INTEGRATED CIRCUITS

ICs for Telecom

Subscriber Sets

Cordless Telephones
Mobile/cellular
Radio Pagers

CA3089 to PCD4413

BJojojKk| [r|cloj3fa] |[1|9]|9|1] |

PHILIPS






ICs for Telecom
Subscriber sets
Cordless Telephones
Mobile/Cellular
Radio Pagers

Parta
Selection Guide

Functional index .
Numerical index
Comparison of the TEA1060 family .

Comparison of microcontrollers for telephone sets

General

Product status definitions for type numbers with prefixes
CA, MC, NE, SA and SE

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

Type designation for type numbers with prefixes
FCB, FCF, OM, PCA, PCB, PCD, PCF, TDA, TDD, TEA, UAA and UMA

Rating systems for type numbers with prefixes
FCB, FCF, OM, PCA, PCB, PCD, PCF, TDA, TDD, TEA, UAA and UMA

Handling MOS devices .
Device data
CA3089 to PCD4413

Partb
Selection Guide
Functional index .

Numerical index
Device data
PCD4413A to 74HC/HCT7046A

Package information

Package outlines .

Soldering .

pége

13
25
26

29
30
31

33
35

901
909

1687
1727






SELECTION GUIDE

Functional index

Numerical index

Comparison of the TEA1060 family
Comparison of microcontrollers
for telephone sets






Philips Semiconductors

ICs for Telecom Functional index
FUNCTIONAL INDEX

type number description page
AMPLIFIERS

NE542 dual low-noise preamplifier 69
NE/SA5204 wideband high-frequency amplifier 231
NE/SA/SE5205 wideband high-frequency amplifier 241
NE/SA5209 wideband variable gain amplifier 253
NE/SA5230 low-voltage operational amplifier 267
NE/SA5234 matched quad high-performance low-voltage operational amplifier 279
NE/SE5539 high-frequency operational amplifier 285
TDA1011 2 to 6 W audio power amplifier 1267
TDA1011A 2 to 6 W audio power amplifier 1279
TDA1015T 0.5 W audio power amplifier 1287
TDA7050 140 mW BTL or 2 x 75 mW mono/stereo audio power amplifier; low-voltage 1305

(in plastic DIL8)
TDA7050T 140 mW BTL or 2 x 75 mW mono/stereo audio power amplifier; low-voltage 1309
(in SO8 plastic mini-pack)

TDA7052 1 W BTL mono audio amplifier 1313
TDA7053 2 x 1 W BTL portable/mains-fed stereo power amplifier 1319
AUDIO AND DATA PROCESSORS

NE/SA5750 audio processor - companding and amplifier section 293
NE/SA5751 audio processor - filter and control section 301
UMA1000T data processor for AMPS/TACS cellular radio (DPROC); 12C-bus 1561
CALL PROGRESS DECODER .

NES900 call progress decoder 311
CLOCK/CALENDAR

PCF8573 clock/calendar with serial I/O; 12C-bus 1163
PCF8583 clock/calendar with 256 x 8-bit static RAM; I2C-bus 1233
COMPANDORS

NE570/571/SA571 compandor 113
NE/SA572 programmable analog compandor 123
NE/SA575 low-voltage compandor 131
NE/SA575 low-voltage compandor in very small outline package (VSOP) 143
NE/SA577 unity gain level programmable low-power compandor 153
NE/SA578 unity gain level programmable low-power compandor 167
DATA CONVERSION

PCF8591 8-bit ADC/DAC; 12C-bus 1239
DIGITAL SIGNAL PROCESSORS

PCB5010 single-chip digital signal processor 379
PCB5011 ROM-less version of PCB5010 379
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Philips Semiconductors

ICs for Telecom Functional index
type number description page
DISPLAY DRIVERS
PCF21XX Family LCD duplex drivers 1025
PCF2201 LCD flat-panel row/column driver 1041
PCF8566 universal LCD driver for low multiplex rates (1:1 to 1:4) max. 96 segments; 1145
12C-bus

PCF8569 LCD column driver for dot matrix graphic displays at multiplex rates of 1:8 or 1151
1:16; 40 outputs; I2C-bus

PCF8576 universal LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments; 1191
12C-bus

PCF8577/A/C/CA LCD direct driver (32 segments) or duplex driver (64 segments); 12C-bus 1201

PCF8578 LCD row/column driver for dot matrix graphic displays; 40 outputs (24 are 1209
programmable); 12C-bus

PCF8579 LZCD column driver for dot matrix graphic displays; 40 column outputs; 1219
12C-bus

DTMF GENERATORS/DIALLERS

PCD3311C/12C DTMF/modem/music tone generators with binary-coded parallel input or 509
serial data input; 12C-bus

PCD4420 pulse and DTMF dialler with redial for 4 x 4 keypad 977

PCD4421 pulse and DTMF dialler with redial for 4 x 5 keypad 987

DIALLERICs

Pulse

OM1036C dialler circuit with redial 319

PCD332XC Family pulse dialler circuits with redial 531

Pulse/DTMF

PCD3310 Family pulse and DTMF dialler with redial 485

PCD3347 pulse/DTMF dialler with redial 741

PCD4410 pulse and DTMF dialler with redial; manual access pause; 3 x 4 keypad plus 867
flash; mark/space ratio 2:1; tone burst 70/140 ms; data memory

PCD4413 variant of PCD4410 without redial; mark/space ratio 3:2; tone burst 70/70 ms 883

PCD4413A PCD4413 with flash time of 255 ms 923

PCD4415 PCD4410 with 3 x 4 or 3 x 5 keypad; tone burst 70/70 ms 937

PCD4415A PCD4415 with mark/space ratio of 3:2 957

Repertory

PCD3341 a12dvanced 10-100-number repertory pulse/DTMF dialler; LCD control; 561
I2C-bus

EXPANDERS

PCF8574 remote 8-bit I/O expander; 12C-bus 1179

PCF8574A remote 8-bit I/O expander; 12C-bus; different slave address 1179
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Philips Semiconductors

ICs for Telecom Functional index
type number description page
FREQUENCY SYNTHESIZERS
TDD1742T low-power frequency synthesizer (LOPSY) 1327
UMA1010T low-power universal frequency synthesizer for radio communications; 400 1591

MHz to 1150 MHz; I2C-bus
UMA1012T low-power universal frequency synthesizer for radio communications; 20 to 1605

600 MHz; 12C-bus

12C-BUS COMPATIBLE ICs (excluding microcontrollers)

PC.8582 Family 256 x 8-bit static EEPROMS; CMOS; for automotive applications 345
PCD3311C/12C DTMF/modem/music tone generators with binary-coded parallel input or 509
serial data input
PCD3341 advanced 10-100-number repertory pulse/DTMF dialler; LCD control 561
PCF8200 . voice synthesizer (CMOS) 1053
PCF8566 universal LCD driver for low multiplex rates (1:1 to 1:4) max. 96 segments 1145
PCF8569 LCD column driver for dot matrix graphic displays at multiplex rates of 1:8 or 1151
1:16; 40 outputs
PCF8570/C 256 x 8-bit static RAM 1159
PCF8571 128 x 8-bit static RAM 1159
PCF8573 clock/calendar 1163
PCF8574/A remote 8-bit I/O expander 1179
PCF8576 universal LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments 1191
PCF8577/A/C/CA LCD direct driver (32 segments) or duplex driver (64 segments) 1201
PCF8578 LCD row/column driver for dot matrix graphic displays; 40 outputs (24 are 1209
programmable)
PCF8579 LCD row/column driver for dot matrix graphic displays; 40 column outputs 1219
PCF8581/C 128 x 8-bit static EEPROM; low-voltage 1229
PCF8583 clock/calender with 256 x 8-bit static RAM 1233
PCF8591 8-bit ADC/DAC 1239
UMA1000T data processor for cellular radio (DPROC) 1561
UMA1010T low-power universal frequency synthesizer for radio communications; 400 1591
MHz to 1150 MHz
UMA1012T low-power universal frequency synthesizer for radio communications; 20 to 1605
600 MHz

LISTENING-IN CIRCUIT

TEA1085 listening-in circuit for line powered telephone sets; with anti-Larsen limiter 1509
MEMORIES

FCB61C65 (L/LL) 8K x 8 high speed CMOS low-power static RAM; access time = 55 and 70 ns 45
FCF61C65 (L/LL) 8K x 8 high speed CMOS low-power static RAM for extended temperature 55

range; access time =85 ns

PC.8582 Family 256 x 8-bit static EEPROM ; CMOS; 12C-bus 345
PCD5101 256 x 4-bit static RAM 997
PCD5114 1024 x 4-bit static RAM 1003
PCF8570 256 x 8-bit static RAM; 12C-bus 1159
PCF8570C 256 x 8-bit static RAM; I2C-bus; different slave address 1159
PCF8571 128 x 8-bit static RAM; 12C-bus 1159
PCF8581/C 128 x 8-bit static EEPROM; low-voltage; I12C-bus 1229
PCF8583 clock/calendar with 256 x 8-bit static RAM; 12C-bus 1233
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ICs for Telecom Functional index

type number description page

MICROCONTROLLERS

PCA80C552-4 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —40 to +125 °C

PCA80C562 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C

PCA80C652 256 x 8 RAM; serial I/0; UART; 12C-bus; 1.2 to 12 MHz; =40 to +125 °C 463

PCA83C552-4 256 x 8 RAM; 4K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C

PCA83C562 256 x 8 RAM; 8K x 8 ROM; 80C531 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C

PCA83C652 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 12C-bus; 1.2 to 12 MHz; —40 to 463
+125°C

PCB80C552-4 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; I2C-bus; 0 to +70 °C

PCB80C562 256 x 8 RAM; 80C531 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —40 to +125 °C

PCB80C652 256 x 8 RAM; serial I/0; UART; 12C-bus; 1.2 to 12 MHz; 0 to +70 °C 463

PCB80C851 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; 475
0to +70 °C; special security mode

PCB83C552-4 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; I2C-bus; 0 to +70 °C

PCB83C562 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449

. counter; watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8

multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —40 to +125 °C

PCB83C652 256 x 8 RAM; 8K x 8 ROM; serial I/O; UART; 12C-bus; 1.2 to 12 MHz; 463
0to+70°C .

PCB83C851 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; 0 to +70 °C; 475
special security mode

PCD33XX Family single-chip 8-bit microcontroller family specification 579

PCD3315 CMOS microcontroller for telephone sets; 160 x 8 RAM; 15K x 8 ROM; 25 to 527
+70°C

PCD3343 rgicrocontroner for telephone sets; 224 x 8 RAM; 3K x 8 ROM; 20 I/0 lines; 615
12C-bus

PCD3344 CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 2K x 8 655
ROM; 20 1/0 lines

PCD3346 microcontroller for telephone sets; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 691
EEPROM; 20 /0 lines; 12C-bus

PCD3347 CMOS microcontroller with on-chip DTMF generator; 64 x 8 RAM; 1.5K x 8 741
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Philips Semiconductors

ICs for Telecom Functional index
type number description page
PCD3348 CMOS microcontroller for telephone sets; 256 x 8 RAM; 8K x 8 ROM,; 777
20 1/0 lines; 12C-bus

PCD3349 CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 4K x 8 817
ROM; 20 I/O lines

PCF80C552-4 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C

PCF80C562 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C

PCF80C652 256 x 8 RAM; serial I/0; UART; 12C-bus; 1.2 to 12 MHz; —-40 to +85 °C 463

PCF80C851 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; —40 to +85 °C 475

PCF83C552-4 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2 pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C

PCF83C562 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2 pulse-width modulated signals; 8-bit ADC with 8

. multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —40 to +85 °C

PCF83C652 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; I2C-bus; 1.2 to 12 MHz; —40 to 463
+85°C

PCF83C851 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; —40 to +85 °C 475

PCF84CXXX Family single-chip 8-bit microcontroller family specification; 12C-bus 1067

PCF84C00 256 x 8 RAM; bond-out version of PCF84CXX family; 12C-bus 1103

PCF84C12 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C21/C 64 x 8 RAM; 2K x 8 ROM; plus 8-bit LED driver; I2C-bus; —40 to +85 °C 1103

PCF84C22 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C41/C 128 x 8 RAM; 4K x 8 ROM; plus 8-bit LED driver; 12C-bus; 40 to +85 °C 1103

PCF84C42 low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 1111

PCF84C81/C 256 x 8 RAM; 8K x 8 ROM; plus 8-bit LED driver; 12C-bus; —40 to +85 °C 1103

PCF84C85 256 x 8 RAM; 8K x 8 ROM; 32 I/0O lines; plus 8-bit LED driver; 12C-bus; —40 to 1115
+85 °C

PCF84C121 microcontroller; 64 x 8 RAM; 1K x 8 ROM; 8 x 8 EEPROM; 100 kHz to 1121
10 MHz; 13 I/0 lines; 8-bit CPU; -40 to +85 °C

PCF84C230 microcontroller; 64 x 8 RAM; 2K x 8 ROM; 8-bit CPU; 12 1/0 lines; 1127
LCD driver; CMOS; -40 to +85 °C

PCF84C633A 256 x 8 RAM; 6K x 8 ROM; 28 I/0 lines; plus LCD driver; derivative port; 1133
timer/capture and timer/counter

PCF84C853A 256 x 8 RAM; 8K x 8 ROM; 33 I/0O lines; plus LCD driver; derivative port; 1139
timer/capture and timer/counter

PCF86C410 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 32 I/O lines; 32 kHz to 16 MHz; 1257
2 x 16-bit timer/event counter; —40 to +85°C; I2C-bus

PCF86C610 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 I/0 lines; 32 kHz to 16 MHz; 1257
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ICs for Telecom Functional index

MIXERS AND OSCILLATORS/IF SYSTEMS

CA3089 FM IF system 39

MC3361 low-power FM IF system 65

NE/SA602 double-balanced mixer and oscillator 161

NE/SA602A double-balanced mixer and oscillator 167

NE/SA604A high-performance low-power FM IF system 175

NE/SA605 high-performance low-power mixer FM IF system 185

NE612 double-balanced mixer and oscillator 195

NE614 low-power FM IF system 201

NE/SA614A low-power FM IF system 211

NE/SA615 high-performance low-power mixer FM IF system 221

TDA1576 FM/IF amplifier and detector 1293

PAGING DECODERS

PCA5000AT decoder for POCSAG paging systems 359

PAGING RECEIVERS

UAA2033T low-power digital VHF paging receiver 1535

UAA2050T low-power digital UHF paging receiver 1543

PHASE-LOCKED LOOPS

NE/SE564 phase-locked loop 73

NE/SE565 0.001 Hz to 500 kHz phase-locked loop 83

NE/SE566 function generator 89

NE/SE567 tone decoder/phase-locked loop 95

NE568 150 MHz phase-locked loop 107

74HC/HCT297 digital phase-locked loop filter 1619

74HC/HCT4046A phase-locked loop with VCO 1627

74HC/HCT7046A phase-locked loop with VCO and lock detector 1655

POWER CONTROL ICs

PCF1251 micropower DC voltage detector 1009

PCF1252-X Family power-fail detector and reset generator; trip voltage = 2.55t0 4.75 V 1013

TEA1081 supply circuit with power-down for telephone set peripherals 1499

SPEECH TRANSMISSION

TEA1060 speech/transmission circuit with dialler interface; low impedance input for 1349
dynamic and magnetic microphones

TEA1061 speech/transmission circuit with dialler interface; high impedance input for 1349
electret and piezo-eletric microphones

TEA1062 low-voltage speech/transmission circuit with dialler interface for lower 1365
performance high volume markets; suitable for parallel operation

TEA1063 low-voltage speech circuit with dialler interface and speech-controlled 1385
transmit level dynamic limiting; (special markets)

TEA1064A speech/transmission circuit with dialler interface and transmit level dynamic 1413
limiting

TEA1066T speech/transmission circuit with dialler interface 1441

TEA1067 low-voltage speech/transmission circuit with dialler interface; input suitable 1459
for all microphone types

TEA1068 speech/transmission circuit with dialler interface; input suitable for all 1479
microphone types

TONE RINGERS

PCD3360 programmable multi-tone ringer 853

April 1991
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ICs for Telecom Functional index
VOICE SYNTHESIZERS
OM8200 speech demonstration board (PCF8200) 333
OM8201 speech demonstration box (PCF8200) 337
Oom8209 update package for OM8010 339
OoM8210 speech analysis/editing system (PCF8200) 341
PCF8200 voice synthesizer (CMOS); I2C-bus 1053
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ICs for Telecom Numerical index
NUMERICAL INDEX
type number description page
CA3089N FM IF system .39
FCBB1C65 (L/LL)-XXP 8 K x 8 high speed CMOS low-power static RAM; access time = 55 and 70 ns - 45
FCB61C65 (L/LL)-XXT 8 K x 8 high speed CMOS low-power static RAM; access time = 55 and 70 ns 45
FCF61C65 (L/LL)-85T 8 K x 8 high speed CMOS low-power static RAM for extended temperature 55
range; access time =85ns
MC3361D low-power FM IF system 65
MC3361N low-power FM IF system 65
NE542N dual low-noise preamplifier 69
NE564D phase-locked loop 73
NE564N phase-locked loop 73
NE565D 0.001 Hz to 500 kHz phase-locked loop 83
NES565F 0.001 Hz to 500 kHz phase-locked loop 83
NES65N 0.001 Hz to 500 kHz phase-locked loop 83
NE566D function generator 89
NE566F function generator 89
NES66N function generator 89
NE567D tone decoder/phase-locked loop 95
NES67F tone decoder/phase-locked loop 95
NES67FE tone decoder/phase-locked loop 95
NES67N tone decoder/phase-locked loop 95
NES568D 150 MHz phase-locked loop 107
NES68N 150 MHz phase-locked loop 107
NE570F compandor 113
NE5S70N compandor 113
NE571D compandor 113
NE571F compandor 113
NE571N compandor 113
NE572D programmable analog compandor 123
NES572N programmable analog compandor 123
NES75D low-voltage compandor 131
NES75N low-voltage compandor 131
NE575DJ low-voltage compandor in very small outline package (VSOP) 143
NE577D unity gain level programmable low-power compandor 163
NES77N unity gain level programmable low-power compandor 153
NE578D unity gain level programmable low-power compandor 157
NE578N unity gain level programmable low-power compandor 157
NE602D double-balanced mixer and oscillator 161
NE602N double-balanced mixer and oscillator 161
NEGO2FE double-balanced mixer and oscillator 161
NE602AD double-balanced mixer and oscillator 167
NEG02AN double-balanced mixer and oscillator 167
NEG02AFE double-balanced mixer and oscillator 167
NE604AD high-performance low-power FM IF system 175
NEGO4AN high-performance low-power FM IF system 175
NEG605D high-performance low-power mixer FM IF system 185
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ICs for Telecom Numerical index
type number description page
NEG05N high-performance low-power mixer FM IF system 185
NE612D double-balanced mixer and oscillator 195
NE612N double-balanced mixer and oscillator 195
NE614D low-power FM IF system 201
NE614N low-power FM IF system 201
NEG614AD low-power FM IF system 211
NE614AN low-power FM IF system 211
NE615D high-performance low-power mixer FM IF system 221
NE615N high-performance low-power mixer FM IF system 221
NE5204D wideband high-frequency amplifier 231
NE5204N wideband high-frequency amplifier 231
NE5205D wideband high-frequency amplifier 241
NE5205EC wideband high-frequency amplifier 241
NE5205FE wideband high-frequency amplifier 241
NE5205N wideband high-frequency amplifier 241
NE5209D wideband variable gain amplifier 253
NES5209N wideband variable gain amplifier 253
NE5230D low-voltage operational amplifier 267
NE5230FE low-voltage operational amplifier 267
NES5230N low-voltage operational amplifier 267
NE5234D matched quad high-performance low-voltage operational amplifier 279
NE5234N matched quad high-performance low-voltage operational amplifier 279
NE5539D high-frequency operational amplifier 285
NES5539F high-frequency operational amplifier 285
NE5539N high-frequency operational amplifier 285
NE5750D audio processor - companding and amplifier section 293
NE5S750N audio processor - companding and amplifier section 293
NE5751D audio processor - filter and control section 301
NE5751N audio processor - filter and control section 301
NE5900D call progress decoder 311
NE5900N call progress decoder 311
OM1036CP dialler circuit with redial 319
OM8200 speech demonstration board (PCF8200) 333
OM8201 speech demonstration box (PCF8200) 337
OM8209 update package for OM8010 339
OM8210 speech analysis/editing system (PCF8200) 341
PCAS000AT decoder for POCSAG paging systems 359
PCA80C552-4WP 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435

watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
PCA80C552-4H 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435

watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCA80C562WP 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
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ICs for Telecom Numerical index
type number description page
PCA80C562H 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449

watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCA80C652P 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; -40 to +125 °C 463
PCA80C652WP 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; I2C-bus; —40 to +125 °C 463
PCA80C652H 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; -40 to +125 °C 463
PCA83C552-4WP 256 x 8 RAM; 4K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCA83C552-4H 256 x 8 RAM; 4K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —-40 to +125 °C
PCA83C562H 256 x 8 RAM; 8K x 8 ROM; 80C531 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCA83C562WP 256 x 8 RAM; 8K x 8 ROM; 80C531 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; -40 to +125 °C
PCA83C652P 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; —40 to 463
+125°C
PCA83C652H 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; I2C-bus; —40 to 463
+125°C
PCA83C652WP 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; —40 to 463
+125°C
PCA8582BP 256 x 8-bit static EEPROM; CMOS; I12C-bus; for automotive applications 345
PCA8582BT 256 x 8-bit static EEPROM; CMOS; 12C-bus; for automotive applications 345
PCB5010WP-8 single-chip digital signal processor 379
PCB5011YC-8 ROM-less version of PCB5010 379
PCB80C552-4WP 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C
PCB80C552-4H 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C
PCB80C562WP 256 x 8 RAM; 80C531 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCB80C562H 256 x 8 RAM; 80C531 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +125 °C
PCB80C652P 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C 463
PCB80C652H 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C 463
PCB80C652WP 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C 463
PCB80C851P 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C; special 475
security mode
PCB80C851H 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C; special 475
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PCB80C851WP 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; I2C-bus; 0 to +70 °C; special 475

security mode
PCB83C552-4WP 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C
PCB83C552-4H 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; 0 to +70 °C
PCB83C562H 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —-40 to +125 °C
PCB83C562WP 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —-40 to +125 °C
PCB83C652P 256 x 8 RAM; 8K x 8 ROM,; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 463
0to+70°C
PCB83C652H 256 x 8 RAM; 8K x 8 ROM,; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 463
0to+70°C
PCB83C652WP 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; 463
0to+70°C
PCB83C851P 128 x 8 RAM; 4K X 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; 12C-bus; 475
0to +70 °C; special security mode
PCB83C851H 128 x 8 RAM; 4K X 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; I2C-bus; 475
0to +70 °C; special security mode
PCB83C851WP 128 x 8 RAM; 4K X 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; 12C-bus; 475
0to +70 °C; special security mode
PCD3310P pulse and DTMF dialler with redial; pulse dialling mark/space ratio 2:1; PABX 485
register; notepad; flash; access pause by cursor method
PCD3310T pulse and DTMF dialler with redial; pulse dialling mark/space ratio 2:1; PABX 485
register; notepad; flash; access pause by cursor method
PCD3310AP variant of PCD3310 with markspace ratio 3:2 485
PCD3310AT variant of PCD3310 with markspace ratio 3:2 485
PCD3310CP variant of PCD3310; dialling mode indicator output 485
PCD3310CT variant of PCD3310; dialling mode indicator output 485
PCD3310EP PCD3310 with 20 Hz dialling frequency 485
PCD3310ET PCD3310 with 20 Hz dialling frequency 485
PCD3310FP PCD3310 with DTMF 60/90 ms tone burst 485
PCD3310FT PCD3310 with DTMF 60/90 ms tone burst 485
PCD3310GP PCD3310 with pulse/DTMF switching 485
PCD3310GT PCD3310 with pulse/DTMF switching 485
PCD3310HP PCD3310 with pulse/DTMF switching 485
PCD3311CP DTMF/modem/music tone generators with binary-coded parallel input or 509
serial data input; 12C-bus
PCD3311CT DTMF/modem/music tone generators with binary-coded parallel input or 509
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PCD3312CP DTMF/modem/music tone generators with binary-coded parallel input or 509
serial data input; 12C-bus

PCD3312CT DTMF/modem/music tone generators with binary-coded parallel input or 509
serial data input; I2C-bus

PCD3315P CMOS microcontroller for telephone sets; 160 x 8 RAM; 15K x 8 ROM; -25 to 527
+70°C

PCD3315T CMOS microcontroller for telephone sets; 160 x 8 RAM; 15K x 8 ROM; -25 to 527
+70°C

PCD3320CD dialler with redial; several mute signals; no access pause; mark/space ratio 531

PCD3320CP dialler with redial; several mute signals; no access pause; mark/space ratio 531
3:2

PCD3321CD dialler with redial; manual and two automatic access pauses; mark/space 531
ratios 3:2 and 2:1

PCD3321CP dialler with redial; manual and two automatic access pauses; mark/space 531
ratios 3:2 and 2:1

PCD3321CT dialler with redial; manual and two automatic access pauses; mark/space 531
ratios 3:2 and 2:1

PCD3322CP variant of PCD3320C 531

PCD3322CT variant of PCD3320C 531

PCD3324CP dialler with one automatic access pause; variant of PCD3321C 531

PCD3325CP dialler with manual access pause control 531

PCD3326CP variant of PCD3321C wiht selectable access pause 531

PCD3327CP variant of PCD3325C for ceramic resonator; automatic reset of access pause 531

PCD3327CT variant of PCD3325C for ceramic resonator; automatic reset of access pause 531

PCD3327U variant of PCD3325C for ceramic resonator; automatic reset of access pause 531

PCD3341P advanced 10-100-number repertory pulse/DTMF dialler; LCD control; 561
12C-bus

PCDG3341T advanced 10-100-number repertory puise/DTMF diaiier; LCD controi; 561
12C-bus

PCD33XX Family single-chip 8-bit microcontroller family specification 579

PCD3343P CMOS microcontroller for telephone sets; 224 x 8 RAM; 3K x 8 ROM; 20 I/O 615
lines; I2C-bus

PCD3343T CMOS microcontroller for telephone sets; 224 x 8 RAM; 3K x 8 ROM; 20 I/0 615
lines; 12C-bus

PCD3344P CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 2K x 8 655
ROM; 20 1/O lines

PCD3344T CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 2K x 8 655
ROM; 20 I/0 lines

PCD3346P microcontroller for telephone sets; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 691
EEPROM; 20 I/O lines; 12C-bus

PCD3346T microcontroller for telephone sets; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 691
EEPROM; 20 I/0 lines; 12C-bus

PCD3347P CMOS microcontroller with on-chip DTMF generator; 64 x 4 RAM; 1.5K x 8 741
ROM; 12 1/0 lines

PCD3347T CMOS microcontroller with on-chip DTMF generator; 64 x 4 RAM; 1.5K x 8 741
ROM; 12 1/O lines

PCD3348P CMOS microcontroller for telephone sets; 256 x 8 RAM; 8K x 8 ROM; 20 I/0 777
lines; I2C-bus

PCD3348T CMOS microcontroller for telephone sets; 256 x 8 RAM; 8K x 8 ROM; 20 I/0O 777
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PCD3349P CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 4K x 8 817

ROM; 20 1/0 lines
PCD3349T CMOS microcontroller with on-chip DTMF generator; 224 x 8 RAM; 4K x 8 817
ROM; 20 1/0 lines
PCD3360P programmable multi-tone ringer 853
PCD3360T programmable multi-tone ringer 853
PCD4410 pulse and DTMF dialler with redial; manual access pause; 3 x 4 keypad plus 867

flash; mark/space ratio 2:1; tone burst 70/140 ms; data memory

PCD4413 pulse and DTMF dialler; variant of PCD4410 without redial; mark/space ratio 883

3:2; tone burst 70/70 ms

PCD4413A PCD4413 with flash of 255 ms 923
PCD4415P PCD4410 with 3 x 4 or 3 x 5 keypad; tone burst 70/70 ms 937
PCD4415T PCD4410 with 3 x 4 or 3 x 5 keypad; tone burst 70/70 ms 937
PCD4415AP PCD4415 with mark/space ratio of 3:2 957
PCD4415AT PCD4415 with mark/space ratio of 3:2 957
PCD4420P pulse and DTMF dialler with redial for 4 x 4 keypad 977
PCD4420T pulse and DTMF dialler with redial for 4 x 4 keypad 977
PCD4421P pulse and DTMF dialler with redial for 4 x 5 keypad 987
PCD4421T pulse and DTMF dialler with redial for 4 x 5 keypad 987
PCD5101P 256 x 4-bit static RAM 997
PCD5101T 256 x 4-bit static RAM Q997
PCD5114D 1024 x 4-bit static RAM 1003
PCD5114P 1024 x 4-bit static RAM 1003
PCD5114T 1024 x 4-bit static RAM 1003
PCD8582DP 256 x 8-bit static EEPROM; CMOS; 12C-bus 345
PCD8582DT 256 x 8-bit static EEPROM; CMOS; 12C-bus 345
PCF1251P micropower DC voltage detector 1009
PCF1251T micropower DC voltage detector 1009
PCF1252-0P power fail detector and reset generator; trip voltage = 4.75 V 1013
PCF1252-0T power fail detector and reset generator; trip voltage = 4.75 V 1013
PCF1252-1P power fail detector and reset generator; trip voltage = 4.55 V 1013
PCF1252-1T power fail detector and reset generator; trip voltage = 4.55 V 1013
PCF1252-2P power fail detector and reset generator; trip voltage = 4.25 V 1013
PCF1252-2T power fail detector and reset generator; trip voltage = 4.25 V 1013
CF1252-3P power fail detector and reset generator; trip voltage = 4.05 V 1013
PCF1252-3T power fail detector and reset generator; trip voltage = 4.05 V 1013
PCF1252-4P power fail detector and reset generator; trip voltage =3.75 V 1013
PCF1252-4T power fail detector and reset generator; trip voltage = 3.75 V 1013
PCF1252-5P power fail detector and reset generator; trip voltage = 3.55 V 1013
PCF1252-5T power fail detector and reset generator; trip voltage = 3.55 V 1013
PCF1252-6P power fail detector and reset generator; trip voltage = 3.25 V 1013
PCF1252-6T power fail detector and reset generator; trip voltage = 3.25 V 1013
PCF1252-7P power fail detector and reset generator; trip voltage = 3.05 V 1013
PCF1252-7T power fail detector and reset generator; trip voltage = 3.05 V 1013
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PCF1252-8P power fail detector and reset generator; trip voltage =2.75 V 1013
PCF1252-8T power fail detector and reset generator; trip voltage =2.75 V 1013
PCF1252-9P power fail detector and reset generator; trip voltage = 2.55 V 1013
PCF1252-9T power fail detector and reset generator; trip voltage = 2.55 V 1013
PCF2100P LCD duplex driver; 40 segments 1025
PCF2100T LCD duplex driver; 40 segments 1025
PCF2110P LCD duplex driver; 60 segments and 2 LEDs 1025
PCF2110T LCD duplex driver; 60 segments and 2 LEDs 1025
PCF2111P LCD duplex driver; 64 segments 1025
PCF2111T LCD duplex driver; 64 segments 1025
PCF2112P LCD driver; 32 segments 1025
PCF2112T LCD driver; 32 segments 1025
PCF2201V LCD flat-panel row/column driver 1041
PCF5010WP-8 single-chip digital signal processor 379
PCF5011YC-8 ROM-less version of PCB5010 379
PCF80C552-4H 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435

watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF80C552-4WP 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 435
watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; I2C-bus; —40 to +85 °C
PCF80C562H 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF80C562WP 256 x 8 RAM; 80C31 CPU plus 16-bit capture/compare timer/counter; 449
watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF80C652H 256 x 8 RAM,; serial I/0; UART; 1.2 to 12 MHz; I2C-bus; —40 to +85 °C 463
PCF80C652P 256 x 8 RAM; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C 463
PCF80C652WP 256 x 8 RAM,; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C 463
PCF80C851H 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; —40 to +85 °C 475
PCF80C851P 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; —40 to +85 °C 475
PCF80C851WP 128 x 8 RAM; 256 x 8 EEPROM; 1.2 to 12 MHz; —40 to +85 °C 475
PCF8200 voice synthesizer (CMOS); I2C-bus 1053
PCF83C552-4H 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF83C552-4WP 256 x 8 RAM; 8K x 8 ROM; 80C31 CPU plus 16-bit capture/compare timer/ 435
counter; watchdog timer; 2-pulse-width modulated signals; 10-bit ADC with
8 multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF83C562H 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449
counter; watchdog timer; 2-pulse-width modulated signals; 8-bit ADC with 8
multiplexed input lines; 1.2 to 12 MHz; 12C-bus; —40 to +85 °C
PCF83C562WP 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 16-bit capture/compare timer/ 449
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PCF83C652H 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; [2C-bus; —40 to 463
+85°C

PCF83C652P 256 x 8 RAM; 8K x 8 ROM; serial I/0; UART; 1.2 to 12 MHz; I2C-bus; —40 to 463
+85°C

PCF83C652WP 256 x 8 RAM; 8K x 8 ROM,; serial I/0; UART; 1.2 to 12 MHz; 12C-bus; —40 to 463
+85°C

PCF83C851H 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; -40 to +85 °C 475

PCF83C851P 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 1.2 to 12 MHz; -40 to +85 °C 475

PCF83C851WP 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM,; 1.2 to 12 MHz; -40 to +85 °C 475

PCF84CXXX Family single-chip 8-bit microcontroller family specification 1067

PCF84C00B 256 x 8 RAM; bond-out version of PCF84CXX family; I2C-bus 1103

PCF84C00T 256 x 8 RAM; bond-out version of PCF84CXX family; I2C-bus 1103

PCF84C12P low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C12T low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C21CP 64 x 8 RAM; 2K x 8 ROM,; plus 8-bit LED driver; 12C-bus; —40 to +85 °C 1103

PCF84C21CT 64 x 8 RAM; 2K x 8 ROM,; plus 8-bit LED driver; 12C-bus; —40 to +85 °C 1103

PCF84C22P low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C22T low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 1111

PCF84C41CP 128 x 8 RAM; 4K x 8 ROM; plus 8-bit LED driver; 12C-bus; —40 to +85 °C 1103

PCF84C41CT 128 x 8 RAM; 4K x 8 ROM; plus 8-bit LED driver; 12C-bus; —40 to +85 °C 1103

PCF84C42P low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 1111

PCF84C42T low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 1111

PCF84C81CP 256 x 8 RAM; 8K x 8 ROM; plus 8-bit LED driver; I2C-bus; —40 to +85 °C 1103

PCF84C81CT 256 x 8 RAM; 8K x 8 ROM; plus 8-bit LED driver; I12C-bus; —40 to +85 °C 1103

PCF84C85P 256 x 8 RAM; 8K x 8 ROM; 32 I/Q lines; plus 8-bit LED driver; I2C-bus; —40 to 1115
+85 °C

PCF84C85T 256 x 8 RAM; 8K x 8 ROM; 32 1/0 lines; plus 8-bit LED driver; 12C-bus; —40 to 1115
+85°C

PCF84C121P microcontroller; 64 x 8 RAM; 1K x 8 ROM; 8 x 8 EEPROM; 1121
100 kHz to 10 MHz; 13 I/0 lines; 8-bit CPU; —40 to +85 °C

PCF84C121T microcontroller; 64 x 8 RAM; 1K x 8 ROM; 8 x 8 EEPROM; 1121
100 kHz to 10 MHz; 13 I/0 lines; 8-bit CPU; —40 to +85 °C

PCF84C230P microcontroller; 64 x 8 RAM; 2K x 8 ROM; 8-bit CPU; 12 1/0 lines; LCD driver; 1127
(CMOS); -40to +85 °C

PCF84C230T microcontroller; 64 x 8 RAM; 2K x 8 ROM; 8-bit CPU; 12 I/0 lines; LCD driver; 1127
(CMOS); -40to +85 °C

PCF84C633AT 256 x 8 RAM; 6K x 8 ROM; 28 /0O lines; plus LCD driver; derivative port; 1133
timer/capture and timer/ counter

PCF84C853AP 256 x 8 RAM; 8K x 8 ROM; 33 /0 lines; plus LCD driver; derivative port; 1139
timer/capture and timer/ counter

PCF84C853AT 256 x 8 RAM; 8K x 8 ROM; 33 I/O lines; plus LCD driver; derivative port; 1139
timer/capture and timer/ counter

PCF8566P uzniveral LCD driver for low multiplex rates (1:1 to 1:4) max. 96 segments; 1145
12C-bus

PCF8566T uZniveral LCD driver for low multiplex rates (1:1 to 1:4) max. 96 segments; 1145
12C-bus

PCF8569T LCD column driver for dot matrix graphic displays at multiplex rates of 1:8 or 1151
1:16; 40 outputs; 12C-bus

PCF8569V LCD column driver for dot matrix graphic displays at multiplex rates of 1:8 or 1151
1:16; 40 outputs; 12C-bus

PCF8570P 256 x 8-bit static RAM; 12C-bus 1159
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PCF8570T 256 x 8-bit static RAM; 12C-bus 1159
PCF8570CP 256 x 8-bit static RAM; 12C-bus; different slave address 1159
PCF8570CT 256 x 8-bit static RAM; I2C-bus; different slave address 1159
PCF8571P 128 x 8-bit static RAM; 12C-bus 1159
PCF8571T 128 x 8-bit static RAM; [2C-bus 1159
PCF8573P clock/calender with serial I/O; 12C-bus 1163
PCF8573T clock/calender with serial I/O; 12C-bus 1163
PCF8574P remote 8-bit I/O expander; 12C-bus 1179
PCF8574T remote 8-bit I/0 expander; 12C-bus 179
PCF8574AP remote 8-bit I/O expander; 12C-bus; different slave address 1179
PCF8574AT remote 8-bit I/O expander; 12C-bus; different slave address 1179
PCF8576T L12niveral LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments; 1191
12C-bus

PCF8576U L12niveral LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments; 1191
12C-bus

PCF8576U/10 112niveral LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments; 1191
12C-bus

PCF8576V uzniveral LCD driver for low multiplex rates (1:1 to 1:4) max. 160 segments; 1191
I12C-bus

PCF8577P LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577T LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577AP LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577AT LCD direct driver (32 segments) or duplex driver (64 segments); 2C-bus 1201

PCF8577CP LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577CT LCD direct driver (32 segments) or duplex driver (64 segments); 2C-bus 1201

PCF8577CAP LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577CAT LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577U/5 LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8577CU/5 LCD direct driver (32 segments) or duplex driver (64 segments); [2C-bus 1201

PCF8577U/10 LCD direct driver (32 segments) or duplex driver (64 segments); 12C-bus 1201

PCF8577CU/10 LCD direct driver (32 segments) or duplex driver (64 segments); I2C-bus 1201

PCF8578T LCD row/column driver for dot matrix graphic displays; 40 outputs (24 are 1209
programmable); 12C-bus

PCF8578U LCD row/column driver for dot matrix graphic displays; 40 outputs (24 are 1209
programmable); 12C-bus

PCF8578V LCD row/column driver for dot matrix graphic displays; 40 outputs (24 are 1209
programmable); 12C-bus

PCF8579T L20D column driver for dot matrix graphic displays; 40 column outputs; 1219
12C-bus

PCF8579U |§CD column driver for dot matrix graphic displays; 40 column outputs; 1219
12C-bus

PCF8579V L20D column driver for dot matrix graphic displays; 40 column outputs; 1219
12C-bus

PCF8581P 128 x 8-bit static EEPROM; low-voltage; 12C-bus 1229

PCF8581T 128 x 8-bit static EEPROM; low-voltage; 12C-bus 1229
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PCF8581CP 128 x 8-bit static EEPROM; low-voltage; 12C-bus 1229
PCF8581CT 128 x 8-bit static EEPROM; low-voltage; 12C-bus 1229
PCF8582AP 256 x 8-bit static EEPROM; CMOS; 12C-bus 345
PCF8582AT 256 x 8-bit static EEPROM; CMOS; 12C-bus 345
PCF8582CP 256 x 8-bit static EEPROM; CMOS; I12C-bus ; for automotive applications 345
PCF8582CT 256 x 8-bit static EEPROM; CMOS; 12C-bus ; for automotive applications 345
PCF8582EP 256 x 8-bit static EEPROM; CMOS; 12C-bus ; for automotive applications 345
PCF8582ET 256 x 8-bit static EEPROM; CMOS; I2C-bus ; for automotive applications 345
PCF8583P clock/calender with 256 x 8-bit static RAM; I2C-bus 1233
PCF8583T clock/calender with 256 x 8-bit static RAM; 12C-bus 1233
PCF8591P 8-bit ADC/DAC; 12C-bus 1239
PCF8591T 8-bit ADC/DAC; 12C-bus 1239
PCF86C410P microcontroller; 128 x 8 RAM; 4K x 8 ROM; 32 I/0 lines; 32 kHz to 16 MHz; 1257

2 x 16-bit timer/event counter; —40 to +85 °C; I2C-bus
PCF86C410T microcontroiler; 128 x 8 RAM; 4K x 8 ROM; 32 1/0 lines; 32 kHz to 16 MHz; 1257
2 x 16-bit timer/event counter; —40 to +85 °C; I2C-bus
PCF68C610P microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 1/0 lines; 32 kHz to 16 MHz; 1257
2 x 16-bit timer/event counter; —40 to +85 °C; I2C-bus
PCF68C610T microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 I/O lines; 32 kHz to 16 MHz; 1257
2 x 16-bit timer/event counter; —40 to +85 °C; 12C-bus
SA571F compandor 113
SA571N compandor 113
SA572D programmable analog compandor 123
SA572F programmable analog compandor 123
SA572N programmable analog compandor 123
SA575D low-voltage compandor 131
SA575N low-voltage compandor .- 131 -
SA575DJ low-voltage compandor in very small outline package (VSOP) © 143
SA577D unity gain level programmable low-power compandor 153
SAS77N unity gain level programmable low-power compandor 1563
SA578D unity gain level programmable low-power compandor 157
SA578N unity gain level programmable low-power compandor 157
SA602D double-balanced mixer and oscillator i 161
SAB02FE double-balanced mixer and oscillator 161
SA602N double-balanced mixer and oscillator 161
SA602AD double-balanced mixer and oscillator 167
SAB02AFE double-balanced mixer and oscillator 167
SA602AN double-balanced mixer and oscillator 167
SA604AD high-performance low-power FM IF system 175
SAB04AN high-performance low-power FM IF system 175
SA605D high-performance low-power mixer FM IF system 185
SA605N high-performance low-power mixer FM IF system 185
SA614AD low-power FM IF system 211
SA614AN low-power FM IF system 211
SA615D high-performance low-power mixer FM IF system 221
SA615N high-performance low-power mixer FM IF system 221
SA5204D wideband high-frequency amplifier 231
SA5204N wideband high-frequency amplifier 231
SA5205D wideband high-frequency ampilifier 241
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SA5205FE wideband high-frequency amplifier 241
SA5205N wideband high-frequency amplifier 241
SA5209D wideband variable gain amplifier 253
SA5209N wideband variable gain amplifier 253
SA5230D low-voltage operational amplifier 259
SA5230FE low-voltage operational amplifier 259
SA5230N low-voltage operational amplifier 259
SA5234D matched quad high-performance low-voltage operational amplifier 279
SA5234N matched quad high-performance low-voltage operational amplifier 279
SA5750D audio processor - companding and amplifier section 293
SA5750N audio processor - companding and amplifier section 293
SA5751D audio processor - filter and control section 301
SA5751N audio processor - filter and control section 301
SE564F phase-locked loop 73
SE564N phase-locked loop 73
SE565F 0.001 Hz to 500 kHz phase-locked loop 83
SES565N 0.001 Hz to 500 kHz phase-locked loop 83
SE566F function generator 89
SE566N function generator 89
SE567F tone decoder/phase-locked loop 95
SE567FE tone decoder/phase-locked loop 95
SE567N tone decoder/phase-locked loop 95
SE5205FE wideband high-frequency amplifier 241
SE5205N wideband high-frequency amplifier 241
SE5539F high-frequency operational amplifier 285
SE5539N high-frequency operational amplifier 285
TDA1011 2 to 6 W audio power amplifier 1267
TDA1011A 2 to 6 W audio power amplifier 1279
TDA1015T 0.5 W audio power amplifier 1287
TDA1576 FM/IF amplifier and detector 1293
TDA7050 140 mW BTL or 2 x 75 mW mono/stereo audio power amplifier; low-voltage 1305
(in plastic DIL8)

TDA7050T 140 mW BTL or 2 x 75 mW mono/stereo audio power amplifier; low-voltage 1309
(in SO8 plastic mini-pack)

TDA7052 1 W BTL mono audio amplifier 1313

TDA7053 2 x 1 W BTL portable/mains-fed stereo power amplifier 1319

TDD1742T low-power frequency synthesizer (LOPSY) 1327

TEA1060 speech/transmission circuit with dialler interface; low impedance input for 1349
dynamic and magnetic microphones

TEA1061 speech/transmission circuit with dialler interface; high impedance input for 1349
electret and piezo-electric microphones

TEA1062P low-voltage speech/transmission circuit with dialler interface for lower 1365
performance high volume markets; suitable for parallel operation

TEA1062T low-voltage speech/transmission circuit with dialler interface for lower 1365
performance high volume markets; suitable for parallel operation

TEA1063P low-voltage speech circuit with dialler interface and speech-controlled 1385

transmit level dynamic limiting; (special markets)
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TEA1063T low-voltage speech circuit with dialler interface and speech-controlled 1385
transmit level dynamic limiting; (special markets) .

