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LINEAR LSI PRODUCTS 

PREFACE 

The Linear LSI Division, one of eight Signetics divisions, is a major supplier of a broad line 
of linear integrated circuits ranging from high-performance designs to many of the more 
popular industry standard devices and custom designs. 

Employing Signetics' high quality processing and screening standards, the Linear LSI 
Division is dedicated to providing high quality Linear products to our worldwide customers. 
Our full product line addresses the needs of the EDP, Automotive, Military, Industrial, 
Consumer, and Communications markets. 

The 1985 Linear LSI Data and Applications Manual provides complete technical data on 
our full line of interface, communications, amplifier, power conversion and control, and TV
Video products. Among these you will find new entrants such as the TDA7000 Speech 
Synthesizer, NE602 and NE604 cellular radio circuits, and the NE5592 dual video 
amplifier. 

An applications section, selector guides, and cross reference guides are also included in 
this volume. 

Although every attempt has been made to insure accuracy of information in this manual, 
Signetics assumes no liability for inadvertent errors. 

Your suggestions for improvement in future editions are welcome. 

Signetics Linear LSI Marketing 
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LINEAR LSI PRODUCTS 

CROSS REFERENCE BY PART NUMBER 

PART NUMBER COMPANY SIGNETICS 

DAC 08 PMI DAC08E, N 

PART NUMBER COMPANY SIGNETICS 

ULN 2003A SPRAGUE, TI ULN2003 1 
DAC 0800LCN NSC MC1408·8N ULN 2004A SPRAGUE, TI ULN2004 

AMDAC 08 AMD DAC08C, E LM 211 AMD, MOTO, NSC, TI LM211 
LMDAC 08 NSC DAC08 ,..A 211 FSC LM211 

LM 1011/1111 NSC NE645/646 LM 219 AMD, NSC LM219 

LF 111 NSC LM111 LM 224 MOlO, NSC, TI LM224 
LM 111 AMD, MOTO, NSC, TI LM111 LM 239 TI LM239 
"A 111 FSC LM111 LM 239/A MOTO, NSC LM239/A 
LM 119 AMD, NSC LM119 PM 239/A PMI LM239/A 
LM 124 MOTO, NSC, TI LM124 LM 258 MOlO, NSC, TI LM258 

,..A 124 FSC LM124 LM 2901 MOTO, NSC, TI LM2901 
LM 13600 NSC LM13600 ,..A 2901 FSC LM2901 
LM 13600A NSC LM13600A LM 2903 NSC, TI LM2903 
LM 139 AMD, NSC, TI LM139 ,..A 2903 FSC LM 2903 
"A 139 FSC LM139 LM 2904 NSC SA532 

DAC 1408 PMI MC1408 LM 293 NSC, TI LM293 
LM 1408 NSC MC1408 LM 3089 NSC CA3089 

SSS 140BA AMD MC1408·7 TCA 3089 SPRAGUE CA3089 
DAC 1408-7 PMI MC1408·7 LM 311 AMD, INTERSIL, MOTO, NSC, n LM311 
MC 1408·7 MOTO MC1408·7 TL 311 TI LM311 

MC 1408·8 MOTO MC1408·8 "A 311 FSC LM311 
MC 1413 MOTO ULN2003 "PC 311 NEC LM311 
MC 1416 MOTO ULN2004 LM 319 AMD, NSC LM319 
MC 1455 MOTO NE555 LM 324 INTERSIL, MOTO, NSC, TI LM324 
AM 1458 AMD MC1458 "A 324 FSC LM324 

LM 1458 NSC MC1458 "p C324 NEC LM324 
MC 1458 MOTO, TI MC1458 MC 3302 MOTO MC3302 

"A 1458 FSC MC1458 MC 3303 MOTO, TI MC3303 
"PC 1458 NEC MC1458 "A 3303 FSC MC3303 

DS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555 

MC 1488 MOTO, TI MC1488 LM 339/A MOTO, NSC, TI LM339/A 

"A 1488 FSC MC1488 "A 339/A FSC LM339/A 
DS 1489/A NSC MC1489/A "p C339 NEC LM339 
MC 1489/A MOTO MC1489/A MC 3403 MOTO MC3403 
,..A 1489/A FSC MC1489/A MC 3410/C MOTa MC3410/C 

LM 1496 NSC MC1496 MC 3456 MOTa NE556 
MC 1496 MOTO MC1496 MC 3503. MOTa MC3503 

SSS 1508A AMD MC1508 MC 3510 MOTa MC3510 
AM 1508·8 AMD MC1508·8 LM 3524 NSC SG3524 
LM 1508·8 NSC MC1508·8 SG 3524 TI SG3524 

