitivity.

Ateature of the NE614A IF amplifiers,
which is not specified, is low phase
shift. The NE614A is fabricated with a
10GHz process with very small collec-

tor capacitance. It is advantageous in
some applications that the phase shift
changes only a few degrees over a
wide range of signal input amplitudes.
Additional information will be provided
in the upcoming product specification
(this is a preliminary specification)
when characterization is complete.

Stabllity Considerations

The high gain and bandwidth of the
NE614A in combination with its very
low currents permit circuit implementa-
tion with superior performance. How-
@ever, stability must be maintained and,
to do that, every possible feedback
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mechanism must be addressed.
These mechanisms are: 1) Supply
lines and ground, 2) stray layout induc-
tances and capacitances, 3) radiated
fields, and 4) phase shift. As the sys-
tem IF increases, so must the attention
to fields and strays. However, ground
and supply loops cannot be over-
looked, especially at lower frequen-
cies. Even at 455kHz, using the test
layout in Figure 1, instability will occur
if the supply line is not decoupled with
two high quality RF capacitors, a 0.1uF
monolithic right at the V_ pin, and a
6.8uF tantalum on the supply line. An
electrolytic is not an adequate substi-
tute. At 10.7MHz, a 1uF tantalum has
proven acceptible with this layout.
Every layout must be evaluated on its
own merit, but don't underestimate the
importance of good supply bypass.

At 455kHz, if the layout of Figure 1 or
one substantially similar is used, it is
possible to directly connect ceramic
filters to the input and between limiter
stages with no special consideration.
At frequencies above 2MHz, some
input impedance reduction is usually
necessary. Figure 7 demonstrates a
practical means.

As illustrated in Figure 8, 430Q
external resistors are applied in paral-

lel to the internal 1.6k load resistors,
thus presenting approximately 330Qto
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7b. Low Impedance Termination and Gain Reduction

Figure 7. Practical Termination

the filters. The input filter is a crystal
type for narrow-band selectivity. The
filter is terminated with a tank which
transforms to 330Q. The interstage
filter is a ceramic type which doesnt
contribute to system selectivity, but
does suppress wideband noise and
stray signal pickup. In wideband
10.7MHz IFs the input filter can also be
ceramic, directly connected to Pin 16.

In some products it may be impractical
to utilize shielding, but this mechanism
may be appropriate to 10.7MHz and

21.4MHz IF. One of the benefits of low
current is lower radiated field strength,
but lower does not mean non-existent.
A spectrum analyzer with an active
probe will clearly show IF energy with
the probe held in the proximity of the
second limiter output or quadrature
coil. No specific recommendations are
provided, but mechanical shielding
should be considered if layout, bypass,
and input impedance reduction do not
solve a stubborn instability.

The finai stability consideration is

phase shift. The phase shift of the
limiters is very low, but there is phase
shift contribution from the quadrature
tank andthefilters. Most filters demon-
strate a large phase shift across their
passband (especially at the edges). If
the quadrature detector is tuned to the
edge of the filter passband, the com-
bined filter and quadrature phase shift
can aggravate stability. This is not
usually aproblem, but should be keptin
mind.

—
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Figure 8. Crystal Input Filter with Ceramic Interstage Filter
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Quadrature Detector

Figure 5 shows an equivalent circuit of
the NE614A quadrature detector. Ht is
amultiplier cell similar to a mixer stage.
Instead of mixing two different frequen-
cies, it mixes two signals of common
frequency but different phase. Internal
to the device, a constant amplitude
(limited) signal is differentially applied
1o the lower port of the multiplier. The
same signal is applied single ended to
an external capacitor at Pin 9. There is
a 90° phase shift across the plates of
this capacitor, with the phase shifted
signal applied to the upper port of the
multiplier at Pin 8. A quadrature tank
(paralle! L/C network) permits fre-
quency selective phase shifting at the
IF frequency. This quadrature tank
must be returned to ground through a
DC blocking capacitor.

The loaded Q of the quadrature tank
impacts three fundamental aspects of
the detector: Distortion, maximum
modulated peak deviation, and audio
output amplitude. Typical quadrature
curves areillustrated in Figure 10. The
phase angle translates to a shift in the
multiplier output voltage.

Thus a small deviation gives a large
output with a high Qtank. However, as
the deviation from resonance in-
creases, the nonlinearity of the curve
increases (distortion), and, with too
much deviation, the signal will be out-
side the quadrature region (limiting the
peak deviation which can be demodu-
lated). K the same peak deviation is
applied to a lower Qtank, the deviation
will remain in a region of the curve
which is more linear (less distortion),
but creates a smaller phase angle
(smaller output amplitude). Thusthe Q
of the quadrature tank must be tailored
to the design. Basic equations and an
example for determining Q are shown
below. This explanation includes first
order effects only.

Frequency discriminator design
equations for NE614A

Cs (1a)

Vo= -5 .
°% Cp+ Cs

1

2

-
14—

as T3

.VN

___Figure 9.

1 (1b)
where O = ——=—=u—x
VLle+ CSI

(1)

Q,=R(C,+C,) @,

From the above equation, the phase
shift between nodes 1 and 2, or the
phase across C, will be:

¢= évo'éVN= ()

(0]

-1 Q0
ig —
()]
' (—1-)
(0]

w
Figure 10. Is the plot of ¢ vs. (—)
@y
It is notable that at @ = @,, the phase
T
2

to a straight line with a slope of
& _ 2
Aw oy
The signal V, would have a phase
shift of T_ E& o] with respect
2 o,

shift is and the response is close

to the V,,.
If V, = A Sin at

(3)
= Vpo=A

2
Sin m+’2—(—{&) [0}
04
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Multiplying the two signals in the mixer,
and low pass filtering yields:

VN°V°= AZSin at 4)

sinla +® - [Po
z " o

after low pass filtering

= Vour= %Az

cos |® - [
2 o

4
Voure= 2042} = ©
4
+ A®
2q,| <"
(O]
201(1) ©
For < z
4

Which is the discriminated FM output.

(Note that Aw is the deviation fre-
quency from the carrier ®,.)

Ref. Krauss, Raab, Bastian; Solid
State Radio Eng.; Wiley,1980, p.311.
Example: At 455kHz IF, with +5kHz
FM deviation. The max/min normal-
ized freaquency will be

“_55_‘;&"_ - 1.0100r 0.990

5
Go to the ¢ vs. normalized frequency
curves (Figure 10) and draw a vertical

straight line at 2 = 1.01. The
4,
curves with Q = 100, Q = 40 are not
linear, but Q = 20 and less shows better
linearity for this application. Too small
Q decreases the amplitude of the dis-
criminated FM signal. (Eq.6)
=> Choose a Q = 20.
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Theinternal Rofthe 614A is 40k. From
Eq. 1¢, and then 1b, it results that

C,+C,=174pF and L = 0.7mH.

A more exact analysis including the
source resistance of the previous
stage shows that there is a series and
a parallel resonance in the phase de-
tector tank. To make the parallel and
series resonances close, and to get
maximum attenuation of higher har-
monics at 455kHz IF, we have found
thata C, = 10pF and C, =164pF (com-
mercial values of 150pF or 180pF may
be practical), will give the best results.
A variable inductor which can be ad-
justed around 0.7mH should be cho-
sen and optimized for minimum distor-
tion. (For 10.7MHz, a value of C,=1pF
is recommended.)

Audio Outputs

Two audio outputs are provided. Both
are PNP current-to-voltage converters
with 55kQ nominal internal loads. The
unmuted output is always active to
permit the use of signaling tones in
systems such as cellular radio. The
other output can be muted with 70dB
typical attenuation. The two outputs
have an internal 180° phase difference.

The nominalfrequency response of the
audio outputs is 300kHz. This re-
sponse can be increased with the
addition of external resistors from the
output pins to ground in parallel with
the internal 55k resistors, thus lowering
the output time constant. Since the
output structure is a current-to-voltage
converter (current is driven into the
resistance, creating a voltage drop),
adding external parallel resistance
also has the effect of lowering the out-
put audio amplitude and DC level.

This technique of audio bandwidth
expansion can be effective in many
applications such as SCA receivers
and data transceivers. Because the
two outputs have a 180° phase rela-
tionship, FSK demodulation can be
accomplished by applying the two out-
puts differentially across the inputs of
an op amp or comparator. Once the
threshold of the reference frequency
(or "no-signal” condition) has been
established, the two outputs will shift in

opposite directions (higher or lower
output voltage) as the input frequency
shifts. The output of the comparator
will be the logic output. The choice of
op amp or comparator will depend on
the data rate. With high IF frequency
(10MHz and above), and wide IF band-
width (L/C filters) data rates in excess
of 4Mbaud are possible.

RSSI

The "received signal strength indica-
tor", or RSSI, of the NE614A demon-
strates monotonic logarithmic output
over a range of 90dB . The signal
strength output.is derived from the
summed stage currents in the limiting
amplifiers. It is essentially independ-
ent of the IF frequency. Thus, unfil-
tered signals at the limiter inputs, spu-
rious products, or regenerated signals
will manifest themselves as RSSI out-
puts. An RSSI output of greater than
250mV with no signal (or a very small
signal) applied, is an indication of pos-
sible regeneration or oscillation.

In order to achieve optimum RSS! lin-
earity, there must be a 12dB insertion
loss between the first and second lim-
iting amplifiers. With a typical 455kHz
ceramic filter, there is a nominal 4dB
insertion loss in the filter. An additional
6dB is lost in the interface between the
filter and the input of the second limiter.
A small amount of additional loss must
be introduced with a typical ceramic
fiter. In the test circuit used for cellular
radio applications (Figure 3) the opti-
mum linearity was achieved with a
5.1kQ resistor from the output of the
first limiter (Pin 14) to the input of the
interstage filter. With this resistor from
Pin 14 to thefilter, sensitivity of 0.25uV
for 12dB SINAD was achieved. Vﬂﬁth
the 3.6kQ resistor, sensitivity was opti-
mized at 0.22uV for 12dB SINAD with
minor change in the RSSI linearity.

Any application which requires opti-
mized RSS! linearity, such as spec-
frum analyzers, cellular radio, and
certain types of telemetry, will require
cereful attention to limiter interstage
cumponent selection. This will be
especially true with high IF frequencies
which require insertion loss or imped-
ance reduction for stability.
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Atlow frequencies the RSSI makes an
excellent logarithmic AC voltmeter.

For data applications the RSSlis effec-
tive as an amplitude shift keyed (ASK)
dataslicer. If acomparatoris appliedto
the RSSI and the threshold set slightly
above the no signal level, when an in-
band signal is received the comparator
will be sliced. Unlike FSK demodula-
tion, the maximum data rate is some-
what limited. An internal capacitor
limits the RSSI frequency response to
about 100kHz. At high data rates the
rise and falltimes will not be symmetri-
cal.

The RSSloutputis acurrent-to-voltage
converter similar to the audio outputs.
However, an external resistor is re-
quired. With a 91kQ resistor, the out-
put characteristic is 0.5V for a 10dB
change in the input amplitude.

Additional Circuitry

Internalto the NE614A are voltage and
current regulators which have been
temperature compensated to maintain
the performance of the device over a
wide temperature range. These regu-
lators are not accessible to the user.
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NE645,/646

Dolby Noise Reduction Circuit

Product Specification

DESCRIPTION FEATURES PIN CONFIGURATION
The NE645/646 is a monolithic audio e Accurate record mode frequency NP
) . g : ackage
noise reduction circuit designed as a response
direct replacement device for the o Excellent frequency response
NE645B/NE646B in Dolby* B-Type tracking with temperature and ¢ wpur (1] i) v+
noise reduction systems. The NE645/ Vcc £0.4 dB typical 8iNPUT [2] 7] F coNTROL
646 is used to reduce the level of ¢ Excellent back-to-back dynamic 8 outpur (3] 4] G ourpur
background noise introduced during re- response — DC shift less than REFERENCE 4] 73] e
cording.and playback qf audio signals.on 20mV typical ANpuT (5] [72) 0 npuT
vl n 7ot roadcas rocopon g ® IMProved stailt of all op ampa | rww]  [acoumr
circuit is available only to licensees of ® High reliability packaging &« om':‘ulr L? E°::"r€:
Dolby Laboratories Licensing Corpora- APPLICATIONS c 6] anoun
tion, San Francisco, California. TOP VIEW
® Tape decks 10308
[‘%foolby L Lisensing ® Dolby surround sound system
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE645N
16-Pin Plastic DIP 0 to +70°C NE646N
BLOCK DIAGRAM
16
} TR 7
INTERNAL OVERSHOOT 3 0
L fowen sas SUPPRESSOR |
REFERENCE
4
VARIABLE q
$  NPUTamP INPUT AMP IMPEDANCE | 3
5 A /1:4 —D“ ‘usctemsa
SIDE
CHAIN AMP |
e 2 3 1 " 12 [0 I3 15
B8D07501S
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Product Specification

Dolby Noise Reduction Circuit NE645/646

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vece Supply voltage 24 \
Temperature range
Ta Operating ambient 0 to +70 °C
TsTG Storage -65 to +150 °C
Lead soldering temperature o
Tsoo | (10sec max) +300 ¢
DC ELECTRICAL CHARACTERISTICS vVcc =12V, f=20Hz to 20kHz. All levels referenced to 580mVgms (0dB) at
Pin 3, Ta = +25°C, unless otherwise specified.
NE645 NE646
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vee Supply Voltage Range 8 20 8 20 \
lec Supply Current Voo = 12V 16 24 16 24 mA
Ay Voitage gain (Pins 5-3) f=1kHz (Pins 6 and 2 connected) 245 26 275 | 245 26 275 dB
. . f=1kHz, 0 dB at Pin 3, noise
Ay Voltage gain (Pins 3-7) reduction out 0.5 0 +0.5 0.5 0 +0.5 dB
Distortion
THo, 2nd and 3rd f= 20Hz—10 kHz, 0dB 0.05 | 0.1 005 | 02 %
onic f=20Hz - 10 kHz, +10dB 015 | 03 02 | 05 %
Signal handling' o
(Voo = 12V) 1% dist at 1kHz +12 | +15 +12 | +15 dB
Record mode 67 72 64 72 dB
S/N Signal-to-noise ratio? Playback mode 77 | B2 74 | 82 dB
Record mode
Frequency response =1.4kHz
(at Pin 7) referenced 0dB -1 0 +1 -1.5 0 +15 dB
to encode monitor point -20dB -16.6|-156|-146|-17.1 | -156 [ -14.1 dB
(Pin 3) -30dB -235|-225|-21.5|-24.0|-225|-21.0 dB
f = 5kHz
0dB —07 | +03 | +13 | -1.2 | +03 | +1.8 dB
-20dB _178|-16.8|-158|-18.3 |-16.8 |-15.3 dB
-30dB -228|-21.8(-208|-23.3|-21.8|-203 dB
-40dB -30.2(-29.7-28.7|-30.2|-29.7 [-28.2 dB
f = 20kHz
odB -03 | +07 | +1.7 | -08 | +0.7 | +2.2 dB
-20dB _18.3|-173|-16.3|-188(-17.3 | -158 dB
-30dB -245|-23.5|-225|-250-235|-220 dB
Back-to-back frequency Using typical record mode‘.s -1 0 1 15 o +15 4B
response frequency response test points
Rin Input resistance Pin 5§ 35 50 65 35 50 65 k&2
Pin 2 3.1 4.2 5.3 3.1 4.2 5.3 kS2
Rout Output resistance Pin 6 1.9 2.4 3.1 1.9 24 3.1 k2
Pin 3 80 120 80 120 Q
Pin 7 80 120 80 120 Q
Back-to-back frequency
response shift
vs temperature 0°C to +70°C 0.4 0.4 dB
vs supply voitage 8-20V +0.4 +0.4 dB

NOTES:
1. See maximum signal handiing versus supply voltage characteristics.
2. All noise levels are measured CCIR/ARM weighted using a 10k source with respect to Dolby level. See Dolby Laboratories Bulletin 19.
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Product Specification

Dolby Noise Reduction Circuit

NE645/646

TYPICAL PERFORMANCE CHARACTERISTICS

THD vs Frequency Record Mode
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APPLICATION INFORMATION
The NE645/646 is a direct replacement for
the NE645B/646B. The NE645/646 incorpo-

November 14, 1986

rates improved design techniques to insure
excellent performance required in Dolby B
and C Type Audio Noise Reduction Systemns.
Critical component values are unchanged
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except for C309 on Pin 1 which is now an
optional component in specific applications
defined by Dolby Laboratories. All circuit
parameters are guaranteed at 12V Vcc.