TEA1064AP speech/transmission circuit with dialler interface and transmit level dynamic 1413
limiting

TEA1064AT speech/transmission circuit with dialler interface and transmit level dynamic 1413
limiting

TEA1066T speech/transmission circuit with dialler interface ] 1441

TEA1067P low-voltage speech/transmission circuit with dialler interface; input suitable 1459

for all microphone types

TEA1067T low-voltage speech/transmission circuit with dialler interface; input suitable 1459
for all microphone types

TEA1068P speech/transmission circuit with dialler interface; input suitable for all 1479
microphone types

TEA1068T speech/transmission circuit with dialler interface; input suitable for all 1479
microphone types

TEA1081P supply circuit with power-down for telephone set peripherals 1499

TEA1081T supply circ\uit with power-down for telephone set peripherals 1499

TEA1085P listening-in circuit for line-powered telephone sets; with anti-Larson limiter 1509

TEA1085T listening-in circuit for line-powered telephone sets; with anti-Larson limiter 1509

UAA2033T low-power digital VHF paging receiver 1535

UAA2050T lgw-power digital UHF paging receiver 1543

UMA1000T data processor for AMPS/TACS cellular radio (DPROC); 12C-bus 1561

N

UMA1010T Idw—power universal frequency synthesizer for radio communiations; 1591
400 MHz to 1150 MHz; 12C-bus

UMA1012T lgg-power universal synthesizer for radio communiations; 20 to 600 MHz; 1605
12G-bus

74HC/HCT297P digital phase-locked loop filter 1619

74HC/HCT297T digital phase-locked loop filter 1619

74HC/HCT4046AP phase-locked loop with VCO 1627

74HC/HCT4046AT phase-locked loop with VCO 1627

74HC/HCT7046AP phase-locked loop with VCO and lock detector 1655

74HC/HCT7046AT phase-locked loop with VCO and lock detector 1655
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COMPARISON OF THE TEA1060 FAMILY

60

61

62

63

64A

66T

67

68

Microphones

low sensitivity dynamic or magnetic
medium sensitivity: dynamic or magnetic
electret with preamplifier

piezo-electric

very accurate microphone matching
dynamic limiter

Earpiece outputs

dynamic or magnetic or piezo (17 to 39 dB)
dynamic or magnetic or piezo (20 to 45 dB)
dynamic or magnetic or piezo (23 to 48 dB)

Power-down input

DTMF and MUTE input

Voltage regulator
adjustable DC voltage/resistance
parallel operation possible

Peripheral supply
unregulated - limited power
unregulated - extended power
stabilized - extended power

Automatic line loss compensation

(1) 9 dB range instead of 6 dB.
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COMPARISON OF MICROCONTROLLERS FOR TELEPHONE SETS

Type ROM RAM /0 12c pins comments
PCD3315 15K 160 20 Y 28

PCD3343 3K 224 20 Y 28

PCD3344 2K 224 20 N 28 plus DTMF
PCD3346 4K 128 20 Y 28 plus 256 x 8 EEPROM
PCD3347 1.5K 64 12 N 20 plus DTMF
PCD3348 8K 256 20 Y 28

PCD3349 4K 224 20 N 28 plus DTMF
PCF84C00 - 256 20 Y 28

PCF84C12 1K 64 13 N 20

PCF84C21C 2K 64 20 Y 28

PCF84C22 2K 64 13 N 20

PCF84C41C 4K 128 20 Y 28

PCF84C42 4K 64 13 N 20

PCF84C81C 8K 256 20 Y 28

PCF84C85 8K 256 32 Y 40

April 1991
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PRODUCT STATUS

For type numbers with prefixes CA, MC, NE, SA and SE DEFINITIONS
DEFINITIONS
Data Sheet Identification Product Status Definition
Objective Specification Formative or In Design This data sheet contains the design target or goal icati for product d P

tions may change in any manner without notice.

Preliminary Specification

Preproduction Product

This data sheet contains preliminary data and y data will be i at a later date.
Signetics reserves the right to make changes at any time without notice in order to improve design and
supply the best possible product.

Product Specification

Full Production

This data sheet contains Final Specifications. Signetics reserves the right to make changes at any time
without notice in order to improve design and supply the best possible product.
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ORDERING

INFORMATION

For type numbers with prefixes CA, MC, NE, SA and SE

ORDERING INFORMATION

Signetics’ Linear LS| integrated circuit pro-
ducts may be ordered by contacting either the
local Signetics sales office, Signetics represen-
tatives and/or Signetics authorized distributors.
A complete listing is located in the back of this
manual.

Minimum Factory Order:
Commercial Product:

$1000 per order

$250 per line item per order

Military Product:
$250 per line item per ordor

Table 1 provides part number information
concerning Signetics originated products.

Table 2 is a cross reference of both the old
and new package suffixes for all presently
existing types, while Tables 3 and 4 provide
appropriate explanations on the various
prefixes employed in the part number
descriptions.

As noted in Table 3, Signetics defines device
operating temperature range by the appropri-
ate prefix. It should be noted, however, that
devices with a SE prefix (- 55°C to + 125°C)
indicates only its operating temperature
range and not its military qualification status.
The military qualification status of any Linear
LSI product can be determined by either
looking in the Military Section in this manual
and/or contacting your local sales office.

Table 1 PART NUMBER DESCRIPTION

PART CROSS REF PRODUCT PRODUCT
NUMBER PART NO. FAMILY DESCRIPTION
NESS537N LF398 LIN Sample & Hold Amp

—— Description of
Product Function

LIN Analog Products

“—»Product Family MIL Military Products

—» Package Descriptions —See Table 2

L——» Device Number

\——— Device Family and Temperature Range Prefix—See Tables 3 & 4

Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND
DEVICE TEMPERATURE
PACKAGE
TEMP T
o0 Thew DESCRIPTION PREFIX DEVICE RANGEERA URE
AAA N 14-lead plastic DIL N 0°to +70°C
A N-14 | 14-lead plastic DIL (Selected s —55°to +125°C
Anslog products only} ° °
B.BA N 16-lead plastic DIL gEE gs.“: + 7(1),,?.0
. D Microminiature package (SO) . 0 + 8‘5 c
F F | 14,16, 18, 22 and 24-lead SA —40°to +
ceramic (Cerdip) piL
LIK ! 14, 16, 18, 22, 28 and 4-lead
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX
K H 10-lead TO-10G
L H 10-lead high-profile TO-100 PREFIX DEVICE FAMILY
can AM Linear Industry Standard
NANX| N 24-lead plastic DIL f
QR Q 10, 14, 16 and 24-lead CA Lfneav Industry Standard
ceramic flat DAC Linear Industry Standard
TTA | H 8-lead TO-99 JB Mil Rel—Jan Qualified—
U U SIL Plastic pov‘;a' Old Designator
v N 8-lead plastic DIL
XA N 18-lead plastic DIL JM Mil Rel—Jan Qualified—
xc | N 20-lead plastic DIL New Designator
XC N 22-lead plnsqc DIL LF Linear Industry Standard
XLXF| N | 28-lead plastic DIL LM Linear Industry Standard
M Mil Rel—Jan Processed
MC Linear Industry Standard
NE Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
uA Linear industry Standard

ULN Linear Industry Standard

30
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Pro electron type designation code for

integrated circuits

TYPE DESIGNATION

Basic type number

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

A basic type number consists of three letters followed by
a serial number.

FIRST AND SECOND LETTER
Digital family circuits

The first two letters identify the family (see note 1).

Solitary circuits

The first letter divides the solitary circuits into:

S : solitary digital circuits
T : analog circuits
U : mixed analog/digital circuits

The second letter is a serial letter without any further
significance except '"H’ which stands for hybrid circuits
(see note 2).

Microprocessors

The first two letters identify microprocessors and
correlated circuits as follows:

MA : microcomputer
central processing unit

MB: slice processor (see note 3)

MD: correlated memories

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

Charge-transfer devices and switched capacitors.

The first two letters identify the following:

NH : hybrid circuits

NL : logic circuits

NM: memories

NS : analog signal processing, using switched capacitors

NT : analog signal processing, using change-transfer
device

NX : imaging devices

NY : other correlated circuits

March 1991

THIRD LETTER

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

: temperature range not specified below (see note 4)
Oto+ 70°C )

1 -55t0 +125°C

:-25to+ 70°C

:-25to+ 85°C

:-40to+ 85°C

:-55to+ 85°C

OMMOO B>

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

Example : the range 0 to +75 °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:

Version letter(s)

A single version letter may be added to the basic type
number. This indicates a minor variant of the basic type or
the package. Except for 'Z’, which means customized
wiring, the letter has no fixed meaning. The following
letters are recommended for package variants:

: for cylindrical

: for ceramic DIL

: for flat pack (2 leads)

: for flat pack (4 leads)

: for quadrature flat pack (OFP)

: for chip on tape (foil)

: for plastic DIL

: forQIL

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

C-HOoUrIToOmMOO
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Pro electron type designation code for

integrated circuits

TYPE DESIGNATION

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

:-cylindrical

. dual-in-line (DIL)

. power DIL (with external heatsink)

: flat (leads on 2 sides)

: flat (leads on 4 sides)

: quadrature flat pack (QFP)

: diamond (TO-3 family)

: multiple-in-line (except dual-, triple-, quadruple-
in-line)

: quadruple-in-line (QIL)

: power QIL (with external heatsink)

: single-in-line

: triple-in-line

: lead chip-carrier (LCC)

: leadless chip-carrier (LLCC)

: pin grid array (PGA)

<XEH0OIO TXIOTMOUO

SECOND LETTER: Material

: metal-ceramic

: glass-ceramic (cerdip)
. metal

: plastic

900

To avoid confusion when the serial number ends with a
letter, a Myphen is used preceding the suffix.

Examples (see note 5)

PCF1105WP : Digital IC, PC family, operational
temperature range -40 to +85 °C,
serial number 1105, plastic leaded
chip-carrier.

GMB74LS00A-DC: Digital IC, GM family, operational
temperature range 0 to +70 °C,
company number 74LSS00A, ceramic
DIL package.

TDA1000P : Analog circuit, no standard
temperature range, serial number
1000, plastic DIL package.

SAC2000 : Solitary digital circuit, operational
temperature range -55 to +125 °C.
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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).

. The first letter ’'S’ should be used for all solitary

memories, to which, in the event of hybrids, the
second letter 'H’ should be added (e.g. SH for Bubble-
memories).

. By ’slice processor’ is meant: a functional slice of

microprocessor.

. In the case of two same types with two different

temperature ranges not specified below, one type
should use the letter 'A’ as the third letter and the
other, the letter 'X'.

. Some companies have been using version letters and/

or two letter-suffix, which differ from the Pro Electron
definitions. In case of confusion Pro Electron may be
contacted.



For type numbers with prefixes FCB, FCF, OM, PCA, PCB, PCD, RATING
PCF, TDA, TDD, TEA, UAA and UMA 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 characteristics have the published nominal values
for the type. A bogey electronic device for any particular application can be obtained by considering
only those characteristics which are directly related to the application.

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

Note
Limiting conditions may be either maxima or minima.

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

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

ABSOLUTE MAXIMUM RATING SYSTEM

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

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

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

March 1991



HANDLING
MOS DEVICES

HANDLING MOS DEVICES

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

Caution

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

Storage and transport

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

Testing or handling

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

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

ling equipment to the same surface.

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

Mounting

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

into contact with it.

Soldering

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

Static charges

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

Transient voltages

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

Voltage surges
Beware of voltage surges due to switching electrical equipment on or off, relays and D.C. lines.
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DESCRIPTION

CA3089 is a monolithic integrated circuit
that provides all the functions of a com-
prehensive FM IF 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 regulators 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

CA308¢9
FM IF System

Product Specification

The CA3089 utilizes a 16-lead dual-in-

line plastic package and can operate

over the ambient temperature range of

~40°C to +85°C.

FEATURES

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

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

® Single-coil tuning capability

e High recovered audio: 400mV
typ.

® Provides specific signal for
control of interchannel muting
(squelch)

o Provides specific signal for direct
drive of a tuning meter

® Provides delayed AGC voltage
for RF amplifier

® Provides a specific circuit for
flexible AFC

e Internal supply/voitage regulators

PIN CONFIGURATION
N Package

iF inpuT [T

IF INPUT
BYPASSING
IF INPUT
BYPASSING

FRame 2]

MUTE CONTROL | §

[76] nc

[15] oevaveD ace
3 112) suesTRATE
[13] TUNE METER
[72] muTe LOGIC

auoio our [6]] v

AFC OUTPUT (_T_ ',_—0] REF. BIAS
W our 3] :::’:JDY“AYURE
TOP VIEW
CD10910S
APPLICATIONS

o High-fidelity FM receivers
o Automotive FM receivers
e Communications FM receivers

QUADRATURE BN C  100pF
V- INPUT | H~
27.4H | J& |
0 SR
TO INTERNAL REFERENCE
REGULATIONS VAA 8ias
n ouTis 9 10
_____________ AFC 7 AFC
i ampLiFiER B —— T T AMPL. O outeur
i
FINPUT 1| o ] T 2ND IF 3RO IF -] QUADRATURE
i ampL. 1 ampL. 1 amec | DETECTOR |
I =t
ol L L e He o,
UTPU
0.02.F 0.02..F I ] I DETECTOR l
I 2| | [ | T
DELAVED = 1| veved LEVEL evee 1| )| Lever | 'AUDIO
. t:ron 15| jJoeTecTon] foetector| foetectom| | | ] oeTecTon MUTE
A o 4 | (SQUELCH)
L= ____f_—__l___]  _ — CONTROL s
10K o — AMPLITUDE MUTING
A
CA30 TUNING MUTE (SQUELCH) SENSITIVITY
METER DRIVE CIRCUIT 12 470 270K
FRAME SUBSTRATE CiRcuT S00K
T T 1
4 14 13 0338
1500
J meter (YW l O TO STERED
] 33K TUNING METER OUTPUT THRESHOLD
= = = LOGIC CIRCUITS L
BD07490S
NOTES:
1. All resistor values are typical and in ohms. Qp =~ 75 (G... EX27825 or equivalent)
2. L tunes with 100pF (C) at 10.7MHz
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Product Specification

FM IF System CA3089

EQUIVALENT SCHEMATIC

Yy
out

« AmpLIiER

LEVEL DETECTOR § METER CICUIT

«O———t

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

November 14, 1986

~ DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP -40°C to +85°C CA3089N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vece DC supply voltage:
between terminals 11 and 4 18 \"
between terminais 11 and 14 18 \
DC current (out of Terminal 15) 2 mA
Pp Device dissipation:
up to Ta =60°C 600 mW
above Tp = 60°C derate linearly
6.7 mW/°C
Ta Operating ambient temperature range -40 to +85 °C
Tsta Storage temperature range -65 to +150 °C
Lead soldering temperature o
Tsowo (10sec max) +300 ¢
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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 I Max
Static (DC) Characteristics
l41 I Quiescent circuit current I No signal input, non-muted 1 16 [ 23 ! 30 [ mA
DC Voltages*
V4 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 \"
V3 Terminal 3 (DC bias to input) No signal input, non-muted 1.2 1.9 2.4 v
Vg Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 \
V7 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
ViLim) Input limiting voltage (-3dB point)3 10 25 uv
- Vin= 0.1V, fo =10.7MHz
f 4 IN » To 3
AMR AM rejection (Terminal 6) fo = 400Hz, AM Mod = 30% 45 55 dB
Vo Recovered audio voltage (Terminal 6)° 400 500 600 mv
Total harmonic distortion:
THD Single tuned (Terminal 6)° 0.5 1.0 %
THD Double tuned (Terminal 6)* fmop = 400Hz, VN =0.1 0.1 %
S+ N/N | Signal plus noise-to-noise ratio (Terminal 6)° | Deviation =  75kHz, ViN = 0.1V 60 70 dB
MUy Mute input (Terminal 5) Vg = 2.5V 50 70 dB
MUout | Mute output (Terminal 12) Vin = 50uV 0.5 v
VN =0V 4.0 \"
MTR Meter output (Terminal 13) Vin=0.1V 2.5 3.5 Vv
VN = 500uV 1.0 1.5 \"
Vin =0V 0.7 \
AGC Delay AGC (Terminal 15) Vin =0.01V 0.5 Vv
ViN = 10uV ) 4.0 5.0 Vv
THD Double tuned (Terminal 6)* fmMop = 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.

3. Test circuit Figure 2.

. Test circuit Figures 1 and 2.

N

I
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FM IF System CA3089

TEST CIRCUITS

27H | | s
i AAA

001.F AFC OUTPUT

SIGNAL 1
INPUT 3 9
VOLTAGE

AUDIO
R 7 ¢ 27K OUTPUT
l 15¢ ” SIGNAL o ij \
0.01 -

t 5 0.001..F INPUT }
F VOLTAGE
13 P
£ > 51
002.F 22 R TS S S
0.001 2 .
i)

AFC OUTPUT

AuDIO
A 01uF| aF ouTPUT

= p. 0.33.F R
33K g 270k
P L
0.02.F =X 2
TUNING Sosm 4
veren O 1s0a " S = = =
FULL
SCALE —— —
= = = = 0.33..F
270
TC13160S ,1\
NOTES: 0w
1. L tunes with 100pF (C) at 10.7MHz. )
2. All resistor values are typical and in ohms.
3. Qo ~75 (Gl ic mfg. div. EX27825 or equivalent). = — SCALE — =
Figure 1. Test Circuit Using a Single-Tuned Detector Colil ToraTos

NOTES:
All resistor values are typical and in ohms.

T: Pri— Qg (unloaded) ~ 75 (tunes with 100pF (C1) 20 t of 34e on 7/32 dia.
form) Sec. -Q (unloaded) ~ 75 (tunes with 100pF (C2) 20 t 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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FM IF System

CA3089

TEST CIRCUITS

vt=tv
100
—W—1

.nwFi I.oﬁuF
220pF 250pF L1} )

O——1 ™ | ceramic [V
3005 TUNER FILT| (Nove 3)

INPUT IF our wren Rs
(NOTE 1) f (NOTE 2) 3

o— ’

NOTES:
All resistor values are typical and in ohms.
. Waller 4SN3FIC or equivalent.

[V SEG 40 FA or aoitialont
. Murate SFG 10.7mA o equivaisnt.

ARSI

Range of Rg is 330 to 5082, Ry + Rg <33082.

+ 74kHz.

—3dB limiting sensitivity
20dB quieting sensitivity
30dB quieting sensitivity

K

. Rg will affect stability depending on circuit layout. To increase stability Rg is decreased.
4. L tunes with 100pF (C) at 10.7MHz Qg unloaded ~ 75 (G... EX27825 or equivalent).
Performance data at fo = 98MHz, fyop = 400Hz, deviation = + 74kHz.

2uV (antenna level)

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

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

AUDIO
27K OUTPUT

TC131508

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 10,00082. It is not recommendeq

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
function of input signal voltage.) function of change in frequency.)
u BC VOLTAGE SUPPLY V + = 12v | 125 I'5C POWER SUPPLY (V) = 12V | /
3 AMBIENT TEMPERATURE (TA) = +25°C AMBIENT TEMPERATURE (Ta) = 25°C
X o |VEST CIRCUIT _ SEE FIGURE3 6 100 I'SEE TEST CIRCUIT FIGURE 3
2 RECOVERED AUDIO < 7510 5K 7 /
ol FROM FULL OUTPUT / P o——w—@—o "4
T : -10 (LEFT CO-ORDINATE) 5 ~ 50 b Iy //
3 ! 2
(] -
8% % TUNER AGC DC / 2 § 2
53 VOLTAGE AT 3 x
o= TERMINAL NO. 15 4 o
w'z 30 (RIGHT CO-ORDINATE) 3 Q °
@ o
W Z -25
E3] ‘ e /
9E . [ & -so
QL -40 v 2 g 4
O VOLTAGE g /
o AT TERMINAL o 75 "4
Q -s0 NO. 13 METER CIRCUIT — 1 /
= (33K() TO GND) -100
2 (RIGHT CO-ORDINATE)
3 -60 -125
1 10 100 1x 10K 100K -100 -50 o so 100
INPUT SIGNAL - uV CHANGE IN FREQUENCY (Af)— kHz
OP093708
(OP08380S

November 14, 1986



Philips Components

Data sheet
status Product specification
date of issue | June 1990

FEATURES

¢ Operating supply voltage
5V+10%

¢ Inputs and outputs ESD protected

* Automatic power-down after a
completed read access

* Access time: 55 nsand 70 ns

® Low current consumption:

active 70 mA max.
standby (TTL) 3 mA max.
standby (CMOS) 100 pA max.

(L-version)
standby (CMOS) 1 HA max.

(LL-version)
* Suitable for battery back-up
operation: (FCB61C65L/LL only)
data retention voltage 2V min.
data retention current 50 uA max.
(L-version)
1 A max.
(LL-version)
* Latched data outputs giving stable
data between consecutive
accesses
® Easy memory expansion
e Common data I/O interface
e Allinputs and outputs TTL and
CMOS compatible
¢ Allinputs have a Schmitt trigger
switching action
* Three-state outputs
® Operating temperature 0 °C to
+70°C

data retention current

FCB61C65(L/LL)

8 K x 8 Fast CMOS low-power static

RAM

FOR DETAILED INFORMATION SEE RELEVANT
DATA BOOK OR DATA SHEET

GENERAL DESCRIPTION

The FCB61C65(L/LL) is a 65536-bit
fast, low-power, static random
access memory organized as 8192
words of 8 bits each.

The chip enable inputs CE1 and CE2
are available for memory expansion
and to control the low-power/
standby mode.

The device operates froma 5V
power supply and has an access time
of 55nsand 70 ns.

The FCB61C65(L/LL) is ideally suited
for memory applications where fast
access time, low power and ease of
use are required.

The FCB61C65(L/LL) isa CMOS
device which uses a 6 transistor
memory cell.

The iC is fabricated in a CMOS
double-metal single-poly process
using ion-implanted silicon gate
technology.

ORDERING AND PACKAGE INFORMATION

45

EXTENDED PACKAGE
TYPENUMBER |PINS| PIN POSITION |MATERIAL CODE
FCB61C65
(L/LL)-XXP 28 | DIL (600 mil) plastic SOT117
FCB61C65
(L/LL)-XXT 28 |S028XL (330mil)| plastic SOT213
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)

28 |—VoD
14 |—-Vss
O —" =
1 }—n.C.
ar—2 I :
8
A2
4 8Kx8
7 CMOS STATIC RAM
A3 PRESELECT ROW SELECT MEMORY CELL ARRAY
128 ROWS
1 512 COLUMNS
a8 _lrt'\—;
As—2 I %
ro—* {?: ||
3-STATE BUS
" TRANSCEIVERS INPUT/OUTPUT CIRCUITS
1/0 1
1o 2—42
o 3—3
o a—8
1o 5—18 °x g
7 COLUMN SELECT
110 6
o 7—8
o s—2
ce2—28
— |20
CE1
—_ fer
WE
I PP
OF —
FCB61C65(L/LL)
25 24 21 23 2
A7 8 A9 A0 A1 A12
7281720.7

Fig.1 Block diagram.
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)
TRUTH TABLE
CE1 | CE2 OE WE MODE Ipp 1/0 PIN REF.CYCLE
H X X X not selected IsB* HIGH Z
X L -X X not selected IsB* HIGH Z
L H L H read Ioo/lpp1* DOUT read
L H H L write [5)s) DIN write
L H L L write Ipb DIN write
L H H H ready-read ipo/lppt”* HIGH Z
* Including L/LL versions if input levels are CMOS.
PINNING
SYMBOL PIN DESCRIPTION
n.c. 1 not connected U
nc. |1 28|V
A12 2 address input =[] j _D_D
A7 to AO 31010 address inputs a2 2] 7] we
/01to /O3 111013 data inputs/outputs A7 [Z E] CE2
Vss 14 ground A6 [4] [25] A8
/04t01/08 15t0 19 data inputs/outputs
A5|5 24| AS
CE1 20 chip enable 1 =] 2]
A10 21 address input o 3 B A
OE 22 output enable m7] 2 [zeE
A11, A9, A8 231025 address inputs w2 [] § 7] at0
E2 26 ch!p enable 2 a1 E § 551 &5t
WE 27 write enable
Vbb 28 +5 V supply B A0 10 [15] 0 8
o 1[1 18] /0 7
o 2[12 E] /o 6
o 3[13 _E] 1JOo 5
vss [14] 15] o 4
7281713.3
Fig.2 Pinning diagram.
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)

DC CHARACTERISTICS

Vop =5V +10%; Tamp = 0 to 70 °C. Typical readings taken at Vpp = 5 V; Tamb = 25 °C. All voltages are referenced to
Vss (0 V) unless otherwise specified. DC characteristics are valid after thermal equilibrium has been established.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
1 input leakage current V|=Vssto Vpp -1 - 1 HA
ILo output leakage current CE10orOE = Vi or CE2 =V ;

Vijo = Vss to Vpp -1 - 1 HA
Ibp average operating current cycle time 55 ns; 100% duty

factor; note 1

lyo=0mA - 40 70 mA
Ipp average operating current cycle time 70 ns; 100% duty

factor; note 1

lyo=0mA - 35 60 mA
IbD1 DC operating current WE=Vi4; ljo=0mA; f=0Hz - 3 6 mA

WE = CMOSH; V| = CMOS;

note 2
IpbL FCB61C65L only - 2 100 HA
IDDLL FCB61C65LL only - 0.05 1.0 | pA
IsB standby current CE1=ViyorCE2=V)_ - 1.5 3.0 | mA

CE1=CMOSH and CE2 =

CMOS or CE2 = CMOSL
IsBL FCB61C65L only - 2 100 HA
IsBLL FCB61C65LL only - 0.05 1.0 | pA
VoL output voltage LOW loL=4mA - - 04 |V
VoL output voltage LOW loL=20pA - - 02 |V
Vor output voltage HIGH oH=-1mA 2.4 - - v
VoH output voltage HIGH loH =-20 pA Vpp—0.2 - - \

Notes to the DC characteristics

1. Ipp <50 mA at a cycle time of 100 ns and < 45 mA at a cycle time of 120 ns.

2. CMOS = CMOSH: Vpp-0.2V <level<Vpp+0.2Vor

CMOSL: -0.2V <level <+0.2 V.

CAPACITANCES

f=1 MHz; Tamp = 25 °C (parameters in this table are sampled and not 100% tested).

SYMBOL PARAMETER CONDITIONS MAX. UNIT
input capacitance

Ci CE1, CE2, WE, OE Vi=0V 8 pF

C all other inputs V=0V 7 pF

Cio input/output capacitance Viio=0V 8 pF
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)

TIMING CHARACTERISTICS

Vpp =5V +10%; Tamb = 0 to 70 °C; inputs pulse levels = 0.4 t0 2.4 V; input rise and fall times = 5 ns; input and output
timing reference levels = 1.5 V and output loading as in Figure 3; unless otherwise specified.

55 TYPE 70 TYPE
N |
SYMBOL PARAMETER CONDITIONS MIN. [ MAX. MIN. l MAX. UNIT

Read cycle
trc read cycle time 55 - 70 - ns
taa address access time - 55 - 70 ns
tacE chip enable access time - 55 - 70 ns
toe output enable access time - 30 - 35 ns
toLz chip enable to output LOW Z note 6 5 - 5 - ns
torz output enable to output LOWZ | note 6 5 - 5 - ns
tcHz chip disable to output HIGH Z note 6 - 30 - 30 ns
toHz output disable to output HIGH Z | note 6 - 30 - 30 ns
ton output hold time 10 - 10 - ns

Write cycle
twe write cycle time 55 - 70 - ns
tow chip enable to end of write note 11 50 - 65 - ns
taw address valid to end of write 50 - 65 - ns
tas address set up time 0 - 0 - ns
twp write pulse width note 9 30 - 35 - ns
twr write recovery time note 10 0 - 0 - ns
twHz write enable to output HIGH Z note 16 - 20 - 25 ns
tow data to write time overlap 25 - 30 - ns
toH data hold from write time 5 - 5 - ns
tow end of write to output LOW Z note 16 5 - 5 - ns

Output load

5V
1300 Q
data output ———
cp=30pr" == 560 Q
7Z81711.1 2
(1) CL = 5 pF for tcLz, toHz, twHz, toLz, torHz and tow.
Fig.3 Output load.

June 1990 49



Philips Components

Product specification

8 K x 8 Fast CMOS low-power static RAM

FCB61C65(L/LL)

READ CYCLE 1 (see notes 1, 2, 4, 5 and 8)

address input )(

tAn

— ton

1 toH ’*’!

vo AKX XXX XXX

data valid X

READ CYCLE 2 (see notes 1, 3,4, 5,6, 7 and 8)

CE1 7[
CE2 !(
¢ |
“* oLz ‘—j, e tcHz 9‘
1/0 HIGH Z L X X X X X X X data valid HIGH 2

READ CYCLE 3 (see notes 1, 4, 6, 7 and 8)

address input J(

X

{

I toHz

T

EALHLALRARRRRRARRRANY

tACE
e—toLz —>

tcHz

HIGH Z

110 ment X X X X X X X ( data valid 7228216

Fig.4 Read cycle timing.

June 1990
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8 K x 8 Fast CMOS low-power static RAM

FCB61C65(L/LL)

WRITE CYCLE 1 - WRITE ENABLE CONTROLLED (see notes 9 and 10)

‘WC [
address input )
tow twr
CE2 f Z Z N! M_
tAw
[ twHz —>
we —_——3& 7F
o ILLL AN
— tonz — —| tow
<—"'as twp note 13 note 14
TAILVVEVVRRAN NN /SNNSNNNN}
dataoutput 7777717777 X P
— tDH
'DW R
HIGH Z note 15 HIGH Z
data input data stable
WRITE CYCLE 2 - CHIP ENABLE CONTROLLED (see notes 9, 10 and 12)
twe
address input )(
f tow wr
CE1 7[
le— tag —>
CE2 )(
HIGH Z
data output
—»| tpy
tow —>
data input X X X Xx X data stable X X X X X X
7228215
Fig.5 Write cycle timing.
June 1990
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)

Notes to the timing characteristics

Read cycle (see Fig.4)

1.

2.

WE is HIGH for read cycle.

Device is continuously selected, CE1 is LOW and CE2 is HIGH.

. Address is valid prior to or coincident with CE1 LOW or CE2 HIGH transition.
. When CE1 is LOW and CE2 HIGH, the address inputs may not be floating.
. OE is LOW.

. Cp =5 pF fortcLz, tcHz, toLz, output transition measured at + 200 mV from preceding steady state. These

parameters are sampled and not 100% tested.

. tcLz and tace are measured from the last CE1 going LOW or CE2 going HIGH. tcHz is measured from the first of

CE1 going HIGH or CE2 going LOW.

. 1f D OUT in two consecutive read cycles is the same, D OUT remains stable.

Write cycle (see Fig.5)

9.

10.

11.

12.

13.

14.

15.

16.

A write occurs during an overlap of LOW CE1, a HIGH CE2 and a LOW WE.
twr is measured from the earlier of CE2 going to LOW or CET or WE going HIGH at the end of a write cycle.

If the CE1/CE2 transition occurs simultaneously to or after the WE LOW transition the outputs remain in a high
impedance state.

OE is continuously LOW.
D OUT is in the same phase as the write data of this write cycle.

D OUT is the read data of the next address.

If CE1 is LOW (CE2 is HIGH) and I/O pins are in the output state during this period then input data signals of
opposite phase to the outputs must not be applied.

CL =5 pF for twHz and tow, measured at £ 200 mV from steady state. These parameters are sampled and not 100%
tested.
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8 K x 8 Fast CMOS low-power static RAM FCB61C65(L/LL)

DATA RETENTION CHARACTERISTICS FOR LOW POWER/STANDBY MODE

(FCB61CB5L/LL only)
Tamb = 0 to +70 °C; Ipr/LL Mmeasurements are valid after thermal equilibrium has been established.
SYMBOL | PARAMETER | CONDITIONS MIN. [ TYP. | MAX. | UNIT
Supply
VbR supply voltage for data CE1 = CMOSH or CE2 = CMOSL
retention with other V| = CMOS; note 1 2.0 - 55 |V
supply current during data | Vpr=3V,
retention CE2 = CMOSL,; other V; = CMOS or
CE1 = CMOSH,; other V| = CMOS
IbRL FCB61C65L only - 2 50 HA
IDRLL FCB61C65LL only - 0.05 1 pA
Timing .
tcor chip disable to data
retention time 0 - - ns
tR recovery time to fully note 2
active trc - - ns

Notes to the data retention characteristics

1. CMOS = CMOSH: Vpg-0.2V<level<Vpr+0.2Vor
CMOSL: -0.2V<level<+0.2 V.

2. trc =read cycle time.

LOW POWER/STANDBY
DATA RETENTION MODE

Vbp \ /

VpR — 0.2V <CE1<VpR +0.2V

7224380.2

Fig.6 Data retention waveform (CE1 controlled).

LOW POWER/STANDBY
DATA RETENTION MODE
Vop
45V Vor = 20V 45V
<— 'CDR —>| ~— R —>
CE2 0.4V
-02V < CE2 <02V

T T
7281718.2

Fig.7 Data retention waveform (CE2 controlled).
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FEATURES

Operating supply voltage
5V+10%

Inputs and outputs ESD protected
Automatic power-down after a
completed read access

* Accesstime: 85 ns

Low current consumption:

active 60 mA max.

standby (TTL) 3 mA max.

standby (CMOS) 200 pA max.
(L-version)

standby (CMOS). 4 uA max.

(LL-version)
Suitable for battery back-up
operation: (FCF61C65L/LL only)
data retention voltage 2V min.
data retention current 100 uA max.
(L-version)
4 pA max.
(LL-version)
Latched data outputs giving stable
data between consecutive
accesses
Easy memory expansion
Common data I/O interface
All input and outputs TTL and
CMOS compatible
All inputs have a Schmitt trigger
switching action
Three-state outputs
Operating temperature —40 °C to
+85°C

data retention current

FCF61C65(L/LL)

8 K x 8 Fast CMOS low-power static
RAM for extended temperature range
FOR DETAILED INFORMATION SEE RELEVANT

DATA BOOK OR DATA SHEET

GENERAL DESCRIPTION

The FCF61C65(L/LL) is a 65536-bit,
fast, low-power, static random
access memory organized as 8192
words of 8 bits each.

The chip enable inputs CE1 and CE2
are available for memory expansion
and to control the lower-power/
standby mode.

The device operates froma 5V
power supply and has an access time
of 85 ns.

The FCF61C65(L/LL) is ideally suited
for memory applications for the
extended temperature range of —-40
to +85°C where fast access time, low
power and ease of use are required.

The FCF61C65(L/LL) is a full CMOS
device using a 6 transistor memory
cell.

The IC is fabricated in a CMOS
double-metal single-poly process
using ion-implanted silicon gate
technology.