MC 1508·8 MOTO MC1508·8 LM 358 MalO, NSC, TI LM358 
LM 1558 NSC MC1558 "PC 358 NEC LM358 
MC 1558 MOTO, TI MC1558 LM 361 NSC NE529 
PM 1558 PMI MC1558 LM 387 NSC NE542 
,..A 1558 FSC MC1558 LM 393/A NSC, TI LM393/A 

LM 158 MOTO, NSC, TI LM158 "PC 393 NEC LM393 
LM 1596 NSC MC1596 LF 398 AMD, NSC LF398 
LM 161 NSC SE529 "A 398 FSC LF398 
MC 1596 MOTO MC1596 "PC 398 NEC LF398 
MC 1723/C MOTO ,..A723/C "PC 4558 NEC NE4558 

MC 1733 MOTO ,..A733 RC 4558 TI NE4558 
MC 1747/C MOTO ,..A747/C TL 494 MOlO, TI NE5561 
LM 1870 NSC LM1870 "A 494 FSC NE5561 
LM 193 NSC, TI LM193 SN 5520 TI NE5520 

"A 193 FSC LM139 NE 5532/A TI NE5532/A 
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CROSS REFERENCE BY PART NUMBER Continued 

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS 

SEINE 55341A TI SEINE55341A LM 733 NSC JJA733 
NE 555 INTERSIL, MOTO, TI NE555 JJA 7331C INTERSIL, FSC, TI JJA7331C 
LM 5551C NSC NE555 ICL 741 INTERSIL JJA741C 
I'A 555 FSC NE555 LM 741 MOTO, NSC JJA741 
LM 556 NSC NE556 PM 7411C PMI JJA7411C 

NE 556 INTERSIL, MOTO, TI NE556 I'PC 741 NEC JJA741 
JJA 556 FSC NE556 JJA 741 FSC, TI JJA741 

I'PC 558 NEC NE558 SSS 741 AMD JJA741 
LM 565 MOTO, NSC NE565 LM 747 NSC I'A747 
LM 566 NSC NE566 PM 747JC PMI I'A747C 

I'PC 566 NEC NE566 SSS 747 AMD JJA747 
LM 567 NSC NE567 JJA 747 FSC, MOTO, TI I'A747 
NE 592 MOTO NE592 LM 748 NSC I'A748 
TL 594 TI NE594 JJA 748 FSC, TI JJA748 

AM 6012 AMD AM6012 I'A 758 MOTO, NSC JJA758 

I'PC 6012 NEC AM6012 ULN 8160 SPRAGUE NE5560 
UDN 6116-2 SPRAGUE SA594 ULN 8161 SPRAGUE NE5561 
UDN 6128 SPRAGUE NE594 SN 7588 TI MC1488 

LM 7231C MOTO, NSC JJA7231C SN 75891A TI MC14891A 
I'A 723 INTERSIL, FSC, TI JJA723 SN 76689 TI CA3089 
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LINEAR LSI PRODUCTS 

CROSS REFERENCE BY COMPANY 

AMD SIGNETICS 

AM 1508 MC 1508 
AM 6012 AM 6012 

MOTOROLA SIGNETICS 
LM 741C I"A 741C 
MC 1408 MC 1408 

NATIONAL SIGNETICS 
LM 1670 LM 1670 
LM 193 LM 193 

SPRAGUE SIGNETICS 

TCA 3089 CA 3089 
UON 6116-2 SA 594 

1 
AMOAC 06 OAC-06C,E MC 1413 ULN 2003 LM 211 LM 211 ULN 6128 NE 594 

LF 396 NE 5537 MC 1416 ULN 2004 LM 219 LM 219 ULN 2003 ULN 2003 
LM 111 LM 111 MC 1455 NE 555 LM 224 LM 224 ULN 2004 ULN 2004 

LM 119 LM 119 MC 1458 MC 1458 LM 239 LM 239 ULN 2151 I"A 741 
LM 139 LM 139 MC 1468 MC 1488 LM 256 LM 258 ULN 3304 NE 555 
LM 211 LM 211 MC 1469 MC 1489 LM 2901 LM 2901 ULN 8160 NE 5560 
LM 311 LM 311 MC 1489A MC 1489A LM 2903 LM 2903 ULN 8161 NE 5561 
LM 319 LM 319 MC 1508 MC 1508 LM 2904 SA 532 