Product Specification

Dolby Noise Reduction Circuit NE645/646

pOLBY ENCODER Output for constant level input (single tone frequency response)

Input Level (dB)
Frequenc o
("‘(Hz) y (Dolby -5 -10 -15 -20 -25 -30 -35 -40
Level)

0.1 0 0.1 0 0.1 0 0 0 0 0

0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1
0.2 0 03 0.4 05 05 06 0.6 05 05
0.3 o 03 0.6 1.1 13 1.3 13 1.3 1.3
0.4 20 21 2.2 23 2.1
05 0 03 0.8 1.8 26 29 29 3.0 29
06 36 37 38 37
07 0 0.4 0.9 21 35 43 44 45 44
08 48 5.0 53 5.1
09 56 5.8 56
10 0 0.4 1.0 23 42 57 6.1 6.3 6.2
1.2 6.9 71 71
14 0 03 0.9 23 44 6.6 75 77 77
20 0.1 0.4 0.9 22 43 7.0 85 8.9 8.9
30 0.2 06 0.9 1.9 39 6.6 8.8 97 9.7
5.0 03 06 10 17 32 5.4 8.2 10,0 10.3
7.0 03 06 10 17 28 47 7.3 9.7 10.4
10.0 0.4 0.7 11 1.7 26 42 65 9.1 10.4
14.0 05 0.8 11 18 27 4.4 6.5 8.7 10.3
20.0 07 07 1.2 1.9 27 44 65 87 10.3

NOTE:

The figures given in this table are the average response of many of Dolby Laboratories’ professional encoders, and are not intended to be taken as required
consumer equipment performance characteristics. Thus, no inference should be drawn on the tolerances which licensees must retain in consumer equipment. The
figures can, however, be used to plot typical characteristics.
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Product Specification

Dolby Noise Reduction Circuit NE645/646

TEST CIRCUIT

l +8TO+20Vv I
( fce
16
vAv‘V AAA-
| K
INTERNAL OVERSHOOT 3 "0 a8
> ;I?Pw:; [~ BiAs SUPPRESSOR [
<L SUPPLY
ROOS R3S
\L>3 KS
REFERENCE
4

c202 | ¥ VARIABLE [

Zur T S INPUTAMP S INPUT AMP IMPEDANCE| $

1svoc | S 3 $
- 5 / ‘ "

l g e ) RECTIFIER
SIDE
+
o CHAIN AMP
15vDC
O 2 3 T e T
| - 270K
c208 R302 7o
T an Raos o c303 S €305 ca04
I el 180 ar00pF o= 1 5% 10.F coaryr | docas L caor
1% +| “caog 8VEC I“ Io.ur 0.33,F
- =10,F
L 15vDe = = <
r
co0pF 0000 R301
S600pF 0.027,F y L nsos
1% %] 33k $ oo
TC13460S
NOTE:
Al resistors standard and are measured in 2. *Optional capacitor in specific appiications defined by Dolby Laboratories.
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Signetics

Linear Products

DESCRIPTION
The NE649 is an audio noise reduction

NE649

Low Voltage Dolby Noise
Reduction Circuit

Product Specification

level in FM broadcast reception. The
circuit is intended for use in automotive

PIN CONFIGURATION

Lo ) ] N P
circuit designed for use in low voltage and portable cassette Dolby™ B-Type ackage
entertainment systems. The circuit is  noise reduction systems. This circuit is
used to reduce the level of background  gvailable only to licensees of Dolby Lab- cineut [1] 16l v+
noise introduced during the recording oratories Licensing Corp., San Fran- 8 NpuT [Z] [75] £ contRoL
anq playbackdofb audio snghnals on mag-  cisco. & output [3] 73] G outeuT
netic tape and improve the noise REFERENCE (1] 73] aias
Dolby is a trademark of Dolby Laboratories Licensing Corpo- FEATURE Aput 5] [12] 0 nPUT
ration ® Low voltage operation A outeut [€] [11] ¢ outeuT
EKOUTPUT [7] [10] 0 FILTER
Nic 8 [9] arouND
APPLICATION o
TOP VIEW
® Tape decks coros
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE649N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 16 v
Ta Operating temperature range -40 to +85 °C
Tsta Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature 10sec max +300 °C
BLOCK DIAGRAM
18
1 = 7
Pa EK
3 27008
9 POWER
SUPPLY
REFERENCE l._/-J
4
VARIABLE g
:> INPUT AMP :: INPUT AMP IMPEDANCE :,
> < <
£ A ] & c o ReCTIFIER
SIDE
CHAIN AMP l
10 2 3 1 1 ji2 [0 13 |14 13

80075108
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Product Specification

Low Voltage Dolby Noise Reduction Circuit NE649

DC ELECTRICAL CHARACTERISTICS Vg =9V, f=20Hz to 20kHz. All levels referenced to 580mVaus (0dB) at Pin 3,
Ta = +25°C, unless otherwise specified.

NE649
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max
Voo Supply voltage range® 6 9 14 v
Minimum voltage supply for
8dB headroom f=1.4kHz 6.5 \
10dB headroom THD < 1% 75 \
lcc Supply Current 1 18 mA
Icc Supply Current’ 20 mA
. . f=1kHz
Ay Voltage gain (Pins 5-3) (Pins 6 and 2 connected) 245 26 27.5 dB
. . f = 1kHz, 0dB at Pin 3,
Ay Voltage gain (Pins 3-7) noise reduction out -0.5 0 +0.5 dB
Distortion f = 20kHz to 10kHz, 0dB 0.05 0.2 %
f=20Hz to 10kHz, +10dB 0.2 0.5 %
Signal Handling
(See Performance Characteristics)
Record
(Pins 6 and 2 connected) 64 72 8
S/N Signal-to-noise ratio? Playback
(Pins 6 and 2 connected) 74 82 a8
If = 1.4kHz
0dB -1.5 0 +15 dB
-20dB -17.1|-156 | -14.1 dB
-30dB -24.01-225|-21.0 dB
f = 5kHz
B e rowoncad sz |s0al 10| a8
encp;e ° -20dB -18.3|-168|-153 dB
monitor point (Pin 3) -30dB -23.3|-21.8(-203 dB
onitor paint {1 -40dB -30.2 | -29.7 | -28.2 d8
f = 20kHz
0dB -08 | +0.7 | +22 dB
-20dB -188|-17.3|-156.8 dB
-30dB -25.0|~235|-22.0 dB
Back-to-back frequency response Using typical record mode response +1.5 db
R Input resistance Pin 5 35 50 65 k2
IN P Pin 2 31 | 42 | 53 kQ
Pin 6 19 24 31 (391
Rout Output resistance Pin 3 80 120 Q
Pin 7 80 120 Q
Record mode frequency response shift
0 to 70°C dB
vs temperature _40 to 85°C 4B
Vs Vce 6 to 14V dB/vV

NOTES:

1. With electronic switching.

2. Al noise levels are measured CCIR/ARM weighted using & 10k source with respect to Dolby level. See Dolby Laboratories Bulletin 19.
3. The circuit will function as low as Vcc = 4.5V (i.e., output signal present). See graphs of Icc and signal handling vs Vee.
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Product Specification

Low Voltage Dolby Noise Reduction Circuit NE649

TYPICAL PERFORMANCE CHARACTERISTICS

(+10dB) THD vs Frequency (0dB) THD vs Frequency
1.0 1.0
£ 9v. ||l £
20 - a 0.1 H
E 1 T
£
1 14V I
sV [T
v
0.01 0.01 14V
100 1K 10K 100 1K 10K
FREQUENCY (Hz) FREQUENCY (Hz)
OP10140S ‘OP10150S
Maximum Signal Handling
vs Supply Voitage for
Current vs Supply Voltage 1%THD (Record)
17
17
15 [ l | g 15
13 —dC | || g L
T 011
n =+ 25°C- ] .
H - +100°C T s
g9 z 7
3 3
o [
7 =]
z 3
5 g
2
3 o-1
4 6 8 10 12 14 16 18 R T I 0 12 14 18
Vec V) SUPPLY VOLTAGE (V)
OP10160S
0P10170S
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Product Specification

Low Voltage Dolby Noise Reduction Circuit

NE649

DOLBY ENCODER Output for constant level input (single tone frequency response)

‘7 INPUT LEVEL (dB) ]
FRE(("(::S)"CY (DO(:.BY -5 -10 -15 -20 -25 -30 -35 -40
LEVEL)

0.1 0 0.1 0 01 0 0 0 0 0
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1
02 0 03 04 05 05 06 06 05 05
03 0 03 06 14 13 13 13 13 13
0.4 20 21 22 23 2.1
05 0 03 08 18 26 29 29 30 29
06 a6 37 38 37
07 0 0.4 09 21 35 43 44 45 44
08 48 50 53 51
09 56 58 56
1.0 0 0.4 1.0 23 4.2 57 6.1 6.3 6.2
1.2 6.9 71 71
14 0 03 09 23 44 66 75 77 77
20 01 0.4 09 22 43 70 85 8.9 8.9
30 02 06 09 19 39 66 88 07 97
50 03 06 10 17 32 54 82 100 103
70 03 06 10 17 28 a7 73 07 104
100 0.4 07 14 17 26 42 65 91 104
140 05 08 14 18 27 44 65 87 103

| 200 07 07 12 19 27 44 65 87 103

NOTE:

The figures given in this table are the average response of many
consumer equipment performance characteristics. Thus, no inferenc

figures can, however, be used to plot typical characteristics.
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of Dolby Laboratories’ professional encoders, and are not intended to be taken as required

e should be drawn on the tolerance which licensees must retain in consumer equipment. The
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[ Product Specification

| Low Voltage Dolby Noise Reduction Circuit NE649

TEST CIRCUIT

| +6TO +1aV l

Orec
16
AA AA
VWA WA
s X
3 v Tl
9 POWER
L SUPPLY
RIS “cRI4S
1K 1KS
] 1 REFERENCE _/‘,
4
cz02 |+ b L VARIABLE L
2204F == S INPUTAMP S INPUT AMP IMPEDANCE 3
15voC | < 3 b3
> | > & ° ° RECTIFIER
c201 |+ SIOE
1uF CHAIN AMP
10VDC 6 2 3 1 " 12 10 >13  [14 15
+ R30S R0
c208 q R302 —cl!os 180K VAA—
- R306 < 47K
4700F 180 3 303 | by 104F c304 c .
4T00pF 2= 15voC o0arF 0306 L Cl07
= 1% +| *C309 5% 0.1,F 0.33,F
- S 104F §
15vDC = = =
€301 c2
5600pF 0.027,F 2 R301
1% %] 3ax
= 1%

TC134708
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DESCRIPTION

NE650

Dolby B-Type Noise Reduction

Circuit

Product Specification

The NEB50 features excellent dynamic

PIN CONFIGURATION

The NE650 is a monolithic audio noise characteristics over a wide range of N Package
reductTi%n circuit designed for use in  gperating conditions and is pin-compati-
Dolby ¥B-Type noise reduction sys- ble with NE645/646. This circut is avail-
tems. The NE650 is used to reduce the  apje only to licensees of Dolby Labora- CINPUT [1] 16) v+
level of background noise introduced tories Licensing Corp., San Francisco. 8 INPUT [2] 5] F CONTROL
during recording and playback of audio 8 outpuT 3] [1a] ¢ outpuT
i i Dolby is a t k of Dolby Laboratories Licens-
signals on magnetic tape. ing é’()lfp:{ar:::mar of Dolby Laboratories Licens REFERENCE [7] iz e
AINPUT (5] [12] 0 INPUT
ORDERING INFORMATION AouTPUT 6] [11] ¢ ouTeur
DESCRIPTION TEMPERATURE RANGE ORDER CODE Froureur (7] 0] 0 FiTER
nic 8 [9] crounD
16-Pin Plastic DIP 0 to +70°C NE650N
TOP VIEW
cotioss
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Veo Supply voltage 24 v
Temperature range
Ta Operating ambient 0 to +70 °C
Tsta Storage -65 to +150 °C
Tsowp Lead soldering temperature (10 sec. max) +300 °C
BLOCK DIAGRAM
16
VWA VWA
L TR 7
INTERNAL OVERSHOOT :: > o8
2 Somer Bas SUPPRESSOR |
REFERENCE
4
VARIABLE {
S INPUTAMP E INPUT AMP IMPEDANCE b3
< S
L) A — 4.4 c RECTIFIER
SIDE
CHAIN AMP |
Te 2 ) 1 11 12 o s s
Boo7seis
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Product Specification

Dolby B-Type Noise Reduction Circuit NE650

DC ELECTRICAL CHARACTERISTICS Vcc =12V, f=20Hz to 20kHz. Al levels referenced to 580mVgus(0db) at Pin 3,
Ta = +25°C, unless otherwise noted.

NE650
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Ve Supply voltage range 8 20 \
lcc Supply current Electronic switching on 16 24 mA
Ay Voltage gain (Pins 5-3) f=1kHz (Pins 6 and 2 connected) 25.5 26 26.5 dB
Ay Voltage gain (Pins 3-7) f=kHz, 0dB at Pin 3, noise reduction out -0.5 0 +0.5 dB
Ay Voltage gain {Pins 2-3) f=1kHz 13 dB
Distortion f=20Hz to 10kHz, 0dB 0.05 0.1 %
THD: 2nd and 3rd harmonic f=20Hz to 10kHz, +10dB 0.15 0.3 %
Signai handling 1% distortion at 1kHz +12 +15 dB
. . . Record mode 68 72 dB
S/N Signal-to-noise ratio Playback mode 78 82 dB
Back-to-back frequency response Using typical record mode response +0.5 dB
f = 1.4kHz
0dB -0.5 0 +0.5 dB
-20dB -16.1 | -156 | -15.1 dB
-30dB -235 | -225 | -21.5 dB
= 5kHz
Record mode frequency response 0dB -0.7 +03 | +13 dB
(at Pin 7) referenced to encode -20dB -173 | -16.8 | -16.3 dB
monitor point (Pin 3) -30dB -223 | -218 | -213 dB
-40dB -30.2 | -29.7 | -29.2 dB
f = 20kHz
0dB -03 | +07 | +1.7 dB
-20dB -183 | -17.3 | -16.3 dB
-30dB -245 | -235 | -225 dB
. Pin 5 35 50 65 kQ
Rin Input resistance Pin 2 3.1 42 5.3 K
Pin 6 1.9 2.4 3.1 kQ
Rout Output resistance Pin 3 80 120 Q
Pin 7 80 120 Q
Back-to-back frequency response
shift
vs Ta 0°C to -70°C +0.4 dB
vs Vee 8 to 20V +0.4 dB

NOTE:
*All noise levels are measured CCIR/ARM weighted using a 10k source with respect to Dolby level. See Dolby Laboratories Bulletin 19.
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Product Specification

Dolby B-Type Noise Reduction Circuit

NE650

PERFORMANCE CHARACTERISTICS

THD vs Frequency Record Mode
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Product Specification