ORDERING AND PACKAGE INFORMATION

EXTENDED PACKAGE
TYPENUMBER | PINS | PIN POSITION | MATERIAL | CODE
FCF61C65
(L/LL)-85T 28  |s028XL(330mil) plastic SOT213

55:
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extended temperature range

28 —Vob
|V
a0 —2 14 -Vss
— T 1p=nc.
Al 9 ? g
A2 8
,_E 8Kx8
7 CMOS STATIC RAM
A3 PRESELECT ROW SELECT MEMORY CELL ARRAY
| 128 ROWS
512 COLUMNS
pype L F
A5 5 ? g
A6 4 = g
3-STATE BUS
1 TRANSCEIVERS INPUT/OUTPUT CIRCUITS
/0 1
o 2—412
o 3—42
1o 4—18 6
o 5—H8 3 )
- —~ I—. COLUMN SELECT
110 6 L II [:\lr
/o 7 18
o s—H2 4
CE2 — 26
—_— 20
CE1
— 27
WE
— 22
OF —
FCF61C65(L/LL)
3 25 24 21 23 2
A7 A8 A9 A10 A1l A12
7226566
Fig.1 Block diagram.
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8 K x 8 Fast CMOS low-power static RAM for FCF61C65(L/LL)

extended temperature range
TRUTH TABLE
CE1 CE2 OE WE MODE lop 1/0 PIN REF. CYCLE
H X X X not selected lsg” HIGH Z
X L X X not selected IsB* HIGH Z
L H L H read Ipp/Ipp1* D OUT read
L H H L write Ibp DIN write
L H L L write Iob DIN write
L H H H ready-read loo/lpp1* HIGH Z
* Including L/LL versions if input levels are CMOS.
PINNING
SYMBOL PIN DESCRIPTION
n.c. 1 not connected 9
A12 2 address input n cv(I 28| Voo
A7 to AO 3to10 address inputs A12 [Z 27| WE
1/01t0l/O3 11 to 13 data inputs/outputs a3 E cez
Vss 14 ground
I/04t01/O8 151019 | datainputs/outputs AeLe 25] 20
CE1 20 chip enable 1 A5 |5 [24] a9
A10 21 address input a6 23] A1t
OE 22 output enable x [7] g =1 o
A11, A9, A8 23 to 25 address inputs 7
CE2 26 chip enable 2 hels 2 21 a1e
WE 27 write enable mle] ¢ [x]cE
Vpp 28 +5V supply a0 [0 B
o 1[n E o 7
o 2 [12 [17]10 6
110 3{13 E 110 5
Vgs |14 E 1/ 4
7226567
Fig.2 Pinning diagram.
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8 K x 8 Fast CMOS low-power static RAM for

extended temperature range FCF61C65(L/LL)

DC CHARACTERISTICS

Vpop =5V 10%; Tamb = —40 to +85 °C. Typical readings taken at Vpp = 5 V; Tamb = 25 °C. All voltages are referenced to
vss (0 V) unless otherwise specified. DC characteristics are valid after thermal equilibrium has been established.

SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
L input leakage current Vi=VsstoVpp -2 - 2 LA
Io output leakage current CE10rOE = V| or CE2 =V ; -2 - 2 |pA
Vivo = Vss to Vpp
Ibp average operating current cycle time 85 ns; 100% duty - 35 60 mA
factor; note 1
lyo=0mA
Ibp1 DC operating current WE =Vin; lyo=0mA; f=0Hz - 3 10 mA

WE = CMOSH,; V| = CMOS;
notes2 and 3

IpoL FCF61C65L only - 2 200 uA
IpDLL FCF61C65LL only - 0.05 4 uA
Ise standby current CE1=ViqorCE2=V)_ - 1.5 3.0 |mA
CE1 = CMOSH and CE2 = CMOS
or CE2 = CMOSL; notes 2 and 3
IsBL FCF61C65L only 2 200 uA
IsBLL FCF61C65LL only - 0.05 4 UA
VoL output voltage LOW loL=4mA - - 04 |V
VoL output voltage LOW loL=20pA - - 02 |V
VoH output voltage HIGH loH=-1mA 2.4 - - \
VoH output voltage HIGH loH=—-20 pA Vpp-0.2 - - \'
Notes to the DC characteristics
1. Ipp £55 mA at a cycle time of 100 ns and <50 mA at a cycle time of 120 ns.
2. CMOS =CMOSH: Vpp-0.2V<level<Vpp+0.2Vor
CMOSL: 0.2V <level < +0.2 V.
3. At Tamb =70 °C: Isgl/lppL < 100 pA max. and
IseLL/lpoLL < 1 pA max.
CAPACITANCES
f=1 MHz; Tomp = 25 °C (parameters in this table are sampled and not 100% tested).
SYMBOL PARAMETER CONDITIONS MAX. UNIT
input capacitance
C CE1, CE2, WE, OE Vi=0V 8 pF
Cy all other inputs vi=0V 7 pF
Ciro input/output capacitance Viio=0V 8 pF
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8 K x 8 Fast CMOS low-power static RAM for

FCF61
extended temperature range C65(L/LL)

TIMING CHARACTERISTICS

Vpp =5V £10%; Tamb =—40 to +85 °C; inputs levels = 0.4 to 2.4 V, input rise and fall times = 5 ns; input and output
timing reference levels = 1.5 V and output loading as in Figure 3; unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS [ MIN. | MAX. | UNIT
Read cycle
trc read cycle time 85 - ns
taA address access time - 85 ns
tace chip enable access time - 85 ns
toe output enable access time - 40 ns
tcz chip enable to output LOW Z note 6 5 - ns
toLz output enable to output LOW Z note 6 5 - ns
tcHz chip disable to output HIGH Z note 6 - 35 ns
toHz output disable to output HIGH Z note 6 - 35 ns
toH output hold time 10 - ns
Write cycle
twe write cycle time 85 - ns
tocw chip enable to end of write note 11 70 - ns
taw address valid to end of write 70 - ns
tas address set-up time 0 - ns
twe write pulse width note 9 40 - ns
twr write recovery time note 10 5 - ns
twHz write enable to output HIGH Z note 16 - 35 ns
tow data to write time overlap 35 - ns
toH data hold from write time 5 - ns
tow end of write to output LOW Z note 16 5 - ns
Output load

5V

1300 Q

data output

c =30pF" 560 Q

7281711.1

(1) CL =5 pF for tcLz, tcHz, twHz, toLz, toHz and tow.

Fig.3 Output load.
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8 K x 8 Fast CMOS low-power static RAM for FCF61C65(L/LL)
extended temperature range

READ CYCLE 1 (see notes 1, 2, 4, 5 and 8)

e |
address input )(
tAA |
— ton —>| ton —>|

"o Y X Y X X X XX P X

READ CYCLE 2 (see notes 1, 3, 4, 5,6, 7 and 8)

CE1 7

tacE ‘
l“- oLz i tcHz
HIGH Z ) K HIGH Z
110 X X X X X X 8 x data valid L——
READ CYCLE 3 (see notes 1, 4, 6, 7 and 8)

tRe |
address input *

tAA

* 4{
toe I tonz

LT

CE2 ML )(\\\\\\\\\\\ \\\\\\

tACE
e— to Lz —> tcHz
HIGH Z

o HIGH Z X X X X X X X data valid j\ 7228216

Fig.4 Read cycle timing.
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8 K x 8 Fast CMOS low-power static RAM for
extended temperature range

FCF61C65(L/LL)

WRITE CYCLE 1 - WRITE ENABLE CONTROLLED (see notes 9 and 10)

twe |

address input j

e oy ———————pla—— typ —

ce_ \T\\\Y g

o [[Ll[blf AN

— ‘OHZ — — tOW
*—tas we note 13 note 14
TIULTVVTVTV v TTY /77777717_)( HH)_
dataoutput 7717 ST
— tDH
‘DW |
. HIGH Z note 15 HIGH Z
data input data stable

WRITE CYCLE 2 - CHIP ENABLE CONTROLLED (see notes 9, 10 and 12)

twe
address input )(
f tow twr
CE1 7‘
le— ‘tas :
CE2 )L

=T\ [T

HIGH Z
data output G
—»! tpy
tow —>i

data input X X X X X X cetastavie XXX XXX

7Z28215

Fig.5 Write cycle timing.
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8

K x 8 Fast CMOS low-power static RAM for FCF61C65(L/LL)

extended temperature range

Notes to the timing characteristics

Re

oA WN =

ad cycle (see Fig.4)

. WE is HIGH for read cycle.
. Device is continuously selected, CE1 is LOW and CE2 is HIGH.

Address is valid prior to or coincident with CE1 LOW or CE2 HIGH transition.
When CE1 is LOW and CE2 HIGH, the address inputs may not be floating.

. OEis LOW.
. CL=5pF for tcLz, tcHz, toLz, output transition measured at + 200 mV from preceding steady state. These

parameters are sampled and not 100% tested.

. tcLz and tace are measured from the last CE1 going LOW or CE2 going HIGH. tcHz is measured from the first of CE1

going HIGH or CE2 going LOW.

. If D OUT in two consecutive read cycles is the same, D OUT remains stable.

Write cycle (see Fig.5)

9.
10.
11.

12.
13.
14.
18.

16.

A write occurs during an overlap of LOW CE1, a HIGH CE2 and a LOW WE.
twr is measured from the earlier of CE2 going to LOW or CE1 or WE going HIGH at the end of a write cycle.
If the CE1/CEZ2 transition occurs simultaneously to or after the WE LOW transition the outputs remain in a high
impedance state.
OE is continuously LOW.
D OUT is in the same phase as the write data of this write cycle.
D OUT is the read data of the next address.
If CE1 is LOW (CE2 is HIGH) and I/0 pins are in the output state during this period then input data signals of
opposite phase to the outputs must not be applied.
Cy =5 pF for twnz and tow, measured at £ 200 mV from steady state. These parameters are sampled and not 100%
tested.
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8 K x 8 Fast CMOS low-power static RAM for

FCF61C65(L/LL)
extended temperature range
DATA RETENTION CHARACTERISTICS FOR LOW POWER/STANDBY MODE
(FCF61C65L/LL only)
Tamb = —40 to +85 °C; Ipru/LL measurements are valid after thermal equilibrium has been established.
SYMBOL | PARAMETER [ CONDITIONS | MIN. | TYP. [ MAX. [ UNIT
Supply
Vbr supply voltage for data retention | CE1 = CMOSH or CE2 = CMOSL 2.0 - 55 |V
with other V| = CMOS; note 1
supply current during data Vpr=3V;
retention CE2 = CMOSL; other V| = CMOS or
CE1 = CMOSH; other V} = CMOS
IpRL FCF61C65L only note 2 - 2 100 HA
IDRLL FCF61C65LL only note 2 - 0.05 4 HA
Timing
tcor chip disable to data retention 0 - - ns
time
tr recovery time to fully active note 3 trc - - ns

Notes to the data retention characteristics

1. CMOS =CMOSH: Vpr-0.2V<level<Vpr+0.2Vor
CMOSL: -0.2V<level < +0.2 V.

2. At Tamb =70 °C: IprL <50 pA and Ipr L < 1 pA.

3. trc =read cycle time.

LOW POWER/STANDBY
DATA RETENTION MODE

Vbb

VpR — 02V <CE1<Vpg +0.2V

3

7224380.2

Fig.6 Data retention waveform (CE1 controlled).

LOW POWER/STANDBY
DATA RETENTION MODE

Vbp

45V .
VpR =20V a5V

~—tCcDR R —>
CE2
.4V
-02V=<CE2=<02V 04

! T

7281718.2

Fig.7 Data retention waveform (CE2 controlled).
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Linear Products

DESCRIPTION

The MC3361 is a monolithic low-power
FM IF signal processing system consist-
ing of an oscillator, mixer, limiting ampli-
fier, quadrature detector, filter amplifier,
squelch, scan control and mute switch. It
is intended for use in narrow band FM
dual conversion communications equip-
ment. The MC3361 is available in a 16-
lead, dual-in-line plastic package and
16-lead SO (surface-mounted miniature
package).

BLOCK DIAGRAM

MC3361
Low Power FM

Objective Specification

FEATURES

® 2.0V to 8.0V operation

e Low current: 4.2mA typ at
Vcc =4.0Vpe

o Excellent sensitivity: 2.0uV for
~-3dB limiting typ

e Low external parts count

e Operation to 60MHz

APPLICATIONS

e Cordless telephone

e Narrow band receivers
© Remote control

MIXER
INPUT GND

I‘SI 15

MUTE CONTROL

[] =]

SQUELCH

] [+]

FILTER FILTER RECOVERED

B

SQUELCH TRIGGER WITH
HYSTERESIS
\ DEMODULATOR l
/ 10pF |
MIXER IL
LIMITER Ly
AMP
50k‘: S 52
1.8k 33
OSCILLATOR WA
WA
Ll L Lo Lo L] L L] Lol
e MIXER v LIMITER QUAD
CRYSTAL OUTPUT ce INPUT Toecovrine coiL
osc.
BD02490S
JUNE 1987 65

PIN CONFIGURATION

= RF
CRYSTAL[ NPUT
os¢. |z _'_5} GND
MIXER AUDIO
outpur L3 4] MUve
Vee (4 i3] oL
rss O ) S
DECOUPLING €] 1] SLTEn
LIMITER
SUTPUT [10] FILTER INPUT
QUAD DEMOD.
iNpuT L2 3] Soveo:

CD09370S




Low Power FM IF MC3361
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C MC3361N
16[;::;8:‘:raesti;:;ciggSurface-mounted 0 to +70°C MC3361D
ABSOLUTE MAXIMUM RATINGS (Ta=25°C, unless otherwise noted)
SYMBOL PARAMETER PIN RATING UNIT
Vce (Max) Power supply voltage 4 10 Vpc
Vce Generating supply voltage range 4 -~ 20 to 8.0 Vbc
Detector input voltage 8 1.0 Vp.p
Vie Input voltage (Vcg=4.0V) 16 1.0 VaMs
Vig Mute function 14 -0.5 to 5.0 Vpk
Ty Junction temperature 150 °C
Ta Operating ambient temperature range -30 to +75 °C
Tsta Storage temperature range -65 to +150 °C

unless otherwise noted.)

AC AND DC ELECTRICAL CHARACTERISTICS (Voo =4.0Vpg, fo=10.7MHz, Af= *3.0kHz, fyop = 1.0kHz, Ta =25°C

LIMITS
PARAMETER PIN TEST CONDITIONS UNIT
Min Typ Max

Drain current (no signal)

squelch off 4 4.2 7.0 mA

squelch on 5.4 9.0
Input limiting voltage 16 -3.0dB limiting 2.0 6.0 uv
Detector output voltage 9 2.0 Voc
Detector output impedance 450 Q
Recovered audio output voitage 9 VN = 10mVgus 100 150 270 mVams
Filter gain (10kHz) Vin = 1.0mVams 40 46 dB
Filter output voltage 11 1.7 Voc
Trigger hysteresis 50 mV
Mute function low 14 10 Q
Mute function high 14 10 MQ
Scan function low (mute off) 13 Vi2=1.0Vpc 0.5 Voc
Scan function high (mute on) 13 Vi2=GND 3.5 Voc
Mixer conversion gain 3 27 dB
Mixer input resistance 16 3.6 k2
Mixer input capacitance 16 2.2 pF
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Low Power FM IF

MC3361

TEST CIRCUIT

Vee
o
10.245MHz \J 0.01uF
— '1 MIXER INPUT
1 [] "‘E ‘-_5}"“—:_° 10.7MHz
2200 T 88PF 35
1
g &
muRata
CFU4S5D2 3 [14}————o0 auoio mute
{4] AN CONTR
—{<] 13 sc oL
10k
-——-—E [12l——=—0 sa sw input
0.1uF 1.0uF
+— 6 E}—[—d(—o FILTER AMP OUT
<
0.1uF ATk 3 e 1O04F
— 7 1o} WWA—{{—O0 FILTER AMP IN
20k 8.2k
AAM——{5 ] g—vw—l—o AF OUTPUT
(S ) G I 0.014F
" |
4 : | =
= I}
s | auao coi
QUAD COIL
TOKO TYPE
RMC-2A6597HM
Tooser0s
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DESCRIPTION

The NE542 is a dual preamplifier 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

NES42

Dual Low-Noise Preamplifier

Product Specification

FEATURES

e Low noise — 0.7uV total input
noise

e High gain — 104dB open-loop

e Single supply operation

e Wide supply range 9 to 24V

o Power supply rejection 110dB

o Large output voltage swing
(Vcc-2Vep.p)

e Wide bandwidth 15MHz unity
gain

e Power bandwidth 100kHz (15Vp.p)

o Internally-compensated (stable at
10dB)

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

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

8-Pin Plastic DIP

0 to +70°C

NE542N

EQUIVALENT CIRCUIT

PIN CONFIGURATION

N Package

+IN) [T]
-INm 2]
- GND [3]
OUTPUT (1) [4]

A4

[3] +IN(2)
[7] -IN@
(€] vee

[5] ourpuT ()

TOP VIEW

CD11020S

APPLICATIONS

o Tape preamplifier
© Phono preamplifier
e Microphone preamplifier

TR

—AAA,

r—ee——_—————————

TC13411S

November 14, 1986

69




Product Specification

Dual Low-Noise Preamplifier NES42
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vece Supply voltage +24 \"
Pp Power dissipation 500 mW
TA Operating ambient temperature range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
Lead soldering temperature _
TSOLD (10sec max) +300 dc
DC ELECTRICAL CHARACTERISTICS T, =25°C; Vg = 14V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Voo Supply voltage 9 24 \
loc Supply current Vec =9 to 18V, R = 9 15 mA
Rin Input resistance
Positive input 100 k2
Negative input 200 k2
Rout Output resistance Open-loop 150 Q
AC ELECTRICAL CHARACTERISTICS T, =25°C; Voc = 14V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Ay Voltage gain Open-loop 160,000 V/V
N Negative Input current 0.5
Source 8 14 mA
lout Output current Sink (linear operation) 2 3 mA
Vout Output voltage swing Vec -25| Vee -2 \"
Small signal bandwidth 15 MHz
SR Slew rate 5 V/us
Pew Power bandwidth 15Vp.p 100 kHz
VIN Maximum input voltage Linear operation, < 2.5% distortion 300 mVRMms
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 = 6002, 100 - 10,000Hz 0.7 1.2 MVRMS
Rg = 50kS2, 10 - 10,000Hz 1.2 dB
N Rs = 20kS2, 10 - 10,000Hz 1.2 dB
Noise figure R = 10kS2, 10 - 10,000Hz 15 dB
Rs = 5kS2, 10 - 10,000Hz 24 dB
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Product Specification

Dual Low-Noise Preamplifier NES542

TYPICAL PERFORMANCE CHARACTERISTICS

Large-Signal Frequency Response Gain vs Temperature Vee vs lce
>
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Product Specification

Dual Low-Noise Preamplifier NE542

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Noise Voitage vs Frequency Noise Current vs Frequency Pulse Response
16 T T T ] T
NOTE: Rg=0 NOTE: Rg=50k Av=10
8
14
7
12 0.8 > 6
N N 1
k4
z N £ N 5 ¢ v
ESR < 2 06 N a g4
N T 3
! N ! N o 3
zZ g Z 04 8 \
> - [Z]
! \~..~~ 3 2
[ 2 \
6 0.2 i m————— 1 \
0
-1
100 1k 10k 100 1 10k -20-10 0 10 20 30 40 50 60 70 80
FREQUENCY — Hz FREQUENCY — Hz TIME — us
OP10040S ‘OP10050S ‘OP10060S
TYPICAL APPLICATIONS
12v
0.14F
0.1,F
+—o 0.5VRMS 14F 500k
800,V Ao—j—pii—y
AT 14F 500k 22
8 o—{—pri—
1kHz 1,4F 500k
Co—{f—pri—4
14F 500k 2.4k
il No—-{f-pii--
TC13421S TTCKM:IUS
Typical Tape Playback Amplifier Audio Mixer
12v Veo= +18V
wrrlo
i+ (4.,5)
1(1.8)|NE542 prees SR
@n - = 48k
) oF ¢
1.5k3 360k L
/Q’ K 3 =-6800pF
470
i+ 91k
T
S0uF L
TC134408 10134508
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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NE/SE564

Document 853—-0908

ECN No. 93801

Date of Issue July 8, 1988
Status Product Specification

Application Specific Product

DESCRIPTION

The NE/SE564 is a versatile, high
guaranteed frequency phase—locked
loop designed for operation up to
S50MHz. As shown in the Block
Diagram, the NE/SE564 consists of a
VCO, limiter, phase comparator, and
post detection processor.

FEATURES

®Operation with single 5V supply

o TTL—compatible inputs and outputs
®Guaranteed operation to 50MHz
®External loop gain control
®Reduced carrier feedthrough

®No elaborate filtering needed in FSK
applications

®Can be used as a modulator
®Variable loop gain (externally

APPLICATIONS
®High speed modems

®FSK receivers and transmitters
®Frequency Synthesizers
eSignal generators

®Various satcom/TV systems

controlled)
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16—Pin Plastic SO 0to +70°C NE564D
16—Pin Plastic DIP 0to +70°C NES64N
16—Pin Plastic DIP -55to +125°C SE564N
16-Pin Cerdip -551t0 +125°C SE564F

BLOCK DIAGRAM

Phase—locked loop

PIN CONFIGURATION

INPUT TO
PHASE COMP | 3
FROM VCO

LOOP FILTER | 4

w[i]

LOCP GAIN [,
CONTROL | 2]

LOOP FAILTER E
FMRF INPUT E

BIAS FILTER E

GND E
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Y

TTL OUTPUT
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SET
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E] FREQ. SET
CAP
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1—1_1 vcoouT2

0] ve
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T
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-
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Philips Components Application Specific Product

Product Specification

Phase-locked loop

NE/SE564

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
V+ Supply voltage
Pin 1 14 )
Pin 10 6 \
lout (Sink) Max (Pin 9) 10 mA
Pp Power dissipation 600 mW
Operating ambient temperature
Ta NE 0to +70 °c
SE -55to0 +125 °c
Tsta Storage temperature range -65to +150 °c
NOTE:

Operation above 5V will require heatsinking of the case.

DC AND AC ELECTRICAL CHARACTERISTICS Ve =5V; Ta=0to 70°C; fo = 5SMHz, I = 400pA; unless otherwise specified.

LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SES564 NE564 UNITS
MIN | TYP | MAX | MIN | TYP | MAX
Maximum VCO frequency Cy =0 (stray) 45 60 45 60 MHz
Lock range Input > 200mVgus % of fo
Ta=25°C 40 70 40 70
Ta=125°C 20 30
Ta=-65°C 50 80
Ta=0°C 70
Ta=70°C 40
Capture range Input > 200mVgus, Rz = 27Q 20 30 20 30 % of fo
fo = 5SMHz, PPM/°C
Ta =-55°C to +125°C 500 | 1500
= O
VCO frequency drift with Ta 600
temperature e _ EMU 200 ann
fo = 5MHz, 300 800
Ta =-65°C to +125°C 500
Ta =010 +70°C
. Cy=91 pF
Vi
CO free—unning frequency Rg = 100Q “Internal” 4 5 6 | 35 | 5 | 65| MHz
VCO frequency change with
supply voltage Vee = 4.5V to 5.5V 3 8 3 8 % of fo
Modulation frequency: 1kHz
fo = 5SMHz, input deviation:
2%T = 25°C 16 28 16 28 mVReus
1%T = 25°C 8 14 8 14 mVams
Demodulated output voltage 1%T = 0°C 13 mVaus
1%T =-55°C 6 10 mVeus
1%T = 70°C 15 mVgeus
1%T = 125°C 12 16 mVaus
Distortion Deviation: 1% to 8% 1 1 %
SIN Signal-to—noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at fo = 5MHz, input deviation: 1%
operating voltage Vee = 4.5V 7 12 7 12 mVams
Vee =5.5V 8 14 8 14 mVRMs
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Product Specification

Phase-locked loop

NE/SE564

DC AND AC ELECTRICAL CHARACTERISTICS (Continued)

LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SES564 NES564 UNITS
MIN TYP | MAX | MIN TYP | MAX
lec Supply current Vec =5V 1y, 1o 45 60 45 60 mA
ggtgﬂttput leakage current Vour = 5V, Pins 16,9 1 20 1 20 HA
*0" output voltage lour = 2mA, Pins 16,9 03 | 06 03 | 06 v
lout = 6mA, Pins 16,9 0.4 0.8 04 0.8 v

FUNCTIONAL DESCRIPTION
(Figure 1)

The NE564 is a monolithic phase—locked loop
with a post detection processor. The use of
Schottky clamped transistors and optimized
device geometries extends the frequency of
operation to greater than 50MHz.

In addition to the classical PLL applications, the
NES564 can be used as a modulator with a
controllable frequency deviation.

The output of the PLL can be written as shown
in the following equation:
Vo = (fin — fo) (1)
. Kveo
Kvco = conversion gain of the VCO
fin = frequency of the input signal
fo = free—running frequency of the VCO

The process of recovering FSK signals
involves the conversion of the PLL output into
logic compatible signals. For high data rates,
aconsiderable amountof carrier will be present
at the output of the PLL due to the wideband
nature of the loop filter. To avoid the use of
complicated filters, a comparator with
hysteresis or Schmitt trigger is required. With
the conversion gain of the VCO fixed, the
output voltage as given by Equation 1 varies
according to the frequency deviation of fy from
fo. Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt
trigger be capable of being changed, so that it
can be optimized for a particular system. This
is accomplished in the 564 by varying the
voltage at Pin 15 which results in a change of
the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be
considered is the drift in the free—running
frequency of the VCOiitself. If this changes due
to temperature, according to Equation 1 it will
lead to a change in the DC levels of the PLL
output, and consequently to errors in the digital
output signal. This is especially true for
narrowband signals where the deviation in fy
itseif may be less than the change in fo due to
temperature. This effect can be eliminated if
the DC or average value of the signal is
retrieved and used as the reference to the
comparator. In this manner, variations in the
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DC levels of the PLL output do not affect the
FSK output.

VCO Section
Due to its inherent high-frequency

performance, an emitter—coupled oscillator is
used in the VCO. In the circuit, shown in the

equivalentschematic, transistors Q21 and Q23
with current sources Q25 — Q26 form the basic
oscillator.  The approximate free—running
frequency of the oscillator is shown in the
following equation:

1 (2)
fo= 22Rc(Cy +Cs)

Rc = Rig = Rop = 1002 (INTERNAL)
C4 = external frequency setting capacitor
Cg = stray capacitance

Variation of Vp (phase detector output voltage)
changes the frequency of the oscillator. As
indicated by Equation 2, the frequency of the
oscillator has a negative temperature
coefficient due to the monolithic resistor. To
compensate for this, a current Iz with negative
temperature coefficient is introduced to
achieve a low frequency drift with temperature.

Phase Comparator Section

The phase detection processor consists of a
doubled-balanced modulator with a limiter
amplifier to improve AM rejection.
Schottky—clamped vertical PNPs are used to
obtain TTL level inputs. The loop gain can be
varied by changing the current in Q4 and Q5
which effectively changes the gain of the
differential  amplifiers. This can be
accomplished by introducing a current at Pin 2.

Post Detection Processor Section
The postdetection processor consists of a unity
gain  transconductance  amplifier and
comparator. The amplifiercanbe usedasaDC
retriever for demodulation of FSK signals, and
as a post detection filter for linear FM
demodulation. The comparator has adjustable
hysteresis so that phase jitter in the output
signal can be eliminated.

As shown in the equivalent schematic, the DC
retriever is formed by the transconductance
amplifier Q42 — Q43 together with an external
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capacitor which is connected at the amplifier
output(Pin 14). This forms anintegratorwhose
output voltage is shown in the following
equation:

M
Vo = _é;'
gm = transconductance of the amplifier

C, = capacitor at the output (Pin 14)
V\n = signal voltage at amplifier input

Vndt @)

With proper selection of Cp, the integrator time
constant can be varied so that the output
voltage is the DC or average value of the input
signal foruse in FSK, or as apostdetection filter
in linear demodulation.

The comparator with hysteresis is made up of
Q49 — Qg with positive feedback being
providedby Q47 —Qyg. The hysteresisis varied
by changing the currentin Qs with a resulting
variation in the loop gain of the comparator.
This method of hysteresis control, which is a
DC control, provides symmetric variation
around the nominal value.

Designh Formula

The free—running frequency of the VCO is

shown by the following equation:
1 4)

fo= 22Rc(C; + Cg)

Rc = 100Q

C4 = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by
the following equation:

' (5)
fs = 17 sRC, (First Order)

R = Rz = Ry3 = 1.3kQ (Internal)*

By adding capacitors to Pins 4 and 5, a pole is
added to the loop transfer at
1 NOTE:

= *Refer to Figure 1.

RCs

APPLICATIONS

FM Demodulator

The NE564 can be used as an FMdemodulator.
The connections for operation at 5V and 12V
are shownin Figures 2and 3, respectively. The
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Product Specification

Phase—locked loop

NE/SE564

inputsignalis AC coupled with the outputsignal
being extracted at Pin 14. Loop filtering is
provided by the capacitors at Pins 4 and 5 with
additional filtering being provided by the
capacitor at Pin 14. Since the conversion gain
of the VCO s not very high, to obtain sufficient
demodulated output signal the frequency
deviation in the input signal should be 1% or
higher.

Modulation Techniques

The NES564 phase—locked loop can be
modulated at either the loop filter ports (Pins 4
and 5) or the input port (Pin 6) as shown in
Figure 4. The approximate modulation
frequency can be determined from the
frequency conversion gain curve shown in
Figure 5. This curve will be appropriate for
signals injected into Pins 4 and 5 as shown in
Figure 4.

FSK Demodulation

The 564 PLL is particularly attractive for FSK
demodulation since it contains an internal
voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can
operate from a single 5V power supply.
Demodulated DC voltages associated with the
mark and space frequencies are recovered
withasingle external capacitorina DC retriever
without utilizing extensive filtering networks.
An internal comparator, acting as a Schmitt
trigger with an adjustable hysteresis, shapes
the demodulated voltages into compatible TTL
output levels. The high—frequency design of
the 564 enables it to demodulate FSK at high
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data rates in excess of 1.0M baud.

Figure 5 shows a high~frequency FSK decoder
designed for input frequency deviations of
+1.0MHz centered around a free—running
frequency of 10.8MHz. the value of the timing
capacitance required was estimated from
Figure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fg' 10.8MHz.

The lock range graph indicates that the
+1.0MHz frequency deviations will be within the
lock range for input signal levels greater than
approximately 50mV with zero Pin 2 bias
current. (While strictly this figure is appropriate
only for 5S0MHz, it can be used as a guide for
lock range estimates at other fg' frequencies).

The hysteresis was adjusted experimentally via
the 10kQ potentiometer and 2kQ bias
arrangement to give the waveshape shown in
Figure 7 for 20k, 500k, 2M baud rates with
square wave FSK modulation. Note the
magnitude and phase relationships of the
phase comparators’ output voltages with
respect to each other and to the FSK output.
The high—frequency sum components of the
input and VCO frequency also are viable as
noise on the phase comparator’s outputs.

OUTLINE OF SETUP
PROCEDURE
1. Determine operating frequency of the VCO:

IF+ N in feedback loop, then
fo =Nx f|N.
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2. Calculate value of the VCO frequency set
capacitor:
Co="" 22001,
3. Setl, (currentsinking into Pin 2) for = 100pA.
After operation is obtained, this value may
be adjusted for best dynamic behavior.

. Check VCO output frequency with digital
counter at Pin 9 of device (loop open, VCO
to ¢ det.). Adjust Cq trim or frequency adj.
Pins 4 — 5 for exact center frequency, if
needed.

. Close loop and inject input signal to Pin 6.
Monitor Pins 3 and 6 with two—channel

scope. Lock should occurwith A _g equal
to 90° (phase error).

. If pulsed burst or ramp frequency is used for
input signal, special loop filter design may
be required in place of simple single
capacitor filter on Pins 4 and 5. (See PLL
application section)

7. The input signal to Pin 6 and the VCO

feedback signal to Pin 3 must have a duty

cycle of 50% for proper operation of the

phase detector. Due to the nature of a

balanced mixer if signals are not 50% in

duty cycle, DC offsets will occur in the loop
which tend to create an artificial or biased

VCO.

8. For multiplier circuits where phase jitteris a
problem, loop filter capacitors may be
increased to a value of 10 — S0uF on Pins
4, 5. Also, careful supply decoupling may
be necessary. This includes the counter
chain Vg lines.

H
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Product Specification

Phase—locked loop NE/SE564
EQUIVALENT SCHEMATIC
POWER
SIGNAL SOURCE SPUTTER SCOPE
o A le]
Rg = 50Q < so RiN = 50Q |
tR=tF<Sns 50 S 105mv
VeMmz -Veme = 100mV 1
VcM2 = 1COMMON MODE VOLTAGE 10nF
50 T NE5682
Vemi O— WA }> oa
Vemz O—— W\ = 0T
0 | l
10nF 4
:l: == 7.50F
L 7.5pF
= —AAA—]
50 s | I
B B av
50
LE O- AN O SCOPE ov
Rg = 500 POWER RN = 500
SPUITTER
R = tF <2.5ns

Figure 1. Test Circult for AC Parameters
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Philips Components Application Specific Product

NE/SE564

Phase—-locked loop

e
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Figure 1.
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Product Specification

Phase-locked loop

NE/SE564

LOCK RANGE ADJUSTMENT
b
0.014F
T T f = LOOP FILTER
0.01
0.47yF 16 2 11 4 HF
FMINPUT ‘ 6 s =
10 = SMHz
fa = 1kHz _ﬁ . - 15— ANALOG OUT
= OIpF
BIAS FILTER g
° 3 " |__I_ POST DETECTION FILTER
1 0 =
0 9 12"
80pF
< 9 q
10 = 5MHz
FREQUENCY SET CAP
L s
= <) ‘k TC138208
[
sV sV
Figure 2. FM Demodulator at 5V
LOCK RANGE ADJUSTMENT
b
0.01uF
T T T_‘ = LOOP FILTER
0.01pF
16 2 11 4
FMINPUT OATWF . . ! lj__:
fo = 5MHz
= 1kHz _L_‘ . 15— ANALOG OUT
paspeR - OWF | % =
171 POSTDETECTION ALTER
P 1 OIF =
13
109 12
80pF
(- o ¢
O1F_[ 1o = 5MHz
I = FREQUENCY SET CAP
- <> >
— >
- 1002 IK TC138208
()—_Ij
12v sV

Figure 3. FM Demodulator at 12V
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Phase-locked loop

NE/SE564

FINE FREQUENCY
SV, ADJUSTMENT

|
2%
-E‘I T\ LOOP FILTER
MODULATING 1,
1 4

INPUT 0.01uF
1kHz 0.47uF 1% 2
1kHD—] 6 5 L

7 15—=0

3 1¥—0

0 o 12"
80pF
o (r

l T fo = SMHz
5V

FREQUENCY SET CAP

TC130408

MODULATED OUTPUT
Ty

Figure 4. Modulator

BIAS
ADJ 0.22uF 0.22uF
+5V o < ne L
——w— 31
2 J__: :7[ 10k 242k
L HYSTERESIS FSK
= ADJUST 1 ouTrut
2k
110 15 16
FSK 0.1uF 2
o1l
INPUT f 6
1k
0.1uF
18—
- 7 T 10uF/BY
1k 2 NES64 =
are ||
45V 9 12
33pF +
I P 13 P! 0-20pF
300pF
J__E: N =
= s -
300pF
TC138508

Figure 5. 10.8MHz FSK Decoder Using the 564
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Phase-locked loop

NE/SE564

sous

Figure 6. Phase Comparator (Pins 4 and 5) and FSK (Pin 16) Outputs

i wiid 100mV 100mV 2us
- — ]
oy
2v 2v
a. Data Rate = 20k Baud WF178508 b. Data Rate = 500k Baud wE179508
| T
100mV 100mV 500ns
i bl o
! 1Y \ ~ .
1
e g — pr—
N
Top trace = Pin 4
. Center trace = Pin §
. Bottom trace = Pin 16
2v
c. Data Rate = 2.0m Baud wrimmns

Figure 7. NE564 Phase-Locked Frequency Multiplier with VCXO

BIAS ADJUST

A7uF CER. }—‘%

+5V
ATuF

e

INPUT SIGNAL
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DESCRIPTION

The NE/SE565 Phase-Locked Loop
(PLL) is a self-contained, adaptable filter
and demodulator for the frequency
range from 0.001Hz to 500kHz. The
circuit comprises a voltage-controlled
oscillator of exceptional stability and lin-
earity, a phase comparator, an amplifier
and a low pass filter as shown in the
Block Diagram. The center frequency of
the PLL is determined by the free-run-
ning frequency of the VCO; this frequen-
cy can be adjusted externally with a
resistor or a capacitor. The low pass
filter, which determines the capture
characteristics of the loop, is formed by
an internal resistor and an external ca-
pacitor.

BLOCK DIAGRAM

NE/SE565

Phase-Locked Loop

Product Specification

FEATURES

e Highly stable center frequency
(200ppm/°C typ.)

e Wide operating voltage range
(x6V to £12V)

o Highly linear demodulated output
(0.2% typ.)

e Center frequency programming
by means of a resistor or
capacitor, voltage or current

o TTL and DTL compatible square
wave output; loop can be
opened to insert digital
frequency divider

e Highly linear triangle wave output

o Reference output for connection
of comparator in frequency
discriminator

o Bandwidth adjustable from
<t1% to > *+60%

e Frequency adjustable over 10 to
1 range with same capacitor

ov*
: 1.,
LOW-PASS FILTER »T
INPUT O~ PHASE F—VWv £ <O DEMOD. OUTPUT
2 DETEGTOR AMPLIFIER| 36 k
O 3 O REF. OUTPUT
of—1
0_4_1
vco
< —
R .]: Cy
vt Ov-
BD07561S
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PIN CONFIGURATIONS

F, N Packages

v- ] 114] NC
INPUT 2]} [13] NC
INPUT [3] 2] NC
VCO OUTPUT [ 11] NC
PHASE L] -
COMPARATOR [5 | 0] v+
VCO INPUT EXTERNAL ©
REFERENCE [6 9] FoR Ve
T T [8] EXTERNAL R
DEMODULATED " FOR VCO
TOP VIEW
CD11160S
D Package!
INPUT [T] [1a] v—
N [Z] BLY
INPUT [T] (12 v+

VCO OUTPUT [4]

11 EXTERNAL C
11} FOR VCO
PHASE
COMPARATOR [5]
VCO INPUT

E EXTERNAL R
FOR VCO
5] ne

Z] DEMODULATED
ouTPUT

e (6]
REFERENCE 7
OUTPUT

TOP VIEW
coi11708
NOTE:
1. SO and non-standard pin out.

APPLICATIONS

o Frequency shift keying

e Modems

e Telemetry receivers

o Tone decoders

e SCA receivers

o Wide-band FM discriminators
e Data synchronizers

® Tracking filters

o Signal restoration

e Frequency multiplication &
division

853-0809 93798




Product Specification

Phase-Locked Loop

NE/SE565

EQUIVALENT SCHEMATIC

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

SYMBOL PARAMETER RATING UNIT
V+ Maximum operating voitage 26 \"
VIN Input voltage 3 Vp.p
Tst6 Storage temperature range -65 to +150 °C
T Operating ambient temperature
A range
NE565 0 to +70 °C
SE565 -55 to +125 °C
Pp Power dissipation 300 mwW
July 8, 1988 84

FREQUENCY SETTING RESISTOR _____ V¥ .. A
s Ry 1oTI’ .
i as| i,
» XS outeur
o L ] ] - OUTPUT
—-‘4— H — ) 5__[6 REFERENCE
s 4
s o
R | N 5 2SIGNAL 13 sIGNAL
V- c, FREQUENCYSETTING VCO PHASE INPUT INPUT
CAPACITOR  OUTPUT COMPARATOR
LD06491S
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic SO 0 to +70°C NE565D
14-Pin Cerdip 0 to +70°C NE565F
14-Pin Plastic DIP 0 to +70°C NES65N
14-Pin Cerdip -55°C to +125°C SE565F
14-Pin Plastic DIP -55°C to +125°C SE565N




Product Specification

Phase-Locked Loop NE/SE565
DC AND AC ELECTRICAL CHARACTERISTICS T, =25°C, Voo = £6V, unless otherwise specified.
SE565 NE565
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min l Typ ‘ Max | Min ‘ Typ I Max
Supply requirements
Vee Supply voltage +6 +12 | 6 12 \
lec Supply current 8 125 8 125 mA
Input characteristics
Input impedance’ 7 10 5 10 k2
Input level required for fo = 50kHz, +10% 10 10 mVems
tracking frequency deviation
VCO characteristics
fc Center frequency
Maximum value 300 500 500 kHz
distribution? Distribution taken about
fo = 50kHz, Ry = 5.0kS2, o
Cy = 1200pF -10 0 +10 | -30 0 +30 Yo
Drift with temperature fo = 50kHz 500 600 ppm/°C
Drift with supply voltage fo = 50kHz, Vgc =16 to +7V 0.1 1.0 0.2 1.5 %IV
Triangle wave
output voltage level 19 2.4 3 1.9 2.4 3 Vep
linearity 0.2 0.5 %o
Square wave
logical "'1'"" output voltage fo = 50kHz +49 | +5.2 +49 | +5.2 \
logical "'0"" output voltage fo = 50kHz -0.2 | +0.2 -02 | +0.2 Vv
Duty cycle fo = 50kHz 45 50 55 40 50 60 %
tR Rise time 20 100 20 ns
tr Fall time 50 200 50 ns
ISINK Output current (sink) 0.6 1 0.6 1 mA
Isource | Output current (source) 5 10 5 10 mA
Demodulated output characteristics
Vout Output voltage level Measured at Pin 7 4.25 4.5 4.75 4.0 4.5 5.0 )
Maximum voltage swing® 2 2 Vpp
Output voltage swing +10% frequency deviation 250 | 300 200 | 300 mVp.p
THD Total harmonic distortion 0.2 | 0.75 0.4 1.5 %
Output impedance® 3.6 3.6 kY
Vos Offset voltage (V6 -V7) 30 100 50 200 mV
Offset voltage vs temperature o
(drift) 50 100 uv/°Cc
AM rejection 30 40 40 dB
NOTES:

1. Both input terminals (Pins 2 and 3) must receive identical DC bias. This bias may range from OV to -4V.
2. The external resistance for frequency adjustment (Ry) must have a value between 2k and 20kS2.
3. Output voltage swings negative as input frequency increases.
4. Output not buffered.