TI SIGNETICS 
SSS 1406A MC 1408 
SSS 1506A MC 1508 
SSS 741 I"A 741 
SSS 747 I"A 747 

FAIRCHILD SIGNETICS 

I"A 111 LM 111 
I"A 124 LM 124 
I"A 139 LM 139 

MC 1558 MC 1558 
MC 1596 MC 1596 
MC 1723 I"A 723 
MC 1723C I"A 723C 
MC 1733 I"A 733 

MC 1747 I"A 747 
MC 1747C I"A 747C 
MC 3302 MC 3302 
MC 3303 MC 3303 

LM 293 LM 293 
LM 3069 CA 3089 
LM 311 LM 311 
LM 319 LM 319 
LM 324 LM 324 

LM 339 LM 339 
LM 3524 SG 3524 
LM 358 NE 532 
LM 361 NE 529 

LF 398 LF 398 
LM 111 LM 111 
LM 124 LM 124 
LM 139 LM 139 
LM 1458 MC 1458 

LM 158 LM 158 
LM 193 LM 193 
LM 211 LM 211 

I"A 1456 MC 1458 MC 3403 MC 3403 LM 387 NE 542 LM 224 LM 224 
I"A 1488 MC 1486 LM 239 LM 239 

I"A 1558 MC 1556 
I"A 193 LM 193 
~A 2901 LM 2901 
I"A 2903 LM 2903 
~A 301A LM 301A 
~A 311 LM 311 
~A 324 LM 324 
~A 3303 MC 3303 
I"A 339 LM 339 
~A 398 LF 396 