Dolby B-Type Noise Reduction Circuit NE650
DOLBY ENCODER Output for constant level input (single tone frequency response)
Input Level (dB)
Frequency 0
(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40
Level)
0.1 0 0.1 0 0.1 0 0 0 0 0
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1
0.2 0 0.3 0.4 0.5 0.5 0.6 0.6 05 0.5
0.3 0 0.3 0.6 1.1 13 13 13 13 1.3
0.4 20 2.1 2.2 2.3 2.1
0.5 0 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9
0.6 36 3.7 38 3.7
0.7 0 0.4 09 21 35 4.3 44 45 44
0.8 48 5.0 5.3 5.1
0.9 5.6 5.8 5.6
1.0 0 0.4 1.0 2.3 42 5.7 6.1 6.3 6.2
1.2 6.9 71 71
1.4 0 0.3 0.9 23 4.4 6.6 7.5 7.7 7.7
20 0.1 0.4 0.9 2.2 43 7.0 8.5 8.9 8.9
3.0 0.2 0.6 0.9 1.9 39 6.6 8.8 9.7 9.7
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3
7.0 0.3 0.6 1.0 1.7 28 4.7 7.3 9.7 10.4
10.0 0.4 0.7 1.1 1.7 26 42 6.5 9.1 10.4
14.0 0.5 0.8 1.1 1.8 27 4.4 8.5 8.7 103
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3
NOTE: -

The figures given in this table are the average respons
consumer equipment performance characteristics. Thus,
figures can, however, be used to plot typical characteristics.
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Product Specification

Dolby B-Type Noise Reduction Circuit NE650

TEST CIRCUIT

| +8T0+20V I
icc
6
AA AA
VWA VWA
3 EK
INTERNAL OVERSHOOT 3 o
2 SR |—»—Bias SUPPRESSOR [
L suPPLY
RIS R34S
K KS
REFERENCE
4
c202 |* VARIABLE L
220,F == S INPUT AWP S INPUT AMP IMPEDANCE b3
1svoc | 3 3 S
= s 4 []
J'- A -1 2F | < > 1 ° RECTIFIER
SIDE
Ry g CHAIN AMP
15VDC € 2 3 1 " iz o P
:.| 270K
c208 R306 & o c308 YA
—— < 7K
m I‘"’P‘ 1003 i I 1 10, e | Lcsos L csor
047, =
1 T +| ‘caos  15VOC Is% Im.r 0.33,F
= =10,F 4
15V0C = = =
€301 ca02 A%01
5600pF 0.027,F 4 >
1% w333 < 180K
= %
TC134608
NOTES:
All resistors standard and are measured in 2.
*Optional capacitor in specific applications defined by Dolby Laboratories.
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DEVELOPMENT DATA OM8200

This data sheet contains advance information and
specificati 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
® | ow 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
Low 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)
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Low cost speech demonstration board OM 8200

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 aliow 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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There are also some examples of words/utterences encoded in the remainder of the supplied EP ROM.
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.
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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 +8 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 control program of the
OM8200 then different functions for the switches of the box can be achieved.
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Fig. 1 Schematic diagram.

ORDERING INFORMATION

Product name: Speech Demonstration Box
Type number: om8201
Ordering code: 9337 541 40000

+5V
VOLUME
CONTROL
7}»
LS +
LS -
audio-out

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.
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DEVELOPMENT DATA
This data sheet contains advance information and OM8209

specifications are subject to change without notice.

UPDATE PACKAGE FOR EXISTING OM8010
SPEECH EDITING SYSTEM

GENERAL DESCRIPTION

This package, OM8209, is an updating package which allows the users of our already existing editing
system for the MEABOOO also to generate the parameters and codes necessary for our new CMOS voice
synthesizer, PCF8200.

FEATURES

® Hardware updates for the synthesizer board to permit output via the PCF8200 and the MEA8000

® Software update to generate parameters and codes for the PCF8200

® Gives ail the features of the OM8210 to those who have the OM8010 (used for generating first
generation synthesizer codes)

Hardware

The only hardware changes are to the synthesizer card. This card is completely replaced by a new
synthesizer card. This card contains the new PCF8200 voice synthesizer, the MEASOO0O voice synthesizer
and the necessary components required to interface the synthesizers to their environment.

Software

The software package is exactly the same as in the OM8210, for fuller information consult the data
for that device.

ORDERING INFORMATION
Product name: Update package for existing OM8010 Speech Editing System using the HP9816S

Type number: OomM8209
Ordering number: 9337 564 50000

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

This data sheet contains advance information and OM 8210
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
& // 8
QO 12> 5] 2 || aoc 4
level 1 [
O - - .
4 ~ |_|AnaLoGuE|, Pl [
J 4—@— * wox ¢ DAC -
o « CONTROL
voume ¢ 3 CARD
ya &
recezs/ |7 ==y
- -—— 7
8 PERSONAL
SYNTHESIZER |,
s R COMPUTER
 —
) 28 PROM 8
28-pin Z. - / >
— PROGRAMMER - >
socket CARD
SPEECH ADAPTER BOX
OomM8210
7287995

[ Fig. 1 Block diagram.
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HARDWARE DESCRIPTION

The hardware for the OM8210 is contained in an attractive box with access to all the interconnections
(1EC 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

Analogue 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 MEA80QO 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 voitages 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.
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Speech analysis/editing system OoM8210

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 selected. The sampled 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 initiatization 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 IBM 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:
Type number:
Ordering code:

Speech Analysis/Editing System
0OM8210
9337 561 50112

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

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

PCB80C51BH-3
PCB80C31BH-3

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET
SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The PCB80CS1 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS
process. The family consists of the following members:

® PCBBOC51BH-3: 4 K bytes mask-programmable ROM, 128 bytes RAM

® PCBB0C31BH-3: ROM-less version of the PCBS8OC51BH-3

In the following text, the generic term “PCB80C51BH-3" 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 memory.

The PCBBOC51BH-3 contains a non-volatile 4 K x 8 read-only program memory; a volatile

128 x 8 read/write data memory; 32 /0 lines: two 16-bit timer/event counters; a five-source,
two-priority level, nested interrupt structure; a serial 1/0 port for either multi-processor communications,
1/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that

require extra capability, the PCB8OC51BH-3 can be expanded using standard TTL compatible memories
and logic.

The PCBBOC51BH-3 has two software selectable modes of reduced activity for further power reduction -
Idle and Power-down.

The Idle mode 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 over 100 instructions:

49 one-byte, 46 two-byte and 16 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 included in the instruction set.

Features

® 4K x 8 ROM (80C51BH-3 only), 128 x 8 RAM
Four 8-bit ports, 32 1/0 lines

Two 16-bit timer/event counters

® Enhanced architecture with:
non-page-oriented-instructions
direct addressing

Full-duplex serial port

External memory expandable to 128 K, external
ROM up to 64 K and/or external RAM up to 64 K
Boolean processing

218 bit-addressable locations

On-chip oscillator

Five-source interrupt structure with two priority
levels

With a 12 MHz clock, 58% of the instructions
execute in 1 us; multiply and divide instructions
execute in 4 us; all other instructions execute in
2 us

PACKAGE OUTLINES

four 8-byte + 1-byte register blanks
stack depth up to 128-bytes

multiply, divide, subtract and compare
instructions

PCB80C51/C31BH-3

XTAL frequency range: 1,2 to 16 MHz
temperature range: 0 9C to + 70 °C
PCF80C51/C31BH-3

XTAL frequency range: 1,2 to 12 MHz
temperature range: —40 °C to + 85 °C
PCAB0C51/C31BH-3

XTAL frequency range: 1,2 to 12 MHz
temperature range: —40 °C to +125 °C

PCB/PCF80C51/C31BH-3P, PCA80C51/C31BH-3P: 40 lead DIL; plastic (SOT 129).
PCB/PCF80C51/C31BH-3WP, PCABOC51/C31BH-3WP: 44-lead PLCC; plastic leaded chip-carrier
(SOT 187 pedestal or SOT187AA pocket version depending on source, versions are interchangeable.
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Fig. 1 Block diagram.
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DEVELOPMENT DATA
This data sheet contains advance information and PCB8OC39

specifications are subject to change without notice. PCBBOC 49

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET
SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER

DESCRIPTION

The PC80CXX famiiy of single-chip 8-bit CMOS microcontrollers consists of:

® The PCBB0C49 with resident mask programmed 2 K x 8 ROM, 128 x 8 RAM.

® The PCB80C39 without resident program memory for use with external EPROM/ROM, 128 x 8 RAM.
All versions are pin and function compatible to their NMOS counter parts but with additional features
and high performance.

The PCBOCXX 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 1/0, and to test individual
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.

For further detailed information see users manual ‘single-chip 8-bit microcontrollers’.

Features

8-bit CPU, ROM, RAM, 1/0 in a single 40-pin package

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

Available with extended temperature ranges: (PCB version) Oto+700C
(PCF version) —40 to + 85 0C
{PCA version) —40to+ 110°C

® Frequency range: 1 to 15 MHz for all temperature ranges

APPLICATIONS

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

® Audio/video systems

® Environmental control systems

® Modems and data enciphering

PACKAGE OUTLINES

PCB/F/AB0C39/C49P:  40-lead DIL; plastic (SOT129).
PCB/F/AB0C39/C49WP: 44-lead PLCC; plastic leaded chip carrier, ‘pocket’ version (SOT187AA);
‘pedestal’ version (SOT187). These versions are interchangeable.
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DEVELOPMENT DATA

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

PCB83C552
PCB80C552

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The PCB83C552 single-chip 8-bit microcontrolier is manufactured in an advanced CMOS process and is
a derivative of the PCB80C51 microcontroller family. The PCB83C552 has the same instruction set as
the PCB80C51. Two versions of the derivative exist although the generic term “PCB83C552" is used
to refer to both family members:

® PCB83C552: 8 K bytes mask-programmable ROM, 256 bytes RAM
® PCB80C552: ROM-less version of the PCB83C552

This I/0 intensive device provides architectural enhancements to function as a controller in the field of
automotive electronics, specifically engine management and gear box control.

The PCB83C552 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write
data memory, six 8-bit 1/0O ports, two 16-bit timer/event counters (identical to the timers of the 80C51),
an additional 16-bit timer coupled to capture and compare latches, a fifteen-source, two-priority-leve!,
nested interrupt structure, an 8-input ADC, a dual DAC pulse width modulated interface, two serial
interfaces (UART and 12C-bus}, a ‘watchdog’ timer and on-chip oscillator and timing circuits. For
systems that require extra capability, the PCB83C552 can be expanded using standard TTL compatible
memories and logic.

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 over 100 instructions: 49 one-byte,

45 two-byte and 17 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.

Features

® 80C51 central processing unit ® PCB80C552/83C552

® 8 K x 8 ROM, expandable externally to 64 K bytes XTAL frequency range: 1.2 to 12 MHz

® 256 x 8 RAM, expandable externally to 64 K bytes temperature range: 0 °C to +70 0C

® Two standard 16-bit timer/counters PCF80C552/83C552

® An additional 16-bit timer/counter coupled to four XTAL frequency range: 1.2 to 12 MHz
capture registers and three compare registers temperature range: —40 OC to +85 0C

® A 10-bit ADC with 8 multiplexed analogue inputs PCA80C552/83C552

® Two 8-bit resolution, Pulse Width Modulated outputs XTAL frequency range: 1.2 to 12 MHz

® Five 8-bit I/0 ports plus one 8-bit input port shared temperature range: —40 ©C to + 125 oC

with analogue inputs

® |2C-bus serial 1/0 port with byte orientated master
and slave functions

® Full-duplex UART compatible with the standard
PCB80C51

® On-chip watchdog timer

PACKAGE OUTLINES

PCA/PCB/PCF/83C552/80C552WP
68-lead plastic leaded chip carrier (PLCC) ‘pocket’ version (SOT188AA)
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DEVELOPMENT DATA
This data sheet contains advance information and P08830562
specifications are subject to change without notice. PCBBOCSG2

FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET.

SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The PCB83C562 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is
a derivative of the PCB80C51 microcontroller family. PCB83C562 has the same instruction set as the
PCB80C51. Two versions of the derivative exist although the generic term “PCB83C562" is used to
refer to both family members:

® PCB83C562: 8 K bytes mask-programmable ROM, 256 bytes RAM
® PCB80C562: ROM-less version of the PCB83C562

The PCB83C562 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version),

a volatile 256 x 8 read/write data memory, six B-bit I/0 ports, two 16-bit timer/event counters (identical
to the timers of the PCB80C51), an additional 16-bit timer coupled to capture and compare latches: a
fourteen source, two-priority-level, nested interrupt structure, an 8-input ADC, a dual DAC with pulse
width modulated outputs, a UART serial interface, a ‘watchdog’ timer and on-chip oscillator and timing
circuits. For systems that require extra capability, the PCBB3C562 can be expanded using standard TTL
compatible memories and logic.

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 over 100 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 ps. Multiply and divide instructions require 4 us.

Features

PCB80C51 central processing unit

8 K x 8 ROM, expandable externally to 64 K x 8 bytes

256 x 8 RAM, expandable externally to 64 K x 8 bytes

Two standard 16-bit timer/counters

An additional 16-bit timer/counter coupled to four capture registers and three compare registers
An ADC with 8 multiplexed analogue inputs and 8-bit resolution

Two 8-bit resolution, Pulse Width Modulated analogue outputs

Five 8-bit 1/0 ports plus one 8-bit input port shared with analogue inputs
Full-duplex UART compatible with the standard PCB80C51

On-chip watchdog timer

Operating ambient temperature

range and XTAL frequency range:

PCB83C562: 0to+700C; 1.2 MHz — 16 MHz

PCF83C562: —40 to + 85 0C; 1.2 MHz — 12 MHz
PCA83C562: —40 to + 125 °C; 1.2 MHz — 12 MHz

PACKAGE OUTLINE
PCB/PCF/PCA83C562: 68-lead PLCC; plastic ‘pocket’ version (SOT188AA).
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DEVELOPMENT DATA

This data sheet contains advance information and

PCB83C652
PCB80C652

specifications are subject to change without notice.

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and

is a derivative of the PCB80C51 microcontroller family. The PCB83C652 has the same instruction set as
the PCB8OC51. Two versions of the derivative exist although the generic term “"PCB83C652" is used

to refer to both family members:

® PCB83C652: 8 K bytes mask-programmable ROM, 256 bytes RAM
® PCB80C652: ROM-less version of the PCB83C652

This device provides architectural enhancements that make it applicable in a variety of applications
in general control systems.

The PCB83C652 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write
data memory, four 8-bit 1/0 ports, two 16-bit timer/event counters (identical to the timers of the 80C51),
a multi-source, two-priority-level, nested interrupt structure, an 12C interface, UART and on-chip
oscillator and timing circuits. For systems that require extra capability, the PCB83C652 can be

expanded using standard TTL compatible memories and logic.

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 over 100 instructions: 49 one-byte,

45 two-byte and 17 three-byte. With a 12 MHz crystal, 68% of the instructions are executed in 1us

and 40% in 2 us. Multiply and divide instructions require 4 us.

Features

80C51 central processing unit

8 K x 8 ROM, expandable externally to 64 K bytes
256 x 8 RAM, expandable externally to 64 K bytes
Two standard 16-bit timer/counters

Four 8-bit /0 ports

I2C-bus serial 1/0 port with byte orientated master and slave functions
Full-duplex UART facilities

Three temperature ranges available

0 to + 70 ©C; PCB83C652 versions

—40 to + 85 OC; PCF83C652 versions

—40 to + 125 9C; PCA83C652 versions

® Extended frequency range: 1.2 MHz to 12 MHz

PACKAGE OUTLINES

PCA/PCB/PCF83C652P; PCA/PCB/PCF80C652P: 40-lead DIL; plastic (SOT129).
PCA/PCB/PCF83C652WP; PCA/PCB/PCF80C652WP: 44-lead plastic leaded-chip-carrier

(PLCC) (SOT187 pedestal or SOT187AA pocket versions, these are interchangeable).
PCA/PCB/PCF83C652H; PCA/PCB/PCF80C652H: 44-lead quad flat-pack (QFP). This is in preparation.
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DEVELOPMENT DATA

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

J l PCB83C654

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The PCB83C654 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and
is a derivative of the PCB80C51 microcontroller family. The PCB83C654 has the same instruction set as
the PCB80C51. The ROM-less PCB8OCE52 should be used for development purposes.