July 8, 1988
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Product Specification

Phase-Locked Loop

NE/SE565

TYPICAL PERFORMANCE CHARACTERISTICS

Power Supply Current
as a Function of
Supply Voltage
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DESIGN FORMULAS
(See Figure 1)

Free-running frequency of VCO:

fo~ in Hz

4R1Cy
8fp .
Lock range: f =+ ——in Hz
Vee

2,

1
Capture range: fo~*—
2m T

where 7= (3.6 X 10°) X C,

TYPICAL APPLICATIONS

FM Demodulation

The 565 Phase-Locked Loop is a general
purpose circuit designed for highly linear FM
demodulation. During lock, the average DC
level of the phase comparator output signal is
directly proportional to the frequency of the
input signal. As the input frequency shifts, it is
this output signal which causes the VCO to

July 8, 1988

shift its frequency to match that of the input.
Consequently, the linearity of the phase com-
parator output with frequency is determined
by the voltage-to-frequency transfer function
of the VCO.

Because of its unique and highly linear VCO,
the 565 PLL can lock to and track an input
signal over a very wide bandwidth (typically
+60%) with very high linearity (typically, with-
in 0.5%).

A typical connection diagram is shown in
Figure 1. The VCO free-running frequency is
given approximately by

1.2

fo~
°~4Ric;

and should be adjusted to be at the center of
the input signal frequency range. C4 can be
any value, but Ry should be within the range
of 2000 to 20,0002 with an optimum value on
the order of 400052. The source can be direct
coupled if the DC resistances seen from Pins
2 and 3 are equal and there is no DC voltage
difference between the pins. A short between

86

Pins 4 and 5 connects the VCO to the phase
comparator. Pin 6 provides a DC reference
voltage that is close to the DC potential of the
demodulated output (Pin 7). Thus, if a resis-
tance is connected between Pins 6 and 7, the
gain of the output stage can be reduced with
little change in the DC voltage level at the
output. This allows the lock range to be
decreased with little change in the free-
running frequency. In this manner the lock
range can be decreased from +60% of fg to
approximately +20% of fo (at £ 6V).

A small capacitor (typically 0.001uF) should
be connected between Pins 7 and 8 to
eliminate possible oscillation in the control
current source.

A single-pole loop filter is formed by the
capacitor C2, connected between Pin 7 and
the positive supply, and an internal resistance
of approximately 3600S2.
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Phase-Locked Loop

NE/SE565
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Figure 1
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Frequency Shift Keying (FSK)
FSK refers to data transmission by means of
a carrier which is shifted between two preset
frequencies. This frequency shift is usually
accomplished by driving a VCO with the
binary data signal so that the two resulting
frequencies correspond to the 0" to "'1"
states (commonly called space and mark) of
the binary data signal.

A simple scheme using the 565 to receive
FSK signals of 1070Hz and 1270Hz is shown
in Figure 2. As the signal appears at the input,
the loop locks to the input frequency and
tracks it between the two frequencies with a
corresponding DC shift at the output.

The loop filter capacitor C, is chosen smaller
than usual to eliminate overshoot on the
output pulse, and a three-stage RC ladder
filter is used to remove the carrier component
from the output. The band edge of the ladder
filter is chosen to be approximately half way
between the maximum keying rate (in this
case 300 baud or 150Hz) and twice the input
frequency (approximately 2200Hz). The out-
put signal can now be made logic compatible
by connecting a voltage comparator between
the output and Pin 6 of the loop. The free-
running frequency is adjusted with Ry so as to
result in a slightly-positive voltage at the
output with fjy = 1070Hz.

LOW PASS
FILTER

& Hp

PHASE
COMPARATOR AMPLIFIER

1D

The input connection is typical for cases
where a DC voltage is present at the source
and therefore a direct connection is not
desirable. Both input terminals are returned to
ground with identical resistors (in this case,
the values are chosen to effect at 6002 input
impedance).

Frequency Multiplication
There are two methods by which frequency
multiplication can be achieved using the 565:

1. Locking to a harmonic of the input signal.

2. Inclusion of a digital frequency divider or
counter in the loop between the VCO and
phase comparator.

The first method is the simplest, and can be
achieved by setting the free-running frequen-
cy of the VCO to a multiple of the input
frequency. A limitation of this scheme is that
the lock range decreases as successively
higher and weaker harmonics are used for
locking. If the input frequency is to be con-
stant with little tracking required, the loop can
generally be locked to any one of the first 5
harmonics. For higher orders of multiplication,
or for cases where a large lock range is
desired, the second scheme is more desir-
able. An example of this might be a case
where the input signal varies over a wide
frequency range and a large multiple of the
input frequency is required.

A block diagram of the second scheme is
shown in Figure 3. Here the loop is broken
between the VCO and the phase comparator,
and a frequency divider is inserted. The

l vco

LD06720S

Figure 3
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fundamental of the divided VCO frequency is
locked to the input frequency in this case, so
that the VCO is actually running at a multiple
of the input frequency. The amount of multi-
plication is determined by the frequency divid-
er. A typical connection scheme is shown in
Figure 4. To set up the circuit, the frequency
limits of the input signal must be determined.
The free-running frequency of the VCO is
then adjusted by means of Ry and C; (as
discussed under FM demodulation) so that
the output frequency of the divider is midway
between the input frequency limits. The filter
capacitor, Cp, should be large enough to
eliminate variations in the demodulated out-
put voltage (at Pin 7), in order to stabilize the
VCO frequency. The output can now be taken
as the VCO squarewave output, and its fun-
damental will be the desired multiple of the
input frequency (fin) as long as the loop is in
lock.

SCA (Background Music)
Decoder

Some FM stations are authorized by the FCC
to broadcast uninterrupted background music
for commercial use. To do this, a frequency
modulated subcarrier of 67kHz is used. The
frequency is chosen so as not to interfere
with the normal stereo or monaural program;
in addition, the level of the subcarrier is only
10% of the amplitude of the combined signal.

The SCA signal can be filtered out and
demodulated with the NE565 Phase-Locked
Loop without the use of any resonant circuits.
A connection diagram is shown in Figure 5.
This circuit also serves as an example of
operation from a single power supply.

A resistive voltage divider is used to establish
a bias voltage for the input (Pins 2 and 3). The
demodulated (multiplex) FM signal is fed to
the input through a two-stage high-pass filter,
both to effect capacitive coupling and to
attenuate the strong signal of the regular
channel. A total signal amplitude, between
80mV and 300mV, is required at the input. Its
source should have an impedance of less
than 10,000%2.
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Phase-Locked Loop NE/SE565

The Phase-Locked Loop is tuned to 67kHz
with a 5000S2 potentiometer; only approxi- “12v
mate tuning is required, since the loop will ©.2av
seek the signal. Sk $isk o8 047 T .08

The demodulated output (Pin 7) passes
through a three-stage low pass filter to pro- (5“
vide de-emphasis and -attenuate the high- 3
frequency noise which often accompanies S10pF SIOIoF ._1 BACKGROUND
SCA transmission. Note that no capacitor is ! 2 7 M— ’ MUSIC(SCA)
provided directly at Pin 7; thus, the circuit is ) 347k NESES
operating as a first-order loop: The demodu- AA 5
lated output signal is in the order of 50mV and
the frequency response extends to 7kHz.

Tk & L3

DEM
F™

1

TC13890S

Figure 5
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DESCRIPTION

The NE/SE566 Function Generator is a
voltage-controlled oscillator of excep-
tional linearity with buffered square wave
and triangle wave outputs. The frequen-
cy of oscillation is determined by an
external resistor and capacitor and the
voltage applied to the control terminal.
The oscillator can be programmed over
a ten-to-one frequency range by proper
selection of an external resistance and
modulated over a ten-to-one range by
the control voltage, with exceptional lin-
earity.

ORDERING INFORMATION

NE/SE566

Function Generator

Product Specification

FEATURES

e Wide range of operating voltage
(up to 24V; single or dual)

@ High linearity of modulation

e Highly stable center frequency
(200ppm/°C typical)

e Highly linear triangle wave output

e Frequency programming by
means of a resistor or capacitor,
voltage or current

o Frequency adjustable over 10-to-
1 range with same capacitor

APPLICATIONS

o Tone generators

e Frequency shift keying
e FM modulators

e Clock generators

o Signal generators

e Function generators

PIN CONFIGURATIONS

D, N Packages

GROUND (7]

NC (2]

SQUARE WAVE |
OUTPUT

TRIANGLE WAVE (3]

0 <

[GRERC

1
) MODULATION

ouTPUT | INPUT
TOP VIEW
contisos
F Package
Nc [7] [l NC
NC 7] ER
GROUND [3] [2] NC
SQUARE WAVE 7] [T v+
TRIANGLE
wave | ol ¢,
NC(E] [s} R,
~e(7] [5] MODULATION
INPUT
TOP VIEW

CD111918

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE566D
14-Pin Cerdip 0 to +70°C NE5S66F
8-Pin Plastic DIP 0 to +70°C NES66N
14-Pin Cerdip -55°C to +125°C SE566F
8-Pin Plastic DIP -55°C to +125°C SE566N

BLOCK DIAGRAM
v
$ Ry
v [
< CURRENT SCHMITT BUFFER
moouLaTion] ’5‘[souncss l_ TRIGGER LIFIER] 3 _JO'U'L
INPUT t
-
7 N M
FC l
i BD07570S8

November 6, 1986
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Product Specification

Function Generator NE/SE566

EQUIVALENT SCHEMATIC

Ry
(EXTERNAL)
—AA— —

<Om

) 4

| | AA
|
ulrl '1
(1
4 ] 4 < 5KQ
. 1

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
V+ Maximum operating voltage 26 \
ViN Input voltage 3 Vp.p
Tste Storage temperature range -65 to +150 °C
T Operating ambient temperature
A range
NE566 0to +70 °C
SE566 -55 to +125 °C
Po Power dissipation 300 mwW
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Product Specification

Function Generator NE/SE566
DC ELECTRICAL CHARACTERISTICS T, =25°C; Voc = £ 6V, unless otherwise specified.
SE566 NE566
SYMBOL PARAMETER T UNIT
Min ‘ Typ ’ Max Min I Typ | Max
General
Ta Operating ambient temperature range -55 125 0 70 °C
Vee Operating supply voltage +6 +12 +6 +12 Vv
lcc Operating supply current 7 12.5 7 12.5 mA
vco'
fmax Maximum operating frequency 1 1 MHz
Frequency drift with temperature 500 600 ppm/°C
Frequency drift with supply voltage 0.1 1 0.2 2 Yo /V ‘
Control terminal input impedance2 1 1 MQ
FM distortion (+ 10% deviation) 0.2 0.75 0.4 15 %
Maximum sweep rate 1 1 MHz
Sweep range 10:1 10:1
Output
Triangle wave output
impedance 50 50 Q
voltage 1.9 2.4 1.9 2.4 Vp.p
linearity 0.2 0.5 %
Square wave input
impedance 50 50 Q
voltage 5 5.4 5 5.4 Vp.p
duty Cycle 45 50 55 40 50 60 %
tr Rise time 20 20 ns
tr Fall Time 50 50 ns

nt IFI \ must have a v

nal resist;

2 The bIaS voltage (V¢) applied to the control termlnal (Pin 5) should be in

1ce for frequency adijustr

ween 2k$) and 20k

otw kS
he range JaV+ < Vg <V+.

b
t
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Function Generator

NE/SE566

TYPICAL PERFORMANCE CHARACTERISTICS

Normalized Frequency as a
Function of Control Voltage
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OPERATING INSTRUCTIONS

The NE/SE566 Function Generator is a gen-
eral purpose voltage-controlled oscillator de-
signed for highly linear frequency modulation.
The circuit provides simultaneous square
wave and triangle wave outputs at frequen-
cies up to 1MHz. A typical connection dia-
gram is shown in Figure 1. The control
terminal (Pin 5) must be biased externally with
a voltage (V¢) in the range

IV + <Vo<V+

where Vg is the total supply voltage. In
Figure 1, the control voltage is set by the
voltage divider formed with Ry and R3. The
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modulating signal is then AC coupled with the
capacitor Cp. The modulating signal can be
direct coupled as well, if the appropriate DC
bias voltage is applied to the control terminal.
The frequency is given approximately by

=2[(V+)-(Vc)]

R1C4V +
and Ry should be in the range 2k <
R1 < 20kS2.

A small capacitor (typically 0.001uF) should
be connected between Pins 5 and 6 to
eliminate possible oscillation in the control
current source.
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If the VCO is to be used to drive standard
logic circuitry, it may be desirable to use a
dual supply as shown in Figure 2. In this case
the square wave output has the proper DC
levels for logic circuitry. RTL can be driven
directly from Pin 3. For DTL or TTL gates,
which require a current sink of more than
1mA, it is usually necessary to connect a 5kS2
resistor between Pin 3 and negative supply.
This increases the current sinking capability
to 2mA. The third type of interface shown
uses a saturated transistor between the 566
and the logic circuitry. This scheme is used
primarily for TTL circuitry which requires a
fast fall time (< 50ns) and a large current
sinking capability.
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DESCRIPTION

The NE/SE567 tone and frequency de-
coder is a highly stable phase-locked
loop with synchronous AM lock detec-
tion and power output circuitry. Its prima-
ry function is to drive a load whenever a
sustained frequency within its detection
band is present at the self-biased input.
The bandwidth center frequency and
output delay are independently deter-
mined by means of four external compo-
nents.

FEATURES

e Wide frequency range (.01Hz to
500kHz)

® High stability of center frequency

¢ Independently controllable
bandwidth (up to 14%)

© High out-band signal and noise
rejection

® Logic-compatible output with
100mA current sinking capability

® Inherent immunity to false
signals

BLOCK DIAGRAM

NE/SE567
Tone Decoder/Phase-Locked

Loop

Product Specification

® Frequency adjustment over a
20-to-1 range with an external

resistor

o Military processing available

APPLICATIONS

® Touch-Tone® decoding
o Carrier current remote controls
o Ultrasonic controls (remote TV,

etc.)

e Communications paging
® Frequency monitoring and

control

® Wireless intercom
® Precision oscillator

PIN CONFIGURATIONS

FE, D, N Packages
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®Touch-Tone is a registered trademark of AT & T.
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE567D
14-Pin Cerdip 0 to +70°C NE567F
8-Pin Cerdip 0 to +70°C NE567FE
8-Pin Plastic DIP 0 to +70°C NES67N
8-Pin Plastic SO -55°C to +125°C SE567D
14-Pin Cerdip -55°C to +125°C SE567F
8-Pin Cerdip -55°C to +125°C SE567FE
8-Pin Plastic DIP -55°C to +125°C SE567N

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Ta Operating temperature
NE567 0to +70 °C
SE567 -55 to +125 °C
Vee Operating voltage 10 \
V+ Positive voltage at input 05 +Vg \"
V- Negative voltage at input -10 Vpc
Vour Otﬁzﬁts i:tc;I‘t’)age (collector of output 15 Voo
Tste Storage temperature range -65 to +150 °C
Pp Power dissipation 300 mwW

October 7, 1987
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Tone Decoder/Phase-Locked Loop NE/SE567
DC ELECTRICAL CHARACTERISTICS V + =5.0v; Ta =25°C, unless otherwise specified.
SES567 NES567
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min j Typ \ Max | Min l Typ | Max .
Center frequency’
fo Highest center frequency 500 500 kHz
fo Center frequency stability? -55 to +125°C 35 +140 35 +140 ppm/°C
0 to +70°C 35 +60 35 +60 ppm/°C
fo Center frequency distribution fo = 100kHz = TTRC -10 0 +10 | -10 0 +10 %
-1 RGy
1
fo Center frequency shift with fo = 100kHz = ——— 0.5 1 0.7 2 %IV
supply voltage 1.1 RiCy
Detection bandwidth
1
BW Largest detection bandwidth fo =100kHz = ——— 12 14 16 10 14 18 % of fo
.1 vy
BW Largest detection bandwidth 2 4 3 6 % of fo
skew
BW Largest detection bandwidth — V| =300mVgms +0.1 +0.1 %/°C
variation with temperature
BW Largest detectionbandwidth — V| = 300mVgms 2 2 %/V
variation with supply voltage
Input
Rin Input resistance 15 20 25 15 20 25 k2
Vi Smallest detectable input I =100mA, f|=fo 20 25 20 25 mVems
voltage*
Largest no-output input voltage* I =100mA, f,=fo 10 15 10 15 mVams
Greatest simultaneous out-band +6 +6 dB
signal-to-in-band signal ratio
Minimum input signal to B = 140kHz -6 -6 dB
wide-band noise ratio
QOutput
Fastest on-off cycling rate fo/20 fo/20
"1" output leakage current Vg =15V 0.01 25 0.01 25 MA
"'0" output voltage I =30mA 0.2 0.4 0.2 0.4 \"
1L =100mA 0.6 1.0 0.6 1.0 Vv
te Output fall time® R, = 500 30 30 ns
tr Output rise time® R =500 150 150 ns
General
Vece Operating voltage range 4.75 9.0 4.75 9.0 \
Supply current quiescent 6 8 7 10 mA
Supply current — activated RL = 20kS2 1 13 12 15 mA
tep Quiescent power dissipation 30 35 mwW
NOTES:

1. Frequency determining resistor Ry should be between 2 and 20k{2.

2. Applicable over 4.75V to 5.75V. See graphs for more detailed information.
3. Pin 8 to Pin 1 feedback R network selected to eliminate pulsing during turn-on and turn-off.
4. With Ry = 130kS2 from Pin 1 to V+. See Figure 1.
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TYPICAL PERFORMANCE

CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Center Frequency
Center Frequency Temperature Shift With Supply
Coefficient Voltage Change vs Typical Bandwidth Variation
(Mean and SD) Operating Frequency Temperature
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DESIGN FORMULAS OPERATING INSTRUCTIONS 2. Select the low-pass capacitor, Cp, by
Figure 1 shows a typical connection diagram referring to the Bandwidth versus Input
o 1 for the 567. For most applications, the follow- Signal Amplitude graph. If the input am-
°= 13 RyCy ing three-step procedure will be sufficient for plitude Variation is known, the appropri-
v, choosing the external components Ry, Cy, Cp ate value of foCz necessary to give the
BW ~ 1070‘\/ —— in % of fo, and Ca. desired bandwidth may be found. Con-
foCz 1. Select Ry and Cy for the desired center versely, an area of operation may be
V| < 200mVams frequency. For best temperature stability, selected on this graph and the input level
Where Ry should be between 2K and 20K ohm, and C, may be adjusted agcordmgly. Eor
V= Input voltage (Vrms) and the combined temperature coeffi- exarpple, con;tand bandywdth operation
C» = Low-pass filter capacitor (uF) cient of the R4Cy product should have requires that input amPIltude be above
sufficient stability over the projected tem- f::;\a/g:sist::nb:::;’;ﬂ:‘é ::Ier:m:d tﬁ:
erature range to meet the necessa ' Yy by
PHASE-LOCKED LOOP Foquirements. Y 1oCz product (fo (Ha), CaluF)).
TERMINOLOGY CENTER TYPICAL RESPONSE 3. The value of C3 is generally non-critical.
FREQUENCY (fo) Cg sets the band edge of a low-pass filter
The free-running frequency of the current which attenuates frequencies outside the
controlled oscillator (CCO) in the absence of detection band to eliminate spurious out-
an input signal. INPUT puts. If C3 is too small, frequencies just
outside the detection band will switch the
Detection Bandwidth (BW) output stage on and off at the beat
The frequency range, centered about fo, oUTPUT frequency, or the output may pulse on
within which an i.nput signal above t.he thresh- and off during the turn-on transient. If Ca
old voltage (typically 20mVgums) will cause a pm— is too large, turn-on and turn-off of the
logical zero state on the output. The detection NOTE: o
bandwidth corresponds to the loop capture AL =100 W w
range. Response to 100mVgys Tone Burst
Lock Range
The largest frequency range within which an INPUT O—)—3 AL
input signal above the threshold voltage will OUTPUT LT o
hold a logical zero state on the output. 3a 567
Sl
Detection Band Skew e ]
A measure of how well the detection band is INPUT W& &
centered about the center frequency, fo. The _JE2
skew is defined as (fmax+fmin-2fo)/2fo NOTES: DF05880S ==C1I :2; o&?’mr
where fmax and fmin are the frequencies . | g/ -~ sqds L ATl Lhiten
corresponding to the edges of the detection AL=1000Q = = = oszo
band. The skew can be reduced to zero if | Noise Bandwidth = 140Hz Tooeaos
necessary by means of an optional centering Response to Same Input Tone Burst Figure 1

adjustment.
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output stage will be delayed until the voltage

on Cg passes the threshold voltage. (Such

delay may be desirable to avoid spurious
outputs due to transient frequencies.) A typi-
cal minimum value for C3 is 2C,.

4. Optional resistor R, sets the threshold for
the largest ''no output'” input voltage. A
value of 130kS2 is used to assure the
tested limit of 10mVgpus min. This resistor
can be referenced to ground for in-
creased sensitivity. The explanation can
be found in the "optional controls' sec-
tion which follows.

AVAILABLE OUTPUTS (Figure 2)
The primary output is the uncommitted output
transistor collector, Pin 8. When an in-band
input signal is present, this transistor satu-
rates; its collector voltage being less than 1.0
volt (typically 0.6V) at full output current
(100mA). The voltage at Pin 2 is the phase
detector output which is a linear function of
frequency over the range of 0.95 to 1.05 fg
with a slope of about 20mV per percent of
frequency deviation. The average voltage at
Pin 1 is, during lock, a function of the in-band
input amplitude in accordance with the trans-
fer characteristic given. Pin 5 is the controlled
oscillator square wave output of magnitude
(+V -2Vgg)=(+V-1.4V) having a DC aver-
age of +V/2. A 1kS2 load may be driven from
pin 5. Pin 6 is an exponential triangle of 1Vp.p
with an average DC level of +V/2. Only high
impedance loads may be connected to pin 6
without affecting the CCO duty cycle or tem-
perature stability.

OPERATING PRECAUTIONS

A brief review of the following precautions will

help the user achieve the high level of perfor-

mance of which the 567 is capable.

1. Operation in the high input level mode
(above 200mV) will free the user from
bandwidth variations due to changes in
the in-band signal amplitude. The input
stage is now limiting, however, so that
out-band signals or high noise levels can
cause an apparent bandwidth reduction
as the inband signal is suppressed. Also,
the limiting action will create in-band
components from sub-harmonic signals,
so the 567 becomes sensitive to signals
at fo/3, fo/5, etc.

2. The 567 will lock onto signals near (2n + 1)
fo, and will give an output for signals near
(4n +1) fo where n=0, 1, 2, etc. Thus,
signals at 5fp and 9fg can cause an
unwanted output. If such signals are antici-
pated, they should be attenuated before
reaching the 567 input.

3. Maximum immunity from noise and out-
band signals is afforded in the low input

October 7, 1987

OUTPUT,
(PIN 8)

| 7% 14% ~ BW

| |
[

LOW PASS
FILTER
PIN 2)
PIN 1
VOLTAGE
(ave) o
1
35
30
25
4 100 200m Vrms
IN-BAND
INPUT
VOLTAGE
(OP04400S
Figure 2
V+
R
567 1 567 1§
C3
I ]?3 '
R INCREASE
SENSITIVITY SENSITIVITY
Ve
DECREASE
Ra Rg JSENSITIVITY
567 4 "
50K INCREASE
83 SENSITIVITY
Rc
1.0k
SILICON
DIODES FOR
TEMPERATURE
COMPENSATION
(OPTIONAL)
TCo08210S
Figure 3

level (below 200mVgpys) and reduced
bandwidth operating mode. However, de-
creased loop damping causes the worst-
case lock-up time to increase, as shown by
the Greatest Number of Cycles Before
Output vs Bandwidth graph.

Due to the high switching speeds (20ns)
associated with 567 operation, care
should be taken in lead routing. Lead
lengths should be kept to a minimum.
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The power supply should be adequately
bypassed close to the 567 with a 0.01uF
or greater capacitor; grounding paths
should be carefully chosen to avoid
ground loops and unwanted voltage vari-
ations. Another factor which must be
considered is the effect of load energiza-
tion on the power supply. For example,
an incandescent lamp typically draws 10
times rated current at turn-on. This can
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cause supply voltage fluctuations which
could, for example, shift the detection band of
narrow-band systems sufficiently to cause
momentary loss of lock. The result is a low-
frequency oscillation into and out of lock.
Such effects can be prevented by supplying
heavy load currents from a separate supply or
increasing the supply filter capacitor.

SPEED OF OPERATION

Minimum lock-up time is related to the natural
frequency of the loop. The lower it is, the
longer becomes the turn-on transient. Thus,
maximum operating speed is obtained when
C, is at a minimum. When the signal is first
applied, the phase may be such as to initially
drive the controlled oscillator away from the
incoming frequency rather than toward it.
Under this condition, which is of course
unpredictable, the lock-up transient is at its
worst and the theoretical minimum lock-up
time is not achievable. We must simply wait
for the transient to die out.

The following expressions give the values of
C, and Cg which allow highest operating
speeds for various band center frequencies.
The minimum rate at which digital information
may be detected without information loss due
to the turn-on transient or output chatter is
about 10 cycles per bit, corresponding to an
information transfer rate of fo/10 baud.

130
Cp=—uF
fo
260
Cg = —MF
fo

In cases where turn-off time can be sacrificed
to achieve fast turn-on, the optional sensitivity
adjustment circuit can be used to move the
quiescent C3 voltage lower (closer to the
threshold voltage). However, sensitivity to
beat frequencies, noise and extraneous sig-
nals will be increased.

OPTIONAL CONTROLS (Figure 3)

The 567 has been designed so that, for most
applications, no external adjustments are re-
quired. Certain applications, however, will be
greatly facilitated if full advantage is taken of
the added control possibilities available
through the use of additional external compo-
nents. In the diagrams given, typical values
are suggested where applicable. For best
results the resistors used, except where not-
ed, should have the same temperature coeffi-
cient. Ideally, silicon diodes would be low-
resistivity types, such as forward-biased tran-
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sistor base-emmitter junctions. However, or-
dinary low-voltage diodes should be ade-
quate for most applications.

SENSITIVITY ADJUSTMENT

(Figure 3)

When operated as a very narrow-band detec-
tor (less than 8 percent), both C; and Cg are
made quite large in order to improve noise
and out-band signal rejection. This will inevi-
tably slow the response time. If, however, the
output stage is biased closer to the threshold
level, the turn-on time can be improved. This
is accomplished by drawing additional current
to terminal 1. Under this condition, the 567
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will also give an output for lower-level signals
(10mV or lower).

By adding current to terminal 1, the output
stage is biased further away from the thresh-
old voltage. This is most useful when, to
obtain maximum operating speed, C, and C3
are made very small. Normally, frequencies
just outside the detection band could cause
false outputs under this condition. By desen-
sitizing the output stage, the out-band beat
notes do not feed through to the output
stage. Since the input level must be some-
what greater when the output stage is made
less sensitive, rejection of third harmonics or
in-band harmonics (of lower frequency sig-
nals) is also improved.
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CHATTER PREVENTION (Figure 4)
Chatter occurs in the output stage when Cj is
relatively small, so that the lock transient and

the AC components at the quadrature phase
detector (lock detector) output cause the
output stage to move through its threshold
more than once. Many loads, for example
lamps and relays, will not respond to the
chatter. However, logic may recognize the
chatter as a series of outputs. By feeding the
output stage output back to its input (Pin 1)
the chatter can be eliminated. Three
schemes for doing this are given in Figure 4.
All operate by feeding the first output step
(either on or off) back to the input, pushing
the input past the threshold until the transient
conditions are over. It is only necessary to
assure that the feedback time constant is not
so large as to prevent operation at the
highest anticipated speed. Although chatter
can always be eliminated by making C3 large,
the feedback circuit will enable faster opera-
tion of the 567 by allowing C3 to be kept
small. Note that if the feedback time constant
is made quite large, a short burst at the input
frequency can be stretched into a long output
pulse. This may be useful to drive, for exam-
ple, stepping relays.

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT

(Figure 5)

When it is desired to alter the location of the
detection band (corresponding to the loop
capture range) within the lock range, the
circuits shown above can be used. By moving
the detection band to one edge of the range,
for example, input signal variations will ex-
pand the detection band in only one direction.
This may prove useful when a strong but
undesirable signal is expected on one side or
the other of the center frequency. Since Rg
also alters the duty cycle slightly, this method
may be used to obtain a precise duty cycle
when the 567 is used as an oscillator.

v v

Ry
Ca =3=c3 20K

"
}-

UNLATCH
TC08261S

NOTE:
Chp prevents latch-up when power supply is turned on.

Figure 7. Output Latching
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ALTERNATE METHOD OF
BANDWIDTH REDUCTION

(Figure 6)

Although a large value of C, will reduce the
bandwidth, it also reduces the loop damping
s0 as to slow the circuit response time. This
may be undesirable. Bandwidth can be re-
duced by reducing the loop gain. This scheme
will improve damping and permit faster opera-
tion under narrow-band conditions. Note that
the reduced impedance level at terminal 2 will
require that a larger value of C, be used for a
given filter cutoff frequency. If more than
three 567s are to be used, the network of Rg
and Rc can be eliminated and the Rp resis-
tors connected together. A capacitor between
this junction and ground may be required to
shunt high frequency components.

OUTPUT LATCHING (Figure 7)

To latch the output on after a signal is
received, it is necessary to provide a feed-
back resistor around the output stage (be-
tween Pins 8 and 1). Pin 1 is pulled up to
unlatch the output stage.

REDUCTION OF C1 VALUE
(Figure 8)

For precision very low-frequency applications,
where the value of C; becomes large, an
overall cost savings may be achieved by
inserting a voltage-follower between the R,
C4 junction and Pin 6, so as to allow a higher
value of Ry and a lower value of C; for a
given frequency.

PROGRAMMING

To change the center frequency, the value of
R4 can be changed with a mechanical or solid
state switch, or additional C4 capacitors may
be added by grounding them through saturat-
ing NPN transistors.



Product Specification

Tone Decoder/Phase-Locked Loop

NE/SE567

TYPICAL APPLICATIONS

NOTES:

Component values (Typical)
Ry =268 to 15kQ

Ry = 24.7kQ

Rj = 20k2

Cq = 0.10mF

Cp= 1.0mF 5V

Cy = 2.2mF 6V

C, = 250uF 6V

100-200mVemy

0.6mtd

1)
Loy
=)
I
Ay
7
I

Touch-Tone® Decoder

TC082508

Qctober 7, 1987
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Product

Specification

Tone Decoder/Phase-Locked Loop

NE/SE567

TYPICAL APPLICATIONS (Continued)

AUDIO OUT

TC082805

Precision VLF

C2
006
Key c3 (IF INPUT IS
onomn]: I 02 FREQUENCY
A MODULATED)
- - - = v
TC08291S ?
Carrier-Current Remote Control or Intercom r 3 567 g
6 5 2 1
INPUT SIGNAL Ry
(>100mVrms)
o—j— C2
Cy I C3
I:I |
INPUT - RL
CHANNEL O—) O Vo
OR RECEIVER
—3 567
5 6 21
Ry Cy=Cy= 1,302«..'4»
Cy=Cq
Ry =112 Ry
¢ :E:'z
Teosatos
o
Tcossors 24% Bandwidth Tone Decoder
Dual-Tone Decoder
ITPUT
(INTO 1iC
100ﬂw(p€)o a LOAD“)IN
SQUAR!
50m VAMS O—)|—{3 567 5 )
SINE INPUT Ry
2 6 <E/
wal
b ad
C2 I <G
TC08320S8
NOTES
Ry =Ry/5
Adjust Ry so that ¢ =90° with control midway.
0° to 180° Phase Shifter
NOTES:

1. Resistor and capacitor values chosen for desired frequencies and bandwidth.
2. If C3 is made large so as to delay turn-on of the top 567, decoding of sequential (fy f5) tones is possible.

October 7, 1987 105



Product Specification

Tone Decoder/Phase-Locked Loop

NE/SE567

TYPICAL APPLICATIONS (Continued)

R
3 567 8 LF:L
I —d — 80°
= L2 6 s _.LJ_L

CONNECT PIN 3
TO 2.8V TO
INVERT OUTPUT e

< R1 2 Ry > 10000

C4

TC08330S

Oscillator With Quadrature Output

Ry

3 6 5 1

10KQ

jm

—
P

€y

1

TC08360S

Pulse Generator With 25% Duty Cycle

TC08340S

Oscillator With Double Frequency
Output
+
Ry
567 8|
- 5 | dUu
vco
TERMINAL

ppwrvey
1z8%)

-IHF———

=
i

Precision Oscillator to Switch 100mA
Loads

vCco O—
TERMINAL -ru-'
( 26%)

Ry Ry > 1000

i
)
"

iy

'W Y1
I
I

TC083508
Precision Oscillator With 20ns
Switching

567

OUTPUT

P4
>
S 1K Q(MIN)

)

7

O
-
(3]
<
[}
[
m

Tcos3e1s

Pulse Generator

October 7, 1987
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DESCRIPTION

The NE568 is a monolithic phase-locked
loop (PLL) which operates from 1Hz to

NES68

150MHz Phase-Locked Loop

Preliminary Specification

FEATURES
e Operation to 150MHz
o High linearity buffered output

PIN CONFIGURATION

D, N Packages

frequencies _in excess _of 1.50MH_2. "!the e Series or shunt ioop filter Veer E LF1
|nte§rf§;crad circuit ctons?ts"o(fJ| a |ITIItI{Ig component capability GND2 [Z] [76] Lr2
amplifier, a current-controlled oscillator
. GND1 |3 18] LF3
(ICO), a phase detector, a level shift © Temperature compensated & o
circuit, V/1 and 1/V converters, an output  APPLICATIONS Toapt [4] 7] LFs
buffer, and bias circuitry with tempera- ¢ gateliite receivers TCAP2 [F] 6] FREQ ADJ
ture and frequency compensating char- ] L . GND1 [E] [75] OUTry
acteristics. The design of the NE568 is  © F1Per-optic video links Veor I 78] Vour
particularly well-suited for demodulation ©® VHF FSK demodulators ——— )
of FM signals with extremely large devia- @ Clock recovery o
tion in systems which require a highly prpBYP [9] [12] TCuoin
linear output. In satellite receiver appli- INPEYP q ,E Vin
cations with a 70MHz IF, the NE568 will TOP VIEW
demodulate +20% deviations with less corsoros
than 1.0% typical non-linearity. In addi-
tion to high linearity, the circuit has a
loop filter which can be configured with
series or shunt elements to optimize
loop dynamic performance. The NE568
is available in 20-pin dual in-line and 20-
pin SO (surface-mounted) plastic pack-
ages.
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic SOL Package 0 to +70°C NE568D
20-Pin Plastic DIP 0 to +70°C NE568N
BLOCK DIAGRAM
LF1 LF2 LF3 LFa  FREQpp, OUTgr  Vour  TCapyz  Toppy Vin
20 19 18 17 16 15 14 13 12 1
I LEVEL SHIFT I @ TcADJ | BlAS
REFBUF
Vil l | 1% ]
IS:ONVERTER CONVERTER|
PHASE
DETECTOR t AMP
Ico I
1 lz la 4 5 6 7 8 9 10
Veez GND2 GND1 TCAP1 TCAP2 GND1 Veer REFBYP PNPBYP INPBYP
B009S01S
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Preliminary Specification

150MHz Phase-Locked Loop

NE568

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Vee Supply voltage 6 \

Ta Operating free-air ambient temperature range 0 to +70 °C

Ty Junction temperature +150 °C

Tsta Storage temperature range -65 to +150 °C

Ppmax Maximum power dissipation 500 mwW
ELECTRICAL formed on each device with an automatic IC
CHARACTERISTICS tester prior to shipment. Performance of the

The electrical characteristics listed below are
actual tests (unless otherwise stated) per-

device in automated test setup is not neces-
sarily optimum. The NE568 is layout-sensitive.

Evaluation of performance for correlation to
the data sheet should be done with the circuit
and layout of Figures 1 - 3 with the evaluation
unit soldered in place. (Do not use a socket!)

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Ve =5V, fo =70MHz, Test Circuit Figure 1, fiy =-20dBm, R4 =082

(ground), unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \
lcc Supply current 60 75 mA
AC ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
fosc Maximum oscillator operating frequency3 150 MHz
5 50 2000 mVp.p
Input signal level _20" +10 dBm
BW Demodulated bandwidth fo/7 MHz
Non-linearity® Dev = +20%, Input = -20dBm 1.0 4.0 %
Lock range? Input = —20dBm +25 +35 % of fo
Capture range? Input = —20dBm +20 | %30 % of fo
TC of fo Figure 1 100 ppm/°C
Rin Input resistance? 1 kS
Qutput impedance 6 Q
Dev=120% of fo
Demodulated Voyt measured at Pin 14 0.40 0.52 Vp.p
— Vin =-20dBm (30% AM)
AM rejection referred to + 20% deviation 50 d8
Centered at 70MHz, Rp = 1.2k,
fo Distribution® Cp = 17pF, Rg =00 -15 0 +15 %
(C2 + CsrRAY = 20pF)
fo Drift with supply 4.75V to 5.25V 1 % /N
NOTES:
1. Signal level to assure all published parameters. Device will continue to function at lower levels with varying performance.
2. Limits are set symmetrical to fo. Actual characteristics may have asymmetry beyond the specified limits.
3. Not 100% tested, but guaranteed by design.
4. Input impedance depends on package and layout capacitance. See Figures 4 and 5.
5. Linearity is tested with incremental changes in input frequency and measurement of the DC output voltage at Pin 14 (Voyr). Nonlinearity is then

calculated from a straight line over the deviation range specified.

>

December 1988

. Free-running frequency is measured as feedthrough to Pin 14 (Voyt) with no input signal applied.
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150MHz Phase-Locked Loop

NES68

v LF1
-L o cc2 _‘I: co
:_l_: N GND2 LF2 R1 C10
7 | GND1 LF3
L
J:-— TCAP1 LF4
R c2 R2
Htg e T rcaee FREQADJ
NE568 [
GND1 ouTFILT —| v
J,- 2 C8 Ci2 = g =
Recz Veer Vour
-3
v°°°—1_—l- T rerave TCADJ2 NC =
(<3 cé [} R4
II T—{eneeve TCADH [-WA—)
- - Vin
ci3 —
I pwm INPBYP v
cr
I RS
TC207718
Figure 1. Test and Application Circuit

FUNCTIONAL DESCRIPTION

The NE568 is a high-performance phase-
locked loop (PLL). The circuit consists of
conventional PLL elements, with special cir-
cuitry for linearized demodulated output, and
high-frequency performance. The process
used has NPN transistors with fr > 6GHz.
The high gain and bandwidth of these transis-
tors make careful attention to layout and
bypass critical for optimum performance. The
performance of the PLL cannot be evaluated
independent of the layout. The use of the
application layout in this data sheet and
surface-mount capacitors are highly recom-
mended as a starting point.

The input to the PLL is through a limiting
amplifier with a gain of 200. The input of this
amplifier is differential (Pins 10 and 11). For
single-ended applications, the input must be
coupled through a DC-blocking capacitor with
low impedance at the frequency of interest.
The single-ended input is normally applied to
Pin 11 with Pin 10 AC-bypassed with a low-
impedance capacitor. The input impedance is
characteristically slightly above 50052. Imped-
ance match is not necessary, but loading the
signal source should be avoided. When the
source is 50 or 7552, a DC-blocking capacitor
is usually all that is needed.

Input amplification is low enough to assure
reasonable response time in the case of large
signals, but high enough for good AM rejec-
tion. After amplification, the input signal
drives one port of a multiplier-cell phase
detector. The other port is driven by the
current-controlled oscillator (ICO). The output
of the phase comparator is a voltage propor-
tional to the phase difference of the input and

December 1988

ICO signals. The error signal is filtered with a
low-pass filter to provide a DC-correction
voltage, and this voltage is converted to a
current which is applied to the ICO, shifting
the frequency in the direction which causes
the input and ICO to have a 90° phase
relationship.

The oscillator is a current-controlled multivib-
rator. The current control affects the charge/
discharge rate of the timing capacitor. It is
common for this type of oscillator to be
referred to as a voltage-controlled oscillator
(VCO), because the output of the phase
comparator and the loop filter is a voltage. To
control the frequency of an integrated ICO
multivibrator, the control signal must be con-
ditioned by a voltage-to-current converter. In
the NE568, special circuitry predistorts the
control signal to make the change in frequen-
cy a linear function over a large control-
voltage range.

The free-running frequency of the oscillator
depends on the value of the timing capacitor
connected between Pins 4 and 5. The value
of the timing capacitor depends on internal
resistive components and current sources.
When Ry = 1.2kS2 and R4 = 0%2, a very close
approximation of the correct capacitor value
is:
0.0014
C*= F

fo

where

C* = Cz + CgrRAY-
The temperature-compensation resistor, Ry,
affects the actual value of capacitance. This

equation is normalized to 70MHz. See Figure
6 for correction factors.