MC 3410 MC 3410 
MC 3456 NE 556 
MC 3503 MC 3503 
MC 3510 MC 3510 
NE 555 NE 555 

NE 556 NE 556 
NE 565 NE 565 
NE 592 NE 592 
SE 592 SE 592 
TL 494 NE 5561 

LM 393 LM 393 
MC 555 NE 555 
LM 555C NE 555 
LM 556 NE 556 
LM 565 NE 565 

LM 566 NE 566 
LM 567 NE 567 
LM 723 ~A 723 
LM 733 I"A 733 
LM 741 I"A 741 

LM 258 LM 258 
LM 2901 LM 2901 
LM 2903 LM 2903 
LM 293 LM 293 
LM 311 LM 311 

LM 324 LM 324 
LM 339 LM 339 
LM 358 LM 358 
LM 393 LM 393 
LM 1458 MC 1458 

~A 494 NE 5561 
~A 555 NE 555 
~A 556 NE 556 
~A 723 I"A 723 

I"A 723 I"A 723 
I"A 741 I"A 741 
I"A 747 I"A 747C 
I"A 756 I"A 7581A 

LM 747 I"A 747 
LM 748 I"A 748 

LMDAC 08 DAC 08 
I"A 758 I"A 7581A 

MC 1558 MC 1558 
NE 5532 NE 5532 
NE 5532A NE 5532A 
NE 5534 NE 5534 

~A 733 I"A 733 NATIONAL SIGNETICS NEC SIGNETICS NE 5534A NE 5534A 

I"A 741 I"A 741 
I"A 747 I"A 747 
I"A 748 I"A 748 
I"A 758 I"A 756 
I"A FIll LM 111 

I"A F211 LM 211 
I"A F311 LM 311 

DAC 0600- DAC 08EN 
LCN 

DAC 0807 MC 1408-7 
DAC 0808 MC 1408-8 
DAC 0608CN MC 1408-8N 
OAC 0808LD MC 1506 

OS 1488 MC 1488 

I"PC 1458 MC 1458 
I"PC 1555 NE 555 
I"PC 311 LM 311 
I"PC 324 LM 324 
I"PC 339 LM 339 

I"PC 358 LM 358 
I"PC 393 LM 393 

NE 555 NE 555 
NE 556 NE 556 
RC 4558 NE 4558 
SE 5534 SE 5534 
SE 5534A SE 5534A 

SE 555 SE 555 
SE 556 SE 556 

INTERSIL SIGNETICS OS 1489 MC 1489 
I"PC 398 LF 3981 

NE 5537 
SG 3524 SG 3524 
SN 5520 NE 5520 

ICL 741 I"A 741C 
LM 311 LM 311 
LM 324 LM 324 
NE 555 NE 555 
NE 556 NE 556 

MOTOROLA SIGNETICS 

LF 111 LM 111 
LF 211 LM 211 
LF 311 LM 311 
LF 398 LF 398/ 

NE 5537 

LM 10111 NE 6451646 
1111 

I"PC 4558 NE 4558 
I"PC 558 NE 558 

I"PC 566 NE 566 
I"PC 6012 AM 6012 
~PC 624 DAC 08C,E 
I"PC 741 I"A 741C 

SN 7588 MC 1488 

SN 7589 MC 1489 
SN 7589A MC 1489A 
SN 76689 CA 3089 
TL 311 LM 311 
TL 494 NE 5561 

LM 111 LM 111 LM 111 LM 111 PMI SIGNETICS TL 594 NE 594 
LM 124 LM 124 
LM 139 LM 139 
LM 156 LM 158 
LM 211 LM 211 

LM 119 LM 119 
LM 124 LM 124 
LM 13600 LM 13600 

LM 13700 NE 5517 

CMP 04FP LM 339 
DAC 08 OAC 06C,E 
OAC 1408A MC 1408 
OAC 312 AM 6012 

I"A 723 I"A 723 
I"A 733 I"A 733 
I"A 741 p.A 741 
I"A 747 I"A 747 

LM 224 LM 224 LM 139 LM 139 OP 220 LM 358 I"A 748 I"A 748 
LM 239 LM 239 
LM 256 LM 258 
LM 2901 LM 2901 
LM 311 LM 311 

LM 1408 MC 1406 
LM 1458 MC 1456 
LM 1496 MC 1496 

PM 1558 MC 1558 
PM 239!A LM 239/A 
PM 741C I"A 741C 

ULN 200JA ULN 2003 
ULN 200,IA ULN 2004 

LM 1508 MC 1508 PM 747C I"A 747C 
LM 324 LM 324 LM 1558 MC 1558 
LM 339 LM 339 LM 156 LM 158 
LM 358 LM 358 LM 1596 MC 1596 
LM 565 NE 565 LM 161 SE 529 
LM 723C I"A 723C 
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LINEAR LSI PRODUCTS 

APPLICATIONS BY PART NUMBER 

CAe 08 
Me 1488/1489 
Me 1496/1596 
Me 3403 
SG 3524 
NE 5080/5081 
NE 521 
NE 522 
NE 527 
NE 529 
NE 531 
NE 538 
NE 542 
NE 544 
NE 555 
NE 556 
NE 558 
NE 564 

NE 565 

NE 566 

NE 567 

NE 570/571/SA571 
NE 572 
NE 587/589 
NE 592/5592 . 
NE 5044 
NE 5045 
NE 5512/5514 
NE 5517 

NE 5520 
NE 5532/33/34 
NE 5535 
NE 5539 
NE 5560 

NE 5561 

/LA 758 
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AN106: Using the DAC 08 without a Negative Supply 
AN113: Applications Using the MC1488/1489 Line Drivers and Receivers 
AN189: Balanced Modulator/Demodulator Applications Using ttie MC1496/MC1596 
AN160: Applications for the MC3403 
AN126: Applications Using the SG3524 
AN195: Applications Using the NE5080, NE5081 
AN116: Applications for the NE521/522/527/529 
AN116: Applications for the NE521/522/527/529 
AN116: Applications for the NE521/5221527/529 
AN116: Applications for the NE521/522/527/529 
AN 151: Applications for the NE531 
AN150: Applications for the NE538 
AN190: Applications of Low Noise Stereo Amplifiers: NE542 
AN133: Applications Using the NE544 Servo Amplifier 
AN 170: NE555 and NE556 Applications 
AN 170: NE555 and NE556 Applications 
AN171: NE558 Applications 
AN179: Circuit Description of the NE564 
AN180: The NE564: Frequency Synthesis 
AN182: Clock Regenerator with Crystal Controlled Phase Locked VCO 
AN181: A 6MHz FSK Converter Design Example for the NE564 
AN183: Circuit Description of the NE565 
AN184: FSK Demodulator with NE565 
AN185: Circuit Description of the NE566 
AN186: Waveform Generators with the NE566 
AN187: Circuit Description of the NE567 Tone Decoder 
AN188: Selected Circuits Using the NE567 
AN174: Applications for Compandors: NE570/571/SA571 
AN175: Automatic Level Control: NE572 
AN112: LED Decoder Drivers: Using the NE587 and NE589 
AN141: Using the NE592/5592 Video Amplifier 
AN131: Applications Using the NE5044 Encoder 
AN132: Applications Using the NE5045 Decoder 
AN 144: Applications for the NE5512 and NE5514 
AN145: NE5517: General Description and Applications for Use with the NE5517/A 