This device.provides architectural enhancements that make it applicable in a variety of applications
in general control systems.

The PCBB3C654 contains a non-volatile 16 K x 8 read-only program memory, a volatile 256 x 8 read/write
data memory, four 8-bit 1/0 ports, two 16-bit timer/event counters (identical to the timers of the 80C51),
a multi-source, two-priority-level, nested interrupt structure, an 12C interface, UART and on-chip
oscillator and timing circuits. For systems that require extra capability, the PCB83C654 can be

expanded using standard TTL compatible memories and logic.

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 over 100 instructions : 43 one-byte,

45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1us

and 40% in 2 us. Multiply and divide instructions require 4 us.

Features

® 80C51 central processing unit

® 16 K x 8 ROM, expandable externally to 64 K bytes

® 256 x 8 RAM, expandable externally to 64 K bytes

® Two standard 16-bit timer/counters

® Four 8-bit I/0 ports

® |2C-bus serial 1/0 port with byte orientated master and slave functions
® Full-duplex UART facilities

® A version for extended temperature range is in preparation

PACKAGE OUTLINES

PCB83C654P : 40-lead DIL; plastic {SOT129).

PCB83C654WP: 44-lead plastic leaded chip-carrier (PL.CC); (SOT 187 pedestal or SOT187AA pocket
version depending on source, versions are interchangeable).

PCB83C654H : 44-lead quad flat-pack; plastic (SOT205A) in preparation.
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PCB83C851
PCB80C851

FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET.

SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION Features

The PCB83C851 single chip microcontroller is
manufactured in an advanced CMOS process and is a
derivative of the PCB80C5! microcontroller family. The
PCBB83C851 has the same instruction set as the PCB80CS5].
Two versions of the derivative exist although the generic
term ‘PCB83C851” is used to refer to both family members:

® PCB83C851: 4 K bytes mask-programmable ROM, 128
bytes RAM, 256 bytes EEPROM
® PCB80C851: ROM-less version of the PCB83C851

PCBB80CS51 central processing unit

4K x 8 ROM, expandable externally to 64 K bytes

128 x 8 RAM, expandable externally to 64 K bytes

Four 8-bit I/O ports, 32 I/O lines

Two 16-bit timer/event counters

Full-duplex serial port

Boolean processing

On-chip oscillator

Seven-source, five-vector interrupt structure with two

priority levels

58% of the instructions are executed in I ps; multiply

and divide in 4 ys; all others are executed in 2 us (with a

12 MHz oscillator)

® Enhanced architecture with non-page-oriented-
instructions, direct addressing, four 8-byte register
banks, stack depth up to 128-bytes, multiply, divide,
subtract and compare instructions

® ROM code protection (mask-programmable)

® Security mode, user dependent protection of the
EEPROM contents

® Additional interrupt source (EEPROM) 'ORed’ with

serial interrupt

This device provides architectural enhancements that make
it suitable for a variety of applications, specifically control
systems.

The PCB83C851 contains a non-volatile 4 K x 8 read-only
program memory; a volatile 128 x 8 read/write data
memory; a 256 byte electrically erasable programmable
read only memory (EEPROM); 32 I/O lines; two 16-bit
timer/event counters (identical to the timers of the
PCBB80C51); a seven source, five-vector, two-priority-level,
nested interrupt structure; a serial I/O port for either multi-
processor communications, I/O expansion or full duplex
UART; and on-chip oscillator and timing circuits. For
systems that require extra capability, the PCB83C851 can
be expanded using standard TTL compatible memories and
logic.

EEPROM:

Non-volatile 256 x 8 bit EEPROM (electrically erasable
' programmable read only memory)

On-chip voltage multiplier for erase/write

10000 erase/write cycles per byte

10 years non volatile data retention

Infinite number of read cycles

The PCB83C851 has two software selectable modes of
reduced activity for further power reduction: Idle and
Power-down. The Idle mode 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 over
100 instructions: 49 one-byte, 46 two-byte and 16 three-
byte. With a 12 MHz crystal, 58% of the instructions are
executed in 1 ps and 40% in 2 us. Multiply and divide
instructions require 4 ps.

PACKAGE OUTLINES

PCB /PCF83C851/80C851P: 40-lead DIL; plastic (SOT 129)
PCB/PCF83C851/80C851WP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT187AA)
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PCB80C851
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Fig. 1 Block diagram.
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PCF1303T

18-ELEMENT BAR GRAPH LCD DRIVER

GENERAL DESCRIPTION

The PCF1303T is an 18-element bar graph LCD driver with linear relation to control voltage (V)
when in pointer or thermometer mode.

27 | Veet max PCF1303T
R1
Q |s
R1 Q|7
Q3 |8
| ! Q4 |9
| | Qs [10
" | Q6 |11
Q7 |12
R1 Qg |13
26 | Vret mi Qg |14
S LATCH
AND Q1o]1s
DIVIDER
25| Ve circurtry [ @116

Vosc

< <
3 §H|—}-«:—g
o100
& = |&
o |®

OSCILLATOR cp 20
Q6] 21
Qq7] 22
| Q1g| 23
ah MODE
SELECTOR QR |24
7281228

Fig. 1 Block diagram.

PACKAGE OUTLINE
PCF1303T: 28-lead mini-pack: plastic (SO28; SOT136A).
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PCF1303T

Vosc E
o [2]
m [3]
11 [4]

vss 5|
o [¢]
Q [7]
a3 [s]
Q4 [9]
as [10]
Qg E
Qy [E
ag [13]
Qg E

U 28] Voo
[27] Vref max
26| Vref min
23] Q18
[22] Q17
[21] Qq6
[20] Q15
[19] Q14
E Q43
17] Qy2
E Q41

15| Qqp

PCF1303T

7281229

PIN DESCRIPTION

pin no. symbol name and function

1 Vosc oscillator pin

4 I mode select input

5 Vgs ground (0 V)

6 to 23 QqtoQqg segment outputs

24 QR back-plane output

25 Ve control voltage

26 Vrief min reference voltage inputs
27 Vref max

28 VDpbD positive supply voltage

{1) Pins 2 and 3 should be connected to Vgg.

Fig. 2 Pin configuration.

FUNCTION TABLE

I mode
L pointer
H thermometer

H = HIGH voltage level
L = LOW voltage level
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18-element bar graph LCD driver PC F 1303T

FUNCTIONAL DESCRIPTION

The PCF1303T is an 18-element bar graph LCD driver with linear relation to the control voltage when
in pointer or thermometer mode.

The first segment will energize when the control voltage is less than the trigger voltage (VT(bar)2 see
equation [3]).

The circuit has analogue and digital sections.

The analogue section consists of a comparator with the inverting input coupled to the input control
voltage. The non-inverting input of the comparator is connected via 17 analogue switches to the nodes
of an 18-element resistor divider. The extremities of the resistor divider are coupled via high-input
impedance amplifiers to the maximum reference voltage input and the minimum reference voltage input.
The control input functions with Schmitt trigger action.

The digital section has one reference output (QR) to drive the back-plane and 18 outputs (Qq to Qqg)
to drive the segments.

The segment outputs incorporate two latches and some gates.

The circuit is driven by an on-chip oscillator with external resistors and capacitors. The outputs are driven
at typical 100 Hz.

LINEARITY

Vstep = Vstep’ * AVstep (1l
Vstep’ is the voltage drop (internal) across the resistor-ladder network.
AVgtep is the differential on Vstep-

y _ (Vrefmax £ AV2") — (Vief min £ AV2) 2]
step’ = 18 [

AV3 and AVy- are the maximum offset voltage spread of the on-chip voltage followers.

ABSOLUTE VOLTAGE TRIGGER LEVEL
The absolute voltage trigger level at the V. pin is VT(bar)n:
VT(bar)n = (Vref min £ AV2+) + {(n - 1)Vgep' + AVR } £ AVq £ Vi (3]
n = number of segments; 2 < n < 18.
AVR is the voltage deviation at step n of the resistor-ladder network (for n = 2 or 18, AVR = AVgtep).
AV is the offset voltage for the on-chip comparator.
VH is the hysteresis voltage: 30% Vstep = VH = 10% Viep.

* For AV the same sign (+ or —) should be used as in equation [2].
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PCF1303T

RATINGS
Limiting values as in accordance with the Absolute Maximum System (IEC 134)
Supply voltage VpD —-05to+15 V
Voltage on any input Vi —-05toVpp +0,5 V
D.C. current into any input or output £y max. 10 mA
Storage temperature range Tstg —25t0+ 125 ©°C
Operating ambient temperature range Tamb —40to0 + 85 °C
D.C. CHARACTERISTICS
Vgg=0V
Tamb (°C)
parameter Vpp | symbol —40 +25 +85 unit | notes
Y
min. | max. | min. | typ. | max. {min. | max.
Quiescent device | 10,0 | Ipp 1200 1200 1200 |nA | 1
current
Operating supply | 8,2 Ipp 20 2,0 20 [mA |2
current
Input leakage 6,0 1 300 300 1000{nA | 3
current 8,2 £y 300 300 1000 |nA
10,0 | £ 1 300 300 1000|nA
HIGH level 6,0 ViH 42 4,2 4,2 \%
input voltage 8,2 ViH 5,8 5,8 5,8 \Y
select input |4 10,0 | VIH 7,0 70 7,0 \'
LOW level input 6,0 ViL 1,8 1,8 1,8 |V
voltage 8,2 ViL 24 2,4 2,4 \
select input |4 10,0 | Vi 3,0 3,0 30 |V
HIGH level 6,0 VOoH 5,95 5,95 5,95 \Y 4
output voltage 8,2 VOoH 8,15 8,15 8,15 \)
10,0 | VoH 9,95 9,95 9,95 \Y
LOW level 6,0 VoL 0,05 0,05 0,05 |V 4
output voltage 8,2 | VoL 0,056 0,056 0,05 |V
10,0 | VoL 0,05 0,05 0,05 |V
Output current 6,0 —IloH 0,6 0,5 0,35 mA | b
HIGH 8,2 —loH 0,85 0,7 0,45 mA
10,0 | —loH 1,0 0,85 0,6 mA
Output current 6,0 loL 0,65 0,5 0,4 mA | 6
LOW 8,2 loL 1,0 038 06 mA
10,0 | loL 1,3 1,0 0,8 mA

For notes see page 6.
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18-element bar graph LCD driver

PCF1303T

Tamb (°C)
parameter Vpp | symbol —40 +25 +85 unit | notes
Vv
min. | max. | min. | typ. | max.!min. | max.

Input voltage 6,0 Vic 00 |6,0 0,0 6,0 {00 (6,0 |V
control input V, | 8,2 Vic 0,0 |8,2 0,0 82 (00 (82 |V

10,0 | V|c 0,0 [ 10,0 0,0 10,0{0,0 [ 10,0 |V
Input voltage 6,0 ViRmax | 36 |55 3,6 55 (36 |55 |V
Vref max input 8,2 ViRmax | 3.6 |77 3,6 77 |36 |77 |V

100 | VIRmax | 36 |95 3,6 95 (36 {956 |V
Input voltage 6,0 ViRmin |05 | 1,0 0,5 1,0 {05 |10 |V
Vref min input 8,2 ViIRmin |05 |45 0,5 45 |05 |45 |V

10,0 | ViRmin | 05 | 6,0 05 6,0 105 6,0 |V
Vief max — 6,0 AV 3,0 3,0 3,0 \%

Vref min 8,2 AV 3,0 3,0 3,0 \%

10,0 | AV, 3,0 3,0 3,0 \%
DC component 8,2 +Vpgp 25 10 |25 25 |(mVv |7
bar output to
back-plane output
Back-plane 8,2 fgp 920 110 100 90 110 {Hz |8
frequency
Input offset 8,2 tVio 120 120 120 [mV |9
voltage
Step voltage 8,2 * AVgtep 50 50 50 |mV |10
variation
Input voltage 6,0 SR 50 50 50 (V/s |11
slew rate 8,2 SR 50 50 50 |V/s
V¢ input 10,0 [ SR 50 50 50 |V/s

For notes see next page.
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PCF1303T

Notes to D.C. characteristics

No ok wN =

Vrefmin =05V, Viefmax = 9,5V, V¢ = Vosc =0V, I1 at Vg or Vpp.
See Fig. 2.
Pin under test at Vgg or Vpp. All other inputs simultaneously at Vgg or Vpp.
lo = 0, all inputs at Vgg or Vpp-

VoH =Vpp — 0,5 V, all inputs at Vgg or Vpp.
VoL =0,4V,all inputs at Vgg or Vpp.
fgp = 100 Hz, load segment outputs to back-plane output.

C1—-C1g<0,01uF,Cgp=Cq+Co+. ..C18<0,05 uF, Ry — R1g =2 MQ.

©

Rosc = 0,1 M, Cogc = 390 pF.

9. Number of segments 2 or 18.
Forn=2:

Vio = Ve = Vref min —

Forn=18:

Vio= Ve — Vrefmax t

10. See equation [1].
11. Condition applies with clock oscillator such that fgp = 100 Hz.

50k0
900
kQ
Vi §0 input
DD 0 P!

(Vref max) = (Vref min) +

{Vref max) — (Vref min) +

18

18

tVH

VH

441 | —
—|I_

VoD Vret Vret Ve QR Qg Q17 Qg Q15 Q14 Q13 Qg2 Q41 Qqp
0.1 max min
MO PCF1303T
Vosc 1 Vss Q) Q2 Q3 Q4 Q5 Qg Q7 Qg Qg
[
T390pF VE,ID or
»

[ —

Fig. 3 Typical application.

LLLEEE AT T g
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DEVELOPMENT DATA

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

PCF21XX
FAMILY

GENERAL DESCRIPTION

LCD DRIVER

The members of the PCF21XX family are single chip, silicon gate CMOS circuits. A three-line bus
(CBUS) structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS

compatible.

Features

® Supply voltage 2,25t0 6,5 V
® [ow current consumption

® Serial data input

® CBUS control

® One-point built-in oscillator
® Expansion possibility

® Power-on reset clear

® LCD segments
® LED segments
® Multiplex rate
® Word length

PACKAGE OUTLINES

PCF2100P: 28-lead DIL; plastic (SOT117).

PCF2110P:

PCF2111P: 40-lead DIL; plastic (SOT129).

PCF2112P:

PCF2100
40

1:2
22 bit

PCF2110

60

2

1:2
34 bit

PCF2100T: 28-lead mini-pack; plastic (SO28; SOT136A).

PCF2110T:

PCF2111T: 40-lead mini-pack; plastic (VSO40; SOT158A).