109

The loop filter determines the dynamic char-
acteristics of the loop. In most PLLs, the
phase detector outputs are internally con-
nected to the ICO inputs. The NE568 was
designed with filter output to input connec-
tions from Pins 20 (¢ DET) to 17 (ICO), and
Pins 19 (¢ DET) to 18 (ICO) external. This
allows the use of both series and shunt loop-
filter elements. The loop constants are:

Constant)

Radians
Ko = 4.2 X 108 ——— (ICO Constant)
V-sec

The loop filter determines the general charac-
teristics of the loop. Capacitors Cg, C19, and
resistor Ry, control the transient output of the
phase detector. Capacitor Cg suppresses
70MHz feedthrough by interaction with 10092
load resistors internal to the phase detector.

1

Cog=——F

27 (50)(fo)
At 70MHz, the calculated value is 45pF.
Empirical results with the test and application
board were improved when a 56pF capacitor
was used.

The natural frequency for the loop filter is set
by Cyp and Rj. If the center frequency of the
loop is 70MHz and the full demodulated
bandwidth is desired, i.e., fgw = fo/7
= 10MHz, and a value for Ry is chosen, the
value of Cqg can be calculated.

Cip=——F
° 2m Rifgw
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150MHz Phase-Locked Loop

NE568

PARTS LIST AND LAYOUT 70MHz

APPLICATION NE568D

Cy 100nF +10% Ceramic chip 1206
Cy' 18pF +2% Ceramic chip 0805
Co? 34pF 2% Ceramic OR chip
Cs 100nF +10% Ceramic chip 1206
Cq 100nF +10% Ceramic chip 1206
Cs 6.8uF +10% Tantalum 35V
Cs 100nF +10% Ceramic chip 1206
Cs 100nF +10% Ceramic chip 1206
Cg 100nF +10% Ceramic chip 1206
Cg 56pF +2% Ceramic chip 0805 or 1206
Cio 560pF +2% Ceramic chip 0805 or 1206
Ci1 47pF 2% Ceramic chip 0805 or 1206
Ci2 100nF +10% Ceramic chip 1206
Ci3 100nF +10% Ceramic chip 1206
Ry 279 £10% Chip YsW
R 1.2kQ Trim pot YsW
R3® 43Q £10% Chip YW
R 47k +10% Chip YsW
Rs3 50 +10% Chip TeW
RFC,° 10uH £10% Surface mount
RFC,® 10uH +10% Surface mount
NOTES:

. C, + Csrray = 20pF.

. Cz + CstRaY = 36pF for temperature-compensated configuration with R4 = 4.7kS2.

. For test configuration R4 =082 (GND) and C, = 18pF.

4
2
3. For 502 setup. Ry =622, R3=62%, Rs =755 for 7582 application.
4
5

. 02 chip resistors (jumpers) may be substituted with minor degradation of performance.

For the test circuit, Ry was chosen to be 2752.
The calculated value of Cqg is 590pF; 560pF
was chosen as a production value. (In actual
satellite receiver applications, improved video
with low carrier/noise has been observed
with a wider loop-filter bandwidth.)

A typical application of the NE568 is demodu-
lation of FM signals. In this mode of opera-
tion, a second single-pole filter is available at
Pin 15 to minimize high frequency feed-
through to the output. The roll-off frequency is
set by an internal resistor of 35082 +20%,
and an external capacitor from Pin 15 to
ground. The value of the capacitor is:

1=—F
2m (350)fgw

Two final components complete the active
part of the circuitry. A resistor from Pin 12 to
ground sets the temperature stability of the
circuit, and a potentiometer from Pin 16 to
ground permits fine tuning of the free-running
oscillator frequency. The Pin 16 potentiome-
ter is normally 1.2kS2. Adjusting this resis-
tance controls current sources which affect
the charge and discharge rates of the timing
capacitor and, thus, the frequency. The value
of the temperature stability resistor is chosen
from the graph in Figure 6; the respective
timing capacitor needs to be changed.

The final consideration is bypass capacitors
for the supply lines. The capacitors should be
ceramic chips, preferably surface-mount
types. They must be kept very close to the
device. The capacitors from Pins 8 and 9
return to Voot before being bypassed with a
separate capacitor to ground. This assures
that no differential loops are created which
might cause instability. The layouts for the
test circuits are recommended.

o1

NOTES:

%3
NES68D

a. Component Side Top of Board

DF077408

1. Board is laid out for King BNC Connector P/N KC-79-243-M06 or equivalent. Mount on bottom (back) of board. Add stand-off in each corner.
2. Back and top side ground must be connected at 8 point minimum.

Figure 2

DF07730S

b. Back of Board

December 1988
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PARTS LIST AND LAYOUT 70MHz APPLICATION NE568N

Cyq 100nF +10% Ceramic chip 50V
Cy' 17pF +2% Ceramic OR chip 50V
C? 34pF +2% Ceramic chip 0805
Cs 100nF +10% Ceramic chip 50V
Cy 100nF +10% Ceramic chip 50V
Cs 6.8uF +10% Tantalum 35V
Cs 100nF +10% Ceramic OR chip 50V
C7 100nF +10% Ceramic chip 50V
Cs 100nF +10% Ceramic chip 50V
Co 56pF +2% Ceramic chip 50V
Cio 560pF +2% Ceramic chip 50V
Ciq 47pF +2% Ceramic OR chip 50V
Ci2 100nF +10% Ceramic OR chip 50V
Cis 100nF +10% Ceramic OR chip 50V
Ry 279 £10% Carbon Yaw
Ro 1.2k§2 Trim pot

Rg® 43Q +10% Carbon Yaw
R4* 4.7kSY +10% Carbon Yaw
Rs® 50 +10% Carbon Yaw
RFC, 10pH +10%

RFC, 10uH +10%

NOTES:

1. G + CgTRaY = 20pF for test configuration with R4 = 0S2.
2. C = 34pF for temperature-compensated configuration with R4 = 4.7kS2.

3. For 5082 setup. Ry

4. For test configuration

=6

Q; Ry =758 for 7582 appli
4 =0S2 (GND) and Cp = 17pF.

o
c
3
o
c
=

SijneLics

NOTES:

DFO7750S

a. Component Side for Leaded Components

1. Board is laid out for King BNC Connector P/N KC-79-243-M06 or equivalent mounted on the component side of the board.
2. Component side and solder side ground planes must be connected at 8 points minimum.

Figure 3

DFoO7780S

b. Solder Side of Board and Chip Capacitors

December 1988
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12563 1.25E3 T
6k g
10E3 1063 C,=34pF //
5k v4
g 750.0 ZN g g )
S 750 750.0 &k |—tc, =
g \ e T
g (<]
5 s000 g 5000 < 3k I V4
> 2k |, =180pF C
2500 \ 2500 ® [ C,=80pF
00 0.0 olLd l
10 10.0 100.0 1.0 10.0 100.0 1.0E3 0 10 20 30 40 S50 60 70 80 90 100
FREQUENCY (MHz) FREQUENCY (MHz) Ric (PIN12)vs f,
OP170708 oP17080g 0P18020S
Figure 5. NE568 Input Impedance with
Figure 4. NE568 Input Impedance with CP = 1.49pF 20-Pin Dual In-Line Plastic
CP = 0.5pF 20-Pin SO Package Package Figure 6
» ]
78I2 N C=17pF |
\ PIN12=GND 4.0
76.29 N
75 \ ],
N
= 7847 'V
gm.so \\ 35 //
70
Q \
S 68.00 N
Gﬁ-g \\ 30 /
64.46 ~N
63.0
60 25
105 110 115 120 125 130 135 140 0 10 20 30 40 50 60 70 80 90 100 110 120
1184 STt 5720 3404 §306 90,70 5755 558 TYPICAL OUTPUT LINEARITY
B 3 oo (mA) - 0P170608
-27.33 -27.44 -27.56 -27.83 -28.10 -28.50 -28.97 -29.48
Vo LEVEL (dBm)
OP18010S
Figure 7. Typical VCO Frequency vs R; Adjustment Figure 8. Typical Output Linearity
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Linear Products

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 fuil-wave rectifier rectifies the input
current which flows from the rectifier
input, to an internal summing node
which is biased at Vger. The rectified
current is averaged on an external filter
capacitor tied to the Cregt terminal, and
the average value of the input current
controls the gain of the variable gain
cell. 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
0.1uA.

a qlVIN - Vrer lavg
Ry

or

G (XIV|N lavg
Ry
June 1988

NE570/571/SA574

Compandor

Product Specification

FEATURES

e Complete compressor and
expandor in one IC

e Temperature compensated

e Greater than 110dB dynamic
range

e Operates down to 6Vpc

e System levels adjustable with
external components

o Distortion may be trimmed out

APPLICATIONS
e Cellular radio

e Telephone trunk compandor —
570

e Telephone subscriber
compandor — 571

o High level limiter

PIN CONFIGURATION

D, F, N Packages'

Rect. Cap 1 [1] 16] Rect Cap 2
Rect. In 1 [2] [15] Rect 1n 2
AG Cell In 1 E E AG Cell in 2
ano [4] [13] vee
inv.1n 1[5 | [12] inv. 1n 2
Res. R, 1[6 | 11] Res. R, 2
Output 1 E E QOutput 2
THO Trim 1[8] (9] THD Trim 2

TOP VIEW CD105008
NOTE:
1. SOL - Released in Large SO Package Only.

e Low level expandor — noise gate
e Dynamic noise reduction systems

e Voltage-controlled amplifier
o Dynamic filters

ORDERING INFORMATION

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 NES71N
16-Pin Cerdip -40°C to +85°C SA571F
16-Pin Plastic DIP -40°C to +85°C SA571N

BLOCK DIAGRAM

THD TRIM T

INVERTER IN

R2 20K
4G IN O————AAA—]

variable
gain cell

R1 10K

RECT IN O————AAA——  RECTIFIER

l RECT CAP

output

TCr18218
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Compandor

NE570/571/SA571

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Veo Positive supply
570 24 Voc
571 18
Ta Operating ambient temperature range
NE 0 to +70 °C
SA -40 to +85 °C
Pp Power dissipation 400 mwW
DC ELECTRICAL CHARACTERISTICS T4 =25°C, Voo = 15V. Except where indicated, the 571 specifications are identical to
those of the 570.
NES570 NE/SA5715
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vece Supply voltage 6 24 6 18 v
lcc Supply current No signal 3.2 4.8 3.2 4.8 mA
lour | 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 v
Output DC shift® Untrimmed +20 +50 +30 £100 | mV
Expandor output noise No signal, 15Hz - 20kHz' 20 45 20 60 uv
Unity gain level -1 +1 -1.5 +1.5 dBm
Gain change? * -40°C < T < 70°C +0.1 +0.1 dB
0°C<T<70°C +0.1 +0.2 +0.1 +0.4
Reference drift* -40°C < T<70°C +2, =25 |+10, -40 +2, -25 [+20, -50{ mV
0°C<T<70°C +5 +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 value at V, = +6dBm, V4 =0dB +0.2
unity gain) equals
[Vo - Vo (unity gain)] _ _
dB - VodBm Vz =-30dBm, V4 =0dB +0.2 |-05, +1 +02 |[-1, +15
Channel separation 60 60 dB
NOTES:
1. Input to V¢ and V, grounded.
2. Measured at 0dBm, 1kHz.
3. Expandor AC input change from no signal to 0dBm.
4. Relative to value at Tp = 25°C.
6. Electrical characteristics for the SA571 only are specified over -40 to +85°C temperature range.
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Compandor

NES70/571/SA571

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) = (Ginitial = Gfinal) e~ t/7
+Gfinal, 7 = 10k X Crect

The variable gain cell is a current-in, current-
out device with the ratio Ioy1/!)y controlied by
the rectifier. |y is the current which flows
from the AG input to an internal summing
node biased at Vggr. 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

|
IN Ro Rz

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

June 1988

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 (3.5Vrums)
output into a 30052 load which, with a series
resistor and proper transformer, can result in
+13dBm with a 600£2 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 cell. 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

+20
+10
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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-tc-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-
cy, since the rectifier accuracy determines the
(input) output level tracking accuracy. The
gain cell determines 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 multiplier, 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, lg, 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.

INPUT
LEVEL

OuTPUT
LEVEL

010-\—_—/—420

COMPRESSION
EXPANSION

WF17110S

Figure 1. Restricted Dynamic Range

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 Vgrgg, and the
summing nodes of the rectifier and AG cell
(located at the right of Ry and Rjy) have the
same potential. The THD trim pin is also at
the Vgge potential.

Figure 3 shows how the circuit is hooked up
to realize an expandor. The input signal, V|,
is applied to the inputs of both the rectifier
and the AG cell. When the input signal drops
by 6dB, the gain control current will 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-

*External components

Figure 3. Basic Expandor

Channel 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
THD TRIM Ry INV.IN separate DC feedback loop is provided by the
89 611 |52 two Rpc and Cpg. The values of Rpc will
determine the DC bias at the output of the op
GIN 20K amp. The output will bias to:
214 OUPUT
e Roc1 + Rocz
RECT. IN Vour DC=14+—"7—
218 Ve PIN 13 4
c o GND. PIN 4
RECT DC TOT
11831 V| =| 1+ 8V
TC11831S REF ( 30K )
Figure 2. Chip Block Diagram
(1 of 2 Channels)
Ry
‘CINY R,
—w— ac - Vour
Vin & VREF .
3 R
*CIN2 R, l
—w— o | <+
% Chect
- TC11841S
NOTES:
GAIN= 2 Ry ViN (avg)
Ry Ry Ig
I = 140pA
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The output of the expandor will bias up to:

Rs
Vour DC =1+ — Vger
Ra

20k
1+— ]1.8V=3.0V
30k

VREF = (
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:
y
Ry Ry | "
2R; ViN (avg)

Ig = 140uA
*external components

Figure 4. Basic Compressor

- 1= ViN/R,

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, V|NRy, 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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O,

NOTE:

Vin avg
lo=2——2

Figure 6. Simplified Rectifier Schematic

TC11881S

then mirrored with a gain of 2 to become g,
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 Vggg. The inverting input
is tied to the op amp output, (the emitters of
Qs and Qg), and the input summing resistor
R1. 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 fs of 200 and PNP (s 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 Qg, (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 Qp,
an error current of Vog/R4 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.
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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 R to limit the current to
this value. Figure 7 shows the rectifier accura-
cy vs input level at a frequency of 1kHz.

+1

ERROR GAIN dBB
o
T
1

1 . 1 1
-40 -20 4
RECTIFIER INPUT dBm

0POT830S.

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 ERROR (d8)

FREQUENCY (Hz)

0PO78408

Figure 8. Rectifier Frequency
Response 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. Q4, Q, and the op amp
provide a predistorted drive signal for the gain
control pair, Qz and Qq. The gain is controlled
by Ig and a current mirror provides the output
current.

The op amp maintains the base and collector
of Q4 at ground potential (Vrgg) by controlling
the base of Q. The input current Iy
( = V|n/Ry) is thus forced to flow through Q4
along with the current Iy, so Igy =iy + Iin.
Since I has been set at twice the value of Iy,
the current through Q5 is:

b= +Iin) =l =i = lca.

The op amp has thus forced a linear current
swing between Qq and Qg by providing the
proper drive to the base of Qp. 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, Q1 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, Qg 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:

ler _lea _

lh+In
lh-In

plus the relationships Ig =lg3 + Ics and
lout = lca = Iga will yield the multiplier transfer
function,
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h
140pA

TC11890S
NOTE:
} ! e Vin
out =1 = o Fo
Figure 9. Simplified AG Cell Schematic

la Vin lg ) )

IOUT—-| In= ol operating level of 0dBm, a 1mV offset will
2 1

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

= Smv

%THD

INPUT LEVEL (d8m)

0PO78508|

Figure 10. AG Cell Distortion
vs Offset Voltage

If 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
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yield 0.34% of second harmonic distortion.
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 allow trimming of the internal
offsets to zero, which effectively eliminated
second harmonic distortion. Figure 11 shows
the simple trim network required.

Vee

To THD Trim
'

4
= 200pF
T
'
=

TC119008

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, 11 and I,.
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.

0=
o}
r MAXIMUM
- -20f— SIGNAL LEVEL
5 / 9048
: 0 110d8
5 -
g
£ L
)
~60 p—
“r ‘/NOISE N
L 20KHz BW
1 1 1 1 J
™) -20
VCA GAIN (dB)
OPD7860S
Figure 12. Dynamic Range of NE570
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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 gu, 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 simple
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-
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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
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Figure 15. Resistance vs Temperature
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The output of the expandor will bias up to:

Rg
Vour DC =1+ — Vggr
Ra

Vv 1+20k 1.8V =3.0V
REF 30K B .

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

o

Vour
——0

TC11861S

R, Ry lg K
gaN=| —— 1=

2R; Vin (avg)

Ig = 140uA
*external components

Figure 4. Basic Compressor

- iz ViN/R,

C118718

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, V|NRy, is
supplied by the output of the op amp. If we
can mirror the op amp output current into a
unipolar current, we wiil have an ideal rectifi-
er. The output current is averaged by Rs, CR,
which set the averaging time constant, and
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Q,

NOTE:
Vin avg

R1 Figure 6. Simplified Rectifier Schematic
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then mirrored with a gain of 2 to become g,
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
Qy), 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
Rjy. 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 fs of 200 and PNP (s 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) 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 (8 of the
PNP Qg will begin to suffer, and there will be
an increasing error until the circuit saturates.
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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 Ry to limit the current to
this value. Figure 7 shows the rectifier accura-
cy vs input level at a frequency of 1kHz.

ERROR GAIN dB
o
T
A

-1 L I 1
-40 -20 °
RECTIFIER INPUT dBm

OPO7830S

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
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Figure 8. Rectifier Frequency
Response 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. Q1, Q2 and the op amp
provide a predistorted drive signal for the gain
control pair, Q3 and Q4. The gain is controlled
by Ig and a current mirror provides the output
current.

The op amp maintains the base and collector
of Q4 at ground potential (Vggeg) by controlling
the base of Q,. The input current Iy
(= Vin/Ry) is thus forced to flow through Q4
along with the current |, so Igy =11 + N
Since Iy has been set at twice the value of |y,
the current through Qg is:
o= (i +INn) =l =IN=lca

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, Q1 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, Q3 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:

I+ N

lh=IN

plus the relationships Ig = Igc3 +1cs and
louT = lca - Ica will yield the multiplier transfer
function,
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14004

TC118908
NOTE:
o= 8y o le VN
ouT Iy IN )2 Hz
Figure 9. Simplified AG Cell Schematic

la Vinlg ) )
lout =‘— IN= R—l— operating level of 0dBm, a 1mV offset will

1 2 1y

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

“%THO

INPUT LEVEL (dBm)

0P078508)

Figure 10. AG Cell Distortion
vs Offset Voltage

If 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
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yield 0.34% of second harmonic distortion.
Most circuits are somewhat better than this,
which means our overall offsets are typically
about 2mV. 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 allow trimming of the internal
offsets to zero, which effectively eliminated
second harmonic distortion. Figure 11 shows
the simple trim network required.

Vec
R
36V
8.2
20k
To THD Trim
H
4
= 200pF
T =
' =
e
TC11900S
Figure 11. THD Trim Network







DESCRIPTION

The NE572 is a dual-channel, high-per-
formance gain control circuit in which
either channei 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

e Complementary gain compression
and expansion with external op
amp

e Wide dynamic range — greater
than 110dB

e Temperature-compensated gain
control

e Low distortion gain cell

e Low noise — 6uV typical

e Wide supply voltage range —
6V -22V

® System level adjustable with
external components

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0 to +70°C NE572D
16-Pin Plastic DIP 0 to +70°C NE5S72N
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

(5.11)

(3.13)

(18)

(1.15)

BUFFER

L.

(4.12) (2.18)

BDO3591S

October 7, 1987
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PIN CONFIGURATION

D, N, F Packages'

7] vee

15] TRACK YRIM 8

TRACK TRIM A [T}
RECOV. AP A [7 ]
RECT. N & [T] 14] RECOV. CAP. B

ATTACK CAP A [4] 73] RECT B

sGoura (5} [12] aTTacK Cap 8
THD TRiM A [6 ] [17] ssoute
Gma (7] [70] THD TRIM B
GROUNO (8] BELD
TOP ViEW

co10511S
NOTE:
1.D package reieased in iarge SO (SOL) package
only.

APPLICATIONS

® Dynamic noise reduction system
e Voltage control amplifier

e Stereo expandor

e Automatic level control

e High-level limiter

® Low-level noise gate

e State variable filter

853-0813 90828




Product Specification

Programmable Analog Compandor

NE/SA572

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 22 Voc
Ta Operating temperature range
NE572 0to +70 °C
SA572 -40 to +85
Pp Power dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS Standard test conditions (unless otherwise noted) Vg = 15V, Ta = 25°C; Expandor
mode (see Test Circuit). Input signals at unity gain level (0dB) = 100mVgums at 1kHz;
Vi = Vg Rp=3.3kS%; Rg=17.3k.

NE572 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
internai voitage

VR reference 23 25 2.7 23 25 2.7 Vbc
Total harmonic distortion _

THD (untrimmed) 1kHz Cp = 1.0uF 0.2 1.0 0.2 1.0 %
Total harmonic distortion _

THD (trimmed) 1kHz Cg = 10uF 0.05 0.05 %
Total harmonic distortion

THD (trimmed) 100Hz 0.25 0.25 %

N . 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 i .
(untrimmed) 100MVams 20 | +50 £20 | £50 mv
Unity gain level -1 0 +1 -1.5 0 +1.5 dB
Large-signal distortion V4 =Vz=400mV 0.7 3.0 0.7 3 %
Tracking error (measured
relative to value at unity | Rectifier input
gain) = Vo= +6dB V4 =0dB 0.2 +0.2
[Vo- Vo (unity gain)]dB Vo =-30dB V4 =0dB +05 | ~15 +05 | -25 dB
-VodB +0.8 +1.6
200mVgums into channel A,

Channel crosstalk measured output on channel B 60 60 dB

pSRR | Power supply rejection 120Hz 70 70 )
ratio

October 7, 1987 124
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TEST CIRCUIT

AuF 100Q
AR S MA- -15v
22,F
2.2uF 1% :_E :_I_-.«t—
-2u 6.8k a = =
7.9 5.11 3
Vi O A A6 Sl AAA-
R1 17.3K
82K \
50 154 - ~ L 270pr
f"'A 2.2k NESS34 ——C Vo
CcR 6.10)
= 104F I BUFFER +
1® .
= 2.2,F
(4.12) T
o ® nd
Bt =
- (1,15)
2.2uF  3.3K(3,13) 100!
V2 o— —AW RECTIFIER 8) AMA—— 15V
R2 .
1% AuF o= I 224F
TCi1g425

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 Cp with an internal 10k
resistor Ry 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 Rg. 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 result, 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 4.7uF 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, rippie
distortion, tracking accuracy and noise floor
for a wide range of application requirements.
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Gain Cell

Figure 1 shows the circuit configuration of the
gain cell. Bases of the differential pairs
Q1 -Q and Q3-Q4 are both tied to the
output and inputs of OPA A;. The negative
feedback through Qi holds the Vgg of
Q41 -Q3 and the Vgg of Q3 - Q4 equal. The
following relationship can be derived from the
transistor model equation in the forward ac-
tive region.

AVBEqs - qs = ®BEq1-q2

(Vge = V1 Iy IC/19)

Yalg + Y2lo Yolg - Yelo
V1 ln Is -Vt Is

v ,(L__'_)v .n('z_-m)(z,
Is Is

\
where Iy = N
R4

Ry = 6.8kQ2
ly = 140uA
I = 280uA

lo is the differential output current of the gain
cell and Ig is the gain control current of the
gain cell.

If all transistors Qq through Qg4 are of the
same size, equation (2) can be simplified to:

2 1
‘o=|— * Nt |G‘E“2'2|1) e @

2

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.

October 7, 1987

v+

I
B—8 16~ 1o

h
1404A

; Q1 Q2

VW

THD
- TRIM

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 Ve if the output current I 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 Qs 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 A, 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
R2

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

_ VINAVG)
c R

Ir 4)
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Figure 2. Simplified Rectifier Schematic
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Figure 3. Buffer Amplifier Schematic
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The internal bias scheme limits the maximum
output current Ig to be around 300uA. Within
a t1dB error band the input range of the
rectifier is about 52dB.

Buffer Amplifier

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 overload 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 bufter amplifi-
er Az through Qg, Qg and Q. Diodes Dy
and D4, improve tracking accuracy and pro-
vide common-mode bias for A;. 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

7
Ga(t) = (Gant - Gaeny) e " + Gapn,

Gaynt = Initial Gain

Gagy = Final Gain
7a=Ra * CA=10k *+ CA

where 7, is the attack time constant and Ra
is a 10k internal resistor. Diode Dy5 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
GRg (t) for AG is expressed as follows.
-t

7
GR()=(Gr NT-Gr D © " +Gg e

7TR=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
Q14. The low level gain errors due to input
bias current of A and Az can be trimmed
through the tracking trim pin into Az 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

Voutr _2  Rs * Vinave) ®
Vin Rz« Ry
(1y = 140uA)

Both the resistors Ry and R, are tied to
internal summing nodes. R 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. Ry and R3 are external resistors. It
is easy to adjust the ratio of R3/R, 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 A4
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 A,
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 Ry is used to bias up the output DC
level of Ay for maximum swing. The output
DC level of Ay is given by
R3 Rs

Vooc = Veer | 1+
R4

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 A4. The system gain expres-
sion is as follows:

VOUT=(|_1 . _Ra Ry

AL I @)
ViN 2 Rz * Vinave)

Rpc1, Rpca, and CDC form a DC feedback for
A4. The output DC level of A; is given by

Rpc1 + Rpee )

Vobc = VRer ( 1+ 2
4

Rpc1 + Rpcz
-Vg ° (——-—- (8
R4

The zener diodes Dy and D, are used for
channel overload 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 block to achieve a high perfor-
mance audio system. Figure 6 shows the
system level diagram for reference.
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DESCRIPTION

The NE/SAS75 is a precision dual gain
control circuit designed for low voltage
applications. The NE575’s channel 1 is
an expandor, while channel 2 can be
configured either for expandor,
compressor, or automatic level controller
(ALC) appilication.

ORDERING INFORMATION

FEATURES
®Operating voltage range from 3V to 7V

®Reference voltage of
100mVRMS =0dB

®0One dedicated summing op amp per
channel and two extra uncommitted op
amps

#600Q drive capability

#Single or split supply operation

eWide input/output swing capability

APPLICATIONS
®Portable communications
oCollular radio

oCordless telephone
eConsumer audio
®Portable broadcast mixers
®Wireless microphones
®Modems

®Electric organs

®Hearing aids

Low voltage compandor

PIN CONFIGURATION

+VIN1 E
-VinNt [E
Vour1 E

RECT N1 [4]

CRECT1 E
sumout1[6]
comp.in1 [7]
VREF E

GAIN CELL IN1 [ 9]
anp[o

D! and N Packages

Evcc
Ewmz
E—sz
[17]vour2
[16]RECTINZ

EICRE(:Tz
14| sum ouT2

13]comping
[12]sum NoDE 2
[11] AN cELL IN2

NOTE:

T
1. Available in large SOL package only.

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0to +70°C NES75N
20-Pin Plastic SOL 0to +70°C NES575D
20-Pin Plastic DIP —40 to +85°C SA575N
20-Pin Plastic SOL —40 to +85°C SA575D
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BLOCK DIAGRAM and TEST CIRCUIT
Voo 8V 0.1uF
N/ cis =
on | GND
1] NES7S _ve—20— 0
= + Fo vin
Vout Jl__z_ 19 R13 c14
Ba s — OP AMP W Vour
I 3 18
s o = OP AMP VREF% f1o
K | pral
* —E pr——— 1 .
= GND — [104F 100k
Lo [T T_sl—m.m :
I 224F u_E Elfﬂ_—_l_ = anp
GND—= 220F —
- Ci
g e || [
10pF >
gl p
wr Lo} {] ] Ta-a
+ R7
—{ slv{ e H 12— A~
I {: A I :)_ ok N e
o= s Fvn{ar— I
GND™=" Gnp— ~ GND ~GND
CD13761S
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
NE575 SA575
Vee Single supply voltage 8 8 \
Ta Operating ambient temperature range | —40to +85 | —40 to +85 °c
Tsta Storage temperature range —65to +150 | —-65 to +150 °Cc
8)A Thermal impedance DIP 68 68 °c/wW
SOL 112 112 °C/W

DC ELECTRICAL CHARACTERISTICS

Typical values are at T = 25°C. Minimum and Maximum values are for the full operating temperature range: 0 to 70°C for NE575, —40 to

+86°C for SA575. Vgg = 5V, unless otherwise stated. Both channels are tested in the Expandor mode (see Test Circuit)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE575 SA575 UNITS
- R ~ [wmn T e TwmAX | MIN | TYP | MAX )
For compandor, Including summing amplifier
Vee Supply voltage! 3 5 7 3 5 7 )
lee Supply current No signal 3 4.2 55 3 4.2 55 mA
VRer Reference voltage? Vee =5V 2.4 25 26 24 25 26 \
Ry Summing amp output load 10 10 kQ
THD Total harmonic distortion 1kHz, 0dB BW = 3.5kHz 0.12 1.0 0.12 15 %
Eno Qutput voltage noise BW = 20kHz, Rg = 0Q 6 20 6 30 pv
0dB Unity gain level 1kHz -1.0 1.0 -15 15 dB
Vos Output voltage offset No signal -100 100 -150 150 mV
QOutput DC shift No signal to 0dB -50 50 -100 100 mV
Gain cell input = 0dB,
IkHz -05 05 | -10 10 | a8
Rectifier input = 6dB,
1kHz
Tracking error relative to 0dB | Gain cell input = 0dB,
Resifir input=-30dB, | 05 05| -10 10 | dB
1kHz
Crosstalk 1kHz, 0dB, Crer = 220pF -80 -85 -80 -85 dB
For operational amplifier
Vo Output swing R, = 10kQ Vee—0.4 | V0.2 Vec—0.4 | Vec-0.2 \
Ry Output load 1kHz 600 600 Q
CMR Input common-mode range 0 Vee 0 Vee \
CMRR | Common-mode rejection ratio 60 80 60 80 dB
Ig Input bias current Viy = 0.5V to 4.5V -05 0.5 -1 1 HA
Vos Input offset voltage 3 3 mV
AvoL Open-loop gain RL = 10kQ 80 80 dB
SR Slew rate Unity gain 1 1 Vius
GBW | Bandwidth Unity gain 3 3 MHz
En Input voltage noise BW = 20kHz 25 25 rv
PSRR | Power supply rejection ratio 1kHz, 250mV 60 dB
NOTES:

1. Operation down to Vg = 2V is possible, but performance is significantly reduced. See curve in Figure 5.
2. Reference voltage, Vper, is typically at 1/2Vec.

May 30, 1989
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FUNCTIONAL DESCRIPTION

This section describes the basic subsystems
and applications of the NE/SA575
Compandor. More theory of operation on
compandors can be found in AN174 and
AN176. The typical applications of the
NE575 low voltage compandor in an
Expandor (1:2), Compressor (2:1) and
Automatic Level Control (ALC) function are
explained. These three circuit configurations
are shown in Figures 1, 2, 3 respectively.

The NES575 has two channels for a complete
companding system. The left channel, A, can
be configured as a 1:2 Expandor while the
right channel, B, can be configured as either
a 2:1 Compressor, a 1:2 Expandor or an
ALC. Each channel consists of the basic
companding building blocks of rectifier cell,
variable gain cell, summing amplifier and
Vgee cell. In addition, the NE575 has two
additional high performance uncommitted op
amps which can be utilized for application
such as filtering, pre—emphasis/de—emphasis
or buffering.

Figure 4 shows the complete schematic for
the applications demo board. Channel A is
configured as an expandor while channel B is
configured so that it can be used either as a
compressor or as an ALC circuit. The switch,
81, toggles the circuit between compressor
and ALC mode. Jumpers J1 and J2 can be
used to either include the additional op amps
for signal conditioning or exclude them from
the signal path. Bread boarding space is
provided for R1, R2, C1, C2, R10, R11, C10
and C11 so that the response can be tailored
for each individual need. The components as
specified are suitable for the complete audio
spectrum from 20Hz to 20kHz.

The most common configuration is as a unity
gain non—inverting buffer where R1, C1, C2,
R10, C10 and C11 are eliminated and R2 and
R11 are shorted. Capacitors C3, C5, C8, and
C12 are for DC blocking, and R4 and R8
provide termination (for the capacitors). In
systems where the inputs and outputs are AC
coupled, these capacitors and resistors can
be eliminated. Capacitors C4 and C9 are for
setting the attack and release time constant.
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Cé6 is for decoupling and stabilizing the
voltage reference circuit. The value of C6
should be such that it will offer a very low
impedance to the lowest frequencies of
interest. Too small a capacitor will allow
supply ripple to modulate the audio path.
The better filtered the power supply, the
smaller this capacitor can be. R5 and R12
provide DC reference voltage to the
amplifiers of channel B. R6 and R7 provide a
DC feedback path for the summing amp of
channel B, while C7 is a short—circuit to
ground for signals. C14 and C15 are for

power supply decoupling. C14 can also be
eliminated if the power supply is well
regulated with very low noise and ripple.
Figure 8 shows the PC board layout of the
applications demo board.

DEMONSTRATED
PERFORMANCE

The applications demo board was built and
tested for a frequency range of 20Hz to
20kHz with the component values as shown
in Figure 4 and V¢ = 5V. In the expandor
mode, the typical input dynamic range was
from —34dB to +12dB where 0dB is equal to
100mVpys. The typical unity gain level
measured at 0dB @ 1kHz input was +0.5dB
and the typical tracking error was +0.1dB for
input range of —30 to +10dB.

In the compressor mode, the typical input
dynamic range was from —42dB to +18dB
with a tracking error +0.1dB and the typical
unity gain level was +0.5dB.

In the ALC mode, the typical input dynamic
range was from —42dB to +8dB with typical
output deviation of +0.2dB about the nominal
output of 0dB. For input greater than +9dB in
ALC configuration, the summing amplifier
sometimes exhibits high frequency
oscillations. There are several solutions to
this problem. The first is to lower the values
of R7 and R8 to 20kQ each. the second is to
add a current limiting resistor in series with
C13 atPin 13. the third is to add a
compensating capacitor of about 22 to 30pF
between the input and output of summing
amplifier (Pins 12 and 14). With any one of
the above recommendations, the typical ALC
mode input range increased to +18dB
yielding a dynamic range of over 60dB.
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EXPANDOR

The typical expandor configuration is shown
in Figure 1. The variable gain cell and the
rectifier cell are in the signal input path. The

* VRer is always 1/2 Vg to provide the

maximum headroom without clipping. The
0dB refis 100mVpys. The input is AC
coupled through C5, and the output is AC
coupled through C3. If in a system the inputs
and outputs are AC coupled, then C3, C5, R3
and R4 can be eliminated, thus requiring only
one external component, C4. The variable
gain cell and rectifier cell are DC coupled so
any offset voltage between Pins 4 and 9 will
cause small offset error current in the rectifier
cell. This will affect the accuracy of the gain
cell. This can be improved by using an extra
capacitor from the input to Pin 4 and
eliminating the DC connection between Pins
4 and 9.

The expandor gain expression and the attach
and release time constant is given by
Equation 1 and Equation 2, respectively.

Equation 1.

4Vin(avg)

Expandor gain = 3.9k x 1004A

where V|N(an) = 0-975VIN(RMS)

Equation 2.
TR =7A = 10k X CRecT = 10k x C4

COMPRESSOR

The typical compressor configuration is
shown in Figure 2. In this mode, the rectifier
cell and variable gain cell are in the feedback
path. R6 and R7 provide the DC feedback to
the summing amplifier. The inputis AC
coupled through C12 and output is AC
coupled through C8. In a system with inputs
and outputs AC coupled, C8, C12, R8, and
R9 could be eliminated and only R5, R6, R7,
C7, and C13 would be required. If the
external components R5, R6, R7 and C7 are
eliminated, then the output of the summing
amplifier will motor—boat in absence of
signals or at extremely low signals. This is
because there is no DC feedback path from
the output to input. In the presence of an AC
signal this phenomenon is not observed and
the circuit will appear to function properly.

The compressor gain expression and the
attack and release time constant is given by
Equation 3 and Equation 4, respectively.
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Equation 3.

12
Compressor gain = EB.QR X 100pA
4Vin(avg)
where Viy(avg) = 0.975Vnrus)

Equation 4.

TR =T = 10k X CRECT =10k x C4

AUTOMATIC LEVEL CONTROL
The typical Automatic Level Control circuit
configuration is shown in Figure 3. It can be
seen that it is quite similar to the compressor
schematic except that the input to the rectifier
cell is from the input path and not from the
feedback path. The input is AC coupled
through C12 and C13 and the outputis AC
coupled through C8. Once again, as in the
previous cases, if the system input and
output signals are already AC coupled, then
C12, C13, C8, R8 and R9 could be
eliminated. Concerning the compressor,
removing R5, R6, R7 and C7 will cause
motor-boating in absence of signals. Ccomp
is necessary to stabilize the summing
amplifier at higher input levels. This circuit
provides an input dynamic range greater than

60dB with the output within +0.5dB typical.
The necessary design expressions are given
by Equation 5 and Equation 6, respectively.
Equation 5.
3.9k x 100pA

AlLCgain= ————
s 4Vin(avg)

Equation 6.
1R =TA = 10k X Crgcr = 10k x C9

EXP OUT

tc23250s

Figure 1. Typical Expandor Configuration
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Figure 4. Signetics NE575 Low Voltage Expandor/Compressor/ALC Demo Board
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TYPICAL PERFORMANCE CHARACTERISTICS

GENERAL DIAGRAM
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Figure 6. Compressor Output Frequency Response
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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Figure 7. NE575 Expandor Output Frequency Response
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Date of Issue | July 23, 1990

Status Preliminary Specification

RF Communications

DESCRIPTION

The NE/SA575 is a precision dual gain
control circuit designed for low voltage
applications. The NE575’s channel 1 is
an expandor, while channel 2 can be
configured either for expandor,
compressor, or automatic level controller
(ALC) application.

ORDERING INFORMATION

FEATURES
® Operating voltage range from 3V to 7V

® Reference voltage of
100mVHMS =0dB

® One dedicated summing op amp per
channel and two extra uncommitted
raii-to-rail op amps

® 6002 drive capability

® Single or split supply operation

® Wide input/output swing capability

® DTMF summing

APPLICATIONS
® Portable communications

® Cellular radio

® Cordless telephone

® Consumer audio

® Portable broadcast mixers
® Wireless microphones

©® Modems

® Electric organs

® Hearing aids

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic SSOP 0to +70°C NE575DK
- | 20-Pin Plastic SSOP —40 to +85°C SA575DK
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NE/SA575 (SSOP)
Low voltage compandor in shrink
small outline package

PIN CONFIGURATION

SSOP Package

+ViNt II Evcc

-ViN E %:"Iﬂz
vours [2] 5 ViNz
17 [Vour2

RECT. N1 [4]

CrecTt E Enscr.mz
sumout1[6] [15]crect2
comp.INt [7] 13] SuM oUT2
veer [2] [13]compinz
GAIN CELLIN1 9| [12]sum nopE 2

ano[10 [11] GAIN CELLIN2
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BLOCK DIAGRAM and TEST CIRCUIT

Q
@

VREF <>

vee +5V ‘
N/ C15 _
GND
1] NE575 voc —20 el
ry o vin
7 5]
out { 2] 19 Ri3 c1a
?;o ca OP AMP Vour
IRl =
A%Rs 10 OP AMP N Rio
RI
100k —{a E3 [17]
= o — cn c1o:r_—.w F 100k
= GND =1 L+ +] 10
+ oneer L5] [ ¢ | 20K [16}—H5r
CRE =
2.2uF I__L GND
’_! 6
GND:_]: L—(: ;-219’ =
7
—
1 8

AC/DC ELECTRICAL CHARACTERISTICS
Ta=25°C; Vee = 5V, unless otherwise stated. Both channels are tested in the Expandor mode (see Test Circuit)

R7
= K e W P2
GND= GND_—_‘;_E = GND 0k :j_ laun
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE575 SA575

Voo Single supply voltage 8 8 v
Ta Operating ambient temperaturerange | 0to+70 | —40to +85 °c
Tsta Storage temperature range —65to +150 | -65to +150 °c

7Y Thermal impedance SSOP 117 117 °c/W

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE575 SA575 UNITS
MIN | TYP | MAX MIN | TYP ] MAX
For compandor, including summing amplifier
Vee Supply voltage' 3 5 7 3 5 7 \'
lcc Supply current No signal 3 4.2 5.5 3 4.2 55 mA
Vrer Reference voltage? Vee =5V 24 25 2.6 24 25 26 \
RL Summing amp output load 10 10 kQ
THD Total harmonic distortion 1kHz, 0dB BW = 3.5kHz 0.12 1.0 0.12 1.5 %
Eno Output voltage noise BW = 20kHz, Rg = 0Q 6 20 6 30 nv
0dB Unity gain level 1kHz -1.0 1.0 -1.5 1.5 dB
Vos Output voltage offset No signal -100 100 -150 150 mV
Output DC shift No signal to 0dB -50 50 -100 100 mV
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AC/DC ELECTRICAL CHARACTERISTICS

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NES75 SAS75 UNITS
MiIN TYP MAX MIN TYP MAX
Raciter input ~odB, 1kt | 0% 05 | 10 10 | 8
Tracking error relative to 0dB g:g:i f‘i::r ilr?;t?t‘; P\'gOBd B1k1!—ll(zH . 05 0.5 10 10 dB
Crosstalk 1kHz, 0dB, Crer = 220pF -80 —65 -80 —65 dB
For operational amplifier
Vo Output swing R = 10kQ V0.4 | Vec0.2 Vee—0.4 | Vec0.2 \
Ry Output load 1kHz 600 600
CMR | Input common-mode range 0 Vee Y Vee v
CMRR | Common-mode rejection ratio 60 80 60 80 dB
Ig Input bias current Vin=0.5Vto 4.5V -05 0.5 -1 1 pA
Vos Input offset voltage 3 3 mV
AvoL Open-loop gain R = 10kQ 80 B0 dB
SR Slew rate Unity gain 1 1 Vius
GBW Bandwidth Unity gain 3 3 MHz
Eni Input voltage noise BW = 20kHz 25 2.5 uv
PSRR | Power supply rejection ratio 1kHz, 250mV 60 80 dB
NOTES:

9. Operation down to V¢g = 2V is possible, but performance is significantly reduced. See curve in Figure 5.
10. Reference voltage, Vger, is typically at 1/2Vcc.