Transconductance Amplifier 
AN118: LVDT Signal Conditioner: Applications Using the NE5520 
AN142: Audio Circuits Using the NE5532/33/34 
AN143: Applications Using the SE/NE5535 
AN140: Compensation Techniques for Use with the SE/NE5539 
AN121: Forward Converter Application Using the NE5560 
AN122: NE5560 Push-Pull Regulator Application 
AN123: NE5561 Applications 
AN124: External Synchronization for the NE5561 
AN191: Stereo Decoder Applications USing the ~758 
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APPLICATIONS BY PRODUCT GROUPS 

INTERFACE 
Data Conversion 

AN100 
AN101 
AN105 
AN106 
AN109 

Drivers 
AN112 
AN113 

Comparators 
AN116 

Signal Conditioner 
AN118 

COMMUNICATIONS 
Timers 

AN170 
AN171 

Phase Locked Loops 
AN177 
AN178 
AN179 
AN180 
AN181 
AN182 
AN183 
AN184 
AN185 
AN186 
AN187 
AN188 
AN189 
AN190 
AN191 

Compandors 
AN174 
AN175 
AN176 

FSK Modems 
AN195 

AMPLIFIERS 
Operational Amplifiers 

AN165 
AN166 
AN142 
AN143 
AN150 
AN151 
AN160 
AN144 
AN145 

AN164 

Video Amplifiers 
AN141 
AN140 

An Overview of Data Converters 
Basic DACs 
Digital Attenuator 
Using the DAC-08 without a Negative Supply 
Microprocessor Compatible DACs 

LED Decoder Drivers: Using the NE587 and NE589 
Applications Using the MC1488/1489 Line Drivers and Receivers 

Applications for the NE521/522/527/529 

LVDT Signal Conditioner: Applications Using the NE5520 

NE555 and NE556 Applications 
NE558 Applications 

An Overview of Phase Locked Loops (PLL) 
Modeling the PLL 
Circuit Description of the NE564 
The NE564: Frequency Synthesis 
A 6MHz FSK Converter Design Example for the NE564 
Clock Regenerator with Crystal Controlled Phase Locked VCO 
Circuit Description of the NE565 
FSK Demodulator with NE565 
Circuit Description of the NE566 
Waveform Generators 
Circuit Description of the NE567 Tone Decoder 
Selected Circuits Using the NE567 
Balanced Modulator/Demodulator Applications Using the MC1496/MC1596 
Applications of Low Noise Stereo Amplifiers: NE542 
Stereo Decoder Applications Using the I'A758 

Applications for Compandors: NE570/571/SA571 
Automatic Level Control: NE572 
Compandor Cookbook 

Applications Using the NE5080. NE5081 

Integrated Operational Amplifier Theory 
Saslc Feedback Theory 
Audio Circuits Using the NE5532/33/34 
Applications Using the SE/NE5535 
Applications for the NE538 
Applications for the NE531 
Applications for the MC3403 
Applications for the NE5512 and NE5514 
NE5517: General Description and Applications for Use with the NE5517/A 

Transconductance Amplifier 
Explanation of Noise 

Using the NE592/5592 Video Amplifier 
Compensation Techniques for Use with the SE/NE5539 
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LINEAR LSI PRODUCTS 

APPLICATIONS BY PRODUCT GROUPS 

POWER CONVERSION AND CONTROL 
Switched Mode Power Supplies (SMPS) 

AN120 
AN121 
AN122 
AN123 
AN124 
AN126 

Control Circuits 
AN131 
AN132 
AN133 
AN134 
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An Overview of SMPS 
Forward Converter Application Using the NE5560 
NE5560 Push·Pull Regulator Application 
NE5561 Applications 
External Synchronization for the NE5561 
Applications Using the SG3524 

Applications Using the NE5044 Encoder 
Applications Using the NE5045 Decoder 
Applications Using the NE544 Servo Amplifier 
Computer Controlled Robotics Applications 
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LINEAR LSI PRODUCTS 

5.0. PACKAGE AVAILABILITY 

LINEAR LSI DEVICES CURRENTLY 
AVAILABLE IN 5.0. PACKAGE 

For information regarding additional 50 products released since the publication of this document, contact your local 5ignetics sales office. 