PCF2112T:

PCF2111
64

1:2
34 bit

PCF2112
32

1:1
34 bit
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PCF21XX

FAMILY
40-SEGMENT LCD
BP1 BP2 L E—— 520
26 25 24|______ 5
SEGMENT ANALOGUE
BACKPLANE & 0 VOLTAGE
= o
| DLEN 28 L ALl LaTCHES == 880
OSCILLATOR J’ pF
oLB 1 BUS & | & 3
5, | controc | & DRIVER BIVIDER 0SC
DATA [—"| coONTROL
T ______ Ry [ |1 Ma
—»|  SHIFT 4
—»| REGISTER PCF2100 — Vgs
7283453.3
Fig. 1 Block diagram; PCF2100
‘ cus[1 U 28] DLEN
PINNING
voo [2] [27] DATA S
upply .
osc 3] [26] 8P .
2 VbD positive supply
Vss E 25| BP2 4 Vss negative supply
5205 | 24] 51 Inputs
s19 6] 23] 52 1 cLB clock burst (CBUS)
‘ s18 lz 7—2] s3 3 0sC oscillator input
PCF2100 27 DATA data line CBUS
s17[8] (soT-117) [21]s4 28 DLEN data line enable
(SOT-136A)
si6f9 20 S5
‘ ': Outputs
15110 19] s6 5t024  S20toS1 LCD driver outputs
s1a[11 E 57 25 BP2 backplane drivers
26 BP1 (commons of LCD)
s13[12 [17] 58
s12[13 [16] s9
s11[14] [15] s10

7297736.1

Fig. 2 Pinning diagram; PCF2100

-
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LCD driver PCF21XX
FAMILY
60-SEGMENT LCD
BP1 BP2 Y} F—
7 6 5 _____ 16 [15 |14
SEGMENT ANALOGUE
BACKPLANE & Lo [*1 voLTace
I ______ T HVLD_\_
680
pLEN —f2 L2, LaTcHES OSCILLATOR C°'|' PF
10 BUS & & 12
cLe s coNTROL | g prRIVER |7 osc
DATA | CcoNTROL DIVIDER
T ______ T Ry | |1 MQ
SHIFT PCF2110 1
»| REGISTER Vss
7283449.3
<
= Fig. 3 Block diagram; PCF2110 (SOT-129).
g s5[ 1] U 40] s6 g 9
s sa[2] [39] 57
w PINNING (SOT-129)
s s3[3] 38] s8
a Supply
9 s2[4] 37] s9
w 11 VpD positive supply
o s1[s] 36] 510 13 Vss negative supply
o 8r2 6 | 35] st1
8p1[7] 34] 12 Inputs
8 DATA data line
oaTA [8] 3] s13 9 DLEN data line enable { CBUS
oLen [9] [32] s14 10 CcLB clock burst
e E ez 3] s15 12 0scC oscillator input
Vop [11] (S0T-129) 516 Outputs
osc [12 29] s17 1tob S5 to St LCD driver outputs
6 BP2 } backplane drivers
v s18
ss [13 ws 7 BP1 {commons of LCD)
s32 14 27] s19
[1] :g gg? } LED driver outputs
s31[15] 26520
530 [78] 5] s21 16 to 40 S30 to S6 LCD driver outputs
s29 [17] 24] 522
528 18] 23] 523
s27 [19] 22] 524
526 [20] 21] s25
7283445.4

Fig. 4 Pinning diagram; PCF2110
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PCF21XX
FAMILY

X

ce [1] U
Vpp 2] [39] DATA
osc [3] [38] BP1
Vss [4] 37] 82
s32[5 | 36] 51
s31 6] [35] 52
s30 [7] 34] 53
s29 8| 33| s4
s28 9| 32] s5
s27 [10]

§26 {11

[40] oLEN

pcr2110 | 31iS6
{SOT-158A)

s25 [12] 29] s8
s24 [13] 28] s9
523 [14] 27] s10
s22 [15] [26] 511
s21 [16] [25] s12
s20 [17] 24] 513
s19 [18] 23] s14
s18 [19] [ 22] s15

s17 [20] 21| s16

7297733.1

Fig. 5 Pinning diagram; PCF2110

PINNING (SOT-158A)

Supply

2 Vbb
4 Vss
Inputs

1 CLB

3 0sC
39 DATA
40 DLEN
Outputs

5 $32

6 S31

7 to 36 S30 to S1
37 BP2
38 BP1

positive supply
negative supply

clock burst (CBUS)
oscillator input
data line

data line enable CBUS

LED driver outputs

LCD driver outputs
backplane drivers
{(commons of LCD)

232
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LCD driver PCF21XX

64-SEGMENT LCD
BP1 BP2 7 P $32
38| |37 36______ 5
SEGMENT ANALOGUE
BaCKPLANE & U5 e U0 Tace
______ I 2|Vop
40 AJ  LaTcHES c 1 680
DLEN BUS — . OSCILLATOR s °'|' pF
1
cL8 59 | contrOL | g | ORIVER T DIVT‘DER 0sC
DATA —>| CONTROL
T ______ 4[ Ry | |1 M0
| SHIFT PCF2111 4
—] REGISTER Ves
7284581.3
Fig. 6 Block diagram; PCF2111
< o1 U [40] DLEN
-
< Voo[2] [30] oATA PINNING
E osc[3] 38] 81 Supply
g Vss E E BP2 2 VpD positive supply
8 4 Vgs negative supply
S w[E ]
w
a s31 5] [35] s2 Inputs
[a) 1 CLB clock burst (CBUS)
s30[7] [34] 53 3 0sC oscillator input
39 i
s29 8| [33] s4 DATA data line CBUS
40 DLEN data line enable
s28 9 32] s5
S27 E PCF2111 31| S6 Outputs
(SOT -129) .
s26 [11] (s0T-158) [30] 57 5 to 36 S32 to S1 LCD driver outputs
38 BP1 backplane drivers
s2s [12] 29] s8 37 BP2 (commons of LCD)
s24 [13] 28] s9
s23 [1] 27] s10
s22 [15] 26] s11
s21 [18] 25] s12
$20 [17] 24] s13
s19 [18 23] s14
s18 [19] [ 22] s15
517 [20] 21] s16

7297731

Fig. 7 Pinning diagram; PCF2111
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PCF21XX
FAMILY

32-SEGMENT LCD
BP St |emm——— §32
38 36______ 5
SEGMENT ANALOGUE
BACKPLANE &
DRIVERS VOLTAGE
Fo--] -
40 ATCHE C,
DLEN LATCHES OSCILLATOR o7 150F
oLe 1 BUS & 3
—
39 | CONTROL DRIVER 0sc
DATA CONTROL DIVIDER
T ______ Ry | |1 M
SHIFT 4
PCF2112 2
»| REGISTER Vss
7286381.3

cLe [1] U [40] DLEN
Voo [ 2] 39] DATA
osc 3] 38] 8P
Vss [4] [37] ne.
s32[5 | [36] s1
s31 6] [35] 52
s30 [7] 34] 53
529 [8] 33] 54
s28 9| 32]'s5

s27[10] pcrar12  [31] 86
(SOT-129)

526 [11] (o7 - 158a) [30] 57
s25 [12] 2958
s2a[13 28] s9

523 [14] [27] s10
s22 [15] 26 s11
s21 [16] 25] s12

s20[17 24] 513

s19 18] 23] s14

s18 19 [22] s15

$17 [20] 21| s16
7297732

Fig. 9 Pinning diagram; PCF2112

—

Fig. 8 Block diagram; PCF2112

PINNING
Supply

39
40

Outputs

5 to 36
38

37

VbD
Vss

CLB
0sc
DATA
DLEN

S§32to S1
BP

n.c.

positive supply
negative supply

clock burst (CBUS)
oscillator input

data line |
data line enable | CBUS

L.CD driver outputs
backplane driver {common
of LCD)

not connected
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LCD driver PCF21XX
FAMILY

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION
An LCD segment or LED output is activated when the corresponding DATA-bit is HIGH.

PCF2100

When DATA-bit 21 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 21 LOW, the B-latches
(BP2) are loaded. CLB-pulse 23 transfers data from the shift register to the selected latches.

PCF2110

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. Bits 31 and 32 contain the LED output
information. With DATA-bit 33 LOW, the B-latches (BP2) are loaded and bits 31 and 32 are ignored.
CLB-pulse 35 transfers data from the shift register to the selected latches.

PCF2111

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-latches
(BP2) are loaded. CLB-pulse 35 transfers data from the shift register to the selected latches.

PCF2112

When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from the shift
register to the selected latches.

DLEN __ | - I

—

!1| 2 3 4 5 6 7 8 32 33 34 35 «— 2110, 2111, 2112
e |- 20 21 22 23 «— 2100 ’
test leading zero load pulse
oama A___ L XXX X OO0

bitno. 0 1 2 3 4 5 6 7 31 32 33 }

output A S1 S2 S3 S4 S5 S6 S7 31 §32 ~— 2110, 2111, 2112
1 2 3 4 5 6 7 19 20 21 } 2100
S1 82 S3 S4 S5 S6 S7 S19 S20

leading zero load bit 7297738.3

Fig. 10 CBUS data format.

Vieo
R
PCF2110 4
L Vo LED
531,532
VoL
i_ Vsg
7283447.2

Fig. 11 LED driver circuitry.
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PCF21XX
FAMILY

The following tests are carried out by the bus control logic:

a. Test on leading zero.
b. Test on number of DATA-bits.
c. Test of disturbed DLEN and DATA signals during transmission.

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with
DLEN LOW) and the driver is ready to receive new data.

v OFF/OFF ON/OFF OFF/ON ON/ON
pD ——————
Vss
VDD—
WDD"'VSS”Z _L,J_L _u_n. .‘_I.J_L _L'_'—L BP2
Vss
Vop ———
UL TL L -
Vss
(Vpp — Vss! -
(Vpp - Veg)/2
= J_Lu_ .LrJ—L BP1-Sx
- (Vpp — Vggh/2 ——
- Vpp ~ Vgg) ————
Vpp ~Vsg)
(Vpp—Vss)/2
oSS 0 —I—l_rj- _I_I_LL BP2-Sx
- Vpp — Vgg/2 ———r
- Vpp - Vsg! |
-l /% cp - 7297739.1
Fig. 12 Timing diagram (except PCF2112).
OFF ON
Vob —
VSS RN - —
v - —
DD Segment X
(SX)
Vgg —— L | L
(VDD_VSS) - - — —
0 e | BP —SX
—(Vpp—Vss! e
S B N
fieo 7297730.2

Fig. 13 Timing diagram for PCF2112.
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LCD driver PC F21XX
FAMILY

DEVELOPMENT DATA

BUS DRIVER PCF21XX
Vppz VbD1
A ry
R 1kQ _JQ
T I—I
100k 1 1
'} 4
Vss Vss
7283448.3

Fig. 14 Input circuitry.

Note to Fig. 14
Vgg line is common. In systems where it is expected that Vpp2>Vpp1 +0,5 V, a resistor should be
inserted to reduce the current flowing through the input protection. Maximum input current <40 uA.

LCD

o

= e

BP1 BP2 S1to S32 BP1 BP2 S1to S32 BP1 BP2 S1to $32
Voo ]
DLEN DLEN DLEN
0sc 0s
1 CLB  PCF2111 osc r—{CLB PCF2111 r—1CLB PCF2111 c
DATA DATA DATA
MASTER Vsg SLAVE 1 Vss SLAVE 2 Vss
DATA
CLB —
DLEN1 ——
DLEN2 —»
DLEN3 —» 7297735.1

(1) In the slave mode, the serial resistors between 8P1 and BP2 of the PCF2111 and the backplane
of the LCD must be > 2,7 k2. In most applications the resistance of the interconnection to
the LCD already has a higher value.

Fig. 15 Diagram showing expansion possibility (using PCF2111).

Note to Fig. 15

By connecting OSC to Vgg the BP-pins become inputs and generate signals synchronized to the single
oscillator frequency, thus allowing expansion of several members of the PCF21XX family up to the BP
drive capability of the master. The PCF2112 can only function as a master for other PCF2112s.
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PCF21XX
FAMILY

RATINGS

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

parameter conditions | symbol min. max. unit
Supply voltage range VpD —-05 9,0 \)
Input voltage range

DLEN, CLB, DATA and OSC V) Vgs—05 | Vpp+05 | V
Output voltage range

BP1,BP2 and S1 to S32 Vo Vgs—0,5 Vppt05 |V
Supply current *ipp. tlss - 50 mA
DC input current £ - 20 mA
DC output current tlp - 25 mA
Total power dissipation

per package note 1 Piot — 500 mW
Power dissipation per output Po — 100 mW
Storage temperature range Tstg —65 +150 oC

Note to the ratings

1. Derate by 7,7 mW/OC when T mp > 60 ©OC.

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be

totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see

‘Handling MOS devices’).

238
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LCD driver

PCF21XX
FAMILY

DEVELOPMENT DATA

DC CHARACTERISTICS

Vsg=0V;Vpp=2,25t06,5V; Tymp = —40to + 85 °C; Rg = 1 MQ; Co = 680 pF; unless otherwise

specified
parameter conditions symbol min. typ. max. | unit
Supply voltage VDD 2,25 - 6,5 Y
Supply current note 1 IpD1 — 20 50 HA
Supply current note 1; Tamp =
—25to + 85 0C IDD2 - 20 30 HA

Power-on reset level note 2 VPOR - 1,0 14 \
Inputs CLB, DATA
DLEN
Input voltage

LOW ViL - - 08 \

HIGH VIH 20 - - Y
Leakage current Vi =VgsorVpp e - - 1 HA
Input capacitance note 3 C - — 10 pF
Input OSC
Oscillator start-up

current V| =Vsgg losc 0,5 1,2 5,0 uA
LCD outputs
DC component of

backplane drivers +Vpp - 20 - mV
Backplane driver

output impedance note 4, Vpp =5V Rgp - 0,5 5 k2
Segment driver

output impedance note 4; Vpp = 5V Rg - 1 7 k2
LED outputs
(S31 and S32 in
PCF2110)
Output current LOW VoL=0,4V;VDD=5V| IgL 8 14 - mA
Output leakage

current Vo=Vpp tlo — - 1 rA
Load current ILED - - 20 mA
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PCF21XX
FAMILY

AC CHARACTERISTICS (note 5)
Vgg=0V;Vpp=2,25106,5V; Tyymp =—4010+859C; Rg=1MQ;Co = 680 pF; unless otherwise

specified

parameter conditions symbol min. typ. max. unit
Inputs CLB, DATA
DLEN
Data set-up time tSUDA 3 - - Hs
Data hold time tHDDA 3 = - us
Leading zero set-up time tsyLz 3 - - us
Enable set-up time tSUEN 1 — - us
Disable set-up time tsuD| 2 - - us
Load pulse set-up time tSULD 25 - - Ms
Busy time tBUSY 3 - - us
CLB HIGH time tWH 1 — — us
CLB LOW time twi 5 — - us
CLB period tCcLB 10 - - us
Rise and fall times e, tf — - 10 us
LCD timing
LCD frame frequency fLeb 60 75 100 Hz
LCD frame

frequency for

PCF2112 Co=15nF fLep 30 35 50 Hz
Transfer time with

test loads Vpp=5V tBsS — 20 100 us
Driver delay with

test loads Vpp=5V tpLCD - 20 100 Hs
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LCD driver PCF21XX
FAMILY

DEVELOPMENT DATA

Notes to the characteristics

1. Outputs open; CBUS inactive.

2. Resets all logic, when Vpp < VpQR.

3. Periodically sampled (not 100% tested).

4. Outputs measured one at a time.

5. All timing values are referred to V| and V|| levels with an input voltage swing of Vsg to Vpp.

BP (PCF2112), BP1, BP2 —CD—

—_—
'LoaD = 254A

S1t0 §32 —— | f———

—_—
'LoAD = 154A

1,6 kQ
§31, §32

\7
(PCF2110 only) Db

(2%)
7297737.1

Fig. 16 Test loads.
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PCF21XX
FAMILY
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LPELL62L
Y
A0 7
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PCF21XX

DEVELOPMENT DATA

LCD driver
80 7282809.2 37 7286696.1
flep fLeo
(Hz) e (Hz)
36 e
typ L~
typ L
76 /y/;é / é/ -
{// ’ 35 ////
4 Z
74 v P
7 T
4/ 34 .,4'
72 { pal
7/ L.
7
70 33
0 2 4 6 8 0 2 4 6 8
Vpp (V) Vpp (V)

Fig. 18 Displays frequency as a function
of supply voltage; Co = 680 pF (except
PCF2112).