FUNCTIONAL DESCRIPTION

This section describes the basic subsystems
and applications of the NE/SA575
Compandor. More theory of operation on
compandors can be found in AN174 and
AN176. The typical applications of the
NES575 low voltage compandor in an
Expandor (1:2), Compressor (2:1) and
Automatic Level Control (ALC) function are
explained. These three circuit configurations
are shown in Figures 1, 2, 3 respectively.

The NE575 has two channels for a complete
companding system. The left channel, A, can
be configured as a 1:2 Expandor while the
right channel, B, can be configured as either
a 2:1 Compressor, a 1:2 Expandor or an
ALC. Each channel consists of the basic
companding building blocks of rectifier cell,
variable gain cell, summing amplifier and
Vger cell. In addition, the NE575 has two
additional high performance uncommitted op
amps which can be utilized for application
such as filtering, pre-emphasis/de-emphasis
or buffering.

Figure 4 shows the complete schematic for
the applications demo board. Channel A is
configured as an expandor while channel B is
configured so that it can be used either as a
compressor or as an ALC circuit. The switch,
S1, toggles the circuit between compressor

July 23, 1990

and ALC mode. Jumpers J1 and J2 can be
used to either include the additional op amps
for signal conditioning or exclude them from
the signal path. Bread boarding space is
provided for R1, R2, C1, C2, R10, R11, C10
and C11 so that the response can be tailored
for each individual need. The components as
specified are suitable for the complete audio
spectrum from 20Hz to 20kHz.

The most common configuration is as a unity
gain non-inverting buffer where R1, C1, C2,
R10, C10 and C11 are eliminated and R2 and
R11 are shorted. Capacitors C3, C5, C8, and
C12 are for DC blocking, and R4 and R8
provide termination (for the capacitors). In
systems where the inputs and outputs are AC
coupled, these capacitors and resistors can
be eliminated. Capacitors C4 and C9 are for
setting the attack and release time constant.

C6 is for decoupling and stabilizing the
voltage reference circuit. The value of C6
should be such that it will offer a very low
impedance to the lowest frequencies of
interest. Too small a capacitor will allow
supply ripple to modulate the audio path.
The better filtered the power supply, the
smaller this capacitor can be. R5 and R12
provide DC reference voltage to the
amplifiers of channel B. R6 and R7 provide a
DC feedback path for the summing amp of
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channel B, while C7 is a short-circuit to
ground for signals. C14 and C15 are for
power supply decoupling. C14 can also be
eliminated if the power supply is well
regulated with very low noise and ripple.
Figure 8 shows the PC board layout of the
applications demo board.

DEMONSTRATED
PERFORMANCE

The applications demo board was built and
tested for a frequency range of 20Hz to
20kHz with the component values as shown
in Figure 4 and Vgc = 5V. In the expandor
mode, the typical input dynamic range was
from —34dB to +12dB where 0dB is equal to
100mVgus. The typical unity gain level
measured at 0dB @ 1kHz input was +0.5dB
and the typical tracking error was +0.1dB for
input range of ~30 to +10dB.

In the compressor mode, the typical input
dynamic range was from —42dB to +18dB
with a tracking error +0.1dB and the typical
unity gain level was +0.5dB.

In the ALC mode, the typical input dynamic
range was from ~42dB to +8dB with typical
output deviation of +0.2dB about the nominal
output of 0dB. For input greater than +9dB in
ALC configuration, the summing amplifier
sometimes exhibits high frequency
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oscillations. There are several solutions to
this problem. The first is to lower the values
of R7 and R8 to 20kQ each. The second is
to add a current limiting resistor in series with
C13 atPin 13. The thirdisto add a
compensating capacitor of about 22 to 30pF
between the input and output of summing
amplifier (Pins 12 and 14). With any one of
the above recommendations, the typical ALC
mode input range increased to +18dB
yielding a dynamic range of over 60dB.

EXPANDOR

The typical expandor configuration is shown
in Figure 1. The variable gain cell and the
rectifier cell are in the signal input path. The
VRer is always 1/2 Vg to provide the
maximum headroom without clipping. The
0dB ref is 100mVgys. The inputis AC
coupled through C5, and the outputis AC
coupled through C3. If in a system the inputs
and outputs are AC coupled, then C3, C5, R3
and R4 can be eiiminated, thus requiring only
one external component, C4. The variable
gain cell and rectifier cell are DC coupled so
any offset voltage between Pins 4 and 9 will
cause small offset error current in the rectifier
cell. This will affect the accuracy of the gain
cell. This can be improved by using an extra
capacitor from the input to Pin 4 and
eliminating the DC connection between Pins
4 and9.

The expandor gain expression and the attack
and release time constant is given by
Equation 1 and Equation 2, respectively.

Equation 1.

Expandor gain = —LN(@YG)
xpan B o
pandor gain = 3k x 100pA

where Viy(avg) = 0.975V|nRrums)

Equation 2.
TR =7TA = 10k X Crect = 10k X C4

COMPRESSOR

The typical compressor configuration is
shown in Figure 2. In this mode, the rectifier
cell and variable gain cell are in the feedback
path. R6 and R7 provide the DC feedback to
the summing amplifier. The input is AC
coupled through C12 and output is AC
coupled through C8. In a system with inputs
and outputs AC coupled, C8, C12, R8, and
R9 could be eliminated and only RS, R6, R7,
C7, and C13 would be required. If the
external components RS, R6, R7 and C7 are
eliminated, then the output of the summing
amplifier will motor-boat in absence of signals
or at extremely low signals. This is because
there is no DC feedback path from the output
to input. In the presence of an AC signal this
phenomenon is not observed and the circuit
will appear to function properly.

The compressor gain expression and the
attack and release time constant is given by
Equation 3 and Equation 4, respectively.

Equation 3.

12
Compressor gain = 3.9k x 100pA
4Vin(avg)

where Viy(avg) = 0.975V NRms)

Equation 4.

TR =7a = 10k X Crect = 10k x C4
AUTOMATIC LEVEL CONTROL

The typical Automatic Level Control circuit
configuration is shown in Figure 3. It can be
seen that it is quite similar to the compressor
schematic except that the input to the rectifier

cell is from the input path and not from the
feedback path. The input is AC coupled
through C12 and C13 and the output is AC
coupled through C8. Once again, as in the
previous cases, if the system input and
output signals are already AC coupled, then
C12, C13, C8, R8 and RS9 could be
eliminated. Concerning the compressor,
removing R5, R6, R7 and C7 will cause
motor-boating in absence of signals. Ccomp
is necessary to stabilize the summing
amplifier at higher input levels. This circuit
provides an input dynamic range greater than
60dB with the output within +0.5dB typical.
The necessary design expressions are given
by Equation 5§ and Equation 6, respectively.
Equation 5.

3.9k x 100pA

ALCgain= ———
4Vin(avg)

Equation 6.
TR =TA = 10K x CRrect = 10k x C9

Figure 5 shows that the unity gain error
remains small over a wide range of supply
voltages. The unity gain error is important
because it effects the tracking error. So, to
achieve the best unity gain error, provide a
power supply voltage of 4 to 5V to the
NES575.

Figures 6 and 7 show the output level over a
range of frequencies and inputs for the
compressor and expandor, respectively.
These graphs reveal that the compandor has
a constant and flat output. This is important
because the signal will not be altered.

cs

EXPIN o—|

10pF

Figure 1. Typical Expandor Configuration

EXP OUT

1232508
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Figure 2. Typical Compressor Configuration
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TYPICAL PERFORMANCE CHARACTERISTICS

GENERAL DIAGRAM
8 10uF | 4TWF
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Figure 6. Compressor Output Frequency Response
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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Figure 7. NE575 Expandor Output Frequency Response
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COMPRESSION EXPANSION
Figure 9. The Companding Function
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DESCRIPTION APPLICATIONS PIN CONFIGURATION
The NE/SA577 is a unity gain level ® High performance portable
programmable compandor designed for communications D and N Packages
low power applications. The NE577 is .
internally configured as an expandor and © Cellular radio GCELLy E E Vee
a compressor to minimize external ® Cordless telephone p— E’: E COMPAP2
i:m;;o;ent count bl ® Consumer audio EXPcap E E commy

e NES77 is available in a 14-pin ® Wireless microphones 4 11 CoMP,
plastic DIP and SO packages. P expour [4 ] chP1

® Modems VREF E 10| RECT)N
FEATURES « Electric organs mer (] 9] aceLun
® Operating voltage range: 1.8V to 7V 8 | comp
P 9 volage rang ® Hearing aids ano [7] 2] compour

® Low power consumption
(1.4mA @ 3.6V)

© 0dB level programmable
(10mVaus to 1.0Vrus)

® Over 90dB of dynamic range

® Automatic level control (ALC)

® Wide input/output swing capability

(rail-to-rail)

® Low external component count

® SA577 meets cellular radio
specifications

® ESD hardened
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0to +70°C NES77N
14-Pin Plastic SO 0to +70°C NES77D
14-Pin Plastic DIP —40 to +85°C SA577N
14-Pin Plastic SO —40 to +85°C SA577D
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BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT
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o_l |'——° cc
10lF 1
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13 c8
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c7 —
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c2 [ oor l 104F  COMPIy
T EXPANDOR
— ca’ COMPcAPq
EXPout 10;j 4 | L +cs
10K RECTIFIER T 2aF
c4 -
' VRer 1, ] 8.6 10
e LS [ K+ RECTIN
VREF R3*
= BANDGAP 10k
9 GCEL
- 6 IREF vee COMPRESSOR “ H~
+
GND GAINCELL 1o4F —=C5
|
7 8 * E’ COMPouT
F
co
= GND 1nF
*R1, R2 and R3 are 1% resistors. TOPIN4
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
NE577 SAS577
Vee Supply voltage 8 8 \
Ta Operating ambient temperature range O0to +70 —40 to +85 °c
Tsta Storage temperature range —6510 +150 | —65 to +150 °c
0n Thermal impedance gg’ 19205 1".132()5 :g;a

ELECTRICAL CHARACTERISTICS

Ta = 25°C, Vg = 3.6VDC, compandor 0dB level = —20dBV = 100mVgys, output load R, = 10kQ, Freq = 1kHz, unless ctherwise specified. R1,
R2 and R3 are 1% resistors.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SAS77 UNITS
MIN TYP MAX

Vee Supply voltage! 2 36 7 v
lcc Supply current R’:Z ﬁ'ggﬁ_’a 1.4 2 mA
Veger | Reference voltage? Vee =36V 1.7 1.8 1.9 Y
R Summing amp output load 10 kQ
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.1 1.5 %
Eno Expandor output noise voltage BW = 20kHz, Rg = 0Q 25 Y
0dB Unity gain level 0dB at 1kHz -1.5 15 dB

Programmable range3 R1=R3=18.7kQ, R2 = 24.3kQ 0 dBv

R1 = R3 = 22.6kQ, R2 = 100kQ -10 dBv

R1 =R3 = 7.15kQ, R2 = 100kQ -20 dBv

R1 =R3 = 1.33kQ, R2 = 200kQ —40 dBv

Vos Output voltage offset No signal -150 150 mV
Expandor output DC shift No signal to 0dB -100 100 mvV

Tracking error relative to 0dB output -1.0 1.0 dB
Crosstalk, COMP to EXP 1kHz, 0dB, Cggr = 10pF -80 -65 dB
Vo Output swing low 0.2 Vv
Output swing high Veg—0.2 v

NOTE:
1. Operation down to Vg = 1.8V is possible, see application note AN1762.
2. Reference voltage, VR, is typically at 1/2 Veg.

3. Unity gain level can be adjusted CONTINUOQUSLY between —40dBV = 10mVgys and 0dBV = 1.0Vpys. For details see application note
AN1762.
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power compandor

DESCRIPTION

The NE/SA578 is a unity gain level
programmable compandor designed for
low power applications. The NE578 is

FEATURES PIN CONFIGURATION

® Operating voltage range: 1.8V to 7V

: D and N Packages
® | ow power consumption

internally configured as an expandor and (1.4mA @ 3.6V) aeety [1] 1¢] vec
a compressor to minimize external @ 0dB level programmable B 53] cown

. component count. (10mVaws to 1.0Vaus) RECTm | “TTTCAP
The summing amplifiers of the NE578 ® Over 90dB of dynamic range excap 2 = iy
have 600 drive capability and the ® Wide input/output swing capability EXPour [:: :::] coMPeaps
inver?i.ng !npul of th_e compressor © Low external component count VREF l: :l RECTIN
amplifier is accessible through Pin 9 for ) rer (8] [11] ceeLuy
summing multiple external signals. ® SA578 meets cellular radio ano [7] 0] compout
Power Down/Mute function is active low specifications PWRDN 5 5] sum wooe
and requires an open collector output ® ESD hardened MUTE

logic configuration at Pin 8. If Power
Down/Mute is not needed, Pin 8 should
be left open. When the part is muted,
supply current drops to 170pA at 3.6V.
The NE578 is available in a 16-pin
plastic DIP and SO packages.

ORDERING INFORMATION

® Power Down mode
(loc = 170pA @ 3.6V)

® Mute function
© Multiple external summing capability
® 600Q2 drive capability

APPLICATIONS

® High performance portable
communications

® Cellular radio

® Cordless telephone

® Consumer audio

® Wireless microphones

® Modems

® Electric organs

® Hearing aids

® Automatic level control (ALC)

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0to +70°C NES78N
16-Pin Plastic SO 0to +70°C NE578D
16-Pin Plastic DIP —40 to +85°C SA578N
16-Pin Plastic SO —40 to +85°C SA578D
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BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT

104F 1 cc
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— COMPCAP2
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EXPcap . 30k 10k E__'_z" =
CZ‘—L 2.24F 13| 1 JF COMPN
I c3 EXPANDOR
EXPouT 10WF L4 | 1*cs
10k| RECTIFIER T 2aF
veer &4 | 8.6k =
L+ [
12 CT|
oh L S I - +—\ RECTIN
VREF SR
= [ BANDGAP 10k
1 GCEL
R2'S LS| IREF Ve COMPRESSOR AG LN
3 GND PWRDN GAINGELL 10uF —*cs
| 1 ‘ +
7 10 |—> COMPouT
—_-—L_ oo | OHF
1nF [c11 > O
] : PIN4
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10yl

*R1, R2 and R3 are 1% resistors.
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE578 SAS578
Vee Supply voltage 8 8 A
Ta Operating ambient temperature range Oto +70 —40 to +85 °c
Tsta Storage temperature range —65t0 +150 | -65to +150 °c
o Thermal impedance DIP 90 90 °c/wW
JA Cle} 125 125 oc/W

ELECTRICAL CHARACTERISTICS

Ta = 25°C, Vg = 3.6VDC, compandor 0dB level = —20dBV = 100mVgus, output load Ry = 10k, Freq = 1kHz, unless otherwise specified. R1,
R2 and R3 are 1% resistors.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA578 UNITS
MIN TYP MAX
Vee Supply voltage’ 2 36 7 v
lec Supply current ggfv'::iggwn No signal, Rz = 100kQ 11 7‘(‘) 2 m
VRer Reference voltage? Vee =36V 1.7 1.8 1.9 \Y
R. Summing amp minimum output load 600 Q
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.1 1.0 %
Eno Expandor output noise voltage BW = 20kHz, Rg = 0Q 20 rv
0dB Unity gain level 0dB at 1kHz -1.0 1.0 dB
Programmable range® R1=R3 = 18.7kQ, R2 = 24.3kQ 0 dBv
R1 =R3 = 22.6kQ, R2 = 100kQ -10 dBV
R1 =R3 = 7.15kQ, R2 = 100kQ -20 dBV
R1 =R3 = 1.33kQ, R2 = 200kQ -40 dBv
Vos Output voltage offset No signal -150 150 mV
Expandor output DC shift No signal to 0dB -100 100 mV
Tracking error relative to 0dB output -1.0 1.0 dB
Crosstalk, COMP to EXP 1kHz, 0dB, Cggr = 10pF -80 -85 dB
Vo Output swing low 0.2 \
Output swing high Ve —0.2 \
Power Down/Mute low level 0 0.4 \
Power Down/Mute input current Pin 8 grounded -65 BA

NOTE:
1. Operation down to Vg = 1.8V is possible, see application note AN1762.
2. Reference voltage, VRer, is typically at 1/2 Vgg.

3. Unity gain level can be adjusted CONTINUOUSLY between —40dBV = 10mVgys and 0dBV = 1.0Vgus. For details see application note
AN1762.
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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

e Low current consumption: 2.4mA
typical

o Excellent noise figure: < 5.0dB
typical at 45MHz

e High operating frequency

o Excellent gain, intercept and
sensitivity

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

® SA602 meets cellular radio
specifications

APPLICATIONS

o Cellular radio mixer/oscillator
e Portable radio

o VHF transceivers

o RF data links

e HF/VHF frequency conversion

e |Instrumentation frequency
conversion

e Broadband LANs
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PIN CONFIGURATION
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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
Vee Maximum operating voltage 9 \
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0to +70 °C
NE602 -40 to +85 °C
SA602
AC/DC ELECTRICAL CHARACTERISTICS T4 =25°C, Vcc =6V, Figure 1
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vce Power supply voltage range 45 8.0 \
DC current drain 2.4 2.8 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 RFy = -45dBm: f; = 45.0 -15 -17 dBm
fy = 45.06
Conversion gain at 45MHz 14 18 dB
RiN RF input resistance 1.5 k2
CiN RF input capacitance 3 3.5 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:H l 22pF l 1__. buffer, and a temperature compensated bias
5.5 _E_Hm__{ ——  44.545MHz THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit.
Vee = 1nF il The Gilbert cell is a differential amplifier (Pins
YA 1 1 and 2) which drives a balanced switching
o | L 1000 T J:L‘l (‘E cell. The differential input stage provides gain
lI‘ I 10nF = 8 7 6 5 4 and determines the noise figure and signal
= = 150pF handling performance of the system.
OUTPUT
602 The NE/SA602 is designed for optimum low
Yase §T 330pF power performance. When used with the
SA604 as a 45MHz cellular radio 2nd IF and
) Tiz20pF = demodulator, the SA602 is capable of receiv-
1 2 3 4 ing —119dBm signals with a 12dB S/N ratio.
L l Third-order intercept is typically —15dBm
A4TPF. (that's approximately +5dBm output intercept
INPUT To.zosa to 0.283,H = because of the RF gain). The system de_sign-
er must be cognizant of this large signal
220pF limitation. When designing LANs or other
100nF closed systems where transmission levels are
= high, and small-signal or signal-to-noise
Teozrozs issues not critical, the input to the NE602
Figure 1. Test Configuration should be appropriately scaled.
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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 certain
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 || 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

E] Vee

BUFFER

2

BIAS

F7

BIAS

I_\

T—AAA,
WA

Figure 2. Equivalent Circuit

H—AAA

W

1k A
I—wWA-

It

TC020308

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.Q. 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 simple solution
for non-critical applications. The resistive di-
vider in the emitter-follower 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
22k2 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 oscillator to start. 22kS2 will not upset
the other DC biasing internal to the device,
but smaller resistance values should be
avoided.

||H

TC02041S

a. Single-Ended Tuned Input

n<

TC02051S

b. Balanced Input (For Attenuation
of Second-Order Products)

Figure 3. Input Configuration

@_HJW ?

TC02081S

c. Single-Ended Untuned Input
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Double-Balanced Mixer and Oscillator

NE/SA602

12pF cr
IL
I = % 10710 "
5 ;L_ 1 IJSj z.10pF7é 11“M—T—39F:: _T mM; . 1008
CFU4ss
OR EQUIVALENT
> 602 > 602 FILTER K&L38780 OR EQUIVALENT
*Ct MATCHES 3.5K() TO NEXT STAGE.
LIJ ‘
TC02011S8 TC020718
a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter
O i
= 3
) * T 3 ) - :‘F: 3
T ‘
TC02081S TC02091S
c. Single-Ended IFT d. Balanced Output
Figure 4. Output Configuration
| R 1T
Ly C2 = £ T
b [N L = xaL = :rdwﬂ{
L . ’ = 11
c
1 1 1 71 (] [=1 [31 7 [ 51
D 602 > 602 > 602
T 2] =] L<J G ] ] el O 2T &7 7
TC021018 TC021118 TCo2121S
a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator
(Overtone Mode)
Figure 5. Oscillator Circuits
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Double-Balanced Mixer and Oscillator
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Double-Balanced Mixer and Oscillator NE/SA602
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Philips Components

NE/SA602A

Document 853—-1424

ECN No. 99374

Date of Issue | April 17, 1990
Status Product Specification

RF Communications

DESCRIPTION

The NE/SAB02A 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 SA602A 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 configured as a
crystal oscillator, a tuned tank oscillator,
or a buffer for an external LO. For
higher frequencies the LO input may be
externally driven. The noise figure at
45MHz is typically less than 5dB. The
gain, intercept performance, low-power
and noise characteristics make the
NE/SAB02A a superior choice for high-
performance battery operated
equipment. ltis available in an 8-lead
dual in-line plastic package and an
8-lead SO (surface-mount miniature
package).

FEATURES

oL ow current consumption: 2.4mA
typical

®Excellent noise figure: <4.7dB typical
at 45MHz

®High operating frequency
®Excellent gain, intercept and sensitivity

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

®SAB02A meets cellular radio
specifications

APPLICATIONS
®Cellular radio mixer/oscillator

®Portable radio

®VHF transceivers

®RF data links

oHF/VHF frequency conversion
einstrumentation frequency conversion
®Broadband LANs

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0o +70°C NE602AN
8-Pin Plastic SO (Surface-mount) 0 to +70°C NE602AD
8-Pin Cerdip 0 to +70°C NE602AFE
8-Pin Plastic DIP —40 to +85°C SAG02AN
8-Pin Plastic SO (Surface-mount) —40 to +85°C SA602AD
8-Pin Cerdip —40 to +85°C SAB02AFE

167

Double-balanced mixer and oscillator

PIN CONFIGURATION

F, D and N Packages

INp n n Vce

INg | 2 7 | oscg
GNp [ 3] [6] oscg
outp [4] 5] outg
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BLOCK DIAGRAM
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Philips Components

Product Specification

Double-balanced mixer and oscillator

NE/SA602A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Maximum operating voltage 9 \'
Tsta Storage temperature range —65 to +150 °c
Ta Operating ambient temperature range NE602A 0to +70 °c
SAB02A —40 to +85 °c

8ja Thermal impedance D package 90 °Cc/W

N package 75 °C/W

AC/DC ELECTRICAL CHARACTERISTICS Vg = +6V, Ta = 25°C; unless otherwise stated.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA602A UNITS
MIN TYP MAX
Vee Power supply voltage range 45 8.0 \
DC current drain 24 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figure at 46MHz 5.0 55 dB
Third—order intercept point RFin = —45dBm é‘;f:&%ﬁi -13 -15 dBm
Conversion gain at 45MHz 14 17 dB
Rin RF input resistance 15 kQ
Cn RF input capacitance 3 35 pF
Mixer output resistance (Pin 4 or 5) 15 kQ

DESCRIPTION OF OPERATION
The NE/SA602A is a Gilbert cell, an oscillator/
buffer, and a temperature compensated bias
network as shown in the equivalentcircuit. The
Gilbert cell is a differential amplifier (Pins 1 and
2) which drives a balanced switching cell. The
differential input stage provides gain and deter-
mines the noise figure and signal handling per-
formance of the system.

The NE/SAB02A is designed for optimum low
power performance. When used with the
SA604 as a 45MHz cellularradio second |F and
demodulator, the SA602A is capable of
receiving —119dBm signals with a 12dB S/N
ratio. Third-order interceptis typically —13dBm
(that is approximately +5dBm output intercept
because of the RF gain). The system designer
mustbe cognizant of this Iarge signal limitation.
When designing LANs or other closed systems
where transmission levels are high, and
small-signal or signal-to—noise issues are not
critical, the input to the NE602A should be
appropriately scaled.

Besides excellent low power performance well
into VHF, the NE/SA602A is designed to be
flexible. Theinput, RF mixer output and oscilla-
tor ports can support a variety of configurations

April 17, 1990

providedthe designer understands certain con-
straints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased inter-
nally. They are symmetrical. The equivalent
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 1.5kQ resistor.
This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single ended outputconfigurations
and a balanced output.

The oscillator is capable of sustaining
oscillation 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
required LO is beyond oscillation limits, or the
system calls for an external LO, the external
signal can be injected at Pin 6 through a DC

169

blocking capacitor. External LO 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
operationis utilized. Capacitor C3 andinductor
L1 suppress oscillation at the crystal
fundamental frequency. In the fundamental
mode, the suppression network is omitted.

Figure 6 shows a Colpitts varactor tuned tank
oscillator suitable for synthesizer—controlled
applications. Itis important to buffer the output
of this circuit to assure that switching spikes
from the first counter or prescaler do notend up
in the oscillator spectrum. The dual—gate
MOSFET provides optimum isolation with low
current. The FET offers good isolation,
simplicity, and low current, while the bipolar
transistors provide the simple solution for
non-—critical applications. The resistive divider
in the emitter—follower 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
22kQ resistor from Pin 7 to ground will increase
the DC bias current of the oscillator transistor.
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This improves the AC operating characteristic  tostart. A 22kQresistor will notupsetthe other  resistance values should be avoided.
of the transistor and should help the oscillator DC biasing internal to the device, but smaller

0.5t0 1.3uH l =
L 22pF

o1 +
5.5uH I:-—' Y "L_—_| |.— 34.545MHz THIRD OVERTONE CRYSTAL
Vee __“__ = nF }Q‘)pF
T L —
6.8uF
T I Tor [6] [71 [®1 [5]
150pF
5to OUTPUT
> 602A ,1-2”"31
330pF
‘ 120pF =
I R I R
|
47pF _JT_
INPUT T 0.209 to 0.283uH
2zopFT
_L100nF

Figure 1. Test Configuration
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Figure 2. Equivalent Circuit
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RF = 45MHz, IF = 455kHz, RF2 = 45.06MHz
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Document 853-1431

ECN No. 99620

Date of Issue May 1, 1990

Status Product Specification
Application Specific Product

FM IF System

DESCRIPTION

The NE/SA604A is an improved monolith-
ic low—power FM IF system incorporating
two limiting intermediate frequency ampli-
fiers, quadrature detector, muting, loga-
rithmic received signal strength indicator,
and voltage regulator. The NE/SA604A
features higher IF bandwidth (25MHz)
and temperature compensated RSS| and
limiters permitting higher performance
application compared withthe NE/SA604.
The NE/SAB04A is available in a 16~lead
duak-in-line plastic and 16-lead SO (sur-
face—mounted miniature) package.

FEATURES

- oLow power consumption: 3.3mA
typical

eTemperature compensated
logarithmic Recelved Signal
Strength Indicator (RSSI) with a
dynamic range In excess of 90dB

oTwo audio outputs — muted and
unmuted

eLow external component count;
suitable for crystal/ceramic filters

®Excellent sensitivity: 1.5uV across
Input pins (0.22.1V Into 50Q
matching network) for 12dB SINAD
(Signal to Noise and Distortion
ratio) at 455kHz

®SAG604A meets cellular radio
specifications

APPLICATIONS
oCellular radio FM IF

oHigh performance communications
recelvers

eintermediate frequency
amplification and detection up to
25MHz

®RF level meter

eSpectrum analyzer
einstrumentation

oFSK and ASK data receivers

NE/SAG04A

High Performance Low Power

PIN CONFIGURATION
D and N Packages
pEcoUpinG [ 8] IRANT
GND[2] 18] 1F A L)
MuTE INPUT 3 ] [14] e amp
Vee E‘: 13| GND
RsSI OUTPUT[5 | 12] HMITER
i a 1] SEtouPL
T e ] 0] BrOUPLING
oo ] ueren

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16—Pin Plastic DIP 0 to +70°C NE604AN
16—Pin Plastic SOL (Surface—mount) 0to +70°C NEG04AD
16—Pin Plastic DIP —40 to +85°C SA604AN
16—Pin Plastic SOL (Surface—mount) —40 to +85°C SAB04AD
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Single supply voltage 9 \"
Tsta Storage temperature range —6510 +150 °c
Ta Operating ambient temperature range NEG04A 0to +70 °c
SA604A —40 to +85 °c
0 Thermal impedance D package 90 °C/W
A N package 75 °C/W
DC ELECTRICAL CHARACTERISTICS V¢g = +6V, Ty = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE604A SA604A UNITS
MIN TYP MAX | MIN TYP | MAX
Vee Power supply voltage range 45 8.0 45 8.0 \Y
lcc DC current drain 2.5 3.3 4.0 25 3.3 4.0 mA
Mute switch input threshold  (ON) 1.7 1.7 4
(OFF) 1.0 1.0 Vv

AC ELECTRICAL CHARACTERISTICS Typical reading at Ta = 25°C; Vg = 46V, 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 characterristics. 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.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE604A SA604A UNITS
MIN TYP MAX MIN TYP MAX
Input limiting ~3dB Test at Pin 16 -92 -92 dBm/50Q2
AM rejection 80% AM 1kHz 30 34 30 34 dB
Recovered audio level 15nF de—emphasis 110 178 250 80 175 260 mVaus
Recovered audio level 150pF de—emphasis 5§30 530 mVgems
THD Total harmonic distortion -35 —42 -34 —42 dB
S/IN Signal-to—noise ratio No modulation for noise 73 73 dB
RF level = —118dBm 0 160 550 0 160 650 mV
RSSI output! RF level = -68dBm 20 2.65 3.0 1.9 2.65 3.1 \%
RF level = —18dBm 4.1 4.85 55 40 4.85 5.8 Vv
RSSI range R4 = 100k (Pin 5) 90 90 dB
RSSI accuracy R4 = 100k (Pin 5) +1.5 +1.5 dB
IF input impedance 14 1.6 1.4 1.6 kQ
IF output impedance 0.85 1.0 0.85 1.0 kQ
Limiter input impedance 1.4 1.6 1.4 1.6 kQ
Unmuted audio output 58 58 KQ
resistance
Muted audio output resistance 58 58 kQ
NOTE:
1. NE604 data sheets refer to power at 502 input termination; about 21dB less pawer actually enters the internal 1.5k input.
NE604 (50) NEGB04A (1.5k)/NE605 (1.5k
—97dBm -118dBm
—47dBm —68dBm
+3dBm ~18dBm

The NEB05 and NEG04A are both derived from the same basic die. The NE605 performance plots are directly applicable to the NEGO4A.
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NE604A TEST CIRCUIT
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» Q=20 LOADED
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I %c:r%:’ rrL ’J_‘ Los los
mPuT. m FEI 4] 3] Gz] i ILV V; —_ |
1 K 1
1 - 17 ]

il
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AUDIO O ) DATA
OUTPUT OUTPUT

|
I'Fp

r———1

e olfteuT
g; :g:i :18;;‘—52:36 63V K10000-25V Ceramic SIGN ETICS ( <.) (.)
C3  100nF +10% 50V NE604A TEST CKT
C4  100nF +10% 50V Qe

C5 100nF +10% 50V
C6 10pF +2% 100V NPO Ceramic
C7  100nF 310% 50V
C8 100nF 10% 50V
C9 15nF £10% 50V
C10 150pF +£2% 100V N1500 Ceramic.
C11  1nF £10% 100V K2000-Y5P Ceramic
C12  6.8|LF +20% 25V Tantalum
F1  455kHz Ceramic Filter Murata SFG455A3
F2  455kHzIF Filter
Rt 512 41% 1/4W Metal Film
R2 150082 +1% 1/4W Metal Film
R3  1500{2 5% 1/8W Carbon Composition
R4 100k{2 +1% 1/4W Metal Film

SIGNETICS = s
NE604A TEST CKT @
(0, 0] ®
(o]

m-c= E\'J@ (o)

Figure 1. NE/SA604A Test Circuit
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Figure 3. Typical Application Cellular Radio (45MHz to 455kHz)

CIRCUIT DESCRIPTION

The NE/SA604A 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
cannotbe evaluated independent of circuit,
components, and board layout. A physical
layout which correlates to the electrical
limits is shown in Figure 1. This
configuration can be used as the basis for
production layout.

The NE/SAB04A 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 output characteristic). The
sub-systems are shown in Figure 2. A typical
application with 45MHz input and 455kHz IF is
shown in Figure 3.
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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 driven
from a 50€2 source). The output of the first
limiter is 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 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 42k resistors. As shown in

180

Figure 2, the inputimpedance is established for
each stage by tapping one of the feedback
resistors 1.6kQ from the input. This requires
one additional decoupling capacitor from the
tap point to ground.

Fiéure 4. First Limiter Bias

Because of the very high gain, bandwidth 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
(capacitance, inductance and radiated fields)
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forms a divider from the output of the limiters
back to the inputs (including RF input). If this
feedback divider does not cause attenuation
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 highwith no
signal input (should nominally be 250mV or
lower), and (2) the demodulated output will
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demonstrate athreshold. Above acertaininput
level, the limited signal will begin to dominate
the regeneration, and the demodulator will
begin to operate in a “normal” manner.

There are three primary ways to deal with re-
generation: (1) Minimize the feedback by gain
stageisolation, (2) lower the stage inputimped-
ances, thus increasing the feedback attenua-
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tion factor, and (3) reduce the gain. Gain
reduction can effectively be accomplished by
adding attenuation between stages. This can
also lower the inputimpedance if well planned.
Examples of impedance/gain adjustment are
shown in Figure 7. Reduced gain will result in
reduced limiting sensitivity.
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A feature of the NEG04A IF amplifiers, which is
not specified, is low phase shift. The NE604A
is fabricated with a 10GHz process with very
small collector capacitance. Itis 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.

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
ground, 2) stray layout 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 overlooked,
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 capacitors,

a 0.1F monolithic right at the V¢ pin, and a

6.8UF tantalum on the supply line. An
electrolytic is not an adequate substitute. At

10.7MHz, a 1lLF tantalum has proven accept-
able 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 llustrated in Figure 8, 430W external
resistors are applied in parallel to the internal
1.6kW load resistors, thus presenting

approximately 3302 to the filters. The input
filter is a crystal type for narrowband selectivity.
The filter is terminated with a tank which
transforms to 330€2. The interstage filter is a
ceramic type which doesn't 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
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field strength, but lower does not mean
non—existent. A spectrum analyzer with an
active probe will clearly show IF energy with the
probe heldin 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 inputimpedance 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 stability.
Thisis notusually aproblem, butshouldbe kept
in mind.

Quadrature Detector

Figure 5 shows an equivalent circuit of the
NE604A quadrature detector. Itis 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

atPin 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 (parallel L/C
network) permits frequency 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 are illustrated in Figure 10.
The phase angle translates to a shift in the
multiplier output voltage.

Thus a small deviation gives alarge outputwith
a high Q tank. However, as the deviation from
resonance increases, the non-linearity of the
curveincreases (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
mustbe tailored to the design. Basicequations
and an example for determining Q are shown
below. This explanation includes first—order
effects only.

182

Frequency Discriminator Design
Equations for NEG0O4A

vVaur

I

Figure 9.

c (1a)
Vo= S 1 o Vin
©=Cr+Cs o ((1)1)2 I
1+ Q1S+ s
where 4 N S— (1b)
=V L(Cp +Csg)
Qi =R (Cp +Cs) (1c)

From the above equation, the phase shift
betweennodes 1and 2, or the phase across Cg
will be:
®, @
Q0

1o (2

Figure 10 is the plot of ¢ vs. (-
g plotof ¢ vs. (2-)
Itis notable that at ® = M4, the phase shiftis

0 =~LVo- L=ty

% and the response is close to a straight
fine withaslopeof 28 = 231
ine with a slope of 7 = o,
The signal Vg would have a phase shift of
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Multiplying the two signals in the mixer, and
low pass filtering yields:
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after low pass filtering
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Which is discriminated FM output. (Note that
A is the deviation frequency from the carrier
;.
Ref. Krauss, Raab, Bastian; Solid State Radio
Eng.; Wiley, 1980, p. 311. Example: At455kHz
IF, with +5kHz FM deviation. The maximum
normalized frequency will be

455 +5kHz

455

Go to the f vs. normalized frequency curves
(Figure 10) and draw a vertical straight line at

®
=1.01.
W o1

=1.010 or 0.990

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 discriminated FM signal. (Eq.

6) = Choosea Q=20

The internal R of the 604A is 40k. From Eq. 1c,
and then 1b, it results that

Cp + Cg = 174pF and L = 0.7mH.

A more exact analysis including the source
resistance of the previous stage shows that
thereis a series and a parallel resonance in the
phase detector tank. To make the parallel and
series resonances close, and to get maximum
attenuation of higher harmonics at 455kHz IF,
we have foundthata 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 Cg = 1pF
is recommended.)

Audio Outputs

Two audio outputs are provided. Both are PNP
current-to—voltage converters with 55kQ2
nominal internal loads. The unmuted outputis
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 nominal frequency response of the audio
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outputs is 300kHz. this response 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. Singe the output
structure is a current-to-voltage converter
(currentis driven into the resistance, creating a
voltage drop), adding external parallel
resistance 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
SCAreceivers and data transceivers. Because

the two outputs have a 180° phaserelationship,
FSK demodulation can be accomplished by
applying the two output 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 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 bandwidth (L/C filters) data rates in
excess of 4Mbaud are possible.

RSSI

The “received signal strength indicator”, or
RSS], of the NE604A demonstrates 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 independent of the
IF frequency. Thus, unfiltered signals at the
limiter inputs, spurious products, or
regenerated 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
regeneration 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 nominal
4dBinsertion lossin the filter. An additional 6dB
is lostin the interface between the filter and the
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input of the second limiter. A small amount of
additionalloss mustbe introdizced with a typical
ceramicfilter. In the test circuit used for cellular
radio applications (Figure 3) the optimum
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 the filter, sensitivity of 0.25[LV for
12dB SINAD was achieved. With the 3.6kQQ

resistor, sensitivity was optimizedat0.22uLV for
12dB SINAD with minor change in the RSSI
linearity.

Any application which requires optimized RSSI
linearity, such as spectrum analyzers, cellular
radio, and certain types of telemetry, will require
careful attention to limiter interstage
component selection. This will be especially
true w1th high IF frequencles which require

radustian  far
insertion loss or impedance reduction for

stability.

At low frequencies the RSSI makes an
excellent logarithmic AC voltmeter.

Fordataapplications the RSS! 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 in-band signa! is received the
comparator will be sliced. Unlike FSK
demodulation, the maximum data rate is
somewhat limited. An internal capacitor limits
the RSSI frequency response to about 100kHz.
Athigh data rates the rise and fall times will not
be symmetrical.

The RSSI output is a current-to-voltage
converter similar to the audio outputs.
However, an external resistor is required. With

a 91kQ resistor, the output characteristic is
0.5V for a 10dB change in the input amplitude.

Additional Circuitry

Internal to the NEG04A are voltage and current
regulators which have been temperature
compensated to maintain the performance of
the device over a wide temperature range.
These regulators are notaccessible to the user.
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DESCRIPTION

The NE/SA605 is a high performance
monolithic low-power FM IF system
incorporating a mixer/oscillator, two
limiting intermediate frequency
amplifiers, quadrature detector, muting,
logarithmic received signal strength
indicator (RSSI), and voltage regulator.
The NE/SAB05 combines the functions
of Signetics’ NE602 and NE604A, but
features a higher mixer input intercept
point, higher IF bandwidth (25MHz) and
temperature compensated RSS| and
limiters permitting higher performance
application. The NE/SA605 is available
in 20-lead dual-in-line plastic and
20-lead SOL (surface-mounted
miniature package).