NOTE5: 

'DAC-08E 
3LF398 
LM1870D 
LM311 
LM319 
LM324 
LM339 
LM358 
LM393 

'MC1408-8 
MC1458 
MC1488 
MC1489 
MC1489A 
MC3302 
MC3403 
NE4558 

2NE5018 
'NE5036 
NE5037 
NE5044 
NE5045 

'NE5090 
NE521 
NE522 
NE527 
NE529 
NE532 

'NE5512 
2NE5514 
NE5517 

'NE5520 
'NE5532 
NE5534A 
NE5534 

'NE5537 
NE5539 

50-16 
50L-14 
50L-20 
50-8 
50-14 
50-14 
50-14 
50-8 
50-8 
50-16 
50-8 
50-14 
50-14 
50-14 
50-14 
50-14 
50-8 
50L-24 
50-14 
50-16 
50-16 
50-16 
50L-16 
50-14 
50-14 
50-14 
50-14 
50-8 
50-8 
50L-16 
50-16 
50L-16 
50L-16 
50-8 
50-8 
50-14 
50-14. 

1. 50L released in large 50 package only. 
2. 50L and non-standard pinout. 
3. 50 and non-standard pinout. 

Signetics 

NE555 
NE556 
NE5560 
NE5561 
NE5568 

'NE558 
NE5592 
NE564 

'NE565 
NE566 
NE567 

'NE571 
NE572 

2NE587 
2NE589 
NE592 
NE592 
NE592H 
NE592H 

'NE594 
NE602 
NE604 

'NE660 
PCF2100 
PCF2110T 
PCF2111T 
PCF2112T 
5A571 
5A572 
5A602 
5A604 
5G3524 
TDA7010T 
~A723C 
I,A741C 
I,A747C 
ULN2003 
ULN2004 

50-8 
50-14 
50-16 
50-8 
50-8 
50L-16 
50-14 
50-16 
50-14 
50-8 
50-8 
50L-16 
50-16' 
50L-20 
50L-20 
50-8 
50-14 
50-8 
50-14 
50L-20 
50-8 
50-16 
50L-20 
50-28 
V50-40 
V50-40 
V50-40 
50-16 
50-16 
50-8 
50-16 
50-16 
50-16 
50-14 
50-8 
50-14 
50-16 
50-16 
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LINEAR LSI PRODUCTS 

ORDERING INFORMATION 

For Prefixes AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p.A and ULN 

ORDERING INFORMATION 
Signetics' Linear LSI 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 order 

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 tho 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. 
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Tabla 1 PART NUMBER DESCRIPTION 

PART 
NUMBER 

NE5537N -r---

CROSS REF 
PART NO. 

LF398 

PRODUCT 
FAMILY 

LIN 

PRODUCT 
DESCRIPTION 

Sample & Hold Amp 

L Description of 
Product Function 

~Product Family { LIN Analog Products 
MIL Military Products 

~ Package Descriptions-See Table 2 

~ Device Number 

Device Family and Temperature Range Prefix-See Tables 3 & 4 

Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND 
DEVICE TEMPERATURE 

PACKAGE DEVICE TEMPERATURE 
Old New DESCRtPTION PREFIX 

RANGE 
A,AA N 14-lead plastic DIL N 0' to +70'C 
A N-14 14-lead plastic DIL (Selected S - 55' to + 125'C 

Analog products only) 
NE 0' to +70'C B,BA N lS-lead plastic DI L 

- D Microminiature package (SO) SE - 55' to + 125'C 

F F 14,16,18,22 and 24-lead SA - 40' to + 85'C 
ceramic (Cerdlp) DIL 

I,IK I 14, 16, 18, 22, 28 and 4-lead 
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX 

K H 10-lead TO-l00 
L H 10-lead high-profile TO-l00 PREFIX DEVICE FAMILY 

can AM Linear Industry Standard 
NA,NX N 24-lead plastic DIL CA Linear Industry Standard a,R a 10, 14, 16 and 24-lead 

ceramic IIat DAC Linear Industry Standard 
T,TA H a-lead TO-99 JB Mil Rei-Jan Quallfled-
u u SIL Plastic power Old Designator v N a-lead plastic DIL 

JM Mil Rei-Jan Quallfled-XA N la-lead plastic DIL 
XC N 20-lead plastic DIL New Designator 
XC N 22-lead plastic OIL LF Linear Industry Standard 
XL,XF N 28-lead plastic DIL 

LM Linear Industry Standard 

M Mil Rei-Jan Processed 

MC Linear Industry Standard 

NE Linear Industry Standard 

SA Linear Industry Standard 
SE Linear Industry Standard 

SG Linear Industry Standard 

~A Linear Industry Standard 

ULN Linear Industry Standard 
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LINEAR LSI PRODUCTS 