Tamb = —40 OC;
———— Tamb=+25°C;
—.—.— Tamb =+ 850°C.
7282808.2
1000 <
fLeo ]
(Hz}) \\ \\
N N
\\ typ \\\
100 N A
N N
AN N
\‘
\‘
\\
10 A
01 1 Co (nF) 10

Fig. 20 Display frequency as a function

of Ro and Co; Tamb =+259°C; Vpp =5 V.
——— Ro=1MQ;

———— Rp=100kS.

Fig. 19 Display frequency as a function
of supply voltage; Co = 1,5 nF (except
PCF2112).

Tamb = —40°C;
———— Tamb=+250C;
—.—.— Tamb=+850C.
7282810.2
20
'bp /
(LA} /
/
16 S
typ // /
LA
/,/ /£
LA
2 //,'/
#A
Y
777
2/
v
8
0 2 4 6 8
Vpp (V)

Fig. 21 Supply current as a function
of supply voltage.

Tamb = —40 °C;
—_——_——— Tamb=+2soc;
—.—.— Tamb=+850C.
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PCF21XX
FAMILY

2 7286695.1 18 7Z86698.1
RON |\- oL
(k&) \ \ (mA) "
. 16
15 Q N\ w || -
‘\ Wi ‘, .
‘\\ \\ typ 14 e =
1 \N\‘ ~. / ,/ /"
NI /s
N, ™~ Rg 12 y /I 7"
S. P ] / a/
N R
05 AN e TF T 4
1= Rgp 10 J
typ /
0 8 /
0 2 4 6 8 0 2 4 6 8
Vpp (V) Vpp (V)
Fig. 22 Output resistance of backplane Fig. 23 Output current as a function
and segments. of supply voltage (only PCF2112).
Tamb = —40 °C; Tamb = —40 °C;
— === Tamp=+25°C; ———= Tamp=+25°C;
—.—.— Tamp=+8509C. —.—.— Tamp=+850C.
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DEVELOPMENT DATA
This data sheet contains advance information and PCF2 201

specifications are subject to change without notice.

LCD FLAT-PANEL ROW/COLUMN DRIVER

GENERAL DESCRIPTION

The PCF2201 is a row or column LCD driver, designed to drive LCD flat-panels at multiplex rates

ofup to 1: 256. The PCF2201 converts serial or parallel 4-bit display data into parallel LCD drive wave-
forms, capable of driving up to 81 rows or 80 columns of an LCD matrix. The PCF2201 is cascadable,
enabling it to drive any LCD flat-panel matrix. The PCF2201 is controlled by an alphanumeric/graphic
controller,

Features

Row or column drive capability

80 data latches

81 stage bidirectional shift register

81 LCD drive outputs

Proprietary margin control drive output

Low drive impedance

LCD drive voltage of up to 25 V

5 V logic compatibility

High speed operation (4 MHz)

Multiplex rates of up to 1 : 256

Externally adjusted bias voltages

Maximum LCD voltage and Vpp may be separated
64/65 pin programmable output operation mode

Low power consumption

Overall flat-panel power consumption minimized

Pin programmable right/left orientation for convenience of flat-panel construction
Optimized pinning for single plane wiring

Space-saving 120-lead Tape-Automated Bonding package
Manufactured in silicon gate CMOS process

PACKAGE OUTLINE
PCF2201V: 120-iead Tape-Automated Bonding (TAB) module (SOT235)
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PCF2201

Y1 to Y80 /Y81
e !
80
11
Al > —»|
v2/V3 > 5| 4-LEVEL
-LEVEL DRIV
V4/V5 > 4-LEVEL DRIVER (x 80) DRIVER
Veg >
F Y
i iso
> LEVEL
y LEVEL SHIFTER (x 80) orareR

Vpp ——

vgs ——1

RL/EL

1

81 STAGE BIDIRECTIONAL

SHIFT REGISTER

l____I

» RR/ER

CL1

p 20

PCF2201 TFO t
b COLUMN MODE DATA PRESENTATION
LATCH (x 80)
»
Do > 4 i" l {20 INSTANCES) j“
D1 »> oatTA [ [ | ———/™—
D2 »| SCRAMBLER
D3 > o1 o2
cL2 SELECTOR

i

UP/DOWN COUNTER, CARRY LOGIC
AND CONTROL

7'

&

h {k A T

246

SHL COL/ P/ LNG
ROW

Fig. 1 Block diagram.

7281313.1
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PCF2201

LCD flat-panel row/column driver

bus level lines

——1Y19

0oL

oLt

S

114}

PCF2201

40— v20

37 1Y17
7281314.2

se 61
0¢ 1014
§2 1 cA
0z /= ou

L — T}

—— ou
[——12¢10

o1 = mou/100
[ 1 5N1
——1 5/d
—— o
—— 13/

s —— ou
—— og
— 1q
—— zq
LE— ¢q

Viva LN3IWdOo13A3a

6l

~v

bus level lines

Fig. 2 Pinning diagram.

) mark orientation
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PCF220t1

PINNING FUNCTIONS

mnemonic | /0O | function
VbD P | Positive supply voltage (5 V)
Vss P Logic ground (0 V)
Vi P | Most positive LCD supply voltage {< Vpp), selection level
Vo/V3 P | Upper non-selection level for row (V2) or column (V3) driver
V4/Vg P | Lower non-selection level for row (V5) or column (V4) driver
VEE P Most negative LCD supply voltage (—20 V), selection level
Y1to Y80 | O | Liquid crystal driver outputs
CL1 | Clock for 81 stage bidirectional shift register
Loads parallel data from the data presentation latch and frame control in
column driver mode
Shifts data in row driver mode
Negative edge triggered
CL2 I Data transfer clock in column driver modes
Data must be valid on the negative edge of CL2
Unused in row driver mode (may be left open)
COL/ROW | | Column/row driver mode select
P/S ! Parallel/serial mode select for column drivers
Tie to Vgg in row driver mode
SHL | Shift direction select
DOto D3 || Data inputs in column driver modes
Unused in row driver mode (may be left open)
Filling order:
COL/ROW |P/S |SHL DO D1 D2 D3
H L L |Y1,Y2,Y3,. |unused unused unused
H L H |Y80,Y79,.. |{may be left |(may be left |(may be left
open) open) open)
H H L |Y1,Y5,Y9,.Y2,Y6,Y10,|Y3,Y7, Y11, |Y4,Y8 Y12,
H H H |Y80,Y76,..|Y79,Y75,..1Y78,Y74,... |Y77,Y73,...
Also in the serial column driver mode, a multiple of 4 data bits must always be
transferred. Add dummy bits if necessary
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PCF2201

LCD flat-panel row/column driver

mnemonic |1/0| function

DEVELOPMENT DATA

RL/EC 1/0
RR/ER

Left/right serial input/outputs in row driver mode, left/right enable input/outputs
in column driver modes

P/S RL/ELC

L L L | O

COL/ROW SHL RR/ER | comments

shift direction:
RL/EL —> RR/ER{Y1-—>F/Y81)

shift direction:

RR/ER —> RL/EL (F/Y81 -—>Y1)
RR/ER goes LOW 80 CL2 pulses
after RL/EL

RL/EL goes LOW 80 CL2 pulses
after RR/ER

RR/ER goes LOW 20 CL2 pulses
after RL/EL

RL/EL goes LOW 20 CL2 pulses
after RR/ER

In the serial column mode, the device accepts one bit of display data at each CL2
puise after RL/EL {or RR/ER respectively) goes LOW

When 80 bits of display data have been accepted, the device accepts no further
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby
enabling the next PCF2201 to accept display data

The sequence is reset when CL1 is HIGH and CL2 is LOW

In the parallel column mode, the device accepts one nibble of display data at each
CL2 pulse after RL/EL (or RR/ER respectively) goes LOW

When 20 nibbles of display data have been accepted, the device accepts no further
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby
enabling the next PCF2201 to accept display data.

The sequence is reset when CL1 is HIGH and CL2 is LOW

LNG | Length control

COL/ROW [LNG

[%2]
I
r

valid Yi
Y1..Y65

undefined Yi
Y66...Y80,F/Y81

description

65-bit row mode

operation

Y17...Y80, F/Y81

Y1..Y16

81-bit row mode

Y1...Y80, F/Y81

Y1...Y80, F/Y81 | —
Y1..Y64 Y65...Y80
Y17..Y80 Y1...Y16
Y1...Y80 -

H Y1..Y80 —
In 80/81-bit operation, the device behaves as previously described

In 64/65-bit operation, the device behaves as if all resources have been reduced to
64/65 instances:; i.e. 16 outputs (determined by SHL) can no longer be accessed

operation

64-bit column
mode operation

L
L
L
L
H
H
H

80-bit column
mode operation

IIXrrlTT(rr
Ir|rrjxrr|xTr
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PCF2201

PINNING FUNCTIONS (continued)

mnemonic | /O | function
F/Y81* O | Frame output in column driver mode
It continuously delivers the select or non-select column driver LCD voltages
depending on the state of the frame control
The frame output is used to blank the fiat-panel display margin outside the
actual LCD matrix
Liquid crystal driver output, number 81 in row driver mode
FON ! Frame control
Defines the contents of the shift register cell corresponding to F/Y81 in column
driver mode
Tie to Vpp or Vgg in row driver mode
M | Signal to convert LCD drive waveform into a.c.:
COL/ROW SR data M output level (Y; or F/Y81) note
L L L Va/V3
L L H V4/Vs .
row driver
L H L VEE
L H H V1
H L L Vao/V3
H L H V4/Vs | dri
column driv
H H L Vs um iver
H H H VEE
n.c — | not connected

* Patent application pending.
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LCD flat-panel row/column driver PCF2201

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION
4-level driver

One of the liquid crystal driver levels (V 1, V2/V3, V4/Vi and VEE) is output onto lines Y1 to Y80
and F/Y81 depending on the state of the relevant level shifter.

Level shifter

The level shifter converts logic level driver information into LCD level selection signals. The LCD level
selection signals are dependent on the contents of the 81 stage bidirectional shift register and the state
of signals M and COL/ROW.

81 stage bidirectional shift register

In row driver mode the bidirectional shift register is used for the row line scan. In column driver mode
the bidirectional shift register is used to hold column data until the next line is assembled in the data
presentation latch,

Column mode data presentation latch

The column mode data presentation latch provides temporary storage during transfer of column data
required for the next row.

Data scrambler

In serial column data transfer, the data scrambler converts 1-bit data to parallel 4-bit nibbles. Data is
rearranged by the data scrambler according to the orientation (left or right) of the chip, as defined
by pin SHL.

Selector

The selector generates latch clocks ¢1 10 ¢20 for the presentation latch. Selection is determined by the
state of the up/down counter and the carry logic.

Up/down counter, carry logic and control

Incoming column data storage locations are determined by the up/down counter making use of enable
lines (RL/EL, RR/ER) and the length control select (LNG). The carry logic inhibits the data transfer
clock (CL2) in inactive column drivers, thereby reducing power dissipation. When data transfer to one
column driver is completed, the subsequent column driver is enabled by the carry logic. The control
part co-ordinates the up/down counter and carry logic, depending upon the condition of the device

(SHL, COL/ROW, P/S, LNG, RL/ET and RR/ER).
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PCF2201

RATINGS

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

Supply voltage VpD Vgg —0,3 to Vgg + 7 \'

LCD supply voltage range VEE Vpp —30to Vpp \2
Vpp +V

V1, Vo/V3 voltage range (note 1) Vy —BD—Z—E—E —1toVpp V

Vpp +V

V4/Vg voltage range (note 1) VL VEE to _______DD2 EE _ 1V

Input voltage range

(CL1, CL2, COL/ROW, P/S,

SHL, DO, D1, D2, D3,

RL/EL, RR/ER, LNG, FON, M) A Vgg —03toVpp t+ 03V
Output_\ﬂltage range

(RL/EL, RR/ER) Vo Vgg —0,3to Vpp +03 V
Driver output voltage range

(F/Y81, Y1 to Y80) Vy VEg —03toVpp +0,3 V
DC input current = max. 20 mA
DC output current tlp max. 25 mA
VpD. Vss. V1., V2/V3,

V4/Vg or VEE current t Igyp max. 20 mA
Power dissipation per package Ptot max. 400 mW
Power dissipation per output Po max. 100 mW
Storage temperature range Tstg —65to + 150 ©C
HANDLING

Inputs and outputs are protected against electrostatic discharge 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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LCD flat-panel row/column driver PCF2 201

DEVELOPMENT DATA

DC CHARACTERISTICS
V§s=0V;Vpp=45t055V;

+ VEE

\Y
VEE=01t0~20V;Vpp >V, >V2/V3>_RP_§___ =1V >Vy4/Vs > VEE; fm = 100 Hz

Tamb = —40 to + 85 OC; unless otherwise specified.

parameter conditions symbol | min. typ. | max. unit
Positive supply
voltage VbD 4,5 - 5,5 \
Negative LCD supply
voltage VEE Vpp—25 - Vpp-5 \
Static supply current feL1 = fer?
=0Hz;COL/ROW
=H;M=L;
note 2 IpD1 - 15 40 HA
Operating supply COL/ROW=H:
current fcL1 = 25 kHz;
fcL2 = 4 MHz;
note 2 IpD2 - 0.4 1 mA
Operating supply COL/ROW = H;
current RL/EL=H
(SHL=L)or
RR/ER=H
(SHL = H);
fcLq = 25 kHz;
note 2 Ipp3 - 50 150 LA
Operating supply COL/ROW = L;
current feL1 = 100 kHz;
note 2 IDp4 - 75 200 A
Logic
Input voltage
LOwW ViL 0 - 03 Vpp \"
HIGH ViH 0,7 Vpp - Vbp
Output voltage LOW
to RL/EL and
RR/ER lo=0mA VoL - - 0,05 \%
Output voltage HIGH
to RL/EL and
RR/ER lo=0mA VoH Vpp—-0,05 | — - \%
Output current LOW
to RL/EL and
RR/ER VoL=1V o |1 - |- mA

—jﬁugust 1987
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PCF2201

DC CHARACTERISTICS (continued)

parameter conditions symbol min. typ. max. unit
Output current HIGH

RL/EL and

RR/ER VoH =Vpp—1V 10H - - 1 mA
Leakage current at

CL1, CL2, COL/ROW,

P/S, SHL, DO to D3,

RL/EL, RR/ER,

LNG, FON and M ES TR - — 1 MA
Input capacitance note 3 C - — 7 pF
LCD outputs
Leakage current at

V1, Va/V3,V4/Vs 2 - — 2 uA
Resistance ON between

V1, V2/V3, V4/Vs, o = 100 pA;

VEE and Y1 to Y80, Vgg =Vpp—-25V

F/Y81 note 4 RON — - 2 k2

AC CHARACTERISTICS (note 5)
Vgg=0V;V =45t0ob55V;
SS B DD . Vpp *+ VEE
VEg=0t0—20V;Vpp = V1= V2/V3=> 2 — 1V >Vy/Vg = VEE:
fp = 100 Hz; see Figs 4 and 5; Tamp = —40 to + 85 ©C; unless otherwise specified.
parameter conditions symbol min. typ. max. unit
Column driver

data transfer rate foL2 - — 4 MHz
CL2 HIGH time tCL2H 100 - - ns
CL2 LOW time toL2L 100 — - ns
CL2 rise time tcLar - - 25 ns
CL2 fall time tcL2f - - 25 ns
Row driver clock rate foL - - 100 kHz
CL1 HIGH time tCL1H 275 — - ns
CL1 LOW time tcL1L 5 — - us
CL1 rise time tcLir - - 50 ns
CL1 fall time tcLif - - 50 ns
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

AC CHARACTERISTICS (continued)

parameter conditions symbol min, typ. max. unit
Column data set-up time COL/ROW =H tsuc 50 - - ns
Column data hold time COL/ROW =H tHDC 30 - — ns
Row data set-up time COL/ROW = L tSUR 200 - — ns
Row data hold time COL/ROW =L tHDR 0 - - ns
Enable HIGH

to CL2 set-up time COL/ROW =H tECH 90 - - ns
Enable LOW

to CL2 set-up time COL/ROW =H tecL 85 - - ns
Propagation delay

to enable HIGH COL/ROW =H tPEH - - 185 ns
Propagation delay

to enable LOW COL/ROW =H tPEL — - 140 ns
CL2 to CL1 time COL/ROW =H tcL21 50 - _ ns
Overlap time of

CL2 = LOW and o

CL1=HIGH COL/ROW=H tov 275 - - ns
Propagation delay HIGH

to RL/EL, RR/ER COL/ROW =L tPLH 20 - 200 ns
Propagation delay LOW

to RL/EL, RR/ER COL/ROW =L tPHL 20 - 200 ns
Propagation delay VEE = VpD

toY1...Y80, F/Y81 -20V tpy - - 3 us

Notes to characteristics
Vpp +V
e S e v

1. Maintain Vpp > V1 > Vp/V3 >

2

2. Outputs open, inputs at Vgg or VpD.
3. Periodically sampied, not 100% tested.

4. Outputs measured one at a time.

5. All timing values referred to V|H and VL levels with an input voltage swing of Vgg to Vpp.

3,6 k2

(2 %)

RL/EL (SHL=H)
RR/ER (SHL=L)

05 Vpp

Fig. 3 Test loads.