The NE/SA605 and NE/SA615 are
functionally the same device types. The
difference between the two devices lies
in the guaranteed specifications. The
NE/SA615 has a higher Icc, lower input
third order intercept point, lower
conversion mixer gain, lower limiter
gain, lower AM rejection, lower SINAD,
higher THD, and higher RSSI error than
the NE/SA605. Both the NE/SA605 and
NE/SA615 devices will meet the EIA

FEATURES

oL ow power consumption: 5.7mA
typical at 6V

eMixer input to >5500MHz

®Mixer conversion power gain of 13dB
at 45MHz

®Mixer noise figure of 4.6dB at 45MHz

®XTAL oscillator effective to 150MHz
(L.C. oscillator to 1GHz local oscillator
can be injected)

©102dB of IF Amp/Limiter gain

#25MHz limiter small signal bandwidth

®Temperature compensated logarithmic
Received Signal Strength Indicator
(RSSI) with a dynamic range in excess
of 90dB

®Two audio outputs - muted and
unmuted

®Low external component count;
suitable for crystal/ceramic/LC filters

®Excellent sensitivity: 0.22uV into 50Q
matching network for 12dB SINAD
(Signal to Noise and Distortion ratio)
for 1kHz tone with RF at 45MHz and
IF at 455kHz

®SAB05 meets cellular radio

specifications for AMPS and TACS specifications

cellular radio applications. ®ESD hardened

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE

20-Pin Plastic DIP 0 to +70°C NEBOSN
20-Pin Plastic SOL (Surface-mount) 0to +70°C NE605D
20-Pin Plastic DIP -40 to +85°C SAB05N
20-Pin Plastic SOL (Surface-mount) -40 to +85°C SA805D
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High performance low power mixer

PIN CONFIGURATION

D' and N Packages

Py

RF|N E E MIXER OUT
IF AMP
RF BYPASS| 2 W] IEAMP NG
xTaL osc [3 | 18] IF amP N
XTAL OSC E EI BlorLNG
wuTEy [5 | 18] IF AMP OUT
vee & 15] ano
Rssioyr 7| % LIMITERIN
LIMITER
MUTED AuDiQ a 13| DECOUPLING
UNMUTED 5 12] UMITER
AUDIO OUT DECOUPLING
QUADRATURE [0 11] LIMTER OUT

NOTE:
1. Large SO (SOL) package only.

APPLICATIONS
®Cellular radio FM iF

®High perfermance communications
receivers

®Single conversion VHF/UHF receivers
®SCA receivers

®RF level meter

®Spectrum analyzer

®[nstrumentation

®FSK and ASK data receivers

®l og amps

eWideband low current amplification
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Single supply voltage 9 \'%
Tsta Storage temperature range —65 to +150 °C
Ta Operating ambient temperature range NE605 0to +70 °c
SA605 —40 to +85 °c
0ja Thermal impedance D package o 90 °C/W
N package 75 °C/W
DC ELECTRICAL CHARACTERISTICS V¢ = +6V, Ta = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE605 SA605 UNITS
MIN TYP MAX MIN TYP MAX
Vee Power supply voltage range 4.5 8.0 4.5 8.0 \
lee DC current drain 5.1 57 6.5 4.55 57 6.55 mA
Mute switch input threshold
(ON) 1.7 17 %
(OFF) 1.0 1.0 v

AC ELECTRICAL CHARACTERISTICS

Typical reading at Ta = 25°C; Vgg = +6V, unless otherwise stated. RF frequency = 45MHz + 14.5dBV RF input step—up; IF frequency =

455kHz; R17 = 5.1k; RF level = 45dBm; 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 characterristics. 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.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE605 SA605 UNITS
MIN f TYP r MAX | MIN J TYP ] MAX
Mixer/Osc section (ext LO = 300mV)
fin Input signal frequency 500 500 MHz
fosc Crystal oscillator frequency 150 150 MHz
Noise figure at 4MHz 5.0 5.0 dB
Arire-ordor inputintercoRt | f1 = 45.0; f2 = 45.06MHz -10 -10 dBm
Conversion power gain Matched 14.5dBV step—up 10.5 13 145 10 13 15 dB
50Q2 source -1.7 -1.7 dB
RF input resistance Single—ended input 35 4.7 3.0 4.7 kQ
RF input capacitance 35 40 35 40 pF
Mixer output resistance (Pin 20) 1.3 1.5 1.25 1.5 kQ
IF section
IF amp gain 502 source 39.7 39.7 dB
Limiter gain 50Q source 625 62.5 dB
Input limiting —3dB, Ry7 = 5.1k | Test at Pin 18 -113 -113 dBm
AM rejection 80% AM 1kHz 30 34 42 29 34 43 dB
Audio level, Rig = 100k 156nF de—emphasis 110 150 250 80 150 260 | mVgus
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Philips Components

Product Specification

High performance low power mixer FM IF system

NE/SA605

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE605 SA605 UNITS
MIN TYP MAX MIN TYP MAX
Unmuted audio level, Rir = | 150pF de-emphasis 480 480 mv
SINAD sensitivity RF level -118dB 16 16 dB
THD Total harmonic distortion -35 —42 -34 —42 dB
SIN Signal-to~noise ratio No modulation for noise 73 73 dB
IF RSS! output, Rg = 100kQ! IF level = -118dBm 0 160 550 0 160 650 mV
IF level = -68dBm 20 25 3.0 1.9 2.5 3.1 v
IF level = —18dBm 4.1 48 55 40 4.8 56 )
RSSI range Rg = 100kQ Pin 16 90 90 dB
RSSI accuracy Rg = 100kQ Pin 16 +1.5 +1.5 dB
IF input impedance 1.40 1.6 1.40 1.6 kQ
IF output impedance 0.85 1.0 0.85 1.0 kQ
Limiter intput impedance 1.40 1.6 1.40 1.6 kQ
Unmuted audio output
resistance 58 58 ka
Muted audio output resistance 58 58 kQ
RF/IF section (int LO)
) 4.5V = V¢, RF level =
Unmuted audio level _57dBm 450 450 mVaus
4.5V = Vg, RF level =
System RSS| output _57dBm 43 4.3 v

NOTE

1. The generator source impedance is 50Q, but the NE/SA605 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual
signal that enters the NE/SA605 input (Pin 8) which is about 21dB less than the "available power" at the generator.

CIRCUIT DESCRIPTION

The NE/SA605 is an IF signal processing
system suitable for second IF or single
conversion systems with input frequency as
high as 1GHz. The bandwidth of the IF
amplifier is about 40MHz, with 39.7dB(v) of
gain from a 50Q source. The bandwidth of
the limiter is about 28MHz with about
62.5dB(v) of gain from a 50Q source.
However, the gain/oandwidth distribution is
optimized for 455kHz, 1.5kQ source
applications. 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
include a noise figure of 5dB, conversion gain
of 13dB, and input third-order intercept of
—10dBm. The oscillator will operate in
excess of 1GHz in L/C tank configurations.
Hartley or Colpitts circuits can be used up to
100MHz for xtal configurations. Butler

October 25, 1989

oscillators are recommended for xtal

configurations up to 150MHz.

The output of the mixer is internally loaded
with a 1.5kQ resistor permitting direct

connection to a 455kHz ceramic filter. The
input resistance of the limiting IF amplifiers is’
also 1.5kQ. 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 12dB(v) insertion
loss between the first and second IF stages.
It the IF filter or interstage network does not
cause 12dB(v) 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

188

signal, which now has a 90° phase
relationship to the internal signal, drives the
other port of the multiplier cell.

Overall, the IF section has a gain of 90dB.
For operation at intermediate frequencies
greater than 456kHz, special care must be
given to layout, termination, and interstage
loss to avoid instability.

The demodulated output of the quadrature
detector is available at two pins, one
continuous 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 completes the circuitry.
The output range is greater than 90dB and is
temperature compensated. This log signal
strength indicator exceeds the criteria for
AMPs or TACs cellular telephone.

NOTE: dB(v) = 20log Vout/ViN




Philips Components Product Specification
High performance low power mixer FM IF system NE/SA605
-25dB, -10dB, -29dB, -10.6dB, -36dB,

1500/500 PAD 50/50a0 PAD  929/500 PAD 50/50a PAD 156k/502 PAD
L L L L
50.5 96.5 515 9.5
E: 2430 3 SE 75 :E 715
‘3329“ c24 ‘-;?V‘L‘czz cal gy LWL .
= T T T Sk T C®
L
C12 C13
:T[ :L T ; IFT1
r—
"C" WEIGHTED J_
e I

MINI-CIRCUIT ZSC2-1B

RSSI  AUDIO UNMUTED
OUTPUT

]

AUDIO

Automatic Test Circuit Component List

100pF NPO Ceramic

390pF NPO Ceramic

100nF +10% Monolithic Ceramic
22pF NPO Ceramic

1nF Ceramic

10.0pF NPO Ceramic

100nF +10% Monolithic Ceramic
15uF Tantalum (minimum)
100nF +10% Monolithic Ceramic
15nF +10% Ceramic

150pF 2% N1500 Ceramic
100nF +10% Monolithic Ceramic
10pF NPO Ceramic

100nF +10% Monolithic Ceramic
100nF +10% Monolithic Ceramic

C21
Cc23
C25
Fit1
Fit2
IFT1
L1
L2

X1
R9
R17
R10
R11

100nF +10% Monolithic Ceramic
100nF +10% Monolithic Ceramic
100nF +10% Monolithic Ceramic
Ceramic Filter Murata SFG455A3 or equiv
Ceramic Filter Murata SFG455A3 or equiv
455kHz (Ce = 180pF) Toko RMC-2A6597H
147-160nH Coilcraft UNI-10/142-04J08S
3.3H nominal

Toko 292CNS-T1046Z
44.545MHz Crystal ICM4712701
100k +1% 1/4W Metal Film
5.1k +5% 1/4W Carbon Composition
100K +1% 1/4W Metal Film (optional)
100K +1% 1/4W Metal Film (optional)

Figure 1. NE/SA605 45MHz Test Circuit (Relays as shown)
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High performance low power mixer FM IF system NE/SA605
L i o
ffg c21 l:'m" c18  c17
— h| £ o
[29] Ex; [ig iﬂ " [ie] [s] [a] E’_ﬁ’]ﬂ 1]

pNE R I O O U O I
‘S R9 R10 R11
: il
105 T T

]

1 IFT1
45MHz =
INPUT
c25 l
I Low
» » L l l
MUTE ygc RSSI  AUDIO UNMUTED = =
OUTPUT AUDIO
Application Comp t List
C1 100pF NPO Ceramic C21  100nF +10% Monolithic Ceramic
C2 390pF NPO Ceramic C23  100nF +10% Monolithic Ceramic
C5 100nF £10% Monolithic Ceramic C25 100nF 1+10% Monolithic Ceramic
C6 22pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv
C7 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv
C8 10.0pF NPO Ceramic IFT1  455kHz (Ce = 180pF) Toko RMC-2A6597H
C9 100nF +10% Monolithic Ceramic L1 147-160nH Colicraft UNI-10/142-04J08S
c1o 15¢F Tantalum (minimum) L2 3.3:Hnominal
C11 100nF 4+10% Monolithic Ceramic Toko 292CNS-T1046Z
C12 15nF +10% Ceramic X1 44.545MHz Crystal ICM4712701
C13 150pF +2% N1500 Ceramic R9 100k +1% 1/4W Metal Film
C14 100nF +10% Monolithic Ceramic R17 5.1k +5% 1/4W Carbon Composition
C15 10pF NPO Ceramic R5 Not Used in Application Board (see Note 8)
C17 100nF +10% Monolithic Ceramic R10 100k +1% 1/4W Metal Fiim (optional)
C18 100nF +10% Monolithic Ceramic R11 100k +1% 1/4W Metal Film (optional)

Figure 2. NE/SA605 45MHz Application Circuit
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High performance low power mixer FM IF system NE/SA605

RF GENERATOR
45MHz NE605 DEMO BOARD

DC VOLTMETER C-MESSAGE

HP339A DISTORTION
SCOPE ANALYZER

Figure 3. NE/SA605 Application Circuit Test Set Up

NOTES:

1. C-message: The C-message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be
affected by the noise of the scope and HP339 analyzer.

. Ceramic filters: The ceramic filters can be 30kHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or
16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter.

. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or
8kHz if you use 30kHz filters.

. Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.22pV or —120dBm at the RF input.

. Layout: The layout s very critical in the performance of the receiver. We highly recommend our demo board layout.

RSSI: The smallest RSSI voltage (i.e., when no RF inputis present and the input is terminated) is a measure of the quality of the layout and
design. If the lowest RSS! voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity
will be worse than expected.

7. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10—15uF or higher value tantalum
capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in
production. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB.

8. RS can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not
be below 10kQ.

onsr 0 N
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High performance low power mixer FM IF system NE/SA605
20 T T
RF = 45MHz —|
IF = 455kHz _|
AUDIO REF = 174mVpy Yoo=o¥ RSSI

° - =5 (Volts)
g s
P A
5 \ /
8 AVALY 7 . 7
a N THD NOISE T
=2 .
5™ N~ i °
w N AM (80%)
E
< nd
g VAN 2

//
*r psst — [/ N NOISE 1
" (Volts) /
-100 o
-130 -110 -90 -70 -50 =30 -10 10

RF INPUT LEVEL (dBm)
Figure 4. NE605 Application Board at 25°C

021
RF FLT FLT2 IFT1
INPUT
c2 014
° 8 GND °
BNC
c1 5 E u c13
07 DATA
XTAL g c12 ouT
u 011@
SIGNETICS

-9- @mer Ao
OFF -EIJSW1 -
ano @ QO Q@ rsst  ano

Figure 5. Component Placement for NE605 Application Circuit
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High performance low power mixer FM IF system

TOP VIEW
BOTTOM VIEW

Figure 6. Layout for NE/SA605 Application Board
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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

e Low current consumption
¢ Low cost

e Operation to 500MHz

e Low radiated energy

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

e Excellent sensitivity, gain, and
noise figure

APPLICATIONS

e Cordless telephone

e Portable radio

e VHF transceivers

o RF data links

e Sonabuoys

o Communications receivers
e Broadband LANs

o HF and VHF frequency

PIN CONFIGURATION

D, N Packages

INPUT AE
INPUT B[z
GROUND E
OUTPUT A E

E Vee
z] OSCILLATOR

6 | OSCILLATOR

s l ouTPUT B

TOP VIEW

€D10040S

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
[s] [7] [e] [5]
Vee
VOLTAGE
LREG‘L-JLATOR‘] I OSCILLATOR
GROUND

K B

|HEN B

80018018

November 3, 1987
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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
Ve Maximum operating voltage 9 \"
TsTtG Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C
AC/DC ELECTRICAL CHARACTERISTICS T4 =25°C, Vgc =8V, Figure 1
LimMiTs
SYMBOL PARAMETER TEST CONDITION UNIT
Min Typ Max
Vee Power supply voltage range 4.5 8.0 \
DC current drain 2.4 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 RF N = -45dBm -15 dBm
Conversion gain at 49Mtiz 14 18 dB
Rin RF input resistance 1.5 k2
Cin RF input capacitance 3 pF
Mixer output resistance (Pin 4 or 5) 15 k2
DESCRIPTION OF OPERATION
The NE612 is a Gilbert cell, an oscillator/
- g EE S o S e s e
Vee ;:_:Lm ' SeeF The gilgen ;el:\ iz a differe;t:gl amdplifie.r (i_ins'
G'B“thtl _I_wonr i rJ"l— ;eiilh The) d\gf;fentiglvﬁ\spli staagzcsrov?::tscgzg
L 1_' 10nF = 8 7 6 5 4 150pF and Qetermines the noise figure and signal
l oUTPUT handling performance of the system.
> NEB12 1540 3] T30pF The NE612 is designed for optimu'm low
e power performance. When used with the
| 200 = NE614 as a 49MHz cordless telephone sys-

INPUT

Figure 1. Test Configuration

TCo27118
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tem, the NE612 is capable of receiving
-119dBm signals with a 12dB S/N ratio.
Third-order intercept is typically —15dBm
(that's approximately +5dBm output intercept
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
issues not critical, the input to the NE612
should be appropriately scaled.



Product Specification

Double-Balanced Mixer and Oscillator

NE612

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

v

AAA

'J

BIAS

BIAS

T—AAA
W

Figure 2. Equivalent Circuit

.r.w
=

H—AAA

TC02180S

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.

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 circuits provide the simple solution for
non-critical applications. The resistive divider
in the emitter-follower circuit should be
chosen to provide the minimum input signal
which will assume correct system operation.

> NE612

INPUT I

||H

TC021908

a. Single-Ended Tuned Input

ryd

_Ilj_.l

TC022008

b. Balanced Input (for Attenuation
of Second Order Products)

Figure 3. Input Configuration

o T

NE612

T
I

TC022108

c. Single-Ended Untuned Input

November 3, 1987
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NE612

b T

CFU4ss
OR EQUIVALENT

NE612

T

a. Single-Ended Ceramic Filter

TC022208

12pF

NEB12

l:__“._
* ¢

2:10pF 3

[ 11

mn—[;p, =

Cr

1MuH
1 -

FILTER K&L38780 OR EQUIVALENT

*Ct MATCHES 3.5K(Q TO NEXT STAGE.

b. Single-Ended Crystal Filter

NE612

iL
I

c. Single-Ended IFT

TC022308

i

Ov
)
T

AL

4L

NE612

TC02240S

Figure 4. Output Configuration

)
I

5

d. Balanced Output

TC022508

L

LAY
b, e L™ I = = T
T = x7aL ks
L N T e " 1
LAl LAY - -~
Cy
walillasBlas nilwallas Bl as e n il na il us Bl e
> NE612 > NE612 NE612
| I N O I | 4 L 2] 3] [ed L 2 [3] [

TC02260S

a. Colpitts Crystal Oscillator
(Overtone Mode)

TC022708

b. Colpitts L/C Tank Oscillator

Figure 5. Oscillator Circuits

c. Hartley L/C

TC02280S

Tank Oscillator

November 3, 1987

198



Product Specification

Double-Balanced Mixer and Oscillator NE6412

[ s
] . 10
2 o] _L BUFFER
:F TpF I 10pF
[l g =
1000pF =<
+—i DC CONTROL VOLTAGE
4 5| 1000pF FROM SYNTHESIZER
0.064H t MV2105
OR EQUIVALENT

TC022908

IIH

2N918
2pF TO SYNTHESIZER
It |
LAY L
| ] — —
100K L 330 R 001pF TO SYNTHESIZER
1oox‘i I 0.001pF
TC023008 TC02310S TC023208

Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers

TEST CONFIGURATION

0.5 t0 1.3:H 22pF l l__

—

-
5.5:M [ ,,,;‘ 5.6pF THIRD OVERTONE CRYSTAL
Vi -
o cc Faanal
6. 00nF

o |
I

7 3 31

> NE612
1 =] 3 r CFU 455
aToF T [—‘:l OR EQUIVALENT

INPUT 10,209 10 0.283,H = ]_—

220pF = =
100nF

"THH

10nF

|‘H }:—1

TC02170S

Figure 7. Typical Application for 46/49MHz Cordless Telephone
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NE612
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Linear Products

DESCRIPTION

The NE614 is a monolithic low power
FM iF system incorporating two limiting
intermediate frequency amplifiers, quad-
rature detector, muting, logarithmic sig-
nal strength indicator, and voltage regu-
lator. The NE614 is available in a 16-
lead dual in-line plastic package and 16-
lead SO (surface-mounted miniature
package).

BLOCK DIAGRAM

NE614

Low Power FM IF System

Product Specification

FEATURES

e Low power consumption

o Logarithmic signal strength
indicator

o Separate data output

e Audio output with muting

e Low external count; suitable for
crystal/ceramic filters

o Excellent sensitivity

APPLICATIONS

o Cellular Radio FM IF

e Communications receivers

o Ihtermediate frequency
amplification and detection up to
15MHz

© RF level meter

e Spectrum analyzer

e Instrumentation

e Cordless telephone

e Remote control

PIN CONFIGURATION

N, D Packages

IF AMP i
DECOUPLING

GND E

wute eyt [3]
Vee E

RSS! OUTPUT E
AUDIO OUTPUT E

DATA OUTPUT | 7

QUADRA TURE
INPUT

N

E IF AMP INPUT

s IF AMP
DECOUPLING

Ta] IF AmP
OuTPUT

[13] ono

LIMITER
INPUT

7] LMITER
DECOUPLING

10] LIMITER
DECOUPLING

3 LIMITER
ouTPUT

1

12

TOP VIEW

€0050805

[3] [F]

Lol [ [
|
e
AM

’_lcno |

P

-

SIGNAL
STRENGTH

July 1988

QUAD
DET
VOLTAGE
REGULATOR
GND [ Vee
Ll b L] ted s Le] [2] Lel
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Low Power FM IF System NE614

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE614N
16-Pin Plastic SO 0 to +70°C NE614D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Ve Maximum operating voltage 9 \'4
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range

NE614 0to +70 °C

DC ELECTRICAL CHARACTERISTICS T4 =25°C; Voo = +6V, unless otherwise specified.

T
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vee Power supply voltage range 45 8.0 Vv
DC current drain 3.0 mA
Mute switch input threshold
(on) 1.7 \
(off) 1.0 v

AC ELECTRICAL CHARACTERISTICS T, =25°C; Ve = +6V, unless otherwise specified. RF frequency = 455kHz; RF
level = ~-47dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with
C-message weighted filter and de-emphasis capacitor.

r SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input limiting ~ 3dB Test at pin 16 -90 -80 dBm
AM rejection 80% AM 1kHz 30 dB
Recovered audio level After C filter and 80 100 mVams
de-emphasis capacitor
Recovered data level 250 350 mVams
SINAD sensitivity RF level - 97dBm 8 12 dB
THD Total harmonic distortion -35 dB
S/N Signal-to-noise ratio No modulation 75 dB
IF input impedance 1.5 k2
IF output impedance 1.0 k2
Limiter input impedance 1.5 139
Quadrature detector data 50 k2

output impedance

Muted audio output impedance 50 k2
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Low Power FM IF System NE614

TYPICAL APPLICATION

-Gy "
- T _l_ kMz IF
‘L‘ 0.1.F '% 0.14F 0.1,F = 10pF
O o A A L
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| |
I T 7 s
0.1,F
GND MUTE RSS! AUDIO DATA
N out out out
BDC*950S

TEST SETUP
AM FM RF Vec
SIGNAL AC DVM
GENERATOR POWER SUPPLY
l Vee DATA
RF INPUT OUTPUT
muTe iNput | NE61 TESTCRCUT | .
l RSS! OUTPUT
C-MESSAGE
MUTE
0C DVM WEIGHTING
POWER SUPPLY gl
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& LEVEL METER

TCo2e608
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Low Power FM IF System

NE614

NE 614 TEST CIRCUIT _r‘ﬁ
El“_&- %01 Ry N J.c‘ J.c'
" [e] I'1]s'l 4] (5] [iz] [o7 J'I'l l':tli:l

NE 614

NOTES:

C1 10nF +80-20% 63V K10000-Z5V Ceramic
C2 100nF £ 10% 50V Polyester

C3 100nF £ 10% 50V Polyester

C4 100nF +10% 50V Polyester

C& 100nF £ 10% 50V Polyester

C6 10pF £2% 100V NPO Ceramic

C7 100nF £ 10% 50V Polyester

C8 100nF + 10% S0V Polyester

C9 15nF £10% 50V Polyester

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 512+ 1% 1/4W Metal Film

R2 1500021 1% 1/4W Mstal Film

R3 150082 + 5% 1/8W Carbon Composition
R4 100k2+ 1% 1/4W Metal Film

Figure 1. NE614 Test Circuit and Parts List

TC024708

DESCRIPTION OF OPERATION
The NE614 is comprised of five subsystems
for IF signal processing. These subsystems,
two IF limiting amplifiers, quadrature detector,
audio mute, and logarithmic signal strength,
can be configured to satisfy many high-
performance or low power systems objec-
tives. Internal temperature compensated bias
regulation completes the circuitry.

Figure 2 shows the equivalent circuits of the
NE614.

July 1988

Limiting Amplifiers

The NE614 has two independent limiting IF
amplifiers. The first has a typical gain of
30dB. The second typically has 60dB gain.
Both have 1.5k nominal input impedance and
15MHz bandwidth. The output impedance of
the first limiter is approximately 1kS2. These
impedances permit direct interface with popu-
lar ceramic filters such as the SFU455. On
the surface, the 1k output of the first limiter
would not seem correct. However, approxi-
mately 6dB insertion loss is required between
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limiter stages to optimize the linearity of the
signal strength indicator. The impedance mis-
match has little effect on passband. Use of an
interstage filter reduces wide-band noise. A
DC blocking capacitor or L/C filter can also
be used.

As the signal frequency increases, the 90dB
total gain can become a source of instability.
Figure 3 shows the limiters as a closed-loop
system with stray capacitance and the equiv-
alent AC input impedance setting the loop
gain.
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ADJUST FOR 6 dB INSERTION
LOSS RELATIVE TO THE 1K
SOURCE (PIN 14) AND THE 1.5K LOAD (PIN 12) -

Figure 2. Equivalent Circuit
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Figure 3. Considerations for Stability
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The equivalent AC attenuation factor from the
output to the input must be greater than 90dB
or oscillation can occur. The input impedance
of the device is nominally 1.5k. The stray
layout capacitance is a frequency-dependent
impedance so that as the frequency of opera-
tion or the value of stray capacitance in-
creases, the output-to-input attenuation fac-
tor decreases. Keep stray capacitance low by
using good RF layout technique. Sockets
should be avoided above 455kHz.

Good RF layout is the proper way to avoid
instability. However, if system constraints re-
quire, stability can be achieved by only using
one of the limiting amplifiers, or by adding a
resistance, Ry, which will increase the atten-
uation factor.
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a. NE614 Application Circuit
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b. Typical Application Circuit Performance
Figure 4

OP01450S

Adding an input resistor is an easy way to
reduce the attenuation factor, but may make
correct termination of interstage filters difficult
or impossible. At 455kHz instability should not
be a problem if reasonable RF layout is used.
Figure 4a indicates a 455kHz circuit configu-
ration which should serve as a reasonable
starting point for many applications. This
circuit is configured for 46/49MHz cordless
telephone.

Quadrature Detector

The detector of the NE614 is a four quadrant
multiplier of the Gilbert cell type. It can be
used for frequency or amplitude demodula-
tion. Figure 4b indicates a typical quadrature
FM configuration. Fully limited in-phase signal
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is applied to the muiltiplier internally. 90°
phase phase shift is accomplished with the L/
C tuned circuit connected directly to Pin 8 and
and capacitively to Pin 9. Because of the DC
bias of the NE614, the phase shift network
must be returned to ground through a low
impedance capacitor. Recovered signal is
continuously available at Pin 7 or on a
switched basis at Pin 6.
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Table 1. System Parameters as
Applied to Figure 4a

Aw = 2m+8kHz
wp = 2m+455kHz
CP = 180pF
RPU = 233K

RPL = 40K

LP = 644uH

Q = 20
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¢ QUAD TANK
vin>—{ } l Vour
RPL TCP P RPU
TC02490S]
EQUATION
Vour _ kC1
Vin 1 1+ 120 Am} e
—_—1 —_) +
RPL| ]npu( wo !
Q =g (RPL| |RPY) CP
Aw = PEAK DEVIATION
wg = CENTER FREQUENCY
TC025008
Figure 5. General Equations
For Quadrature Coil

The quadrature coil or crystal/ceramic dis-
criminator affects three system parameters:
Bandwidth, linearity, and detected signal am-
plitude. Figure 6 shows three quadrature
curves.

Curve A has the most narrow bandwidth and
high peak-to-peak output versus frequency
deviation corresponding to a high Q network.
Curve C is very low Q with good linearity and
shows how very large deviations can be
processed. Curve B shows how the quadra-

ture network can cause non-linearity in the
detected output. A typical loaded Q for the
455kHz quadrature coil of Figure 4 is 20.
Using the test circuit of Figure 4 with an input
of —47dBm, the recovered audio is typically
90mVpms with —35dB distortion.

While the NE614 was designed principally for
FM applications, the detector can be used for
synchronous amplitude demodulation if the
carrier is limited through the internal circuitry
and AGC'd external to the device. The AGC'd
signal is applied to Pin 8 instead of a quadra-
ture signal. The signal strength indicator can
control AGC. A low-pass filter on the output
completes the demodulator. Figure 7 shows
the equivalent circuit.

+90°

PHASE ANGLE

- -/ [—NON-LINEAR

RESONANCE
—— FREQUENCY —»
0P01460S

Figure 6. Quadrature

Audio Mute

An electronic switch permits muting or squelch
of one of the demodulated outputs. The data
(unmuted output) and audio (muted output)
both have 50k output impedance and their
detected signals are 180 degrees out of phase
with each other. The mute input (Pin 3) has a
very high impedance and is compatible with
three and five volt CMOS and TTL levels. Little
or no DC level shift occurs after muting when
the quadrature detector is adjusted to the IF
center frequency. Muting will attenuate the
audio signal by more than 60dB and no voltage
spikes will be generated by muting.

Signal Strength Indicator

The logarithmic signal strength indicator is a
current source output with maximum source
current of 50uA. The signal strength indicator's
transfer function is approximately 10uA per
20dB and is independent of IF frequency. The
interstage filter must have a 6dB insertion loss
to optimize slope linearity.

NG
>

&

I
> Nes1s

Figure 7. Synchronous AM Detection

AUDIO
ouTPuUT

TC025208
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Figure 11. NE614 Audio Output vs Temperature
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Figure 15. NE614 Supply Current vs Temperature
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Figure 17. NE614 Limiting RF Level vs Temperature
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Philips Components

DESCRIPTION

The NE/SA614A is an improved oCellular radio FM IF

monolithic low—power FM IF system X .
incorporating two limiting intermediate *High performance communications
frequency amplifiers, quadrature receivers

detector, muting, logarithmic received ®intermediate frequency amplification
signal strength indicator, and voltage and detection up to 25MHz
regulator. The NE/SA614A features

higher IF bandwidth (25MHz) and *RF level meter
temperature compensated RSSI and
limiters permitting higher performance
application compared with the .
NE/SAB04. The NE/SA614A is available ~*FSK and ASK data receivers
in a 16-lead dual-in-line plastic and

16-lead SO (surface-mounted

miniature) package.

FEATURES

®Low power consumption: 3.3mA
typical

APPLICATIONS

e®Spectrum analyzer

®|nstrumentation

®Temperature compensated logarithmic
Received Signal Strength Indicator
(RSSI) with a dynamic range in excess
of 90dB

®Two audio outputs — muted and
unmuted

oL ow external component count;
suitable for crystal/ceramic filters

®Excellent sensitivity: 1.5V across in-
put pins (0.22uV into 50Q matching
network) for 12dB SINAD (Signal to
Noise and Distortion ratio) at 455kHz

®SAG14A meets cellular radio
specifications

Document 853-0594
ECN No. 94867 N E/SA6 1 4A
Date of Issue October 21, 1988 Low power FM IF system
Status Product Specification
Application Specific Product

PIN CONFIGURATION
D and N Packages
IE AMP = IF AMP
DECOUPLING| ! 15} INpUT
IF AMP
ono2] 15] DECOUPLING|
3 IF AMP
MUTE INPUT[ 3 | 14] IEAMP
Vee E E] GND
LIMITER
Rssi ouTPuT[5 | 12] LIMITE
MUTEAUDIO 6] 7] LMITER
OUTPUT DECOUPLING|
UNMUTE AUDIOE 0] LIMITER
OUTPUT DECOUPLI
QUADRATURE
o 2] 9] umrer

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16—Pin Plastic DIP 0to +70°C NE614AN
16-Pin Plastic SOL (Surface-mount) 0to +70°C NE614AD
16-Pin Plastic DIP —40 to +85°C SA614AN
16-Pin Plastic SOL (Surface-mount) —40 to +85°C SA614AD
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BLOCK DIAGRAM

16 15 14 13 12 1" 10 9

SIGNAL
STRENGTH

VOLTAGE
REGULATOR
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Philips Components Application Specific Product Product Specification
Low power FM IF system NE/SA614A
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Ve Single supply voltage 9 \
Tsta Storage temperature range —65to +150 °c
Ta Operating ambient temperature range NE614A Oto +70 °c
SAB14A —40 to +85 °c
0 Thermal impedance D package 90 °CIW
A N package 75 °C/W
DC ELECTRICAL CHARACTERISTICS Vcc = +8V, Ta = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE614A SA614A UNITS
MIN TYP | MAX | MIN TYP | MAX
Vee Power supply voltage range 4.5 8.0 45 8.0 Vv
lee DC current drain 2.5 33 4.0 25 33 4.0 mA
Mute switch input threshold  (ON) 1.7 1.7 \
(OFF) 1.0 1.0 \

AC ELECTRICAL CHARACTERISTICS Typical reading at Ta = 25°C; V¢ = 46V, 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 characterristics. 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.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA614A UNITS
MIN TYP MAX
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 mVgus
Recovered audio level 150pF de—emphasis 530 mVgus
THD Total harmonic distortion -30 —42 dB
S/N Signal-to—noise ratio No modulation for noise 68 dB
RF level =-118dBm 0 160 800 mV
RSSI output! RF level = -68dBm 1.7 2.50 33 v
RF level = -18dBm 3.6 4.80 58 \
RSSI range R4 = 100k (Pin 5) 80 dB
RSS| accuracy R4 = 100k (Pin 5) +2.0 dB
IF input impedance 14 1.6 kQ
IF output impedance 0.85 1.0 kQ
Limiter inputimpedance 14 1.6 kQ
Unmuted audio output resistance 58 kQ
Muted audio output resistance 58 kQ
NOTE:

1. NE614A data sheets refer to power at 50Q input termination; about 21dB less power actually enters the internal 1.5k input.

NE614A (50)

-97dBm —118dBm
—47dBm -68dBm
+3dBm -18dBm

NE614A (1.5k)/NE615 (1.5k

The NE615 and NE614A are both derived from the same basic die. The NE615 performance plots are directly applicable to the NE614A.

October 21,

1988
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NE614A TEST CIRCUIT

F1

O
>

INPUT

I—'VV\'R— l
! [a

6] [15]

Q=20 LOADED

NE 614A

EETRETET

!

MUTE
INPUT

C1  100nF + 80 — 20% 63V K10000-25V Ceramic
C2  100nF +10% 50V
C3  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
C10 150pF +2% 100V N1500 Ceramic
C11  1nF £10% 100V K2000-Y5P Ceramic
C12  6.8pF $20% 25V Tantalum
F1  455kHz Ceramic Filter Murata SFG455A3
F2 455kHz IF Filter
R1  51Q $1% 1/4W Metal Film
R2 15009 +1% 1/4W Metal Film
R3  1500Q $5% 1/8W Carbon Composition
R4 100kQ +1% 1/4W Metal Film

SIGNETICS
NE14 TEST CKT 00 Os
® =
-]
oD:[]_n 0/50 00 © S

m-c= z\
0000
Q)

SIGNETICS
NE614 TEST CKT ® ©
TS

Figure 1. NE/SA614A Test Circuit

October 21, 1988
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Figure 2. Equivalent Circuit

October 21, 1988

215



Philips Components Application Specific Product

Product Specification

Low power FM IF system

NE/SA614A
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Figure 3. Typical Application Cellular Radio (45MHz to 455kHz)
CIRCUIT DESCRIPTION IF Amplifiers in Figure 2, the input impedance is

The NE/SA614A 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/SA614A cannot be evaluated
independent of circuit, components, and
board layout. A physical layout which
correlates to the electrical limits is shown
in Figure 1. This configuration can be
used as the basis for production layout.

The IF amplifier section consists of two
loglimiting stages. The first consists of two
differential amplifiers with 39dB of gain and a
small signal bandwidth of 41MHz (when

driven from a 50Q source). The output of the
first limiter is a low impedance emitter

follower with 1k of equivalent series
resistance. The second limiting stage
consists of three differential 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 42kQ resistors. As shown

The NE/SA614A 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
characteristic). The sub-systems are shown
in Figure 2. A typical application with 45MHz
input and 455kHz IF is shown in Figure 3.
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established for each stage by tapping one of
the feedback resistors 1.6kQ from the input.
This requires one additional decoupling
capacitor from the tap point to ground.

42k

Vs

Figure 4. First Limiter Bias

Because of the very high gain, bandwidth 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 (capacitance,
inductance and radiated fields)
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42k

o] : L e N |
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80k I

Figure 5. Second Limiter and Quadrature Detector Figure 6. Feedback Paths
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Figure 7. Terminating High Impedance Filters with Transformation to Low Impedance

N
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Figure 7. Low Impedance Termination and Gain Reduction
Figure 7. Practical Termination

- S 430 NE 614A

.
E_I‘ L2] [3] LaJls] Le] 7] L8]

Figure 8. Crystal Input Filter with Ceramic Interstage Filter

forms a divider from the output of the limiters  output will demonstrate a threshold. Abovea  impedances, thus increasing the feedback
back to the inputs (including RF input). If this  certain input level, the limited signal will begin  attenuation factor, and (3) reduce the gain.

feedback divider does not cause attenuation to dominate the regeneration, and the Gain reduction can effectively be

greater than the gain of the forward path, demodulator will begin to operate in a accomplished by adding attenuation between
then oscillation or low level regeneration is “normal” manner. stages. This can also lower the input

likely. If regeneration occurs, two symptoms There are three primary ways to deal with !mpedance if well planned. Examples of
may be present: (1)The RSSI output will be regeneration: (1) Minimize the feedback by impedance/gain adjustment are shown in

high with no signal input (should nominally be

gain stage isolation, (2) lower the stage input
250mV or lower), and (2) the demodulated
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Philips Components Application Specific Product

Product Specification

Low power FM IF system

NE/SA614A

Figure 7. Reduced gain will result in reduced
limiting sensitivity.

A feature of the NE614A IF amplifiers, which
is not specified, is low phase shift. The
NE614A is fabricated with a 10GHz process
with very small collector capacitance. ltis
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.

Stability Considerations

The high gain and bandwidth of the NE614A
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
ground, 2) stray layoutinductances 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
overlooked, 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

capacitors, a 0.1uF monolithic right at the

Vcc 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 acceptable 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, 430W external
resistors are applied in parallel to the internal
1.6kW load resistors, thus presenting

approximately 330 to the filters. The input
filter is a crystal type for narrowband
selectivity. The filter is terminated with a tank

which transforms to 330Q. The interstage
filter is a ceramic type which doesn't
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.

October 21, 1988

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 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
stability. This is not usually a problem, but
should be kept in mind.

Quadrature Detector

Figure 5 shows an equivalent circuit of the
NE614A 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 plates of this capacitor,
with the phase shifted signal applied to the
upper port of the multiplier at Pin 8. A
quadrature tank (parallel L/C network)
permits frequency 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 are illustrated 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 Q tank. However, as the
deviation from resonance increases, the
non-linearity 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
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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 equations and
an example for determining Q are shown
below. This explanation includes first-order
effects only.

Frequency Discriminator Design
Equations for NE614A

Vaut

I

Figure 9.

c (1a)
__Us 1 Y
VO_CP+CS. o (m) o
1+ a5\
where o, N — (1b)
-/ L(Cp +Cs)
Q; =R (Cp + Cs) 01 (1c)

From the above equation, the phase shift
between nodes 1 and 2, or the phase across
Cg will be:

o (2

1-(3)

Figure 10 is the plot of ¢ vs. (Q)
(]

¢=~LVo-ZLVin=tg!
2

Itis notable that at © = 4, the phase shift is
T and the response is close to a straight

2

line with a slope of <% = =

ine with a slopeof 7 = T

The signal Vo would have a phase shift of

T 2O :
= = with respect to the Viy.
[2 Py (0] P IN

fVin=ASint= Vo =A ®)
Sin [(m+ 2 m]
2 (o))

Multiplying the two signals in the mixer, and
low pass filtering yields:

Viy ® Vo = A2 Sin ot (4
Sin [mt + & _% m]
2 [on

after low pass filtering

A2 Cos[ﬂ _ 2 u)] ®
(07}

= Vour = 2

1
2

rof=

A2 Sin( %’) ®
1
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Vour o< 2Q4 % =[2Q1 (___0)1(-:)130))] ©
1

2Q;0 1
2

<<

For

Which is discriminated FM output. (Note that
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
maximum normalized frequency will be

455 +5kHz

455

Go to the f vs. normalized frequency curves
(Figure 10) and draw a vertical straight line at

8 _qo1.
©q

=1.010 0r 0.990

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 discriminated

FMsignal. (Eq.6) = Choosea Q=20

The internal R of the 614A is 40k. From Eq.
1c, and then 1b, it results that

Cp + Cg =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 parallel
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 Cg = 1pF is
recommended.)