ORDERING INFORMATION 

For Prefixes OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO AND TE 

ORDERING INFORMATION Table 1. PART NUMBER DESCRIPTION 

Part Cross Ref. Product 
Number Part No. Family 

Product 
DaBcrlption 

Signetics integrated circuit products may be 
ordered by contacting either the local 
Signetics sales office, Signetics representa
tives andlor Signetlcs authorized distributors. TIlA241111 LIN Video I.F. Amelifier l lDo~"'," • Minimum Factory Order: Product Function 

Commercial Product: 
$1000 per order 
$250 per line Item per order 

Table 1 provides part number Information con· 
cerning Signetics Europroducts integrated 
circuits. 

Product Family Linear LSI 

~Package Description - See Table 2 

-.Devlce Number 

Device Family and Temperature Range Prefix - See Tables 3 & 4 

Table 2 provides package suffixes and descrip· 
tions for all presently existing types. Lellers 
following the device number!lQ! used in Table Table 2. PACKAGE DESCRIPTION 
g are considered to be part of the device 
number. 

Table 3 provides explanations on the various 
prefixes employed in the part number descrlp· 
tions. As noted in Table 3, Signetics 
Europroducts device operating temperature Is 
defined by the appropriate prefix. 

Suffix 

N 
0 
F 
U 
H 

Package Description 

8,14,16,18,20,24,28,40 -lead plastic OIL 
Microminiature Package (S.O.) 
14,16,18,22,24 - lead ceramic OIL 
Single·in·llne plastic (SIL) and SIL power 
Metal Can 

OPERATING TEMPERATURE: Table 3. DEVICE PREFIX AND TEMPERATURE· 
The letters A to G give Information about the 
operating temperature: 

A: Temperature range not specified. 
See data sheet. 

e.g.: TDA2541N 
B: 0 to +70·C 

e.g.: PCB8573PN 
C: -55 to +125·C 

e.g.: PCC2111 PN 
0: -25 to + 70·C 

e.g.: PCD8571PN 
E: -25 to +85·C 

e.g.: PCE2111 PN 
F: -40to+85·C 

e.g.: PCF2111 PN 
G: -55 to +85·C 'NOTE: 

Prefix Device Family 

OM Linear circuit 
MAB,MAF Microcomputer 

MEA Microcomputer peripheral 

PCx CMOS Circuit 
PNx NMOS Circuit 

SAx Digital circuit 
TAx Linear circuit 
TBx Linear circuit 
TCx Linear circuit 
TDx Linear circuit 
TEx Linear circuit 

e.g.: PCG2111 PN The third letter of the prefix. in a three letter prefix. Is the temperaturo deSignator. 
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LINEAR LSI PRODUCTS 

QUALITY AND RELIABILITY 

QUALITY AND RELIABILITY 
Quality and reliability are two Important 
measures of a product's merit. Quality is a 
measure of an integrated circuit's con· 
formance to agreed·upon criteria at a 
given time, while Reliability is a measure 
of the circuit's ability to continue to con· 
form over a period of time. 

Quality 
The quality of an integrated circuit is ap· 
praised by the user based on the ability of 
the circuit to meet the specified electrical 
criteria and external visual appearance. 
Linear LSI Division focuses on supplying 
to the user a product that has a high pro· 
bability of meeting the user's needs 
through the sampling plans defined in 
MIL·STD·105D and the quality levels 
(AQL's) stated in Table II. Many of the in· 
spection methods at critical process 
steps are now based on MIL·STD·883 
criteria in order to build, rather than test, 
quality into the product. 

Reliability 
System performance over a period of time 
is the user's measure of an integrated cir· 
cuit's reliability. The SUPR II Program im· 
proves system reliability by building quality 
into the product via additional manufac· 
turing inspections and the offering of a 
burn·in screen. In addition to the SUPR II 
Program, Signetics performs periodic 
reliability testing via the SUREII1/883A Pro· 
gram to assure continuing uniformity and 
long·term reliability of all product lines. 
This data base is updated quarterly and is 
available upon request from the Linear LSI 
QR manager. 