—— 1LOAD=100 pA

..... Y80,F/Y81

7281315

I Y (V.
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LCD flat-panel row/column driver
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PCF2201

APPLICATION INFORMATION
Generation of LCD bias levels

Optimum contrast for LCD flat-panels is achieved when the bias levels are selected using the formulae

in Table 1. The multiplex rate is denoted by the variable n {n = 9). Vy, is defined as the LCD threshold
voltage, typically where the LCD exhibits approximately 10% contrast. The ratio of the ‘ON’ voltage to

the ‘OFF’ voltage is discrimination (D) and is a measure of the flat-panel contrast at a given multi-

plex rate.

Table 1 LCD flat-panel bias levels for optimum contrast {Vgp = V1 — VEE)

Vo 4/n V3 /-1 \Z 2 Vg 1
Vop V1 Vop V1 Vop VN1 Vop V/Ht1
Voff(rms) 26/n=1) Von(rms) R
Vop Vl/n+1)? Vop N onk/nt1)
_ Von(rms) n—1 \ﬁ) v/ n+1
Voff(rms) vi-1 Vih V21 =14/n
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LCD flat-panel row/column driver i PCF2201

DEVELOPMENT DATA

The intermediate bias levels are generated by a resistive divider (see Fig. 6). Capacitors (C) are used to
smooth out switching transients. Considerable power consumption may result by using this arrangement
when driving a large LCD flat-panel, because of the low impedance of the resistive divider.

Voo
V1
_L c to other column
T R driver PCF2201s
c
VSS 1 V2
i v P
R w 3 E [a]
R B BN EN By IS
- V3
' COL/ROW PCF2201
(Vn-3)R
_|C Va4
L VSS 7281318.2
R
c
L} V5
I
R
¢ VEE
_|| [
VoD
VEE [_
V1
v2/v3
V4/V5 | PCF2201
VEE
COL/ROW
to other row
driver PCF2201s Vss

Fig. 6 Unbuffered LCD biasing level generation.
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PCF2201

A better solution for LCD flat-panel biasing is presented in Fig. 7. The operational amplifiers provide
low impedance biasing with a low power consumption. The fairly high impedance which can be
implemented at the resistive divider, helps maintain low power consumption. One diode voltage drop
seperates V1 from Vpp to compensate for the limited common mode voltage range (V+ —1,5 V) when
the operational amplifiers are powered between Vpp and VEE.

Vbp
el el
w i 2 a
T B (=}
- e e >
COL/ROW PCF2201
Vgg —
7281319.1
VEE
VoD
V1
V2/V3
V4/V5 | PCF2201
VEE
NI COL/ROW
to other row V.,

driver PCF2201s

Fig. 7 Buffered LCD bias level generation.

Typical LCD flat-panel application

to other column
driver PCF2201s

Alphanumeric/graphic computer terminals with LCD flat-panel screens using 200 x 640 dots are very
popular. The format of 200 x 640 is compatible with the standard 25 lines by 80 characters at

8 x 8 dot character fonts. Fig. 8 gives a possible circuit using 19 PCF2201’s, with upper and lower half
screens used for good contrast. The use of half screens reduces the multiplex rate to 1:100 (Fig. 9 gives

the timing information).
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LCD flat-panel row/column driver
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LCD flat-panel row/column driver PCF2201

Margin control

The used area of the flat-panel matrix is normally smaller than the LCD glass surface. Connection lines
outside of the used area of the matrix carry row or column LCD signals (see Fig. 10A). This ‘null’ state
differs slightly in colour from the ‘OF F’ state pixel for twisted nematic LCD. The structural change

in the margin zone is noticeable.

When a high contrast Philips LCD flat-panel of the supertwisted birefringence effect (SBE) type is
employed, the situation becomes critital. The colour of the 'OFF’ state appears blue and the colour

of the 'ON’ state appears grey or white. Therefore inverted information is sent to the display, generating
dark (blue) characters on a light (grey) background. The margin zone is treated as an extension of the
used matrix area (see Fig. 10B), to avoid the margin zone appearing as a dark blue frame. This is
extended out to a region where the LCD glass can be covered up. The additional row requires an
increase in the multiplex rate from n to n + 1, the additional column is realized by the frame output

of the furthest left and right column drivers of the flat-panel. This removes the requirement for
additional column drivers packages to provide margin control.

Jeors
|coL 4

jCOL 1
coL2

ROW 0
margin margin
zone zone
Row 1] row 1[ |
Row 2| rowz[ |
rOW 3 [ rRow | |
H_/\_ P —
outside margin used matrix area outside margin used matrix area
cover zone cover zone
(a) (b) 7281320.1
(A) without margin control (B) with margin control

Fig. 10 Upper left corner of the LCD flat-panel.

Single plane wiring

The pinning of the PCF2201 tape-automated bonding package has been selected for ease of wiring. One
side of this package contains no pins. The adjacent logic level lines are arranged so that they can be
bussed in a single plane on the printed circuit board, which allows single sided substrates to be used.

For ease of wiring layout it is suggested to use the bus-level numbers (see Fig. 2) since most supply
lines can be run through at the same level. On the actual package there are 120 pins, of which 19 pins
are not internally connected. These extra pins are due to single plane wiring gaps and enhance stability
in surface mounting.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

cL2
Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Yio
Y1
Y12
Y13
Y14
Y15
Y16
Y17
Y18
Y19
Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27
Y28
Y29
Y30

6,68 mm

O | coL/ROW
0 | NG

OooOoooDoO0o00O0Oo00o0o0oOoonooooooooono

O
0
a

a|p/s

O | RL/EL

O |po

a

oot

O

O |p2

O | RR/ER
O | Vss
O | FoN
O [sHL
O | Voo

O b3
| cu1
O|m

O
O
a

uB %

0

[m] V2/V3

O | ValVs
O | Vee

oOoOoO0OocoOoOOoooooooOoOooooooooooooon

7296970

Chip area: 25,65 mm?

Y31
Y32
Y33

v34 | 0O

Y35

v36 | O

Y37

y3s | O

Bonding pad dimensions: 104 um x 104 um

v3o | O
vao | O
Y41
Y42
vaz | O
vas| O
Y45
vas | O

Y47

vas | O

vas | O

Ys0| O

3,84 mm

Fig. 11 Bonding pad locations.

F/Y81
Y80
Y79
Y78
Y77
Y76
Y75
Y74
Y73
Y72
Y71
Y70
Y69
Y68
Y67
Y66
Y65
Y64
Y63
Y62
Y61
Y60
Y59
Y58
Y57
Y56
Y55
Y54
Y53
Y52
Y51
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

Table 2 Bonding pad centre locations {dimensions in um)
All x/y co-ordinates are referenced to the bottom left corner, see Fig. 11.

pad X Y pad X Y

D3 1556 6526 Y43 2364 154
D2 1372 6526 Ya4 2540 154
D1 1188 6526 Y45 2716 154
DO 1004 6526 Y46 2892 154
RL/EL 820 6526 Y47 3068 154
P/S 636 6526 Y48 3244 154
LNG 452 6526 Y49 3420 154
COL/ROW 268 6526 Y50 3596 154
cL2 156 5982 Y51 3684 702
Y1 156 5806 Y52 3684 878
Y2 156 5630 Y53 3684 1054
Y3 156 5454 Y54 3684 1230
Y4 156 5278 Y55 3684 1406
Y5 156 5102 Y56 3684 1582
Y6 156 4926 Y57 3684 1758
Y7 156 4750 Y58 3684 1934
Y8 156 4574 Y59 3684 2110
Y9 156 4398 Y60 3684 2286
Y10 156 4222 Y61 3684 2462
Y11 156 4046 Y62 3684 2638
Y12 156 3870 Y63 3684 2814
Y13 156 3694 Y64 3684 2990
Y14 156 3518 Y65 3684 3166
Y15 156 3342 Y66 3684 3342
Y16 156 3166 Y67 3684 3518
Y17 156 2990 Y68 3684 3694
Y18 156 2814 Y69 3684 3870
Y19 156 2638 Y70 3684 4046
Y20 156 2462 Y71 3684 4222
Y21 156 2286 Y72 3684 4398
Y22 156 2110 Y73 3684 4574
Y23 156 1934 Y74 3684 4750
Y24 156 1758 Y75 3684 4926
Y25 156 1582 Y76 3684 5102
Y26 156 1406 Y77 3684 5278
Y27 156 1230 Y78 3684 5454
Y28 156 1054 Y79 3684 5630
Y29 156 878 Y80 3684 5806
Y30 156 702 F/Y81 3684 5982
Y31 252 154 VEE 3580 6526
Y32 428 154 V4/Vs 3396 6526
Y33 604 154 V2/V3 3212 6526
Y34 780 154 V1 3028 6526
Y35 956 154 M 2844 6526
Y36 1132 154 cL1 2660 6526
Y37 1308 154 VDD 2476 6526
Y38 1484 154 SHL 2292 6526
Y39 1660 154 FON 2108 6526
Y40 1836 154 Vss 1924 6526
Y41 2012 154 RR/ER 1740 6526
Y42 2188 154
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DEVELOPMENT DATA

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

PCF8200

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 parailel

bus or 12C bus

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

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Supply voltage Vpp - 5 - Vv
Supply current DD - 12 # mA
Supply current {stand-by) IDD(SB) - 1 - HA
Inputs

Input voltage VIH 2,0 - Vpbp \
Input voltage ViL 0 — 0,8 \")
Input capacitance Cy - 7 - pF

Outputs (D5 to D7)

Output voltage high VoH 3,56 - VbD \
Output voltage low VoL 0 — 0,4 \"
Load capacitance CL - - 80 pF
Operating ambient

temperature range Tamb —40 - +85 oC

# Value not yet available.
PACKAGE OUTLINE
24-lead DIL; plastic (SOT101A).
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PCF8200

DEVELOPMENT DATA

PINNING

1 VbD-A
2 VREF
3 ouT

4 Vss-A
5 n.c.

6 TEST
7 oscl

8 0SCo
9 SER/PAR
10  REQ
11 BUSY
12 Vssp
13 CE

14 RW
15 W

16 SDA/D7
17 SCL/D6
18 D5

19 D4

20 D3

21 D2

22 DI

23 DO

24 VDpD-D

Voo-a [1] U 24| Vpp-p
Vrer [2] 23] Do
our [3]] 122] D1
Vss-a [4] 21] b2
ne [5] [20] D3
TesT [6 | [19] D4
osel [3] PCF8200 ] os
osco 8] [17] scL/pe
SeR/paR [9 ] [16] spa/o7 Fig. 2 Pinning diagram.,
REG [10 [15] W
BUSY [17] [14] R/w
Vss-p [12] [13] CE

7297577

positive supply voltage for DAC output stage

DAC reference voltage input

speech output

negative supply voltage for DAC stage

not connected

for normal operation this pin must be grounded (Vgs)
oscillator input

oscillator output

for parallel data bus operation this pin is hard-wired to Vpp, or to Vgg to

enable the 12C bus

status bit indicating request for data
status indicating synthesizer busy
negative supply voltage for digital circuits
chip-enable input

read/write control input

write input

I2C bus serial data input/output (serial mode)
or parallel data input/output D7 (parallel mode)

12C bus serial clock input/output (serial mode)
or parallel data input/output D6 (parallel mode)

parallel data input/outputs

positive supply voltage for digital circuits
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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 1 FSO, FS1
00 8,8 10,4 12,8 17,6 ms
01 17,6 20,8 25,6 35,2 ms
10 26,4 31,2 38.4 52,8 ms
1" 44,0 52,0 64,0 88,0 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,

AN
Fi B;
NOISE
5 FORMANT UPSAMPLED SPEECH
FILTER — DIGITAL | — DAC ma
FILTER
AV
7280616
PULSE
GENERATOR

Fig. 3 Block diagram of formant synthesizer.
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Voice synthesizer PCF82 00

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 35 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 3,62
10100000 1,26 1,94
00100000 1,0 0,00
11000000 0,75 —-2,50
01000000 05 —6,02
10000000 0,25 —-12,04
00000000 0,0

11110000 HEX code FO 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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D7 DO
L T T H T
byte 0 B1 l F1 I
I 1 1 i 1
T T T T
byte 1 ljs T BS l P1
1 1 1 1
T T T T T
byte 2 tm I F3 AM ]
1 1 1 i 1
T T T T
byt33| FDO l B3 I F2 l
1 i 1 1
T T T T
byte 4 [ B4 | F4 | B2
1 1 1 1
7280617.2

It is not allowed to set byte O to the hexadecimal value 00.

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

T
byte0 | O 0 0 0

DO
T T T
o o o °J 00"
1
T

byte 1

T T

T T | E—
1 0 STOP M/F 0 0 FS1 FSO}
1 1 1

7280618.1

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

FSO, FS1 speed option
Fs1  Fsop  Speech

speed
0 0 100%
0 1 145%
1 0 123%
1 1 73%

M/F, male/female option

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

STOP

standard-frame
duration

12,8 ms

8,8 ms
10,4 ms
17,6 ms

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.REQ =1STOP=0

2. Repeat last frame with amplitude = 0

3.BUSY =0
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DEVELOPMENT DATA

Status Read

Three status bits can be read out at any time without a preceding byte (00).
This is shown in Fig. 6.

D7 DO
T T T T T T T
REQ lBUSY STOP x X x X X —l
1 1 1

1 1 1
7280619.2

Fig. 6 Status read.

REQ = 1 No data required
= 0 Synthesizer requesting for new data
BUSY = 1 Busy (an utterance is pronounced)
= 0 Idle, REQwill 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
M/F = 0 Male quantization table

STOP =0

BUSY =0 Idle

REG 1 No data required

INTERFACE PROTOCOL

Data can be written to the synthesizer when REQ = 0 or, when REQ = 1 and BUSY = 0. 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 12C 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 REQ 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 I12C slave receiver/transmitter with the address:

76543210
0010000 R/W
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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 12C 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, CE, while W = 0 and R/W = 1.

The synthesizer can be set to permanent power-up by hard-wired control pins
(CE=0,R/W=1,W=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.