Audio Outputs

Two audio outputs are provided. Both are
PNP current-to—voltage converters with
55k€2 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
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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
resistors from the output pins to ground in
parallel with the internal 55k resistors, thus
lowering the output time constant. Singe the
output structure is a current-to—voltage
converter (cuirent is driven into the
resistance, creating a voltage drop), adding
external parallel resistance 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.

Because the two outputs have a 180° phase
relationship, FSK demodulation can be
accomplished by applying the two output
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 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
bandwidth (L/C filters) data rates in excess of
4Mbaud are possible.

RSSI

The “received signal strength indicator”, or
RSSI, of the NE614A demonstrates
monotonic logarithmic output over a range of
90dB. The signal strength output is derived
from the summed stage currents in the
limiting amplifiers. Itis essentially
independent of the IF frequency. Thus,
unfiltered signals at the limiter inputs,
spurious products, or regenerated signals will
manifest themselves as RSSI outputs. An
RSS! output of greater than 250mV with no
signal (or a very small signal) applied, is an
indication of possible regeneration 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
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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 filter. In the
test circuit used for cellular radio applications
(Figure 3) the optimum linearity was achieved
with a 5.1k resistor from the output of the
first limiter (Pin 14) to the input of the
interstage filter. With this resistor from Pin 14

to the filter, sensitivity of 0.254V for 12dB
SINAD was achieved. With the 3.6kQ

resistor, sensitivity was optimized at 0.22j1V
for 12dB SINAD with minor change in the
RSS! linearity.

Any application which requires optimized
RSS! linearity, such as spectrum analyzers,
cellular radio, and certain types of telemetry,
will require careful attention to limiter
interstage component selection. This will be
especially true with high IF frequencies which
require insertion loss or impedance reduction
for stability.

At low frequencies the RSSI makes an
excellent 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 RSS| and the
threshold set slightly above the no signal
level, when an in-band signal is received the
comparator will be sliced. Unlike FSK
demodulation, the maximum data rate is
somewhat limited. An internal capacitor limits
the RSSI frequency response to about
100kHz. At high data rates the rise and fall
times will not be symmetrical.

The RSSI output is a current-to—voltage
converter similar to the audio outputs.
However, an external resistor is required.
With a 91kQ resistor, the output

characteristic is 0.5V for a 10dB change in
the input amplitude.

Additional Circuitry

Internal to 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 regulators are not
accessible to the user.
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RF Communications

DESCRIPTION

The NE/SA615 is a consumer monolithic
low-power FM IF system incorporating a
mixer/oscillator, two limiting intermediate
frequency amplifiers, quadrature
detector, muting, logarithmic received
signal strength indicator (RSSI), and
voltage regulator. The NE/SAG15 is
available in 20-lead dual-in-line plastic
and 20-lead SOL (surface-mounted
miniature package).

The NE/SA605 and NE/SA615 are
functionally the same device types. The
difference between the two devices lies
in the guaranteed spcifications. the
NE/SA615 has a higher lgc, lower input
third order intercept point, lower
conversion mixer gain, lower limiter
gain, lower AM rejection, lower SINAD,
higher THD, and higher RSSI error than
the NE/SA605. Both the NE/SA605 and
NE/SA615 devices will meet the EIA
specifications for AMPS and TACS
cellular radio applications.

ORDERING INFORMATION

FEATURES

® Low power consumption: 5.7mA
typical at 6V

® Mixer input to >500MHz

® Mixer conversion power gain of 13dB
at 45MHz

® Mixer noise figure of 4.6dB at 45MHz

® XTAL oscillator effective to 150MHz
(L.C. oscillator to 1GHz local oscillator
can be injected)

® 102dB of IF Amp/Limiter gain

® 25MHz limiter small signai bandwidth

® Temperature compensated logarithmic
Received Signal Strength Indicator
(RSSI) with a dynamic range in excess
of 90dB

® Two audio outputs — muted and
unmuted

® L ow external component count;
suitable for crystal/ceramic/LC filters

® ESD hardened

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0 to +70°C NEG15N
20-Pin Plastic SOL (Surface-mount) 0to +70°C NE815D
20-Pin Plastic DIP —40 to +85°C SA615N
20-Pin Plastic SOL (Surface-mount) —40 to +85°C SA815D
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High performance low power mixer

PIN CONFIGURATION

D! and N Packages

———
RFiN E E MIXER OUT
IF AMP
A BYPass[z 0] A e
XTAL 0SC [3 18] 1F AMP IN
IF AMP
XTALOSC | 4 [17] Beteunc
wutE [5 | 16 ] 1F AMP oUT
vee [&] E GND
Rssiout 2] [1a] umITER IN
UMITER
MUTED AUDIO g | [13] B TbuNG
UNMUTED LIMITER
AUDIO OUT L2 2] DECOUPLING
QUADRATURE 0] [11] LmiTER OUT
NOTE:

1. Large SO (SOL) package only.

APPLICATIONS

® Consumer cellular radio FM IF

® Single conversion VHF/UHF receivers
® SCA receivers

® RF level meter

® Spectrum analyzer

® [nstrumentation

® FSK and ASK data receivers

® | og amps

® Wideband low current amplification
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Single supply voltage 9 v
Tsta Storage temperature range -65 to +150 °c
Ta Operating ambient temperature range NE615 0to +70 °c
SA615 -40to +85 °c
0, Thermal impedance D package 90 °c/W
N package 75 °C/W
DC ELECTRICAL CHARACTERISTICS V¢ = +6V, Ta = 25°C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA615 UNITS
MIN TYP MAX
Vee Power supply voltage range 45 8.0 \
lec DC current drain - 87 74 mA
Mute switch input threshold  (ON) 1.7 v
(OFF) 1.0 v

AC ELECTRICAL CHARACTERISTICS Typical reading at Tp = 25°C; Ve = +6V, unless otherwise stated. RF frequency = 45MHz
+14.5dBV RF input step-up; IF frequency = 455kHz; R17 = 5.1k; RF level = -45dBm; FM
modulation = 1kHz with +8kHz peak deviation. Audio output with C-message weighted filter
andde-emphasis capacitor. TestcircuitFigure 1. The parameters listed below are tested using
automatic test equipment to assure consistent electrical characterristics. 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.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA615 UNITS
MIN ] TYP MAX
Mixer/Osc section (ext LO = 300mV)
fin Input signal frequency 500 MHz
fosc Crystal oscillator frequency 150 MHz
Noise figure at 45MHz 5.0 dB
Third-order input intercept point 1 = 45.00; f2 = 45.06MHz -12 dBm
Conversion power gain Matched 14.5dBV step-up 8.0 13 dB
50Q source -1.7 dB
RF input resistance Single-ended input 3.0 47 kQ
RF input capacitance 35 4.0 pF
Mixer output resistance (Pin 20) 1.25 1.50 kQ
IF section
IF amp gain 50Q source 39.7 dB
Limiter gain 50Q source 62.5 dB
Input limiting -3dB, Ry7 = 5.1k Test at Pin 18 -109 dBm
AM rejection 80% AM 1kHz 25 33 43 dB
Audio level, Ryg = 100k 15nF de-emphasis 60 150 260 mVgus
Unmuted audio level, Ry; = 100k 150pF de-emphasis 530 mV
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LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA615 UNITS
MIN TYP MAX
SINAD sensitivity RF level -118dB 12 dB
THD Total harmonic distortion -30 -42 dB
S/IN Signal-to-noise ratio No modulation for noise 68 dB
IF RSSI output, Rg = 100kQ! IF level = -118dBm 0 160 800 mv
IF level = -68dBm 17 25 33 \
IF level = -18dBm 36 48 58 v
RSSI range Rg = 100kQ Pin 16 80 dB
RSSI accuracy Rg = 100kQ Pin 16 +2 dB
IF input impedance 1.40 1.6 kQ
IF outputimpedance 0.85 1.0 kQ
Limiter intput impedance 1.40 1.6 kQ
Unmuted audio output resistance 58 kQ
Muted audio output resistance 58 kQ
RF/IF section (int LO)
Unmuted audio level 4.5V = Vg, RF level = -27dBm 450 mVRaus
System RSSI output 4.5V = V¢c, RF level = -27dBm 43 \"

NOTE:

1. The generator source impedance is 500, but the NE/SA605 input impedance at Pin 18 is 1500Q. As a result, IF level refers to the actual
signal that enters the NE/SA605 input (Pin 8) which is about 21dB less than the "available power" at the generator.

CIRCUIT DESCRIPTION

The NE/SA615 is an IF signal processing
system suitable for second IF or single
conversion systems with input frequency as
high as 1GHz. The bandwidth of the IF
amplifier is about 40MHz, with 39.7dB(v) of
gain from a 50Q source. The bandwidth of
the limiter is about 28MHz with about
62.5dB(v) of gain from a 50Q source.
However, the gain/bandwidth distribution is
optimized for 455kHz, 1.5kQ source
applications. 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
include a noise figure of 5dB, conversion gain
of 13dB, and input third-order intercept of
-10dBm. The oscillator will operate in excess
of 1GHz in L/C tank configurations. Hartley
or Colpitts circuits can be used up to 100MHz
for x-tal configurations. Butler oscillators are
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recommended for x-tal configurations up to
150MHz.

The output of the mixer is internally loaded
with a 1.5kQ resistor permitting direct
connection to a 455kHz ceramic filter. The
input resistance of the limiting IF amplifiers is
also 1.5kQ. 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 12dB(v) insertion
loss between the first and second IF stages.
If the IF filter or interstage network does not
cause 12dB(v) 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.
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This signal, which now has a 90° phase
relationship to the internal signal, drives the
other port of the multiplier cell.

Overall, the IF section has a gain of 90dB.
For operation at intermediate frequencies
greater than 455kHz, special care must be
given to layout, termination, and interstage
loss to avoid instability.

The demodulated output of the quadrature
detector is available at two pins, one
continuous 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 completes the circuitry.
The output range is greater than 90dB and is
temperature compensated. This log signal
strength indicator exceeds the criteria for
AMPs or TACs cellular telephone.

NOTE: dB(V) = 20log Vout/Vin
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-25dB, -10dB, -3.6dB, -10.6dB, -36dB,
1500/500 PAD 50/500 PAD  929/50c PAD  50/50a PAD 156k/50a PAD
L P
258
bt i o
'C" WEIGHTED
f uﬂst‘i‘s‘z"&%ﬁm J—
! e RCUIT cu
1302 | l
= = = MUTE vge RSSI _ AUDIO UNMUTED = =
MINI-CIRCUIT ZSC2-1B ouTPUT Aupio
Automatic Test Circult Component List
C1 100pF NPO Ceramic C21  100nF +10% Monolithic Ceramic
C2 390pF NPO Ceramic C23 100nF +10% Monolithic Ceramic
C5 100nF +10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic
C6 22pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv
C7 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv
C8 10.0pF NPO Ceramic IFT1 455kHz (Ce = 180pF) Toko RMC-2A6597H
C9 100nF +10% Monolithic Ceramic L1 147-160nH Collcraft UNI-10/142-04J08S
ct1o 15:+F Tantalum (minimum) L2 3.3uHnominal
C11 100nF +10% Monolithic Ceramic Toko 292CNS-T1046Z
C12 15nF +10% Ceramic X1 44.545MHz Crystal ICM4712701
C13 150pF +2% N1500 Ceramic R9 100k +1% 1/4W Metal Film
C14 100nF +10% Monolithic Ceramic R17 5.1k +5% 1/4W Carbon Composition
C15 10pF NPO Ceramic R10 100k +1% 1/4W Metal Film (optional)
C17 100nF +10% Monolithic Ceramic R11 100k +1% 1/4W Metal Film (optional)
C18 100nF +10% Monolithic Ceramic
Figure 1. NE/SA615 45MHz Test Circuit (Relays as shown)
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OUTPUT AUDIO
Appli Comp t List
C1 100pF NPO Ceramic C21  100nF +10% Monolithic Ceramic
C2 390pF NPO Ceramic C23  100nF +10% Monolithic Ceramic
C5 100nF £10% Monolithic Ceramic C25 100nF +10% Monolithic Ceramic
C6 22pF NPO Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv
C7 1nF Ceramic Fit2 Ceramic Filter Murata SFG455A3 or equiv
C8 10.0pF NPO Ceramic IFT1  455kHz (Ce = 180pF) Toko RMC-2A6597H
C9 100nF +10% Monolithic Ceramic L1 147-160nH Collcraft UNI-10/142-04J08S
c10 154F Tantalum (minimum) L2 3.3;Hnominal
C11  100nF +10% Monolithic Ceramic Toko 292CNS-T1046Z
C12 15nF 4+10% Ceramic X1 44.545MHz Crystal ICM4712701
C13 150pF +2% N1500 Ceramic R9 100k +1% 1/4W Metal Fiim
C14 100nF +10% Monolithic Ceramic R17 5.1k +5% 1/4W Carbon Composition
C15 10pF NPO Ceramic R5 Not Used in Application Board (see Note 8)
C17 100nF +10% Monolithic Ceramic R10 100k +1% 1/4W Metal Film (optional)
C18 100nF +10% Monolithic Ceramic RM

R17

5.1k

C15

Figure 2. NE/SA615 45MHz Application Circuit

100K +1% 1/4W Metal Film (optional)
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RF G ATOR NE615 DEMO BOARD

DC VOLTMETER C-MESSAGE

I HP339A DISTORTION
SCOPE ANALYZER

Figure 3. NE/SA615 Application Circuit Test Set Up

NOTES:

2
3

[N 1PN

C-message: The C—message filter has a peak gain of 100 for accurate measurements. Without the gain, the measurements may be af-
fected by the noise of the scope and HP339 analyzer.

. Ceramic filters: The ceramic filters can be 30kHz SFG455A3s made by Murata which have 30kHz IF bandwidth (they come in blue), or

16kHz CFU455Ds, also made by Murata (they come in black). All of our specifications and testing are done with the more wideband filter.

. RF generator: Set your RF generator at 45.000MHz, use a 1kHz modulation frequency and a 6kHz deviation if you use 16kHz filters, or

8kHz if you use 30kHz filters.

. Sensitivity: The measured typical sensitivity for 12dB SINAD should be 0.35uV or —116dBm at the RF input.
. Layout: The layoutis very critical in the performance of the receiver. We highly recommend our demo board layout.
. RSSI: The smallest RSSI voltage (i.e., when no RF input is present and the input is terminated) is a measure of the quality of the layout and

design. If the lowest RSSI voltage is 250mV or higher, it means the receiver is in regenerative mode. In that case, the receiver sensitivity
will be worse than expected.

. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 10—15uF or higher value tantalum

capacitor on the supply line is essential. A low frequency ESR screening test on this capacitor will ensure consistent good sensitivity in pro-
duction. A 0.1uF bypass capacitor on the supply pin, and grounded near the 44.545MHz oscillator improves sensitivity by 2-3dB.

. R5 can be used to bias the oscillator transistor at a higher current for operation above 45MHz. Recommended value is 22kQ, but should not

be below 10kQ.
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Figure 4. NE615 Application Board at 25°C
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Figure 5. Component Placement for NE615 Application Circuit
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Figure 6. Layout for NE/SA615 Application Board
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DESCRIPTION

The NE/SA5204 is a high-frequency
amplifier with a fixed insertion gain of
20dB. The gain is flat to + 0.5dB from DC
to 200MHz. The -3dB bandwidth is
greater than 350MHz. This performance
makes the amplifier ideal for cable TV
applications. The NE/SA5204 operates
with a single supply of 6V, and only
draws 25mA of supply current, which is
much less than comparable hybrid parts.
The noise figure is 4.8dB in a 7582
system and 6dB in a 502 system.

The NE/SA5204 is a relaxed version of
the NE5205. Minimum guaranteed band-
width is relaxed to 350MHz and the "'S"
parameter Min/Max limits are specified
as typicals only.

Until now, most RF or high-frequency
designers had to settle for discrete or
hybrid solutions to their amplification
problems. Most of these solutions re-
quired trade-offs that the designer had
to accept in order to use high-frequency
gain stages. These include high power
consumption, large component count,
transformers, large packages with heat
sinks, and high part cost. The NE/
SA5204 solves these problems by incor-
porating a wideband amplifier on a single
monolithic chip.

The part is well matched to 50 or 7502
input and output impedances. The
standing wave ratios in 50 and 75%2
systems do not exceed 1.5 on either the
input or output over the entire DC to
350MHz operating range.

Since the part is a small, monolithic IC
die, problems such as stray capacitance
are minimized. The die size is small
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further
reduce parasitic effects.

ORDERING INFORMATION

NE/SA5204

Wide-band High-Frequency

Amplifier

Product Specification

No external components are needed
other than AC-coupling capacitors be-
cause the NE/SA5204 is internally com-
pensated and matched to 50 and 7552.
The amplifier has very good distortion
specifications, with second and third-
order intermodulation intercepts of
+24dBm and +17dBm, respectively, at
100MHz.

The part is well matched for 5082 test
equipment such as signal generators,
oscilloscopes, frequency counters, and
all kinds of signal analyzers. Other appli-
cations at 502 include mobile radio, CB
radio, and data/video transmission in
fiber optics, as well as broadband LANs
and telecom systems. A gain greater
than 20dB can be achieved by cascad-
ing additional NE/SA5204s in series as
required, without any degradation in am-
plifier stability.

FEATURES

e Bandwidth (min.)

200 MHz, +0.5dB
350 MHz, -3dB
e 20dB insertion gain
e 4.8dB (6dB) noise figure
2o =750 (Zo = 50%2)
o No external components required

e Input and output impedances
matched to 50/75$2 systems

e Surface-mount package available
e Cascadable

DESCRIPTION TEMPERATURE RANGE ORDER CODE
0 to +70°C NE5204N
8-Pin Plastic DIP ~40 to +85°C SA5204N
0 to +70°C NE5204D
8-Pin Plastic SO package —40 to +85°C SA5204D
November 3, 1987 231

PIN CONFIGURATION

N, D Packages

TOP VIEW

Cp12760S

APPLICATIONS

e Antenna amplifiers
e Amplified splitters
e Signal generators

e Frequency counters
e Oscilloscopes

e Signal analyzers

e Broadband LANs

o Networks

¢ Modems

e Mobile radio

e Security systems

o Telecommunications

853-1191 91260
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NE/SA5204

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Veo Supply voltage 9 \
Vin AC input voltage 5 Vp.p
Ta Operating ambient temperature range
NE grade 0 to +70 °C
SA grade -40 to +85 °C
P Maximum power dissipation’ 2
DMAX | T, = 25°C (still-air)
N package 1160 mwW
D package 780 mwW
Ty Junction temperature 150 °C
Tsta Storage temperature range -55 to +150 °C
Lead temperature o
Tsoo (soldering 60s) 300 c
NOTES:
1. Derate above 25°C, at the following rates
N package at 9.3mW/°C
D package at 6.2mW/°C.
2. See "Power Dissipation Considerations'' section.
EQUIVALENT SCHEMATIC
Vee
$h < Rz
N
Q; A
3 A ‘) O Vour
Qe
'Tb—-—K Q;
>
Vin O ' Q Qq %: Ry
Rr1
‘b
< Re2
L3
Qg
Rr2
TCO8490S
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DC ELECTRICAL CHARACTERISTICS at Vcc =6V, Zg=2 =20 =508 and Ta=25°C, in all packages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Operating supply voltage range Over temperature 5 8 \"
lcc Supply current Over temperature 19 24 31 mA
s21 Insertion gain f=100MHz, over temperature 16 19 22 dB
f = 100MHz 25 dB
S11 Input return loss
DC -550MHz 12 dB
f = 100MHz 27 dB
S22 Output return loss
DC -550MHz 12 dB
f = 100MHz -25 dB
S12 Isolation
DC -550MHz -18 dB
BW Bandwidth +0.5dB 200 350 MHz
BW Bandwidth -3dB 350 550 MHz
Noise figure (7582) f=100MHz 4.8 dB
Noise figure (5082) f = 100MHz 6.0 dB
Saturated output power f=100MHz +7.0 dBm
1dB gain compression f=100MHz +4.0 dBm
Thlrd-order intermodulation = 100MHz +17 dBm
intercept (output)
Sgcond-order intermodulation f = 100MHz +04 dBm
intercept (output)
tr Rise time 5 ps
Propagation delay 5 ps
9
35
34 A l
< 32 20=500
E 39 A -] 8 Ta=25°C
A [ Ta=25°C !
2 28 w Vec=8V ]
'é‘ 26 A 27 Vee=7V N\ » u
4 Vco=6V
3 2 ; Vce=5V NN \
E 22 ,/ g ﬁ _—
8 s —
2 20
18
16 s
5 5.5 6 6.5 7 7.5 8 ‘°| 4 6 8 |°2 2 4 6 8 103
SUPPLY VOLTAGE—V FREQUENCY—MHz
OP04640S ‘OP04650S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency

November 3, 1987

233



Product Specification

Wide-band High-Frequency Amplifier

NE/SA5204

25
I
1
! 11
? v vc%ev-
cc=/vV7
z 20
3
- — NN
E l Vce=5V
u 15 —Zo=5°?
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10! 2 4 6 8 492 2 4 6 8493

FREQUENCY—MHz
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Figure 3. Insertion Gain vs Frequency (Sz1)
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320 /
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FREQUENCY—MHz
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Figure 4. Insertion Gain vs Frequency (Sz1)
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-3 —2p=500 =3 — Tp=25°C N
-4 —Tp=25°C -4 T T
-5 n -5
s 1 "6 I 1
10! 2 4 6 8492 2 4 6 8493 10! 2 4 6 8492 2 4 6 8 403
FREQUENCY —MHz FREQUENCY—MHz
OP04680S OP04690S
Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency
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I o n 25
w [-%
Q 30 w
E Q
= & 20
Z z A
£ / g . pd Ta=25°C
£ 2 / Ta=25°C g Zo=500
1 / 2o =500 3
) 7 J
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Figure

POWER SUPPLY VOLTAGE—V

0P047008

7. Second-Order Output Intercept vs Supply Voltage
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Figure 8. Third-Order Intercept vs Supply Voltage
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THEORY OF OPERATION

The design is based on the use of multiple
feedback loops to provide wide-band gain
together with good noise figure and terminal
impedance matches. Referring to the circuit
schematic in Figure 15, the gain is set primari-
ly by the equation:

Vout
e o (Re1 + Re1)/Res
IN

(1)
which is series-shunt feedback. There is also
shunt-series feedback due to Rrz and Rgz
which aids in producing wide-band terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise perfor-
mance, Rgy and the base resistance of Qq
are kept as low as possible, while Rg; is
maximized.

The noise figure is given by the following
equation:

KT
o + Rgy + ——

NF =10Log | 1+ 2qlc1” (4B

Ro (2

where Igy = 5.5mA, Rgq =129, 1, =130%,
KT/q = 26mV at 25°C and Rq = 50 for a 50Q2
system and 75 for a 7582 system.

The DC input voltage level V|y can be deter-
mined by the equation:

Vin = VBe1 + (Ic1 + lca) Req 3

where Rgq = 129, Vge = 0.8V, Ig1 =5mA
and Igz = 7mA (currents rated at Vg = 6V).

Under the above conditions, V|y is approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Q3 and diode Qq4, which provide shunt feed-
back to the emitter of Q4 via Rgy. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt-
feedback loading on the output. The value of
Ry = 14082 is chosen to give the desired
nominal gain. The DC output voltage Voyr
can be determined by:

Vout = Vec - (Ic2+ lce)R2, 4)

where Vgg = 6V, Ry = 22582, Ic2 = 7mA and
lce = SmA.

From here, it can be seen that the output
voltage is approximately 3.3V to give relative-
ly equal positive and negative output swings.
Diode Qs is included for bias purposes to
allow direct coupling of Rgz to the base of Q.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Qi) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rg optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L4
and L, are bondwire and lead inductances
which are roughly 3nH. These improve the
high-frequency impedance matches at input
and output by partially resonating with 0.5pF
of pad and package capacitance.

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power dissi-
pation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply current is 25mA (30mA max).
For operation at supply voltages other than
6V, see Figure 1 for Icc versus Vgg curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature ex-
treme. The change is 0.1% per °C over the
range.

The recommended operating temperature
ranges are air-mount specifications. Better
heat-sinking benefits can be realized by
mounting the SO and N package bodies
against the PC board plane.

Vee
5 SR
b3 3225
< 650 N Ro L2
Q AM~—YYT o v
s A out
10 3nH

LA
,_.K @

<R3
$ 140

< Re2
12

Qs

Rr2

AAA

VV\—

200

Figure 15. Schematic Diagram

TC085008
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PC BOARD MOUNTING

In order to realize satisfactory mounting of the
NE5204 to a PC board, certain techniques
need to be utilized. The board must be
double-sided with copper and all pins must be
soldered to their respective areas (i.e., all
GND and Vg pins on the package). The
power supply should be decoupled with a
capacitor as close to the Vg pins as possi-
bie, and an RF choke should be inserted
between the supply and the device. Caution
should be exercised in the connection of
input and output pins. Standard microstrip
should be observed wherever possible. There
should be no solder bumps or burrs or any
obstructions in the signal path to cause
launching problems. The path should be as
straight as possible and lead lengths as short
as possible from the part to the cable connec-
tion. Another important consideration is that
the input and output should be AC-coupled.

This is because at Voo =6V, the input is
approximately at 1V while the output is at
3.3V. The output must be decoupled into a
low-impedance system, or the DC bias on the
output of the amplifier will be loaded down,
causing loss of output power. The easiest
way to decouple the entire amplifier is by
soldering a high-frequency chip capacitor di-
rectly to the input and output pins of the
device. This circuit is shown in Figure 186.
Follow these recommendations to get the
best frequency response and noise immunity.
The board design is as important as the
integrated circuit design itself.

SCATTERING PARAMETERS

The primary specifications for the NE5204
are listed as S-parameters. S-parameters are
measurements of incident and reflected cur-
rents and voltages between the source, am-

Vee
O

RF CHOKE

DECOUPLING
I CAPACITOR

Vin O-—-{
AC
COUPLING
CAPACITOR

F—ovour
AC
COUPLING
CAPACITOR

TC08511S

Figure 16. Circuit Schematic for
Coupling and Power Supply Decoupling

plifier, and load as well as transmission
losses. The parameters for a two-port net-
work are defined in Figure 17.

S, — INPUT RETURN LOSS

POWER REFLECTED

FROM INPUT PORT

S, =
" POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

S\, — REVERSE TRANSMISSION LOSS

OR ISOLATION

REVERSE TRANSDUCER

Si2

a. Two-Port Network Defined

sexV

POWER GAIN

AF03680S

Figure 17

S,, — FORWARD TRANSMISSION LOSS
OR INSERTION GAIN

Sy ;\/TRANSDUCER POWER GAIN

S, — OUTPUT RETURN LOSS

POWER REFLECTED
FROM OUTPUT PORT

POWER AVAILABLE FROM
GENERATOR AT OUTPUT PORT

S =

AF03600S
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Actual S-parameter measurements, using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B),
are shown in Figure 18.

Values for Figure 20 are measured and speci-
fied in the data sheet to ease adaptation and
comparison of the NE5204 to other high-
frequency amplifiers. The most important pa-
rameter is Sp+. It is defined as the square root
of the power gain, and, in decibels, is equal to
voltage gain as shown below:

Zp =Zny = Zout for the NE5204

Vin? 9| NES204 |© Vour?
Py = 2N Pour= 2T
Zp o~ Zp [o Zp
Vout?
Pour 2o Vour? P
L= = =P
Pv  Vin? V2
Zp
px = V|2

P, = Insertion Power Gain
V| = Insertion Voltage Gain

Measured value for the

NE5204 =S54 12 =100

_Pour
IN

LRy =18,112=100

v
and V=~ - VB =85 =10
ViN

In decibels:

Pigs) = 10Log 1S, |2 = 20dB
VigB) = 20Log Sz; = 20dB

" PigB) = VigB) = S21(aB) = 20dB

Also measured on the same system are the
respective voltage standing-wave ratios.
These are shown in Figure 19. The VSWR
can be seen to be below 1.5 across the entire
operational frequency range.

Relationships exist between the input and
output return losses and the voltage standing
wave ratios. These relationships are as fol-
lows:

INPUT RETURN LOSS = S;4dB
S41dB = 20Log [S1 |

OUTPUT RETURN LOSS = S,,dB
S,,dB = 20Log 1S5, |

11+ 8441
INPUT VSWR = ——— <1,
[1-844!
11+ 8p,!
OUTPUT VSWR = <

[1-8pl

1dB GAIN COMPRESSION AND
SATURATED OUTPUT POWER
The 1dB gain compression is a measurement
of the output power level where the small-
signal insertion gain magnitude decreases
1dB from its low power value. The decrease
is due to non-linearities in the amplifier, an
indication of the point of transition between
small-signal operation and the large-signal
mode.

The saturated output power is a measure of
the amplifier's ability to deliver power into an
external load. It is the value of the amplifier's
output power when the input is heavily over-
driven. This includes the sum of the power in
all harmonics.

INTERMODULATION INTERCEPT
TESTS

The intermodulation intercept is an expres-
sion of the low level linearity of the amplifier.
The intermodulation ratio is the difference in
dB between the fundamental output signal
level and the generated distortion product
level. The relationship between intercept and
intermodulation ratio is illustrated in Figure

20, which shows product output levels plotted
versus the level of the fundamental output for
two equal strength output signals at different
frequencies. The upper line shows the funda-
mental output plotted against itself with a 1dB
to 1dB slope. The second and third order
products lie below the fundamentals and
exhibit a 2:1 and 3:1 slope, respectively.

The intercept point for either product is the
intersection of the extensions of the product
curve with the fundamental output.

The intercept point is determined by measur-
ing the intermodulation ratio at a single output
level and projecting along the appropriate
product slope to the point of intersection with
the fundamental. When the intercept point is
known, the intermodulation ratio can be de-
termined by the reverse process. The sec-
ond-order IMR is equal to the difference
between the second-order intercept and the
fundamental output level. The third-order IMR
is equal to twice the difference between the
third-order intercept and the fundamental out-
put level. These are expressed as:

IP2 = Poyt + IMR2
IP3 = Pout + IMRg/2

where Pgyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, IP» and IP3 are the second- and third-
order output intercepts in dBm, and IMR; and
IMR3 are the second- and third- order inter-
modulation ratios in dB. The intermodulation
intercept is an indicator of intermodulation
performance only in the small-signal operat-
ing range of the amplifier. Above some output
level which is below the 1dB compression
point, the active device moves into large-
signal operation. At this point, the intermodu-
lation products no longer follow the straight-
line output slopes, and the intercept descrip-
tion is no longer valid. It is therefore important
to measure IP, and IP3 at output levels well
below 1dB compression. One must be care-

2.0 2.0 T T T T T T T T
T T T T H T T
19 19 T T T — T
1.8 T T ! T T T - |
Ta=25°C -8 : LA 1 f
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« Voe= 6V 7 : 17— - — T : y-_zssvc —1f
s 16 5 16 ' ——ce T 7 }
> 1.5 > T T T T
= 7 5 15 t T 1 T T
Z 14 y 4 a T T + T —
2 [ zo=7s0 / s M : ' ] ‘ —
o [T R T —
7 — £0=/75" T T T T
1.2 — I — \ 1.2 ’ ' =
1.1 f— Zo =500 11— 202500 o T
1.0 L 1 1.0 T H ;
10 2 4 6 842 4 6 8493 10 2 4 6 8492 2 4 6 8403
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0P04840S 0P04850S
a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 19. Input/Output VSWR vs Frequency
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ful, however, not to select levels which are
too low, because the test equipment may not
be able to recover the signal from the noise.
For the NE5204, an output level of -10.5dBm
was chosen with fundamental frequencies of
100.000 and 100.01MHz, respectively.

ADDITIONAL READING ON
SCATTERING PARAMETERS

For more information regarding S-parame-
ters, please refer to High-Frequency Amplifi-
ers; by Ralph S. Carson of the University of
Missouri, Rolla, Copyright 1985, published by
John Wiley & Sons, Inc.

S-Parameter Techniques for Faster, More
Accurate Network Design, HP App Note 95-1,
Richard W. Anderson, 1967, HP Journal.

S-Parameter Design, HP App Note 154, 1972.
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DESCRIPTION

The NE/SA/SE5205 is a high-frequency
amplifier with a fixed insertion gain of
20dB. The gain is flat to + 0.5dB from DC
to 450MHz, and the -3dB bandwidth is
greater than 600MHz in the EC package.
This performance makes the amplifier
ideal for cable TV applications. For lower
frequency applications, the part is also
available in industrial standard dual in-
line and small outline packages. The
NE/SA/SE5205 operates with a single
supply of 6V, and only draws 24mA of
supply current, which is much less than
comparable hybrid parts. The noise fig-
ure is 4.8dB in a 752 system and 6dB in
a 5082 system.

Until now, most RF or high-frequency
designers had to settle for discrete or
hybrid solutions to their amplification
problems. Most of these solutions re-
quired trade-offs that the designer had
to accept in order to use high-frequency
gain stages. These include high-power
consumption, large component count,
transformers, large packages with heat
sinks, and high part cost. The NE/SA/
SES5205 solves these problems by incor-
porating a wide-band amplifier on a sin-
gle monolithic chip.

The part is well matched to 50 or 7552
input and output impedances. The
Standing Wave Ratios in 50 and 75%2
systems do not exceed 1.5 on either the
input or output from DC to the -3dB
bandwidth limit.

Since the part is a small monolithic IC
die, problems such as stray capacitance
are minimized. The die size is small
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further
reduce parasitic effects. A TO-46 metal
can is also available that has a case
connection for RF grounding which in-
creases the -3dB frequency to 600MHz.
The Cerdip package is hermetically
sealed, and can operate over the full
-55°C to +125°C range.

No external components are needed
other than AC coupling capacitors be-
cause the NE/SA/SE5205 is internally
compensated and matched to 50 and

November 3, 1987
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7552. The amplifier has very good distor- PIN CONFIGURATIONS

tion specifications, with second and
third-order intermodulation intercepts of
+24dBm and +17dBm respectively at

N, FE, D Packages

Vec (8] vee
100MHz. N . . zoaa =p
The device is ideally suited for 75Q ™ B o
cable television applications such as GND El- 6] ano
decoder boxes, satellite receiver/decod- GND [4] 5] GND
ers, and front-end amplifiers for TV re-
ceivers. It is also useful for amplified TOP VIEW

H 1£3. CD12760S
splitters and antenna amplifiers. EC Package

The part is matched well for 5082 test
equipment such as signal generators,
oscilloscopes, frequency counters and
all kinds of signal analyzers. Other appli-
cations at 5052 include mobile radio, CB
radio and data/video transmission in
fiber optics, as well as broad-band LANs
and telecom systems. A gain greater
than 20dB can be achieved by cascad-
ing additional NE/SA/SE5205s in series
as required, without any degradation in
amplifier stability.

NOTE:
Tab denotes Pin 1.

FEATURES
® 600MHz bandwidth
e 20dB insertion gain
® 4.8dB (6dB) noise figure
Zo = 7552 (Zg = 5082)
o No external components required

e Input and output impedances
matched to 50/755) systems

e Surface mount package available
o MIL-STD processing available

APPLICATIONS

e 75%2 cable TV decoder boxes
e Antenna amplifiers
o Amplified splitters
o Signal generators

e Frequency counters
o Oscilloscopes

e Signal analyzers

e Broad-band LANs

o Fiber-optics

e Modems

e Mobile radio

e Security systems

o Telecommunications
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ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE5205D
4-Pin Metal can 0 to +70°C NE5205EC
8-Pin Cerdip 0 to +70°C NE5205FE
8-Pin Plastic DIP 0 to +70°C NE5205N
8-Pin Plastic SO -40°C to +85°C SA5205D
8-Pin Plastic DIP -40°C to +85°C SA5205N
8-Pin Cerdip -40°C to +85°C SA5205FE
8-Pin Cerdip -55°C to +125°C SE5205FE
8-Pin Plastic DIP -55°C to +125°C SE5205N
EQUIVALENT SCHEMATIC
Vee
s
SRy 2 Rz a
N 0
Q3 A —O Vout
el
Ko
(Y S— a Qs %t Ra
RF1
:E Re2
p:
Rer )
L.
Rr2
TC08490S
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \"
Vac AC input voltage 5 Vp.p
Ta Operating ambient temperature range
NE grade 0 to +70 °C
SA grade -40 to +85 °C
SE grade -55 to +125 °C
P Maximum power dissipation,
DMAX Ta =25°C (still-air)" 2
FE package 780 mw
N package 1160 mwW
D package 780 mw
EC package 1250 mwW
NOTES:

1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mW/°C
EC package at 10.0mW/°C
2. See "'Power Dissipation Considerations' section.

DC ELECTRICAL CHARACTERISTICS at Vcc =6V, Zg=2 =Zo =50 and Ta = 25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
Operating supply voltage range Over temperature 5 6.5 5 8 \"
5 6.5 5 8 \"
lcc Supply current Over temperature 20 24 30 20 24 30 mA
19 31 19 31 mA
S21 Insertion gain ~ f=100MHz 17 19 21 17 19 21 dB
Over temperature 16.5 215 16.5 215
S11 Input return loss =100MHz D, N, FE 25 25 dB
DC - fyax D, N, FE 12 12 dB
S11 Input return loss f=100MHz EC package 24 dB
DC - fyax EC 10 dB
S22 Output return loss f=100MHz D, N, FE 27 27 dB
DC - fmax 12 12 dB
S22 Output return loss f=100MHz EC package 26 dB
DC - Fmax 10 dB
S12 Isolation f = 100MHz -25 -25 dB
DC - fpmax -18 -18 dB
tr Rise time 5 5 ps
Propagation delay 5 ps
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DC ELECTRICAL CHARACTERISTICS at Vcc=6V, Zg=2Z_ =20 =500 and Ta =25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
BW Bandwidth +0.5dB D, N 450 MHz
fmax Bandwidth +0.5dB EC 500 MHz
fMAX Bandwidth +0.5dB FE 300 300 MHz
fmax Bandwidth -3dB D, N 550 MHz
fmax Bandwidth ~3dB EC 600 MHz
fmax Bandwidth -3dB FE 400 400 MHz
Noise figure (7552) f=100MHz 4.8 4.8 dB
Noise figure (5082) f = 100MHz 6.0 6.0 dB
Saturated output power f = 100MHz +7.0 +7.0 dBm
1dB gain compression f = 100MHz +4.0 +4.0 dBm
Third-order intermodulation f =100MHz +17 +17 dBm
intercept (output)
Second-order intermodulation f = 100MHz +24 +24 dBm
intercept (output)
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Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
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Figure 3. Insertion Gain vs Frequency (S21) Figure 4. Insertion Gain vs Frequency (S21)
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Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency
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NE/SA/SE5205

THEORY OF OPERATION

The design is based on the use of multiple
feedback loops to provide wide-band gain
together with good noise figure and terminal
impedance matches. Referring to the circuit
schematic in Figure 15, the gain is set primari-
ly by the equation:

Vout
== = (Rg1 + Req)/Rey (1)
VIN

which is series-shunt feedback. There is also
shunt-series feedback due to Rgz and Rgz
which aids in producing wideband terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise perfor-
mance, Rg1 and the base resistance of Qq
are kept as low as possible while Rgz is
maximized.

The noise figure is given by the following
equation:

NF =

[ } ]
rb E1
2qlc4

10 Log 1+ dB (2)

Ro

where Igy = 5.5mA, Rgq =128, r, = 1308,
KT/q = 26mV at 25°C and Rq = 50 for a 5082
system and 75 for a 752 system.

The DC input voltage level Vi can be deter-
mined by the equation:

ViN = Vee1 + (Ic1 + lca) Req

where Rgq = 12Q, Vge = 0.8V, Igy =5mA
and icg = 7mA (currents rated at Vcc = 6V).

Under the above conditions, Vy is approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Qg and diode Qg4 which provide shunt feed-
back to the emitter of Q4 via Rgq. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt
feedback loading on the output. The value of
Rgy = 140 is chosen to give the desired
nominal gain. The DC output voltage Voyrt
can be determined by:

Vout = Ve - (lc2+ lce)R2, 4)

where Vg = 6V, Ry = 22582, g, = 7mA and
lce = SMA.

From here it can be seen that the output
voltage is approximately 3.3V to give relative-
ly equal positive and negative output swings.
Diode Qs is included for bias purposes to
allow direct coupling of R, to the base of Q4.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Qq) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rq optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L4
and L, are bondwire and lead inductances
which are roughly 3nH. These improve the
high-frequency impedance matches at input
and output by partially resonating with 0.5pF
of pad and package capacitance.

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power dissi-
pation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply current is 25mA (30mA Max).
For operation at supply voltages other than
6V, see Figure 1 for Icc versus Vgg curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature ex-
treme. The change is 0.1% per °C over the
range.

The recommended operating temperature
ranges are air-mount specifications. Better
heat sinking benefits can be realized by
mounting the D and EC package body against
the PC board plane.
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