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

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter conditions symbol min. max. unit
Supply voltage any pin with
respect to Vgg VbD -0,3 7,5 \
Input voltage any pin with
respect to Vgg \'7 -0,3 7,5 \Y%
Output voltage any pin with
respect to Vgg Vo -0,3 7,5 \Y)
D.C. input diode current V| <Vss -k - 20 mA
V|>Vpp Ik - 20 mA
D.C. output diode current Vo <Vss —lok - 20 mA
Vo >VpD lok — 20 mA
Operating ambient
temperature range Tamb —40 85 oc
Storage temperature range 'Tstg —55 125 oC
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DEVELOPMENT DATA

CHARACTERISTICS

Tamb = —45 to + 85 OC; supply voltage (Vpp to Vgg) = 4,5 t0 5,5 V with respect to Vgg, unless
otherwise specified

parameter symbol min. typ. max. unit
Supply .
Supply voltage VbDp 4,5 50 55 \"
Supply current 'pD - 10 - mA
Standby current IDD(SB) - 200 - MA
Inputs
CE,R/W, W
Input voltage HIGH VIH 2,0 - Vpp \
Input voltage LOW ViL 0 - 0,8 \
Input leakage current

Vip=0t0 5,5V IR ~10 - 10 HA
Rise and fall times (note 2) tef - - 50 ns
Input capacitance Cy - — 7 pF
0SsCl
Input voltage HIGH ViH 2,2 - VbD \
Input voltage LOW ViL 0 - 0,38 \
Input leakage current

Vih=0to 5,5V IR -10 - 10 uA
Rise and fall times (note 2) tef - - 50 ns
Input capacitance C - - 7 pF

PARALLEL MODE
Input Characteristics

(DO to D7)
Input voltage HIGH VIH 2,0 - Vbp v
Input voltage LOW ViL 0 — 0,8 \

Input leakage current
(Vih=0t0 5,5V,
output off) IR -10 - 10 A

Input capacitance Cy - — 7 pF

Output Characteristics
(D5 to D7 only)

Output voltage HIGH

(loH = —100 uA) VoH 3,5 - Vbp \
Output voltage LOW

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

(SDA and SDL)
Input voltage HIGH ViH 3,0 - VbD \
Input voltage LOW ViL 0 - 1,5 \

Input leakage current
(Vih=0to 5,5V,
output off) HR -10 - 10 HA

Input capacitance C - - 10 pF

%@y 1986 275.



PCF8200

parameter symbol min. typ. max. unit

Output Characteristics
(SDA only, open drain)

Output voltage LOW

{loL=3mA) VoL 0 - 0,4 Y
OSCILLATOR
Crystal frequency fxTAL - 6 6,1 MHz
VREF Vpp-15
Reference voltage VREF 1,9 — % \%
Input leakage current {active) IR - 5 - A
Outputs
REQ, BUSY
Output voltage HIGH

{loq = 100 pA) VoH 35 - VpD \
Output voltage LOW

(lgL =3,.2mA) VoL 0 - 0,4 \Y
Load capacitance CL - - 80 pF
Rise and fail times (note 3) trf - - 50 ns
ouT
Output voltage VouT 0,66 x VREF 134xVReg | 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) tDD - — 150 ns
Data floating for read

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

same speech frame) tRN - #(~3) us
REQ Valid tRv 0 - - ns
REQ Hold tRH - 250 # ns

NOTES TO THE CHARACTERISTICS

1. Timing reference level is 1,6 V; supply 5 V + 10%; temperature range of —409C 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.

# Values not yet available.
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DEVELOPMENT DATA

DAC
AMPLITUDE
FACTOR

OOH

CONTROL
BYTE

FRAME
DATA

yes

OOH
COMMAND
STop 7280620.2

Fig. 7 Interface protocol.
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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.

CE="0' or W=o

W\ WRITE / CE WRITE READ

7280541
Typical connection of control signals.

je—— tRp —{

CE used e
as strobe teg —o le— tcH
w="0" _
R/W
RIW N Y’
R/W used as —
read strobe tcs—= le— tcH
CE="0 _
w
—«{ tpp —{ tpF
D7 -
7280542

Fig. 8 Read timing.

4—1WR —

CE used \——/

as strobe 4 -« tcs — l—top
wW="0

R/W

Wused | g /w N\

as write |

_Strobe —

CE='0 w —‘—‘\ S
— tDH

tps [
D0----D7
data e
. REQ 1{
te
Wwri tR N

!

72808621

Fig. 9 Write timing.
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DEVELOPMENT DATA

ADDRESS VOICE
ROM
DATA
= —)|DATA
MICROPROCESSOR | CE, R/W, W OuT|—»

A 4

7280623.1

REG
BUSY PCF8200
SYNTHESIZER

Fig. 10 Typical application configuration with parallel interface.

ADDRESS

P——

VOICE
ROM

MICROPROCESSOR |4

DATA

Y v

7280622

SYNTHESIZER

Fig. 11 Typical application configuration with series interface.

+5V Z T
47 39 47 pF

kQ kQ +T (10V)
Vref
100kQ 56 k2 47 nF
out +5V
270 560  []22k0 1de
PCF8200 JI"’F l"’: \ 7
SYNTHESIZER . ; ; -
TDA7050 [:Q

C_16 MHz 4
§— * 6

3

Fig. 12 An example of an output configuration.

R =250

Pry = 140 mW
O™ (peak)

7280624.1
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PCF8200 PCF8200
0sC osC
IN ouT
__|D|__
TTL
clock 7280625

Fig. 13 Oscillator clock configurations.
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DEVELOPMENT DATA

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

PCF84CXXX
FAMILY

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER FAMILY

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84CXXX microcontroller family. The family
consists of the following devices:

® PCF84C00 ® PCF84C12 e PCF84C121 ® PCF84C430
® PCF84C21 ® PCF84C22 ® PCF84C230 ® PCF84C470
e PCF84C41 ® PCF84C42 ® PCF84C270 ® PCF84C640
® PCF84C81 ® PCF84C85 ® PCF84C271

This data sheet describes features of the PCF84CXXX microcontroiler family which are common to
several family members. For details on a particular device, consult the relevant data sheet.

All family members have quasi-bidirectional 1/0 port lines, a single-level vectored interrupt structure,
an 8-bit timer/event counter and on-chip clock oscillator and clock circuits.

These efficient controllers also perform well as arithmetic processors. They have facilities for both
binary and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the
MABB8048 and the PCF84CXXX family is very similar to the MAB8400 family.

Features common to all family members are listed below.

Features

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

1K, 2K, 4K or 8K x 8 ROM; there is also a ROM-less device
64, 128 or 256 x 8 RAM

Quasi-bidirectional 1/0 port lines

Two test inputs: one of which is also an external interrupt input
Single-level vectored interrupt structure

8-bit programmable timer/event counter

Clock frequency range: 100 kHz to 10 MHz

Over 80 instructions (similar to those of the MAB8048) all of 1 or 2 cycles
Single supply voltage (2,6 V t0 5,5 V)

STOP and IDLE modes

Power-on-reset circuit

Operating temperature range: —40 to + 85 0C

PACKAGE OUTLINES
Consult individual data sheets.

‘Q_CMarch 1989
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PCF84CXXX

FAMILY

RESIDENT ROM
PORT 1
BUFFER
PORT1 | 4>
LATCH
MEMORY
BANK 13
FLIPFLOPS *—I
m TIMER/ HIGHER LOWER PROGRAM
EVENT PROGRAM PROGRAM STATUS
COUNTER COUNTER COUNTER WORD
INTERNAL (8) (5) (8)
cLocK .
FREQ. TEST 1 timer
+30 g| | inter- 8 8
8 |
|_- AN
A4 A4 7z | |
INTER- RAM MULTIPLEXER
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT Zgzix‘r ADDRESS -
(8) (8) 8)| | Loaic REGISTER REGISTER 0
l REGISTER 1
— REGISTER 2
POWER ARITHMETIC INSTRUCTION REGISTER 3
ON Vret _"J> LOGIC UNIT | _| REGISTER REGISTER 4
RESET 15V & REGISTER §
i — DECODER D REGISTER 6
. E
:> ¢ REGISTER 7
RESET 0 8 LEVEL STACK
ﬁl> __ D | (VARIABLE LENGTH)
v (8) «— INT/TO
DD OPTIONAL SECOND
POWER ¢— TEST 1 REGISTER BANK
suppLY 7| Vss extermal TIMER
interrupt CONDITIONAL |e—
— GND ARANGH FLAG
LOGIC  [+— CARRY DATA STORE
sTop —f le— AcC
. CONTROL & TIMING <—_—__—:> ACCBIT
IDLE —%{ INT/TO RESET XTAL1 XTAL2 TEST
+ + + RESIDENT RAM ARRAY
INTERRUPT INITIALIZE  OSCILLATOR
XTAL 7222399
Fig. 1 PCF84CXXX block diagram.
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PCF84C00
PCF84C21/C
PCF84C41/C
PCF84C81/C

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLERS
WITH I°C-BUS INTERFACE

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84C00, PCF84C21/C, PCF84C41/C and

PCF84C81/C microcontrollers. The PCF84C21C, PCF84C41C and PCF84C81C operate at a higher

clock frequency. Each device has 20 quasi-bidirectional /0 port lines, a serial 1/O interface, a single-

level vectored interrupt structure, an 8-bit timer/event counter and on-chip clock oscillator and

clock circuits. On-chip RAM and ROM content is as follows:

® PCF84C00 — 256 x 8 RAM, external program ® PCF84C41— 128 x 8 RAM, 4 K x 8 ROM
memory ® PCF84C81 — 256 x 8 RAM, 8 K x 8 ROM

® PCF84C21— 64 x 8 RAM, 2 K x 8 ROM

These efficient controllers also perform well as arithmetic processors. They have facilities for both binary

and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the MAB8048,

These microcontrollers are members of the PCF84CX XX family. For detailed information, consult the
PCF84CXXX data sheet.

Features
® 8-bit CPU, ROM, RAM, 1/0 in a single 28-lead ® 8-bit programmable timer/event counter

DIL or SO package ® Clock frequency range: 100 kHz to 10 MHz ;
® 2K, 4K or8K x ROM; also a ROM-less version C versions: 1 MHz to 12 MHz
® 64, 128 or 256 x 8 RAM ® Over 80 instructions (similar to those of the
® 20 quasi-bidirectional 1/0 port lines MAB8048) all of 1 or 2 cycles
® Two test inputs, one of which is also the ® Single supply voltage (2,5 to 5,5 V)

external interrupt input ® STOP and IDLE modes
® Single-level vectored interrupts: external, ® Power-on reset circuit

timer/event counter and serial 1/0 ® Operating temperature range: —40 to +85 °C
® 12C hardware interface for serial data transfer ® High current on Port 1: Ig = 10 mA at

on two lines (serial 1/0 data via an existing VoL = 1,2 V (all versions except the

port line and clock via a dedicated line) PCF84C00).

For following sections see PCF84CXXX family data sheet

Program memory Program counter

Data memory Central processing unit
Program counter stack Conditional branch logic
IDLE and STOP modes Test input T1

1/0 facilities

Serial 1/0 Power-on reset
Interrupts Instruction set
Oscillator

Timer/event counter
Program status word

PACKAGE OUTLINES

PCF84C21/41/81P: 28-lead DIL; plastic (SOT117).
PCF84C21/41/81T: 28-lead mini-pack; plastic (SO28; SOT136A).
PCF84C00B : 28-lead ‘piggy-back’ package (supports up to 28-pin EPROM).

PCF84C00T : 66-lead mini-pack; plastic (VSO56; SOT 190).
' (March 1989
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PCF84C00

PCF84C21/C
PCF84C41/C
PCF84C81/C

SERIAL DATA/P2.3

r—— - —-—--—--= -
| | P1.7-P1.0 £0.7-P0.0
SCLK p22-P2.0 | RESIDENT ROM |
: 2K BYTES {
| 4K BYTES
CLOCK DATA PORT 2 | PORT 1 PORT 0
*l BuFFeR : BKBYTES I BUFFER BUFFER
DECODE |
{ 1 PORT 1 PORT 0
| 7. Npn—— LATCH LATCH
MEMORY
BANK 13
FLIPFLOPS -—|
SERIAL TIMER/ HIGHER LOWER
ROGRAM
INPUT/ EVENT PROGRAM PROGRAM Ps?fms
OUTPUT COUNTER COUNTER COUNTER WORD
INTERFACE INTERNAL I—' (8) (5) (8)
cLocK
§IO FREQ. TEST 1 timer
inter. 8 =30 8 inter. 8
<

1 =]

MULTIPLEXER

PROGRAM
COUNTER

ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 ";Lﬁ'
8 (8) (81| | Losic REGISTER REGISTER 0
REGISTER 1
— REGISTER 2
POWER v ARITHMETIC INSTRUCTION REGISTER 3
ON ref LOGIC UNIT le— REGISTER REGISTER 4
1
RESET 5V osc;usn REGISTER 5
D REGISTER 6
3 REGISTER 7
RESET [¢]
8 LEVEL STACK
e i"F/T0 g (VARIABLE LENGTH)
Yop OPTIONAL SECOND
POWER | extomal l— TEST 1 REGISTER BANK
SUPPLY | Y88 .\ interrupt CcONDITIONAL |¢— TIMER
BRANCH
LOGIC  [+— CARRY DATA STORE
STOP [«— ACC
__ CONTROL & TIMING <:> AccBIT
IDLE —* INT/TO RESET XTAL1 XTAL2 TEST
RESIDENT RAM ARRAY
INTERRUPT (INITIALIZE OSC)I(;I::TOR 7297336.2
Fig. 1 Block diagram.

—— - —_—— - —————————— — ——
~ AO0-A12 1 I A0-A12 —I
| DO-D7 I 00-D7 |
| PsEN | | |

DXALE + | PSEN +—] |
: DXRD +— < a: | y. O
| DXWR +— I I I
| EXDI—] | l |
L__.—_jls — o —_—— — 4 I____jl3 -

7220149.1
Fig. 1a Replacement of dotted section Fig. 1b Replacement of dotted section
in Fig. 1, for the PCF84C0O0T in Fig. 1, for the PCF84C00B
ROM:-less version. ‘piggy-back’ version.
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DEVELOPMENT DATA PCF84C12
This data sheet contains advance information and PCF84C22

specifications are subject to change without notice, PC F84C 4 2

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLERS

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84C12, PCF84C22 and PCF84C42
microcontroliers. Each device has 13 quasi-bidirectional 1/0 port lines, a single-level vectored interrupt
structure, an 8-bit timer and on-chip clock oscillator and clock circuits. On-chip RAM and ROM content
is as follows:

® PCF84C12 — 64 x 8 RAM, 1 K x 8 ROM

® PCF84C22 — 64 x 8 RAM, 2 K x 8 ROM

® PCF84C42 — 64 x 8 RAM, 4 K x 8 ROM

These efficient microcontrollers also perform well as arithmetic processors. The instruction set is
similar to that of the MAB8048. They have bit handling abilities and facilities for both binary and
BCD arithmetic.

These microcontrollers are members of the PCF84C XXX family. For detailed information, consulit the
PCF84CXXX data sheet.

Features

® 8-bit CPU, ROM, RAM, /0 in a single 20-lead DIL or SO package
® 1K, 2Kor4Kx8ROM

® 64 x 8 RAM

® 2 timers (8-bit programmable)

® 13 quasi-bidirectional 1/0 port lines

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

® Single-level, vectored interrupts: external and timer/event counter

® 8-bit programmable timer/event counter

® Clock frequency range: 100 kHz to 10 MHz

® Over 80 instructions (similar to those of the MABB8048) all of 1 or 2 cycles
® Single supply voltage (2.5 V to 5.5 V)

® STOP and IDLE modes

® Power-on-reset circuit

® Operating temperature range: —40 to + 85 0C

Program memory Program counter

Data memory Central processing unit
Program counter stack Conditional branch logic
IDLE and STOP modes Test input T1

1/0 facilities Power-on-reset
Interrupts

Oscillator

Timer/event counters
Program status word

PACKAGE OUTLINES

PCF84C12/22/42P: 20-lead DIL; plastic (SOT 146).
PCF84C12/22/42T: 20-lead mini-pack; plastic (5020, SOT163A).
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