How Do Integrated Circuit 
Failures Occur? 
Results from the Signetics Failure 
Analysis Lab over a three·year period on 
product returned from board checkout, 
system checkout, field usage and accel· 
erated life testing are graphically 
presented in Figure 1. Under typical 
system operating conditions, random 
manufacturing defects, as outlined in 
Table 1, are the primary cause of true 
device failure. Also shown In Table 1 are 
the process controls that have been added 
via the SUPR II Program to minimize these 
defects prior to shipment to the customer. 
The device failure models are categorized 
as: 

Half of the devices analyzed were found to 
be electrically good. They are attributed to 
being "false pulls" that occur during nor· 
mal troubleshooting at the board and 
system levels. 

Devices damaged by electrical over·stress 
account for 25% of the failures. Typical 
causes for electrical over·stress are incor
rect board insertion, board shorts between 
device pins, power supply tranSients, and 
poor handling techniques. 

The remaining 25% were verified to be 
true failures which occurred as a result of 
an in-process manufacturing defect or 
test escape. 

Improved Quality Benefits 
From the user's point of view, improved in
tegrated circuit quality from the supplier 
means a lower cost of ownership. This 
cost saving can be effected through the 
reduction or elimination of involved in
coming inspection testing, reduced PC 
board rework, simplified system checkout, 
reduced in·line inventories, and less com· 
plicated part tracking by Purchasing 
Management. 

The SUPR II Program is Corporate in 
scope and covers Logic (Standard TTL, 
Schottky TTL, Low Power Schottky TTL, 
ECL, 8T Interface), Analog (Industrial, Con
sumer, Interface), Bipolar Memories 
(RAMs, ROMs, PROMs), and MOS 
Memories (RAMs, ROMs, Shift Registers). 
All package options are also available. 

The SUPR II flow is detailed in Figure 5, in
cluding the test methods and Quality ac
ceptance levels (Table 2 provides the elec
trical/mechanical finished product AQLs). 
Highlights of the flow are visual inspec· 
tions, hermeticity, and burn-in, all based 
on MIL-STD-883 criteria. 

A good example of the savings which can 
be achieved by purchasing tighter inspec· 
tion levels is given in Figure 2. Here we are 
comparing the various levels of inspection 
(AQLs) available for device functionality 
and its impact on the number of PC boards 
which must be reworked during system 
manufacturing. 

FAILURE 
MECHANISMS CAUSES 

Die Metalization 
Fabrication Oxide Defects 
Related Mechanical 

Scratches 
Contamination 

Assembly Bonding, Wire, 
Related Package and 

Seal Defects 

Test Test Escapes 
Related 

Signetics 

FAILURE ANALYSIS 
DATA SUMMARY 

TEST 
RELATED 
DEFECTS 

Figure 1 

AQL LEVELS ON FUNCTIONALITY 
VERSUS BOARD REWORK RATES 

DEVICES BOARD 

Figure 2 

PROCESS 
CONTROLS 

SEM Monitor 
Visual 
Stabilization Brake 
Burn·ln 

Preseal Visual 
Stabilization Bake 
Hermeticity 

Tightened AQL Guarantees 
High Temperature 
Testing 
Product Characterization 
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LINEAR LSI PRODUCTS 

QUALITY AND RELIABILITY 

LEVEL B RELATIVE FAILURE RATE VERSUS TIME 
Removal of Infant Mortality 
Failures 

1 
Failure rates are most severe during the first 
few months of operating life. This is known 
as the "infant mortality" phase. A system 
manufacturer has various options to solve 
problems arising from infant failures. He can 
ship his system to the end customer and 
repair field failures as they occur. He can 
operate the system in-house for this period 
and repair failures. Or he can purchase de
vices which have already been precon
ditioned to eliminate the early failures. Each 
customer must choose the most cost·effec
tive method for his particular business. A 
considerable number of the reliabilty de
fects which cause early failures are elimi· 
nated by the manufacturing control and pre
conditioning steps of SUPR II Level A 
processing. More persistent defects can be 
removed by the use of "burn·in" techniques. 
The "burn-in" processing of SUPR II Level B 
effectively allows the system manufacturer 
to ship his equipment at Point 3 on the fail
ure rate curve in Figure 3. 

1.0 .--- STANDARD COMMERCIAL 

0.1 

0.01 

INFANT 
MORTALITY 

PHASE 

A=O.004~~H1EO:~N::~~~A(:~~YC.L. 55.C) ...-.... 
_ .. _ .. _ .. , ... _ .. -.. -... ---_.- .. --

WEAR 
OUT 

PHASE 

TIME 

Figure 3 

Burn-In Conditions 
MIL·STD-883A, Method 1015 describes a 
number of different conditions for integrated 
circuit burn·in. For SUPR II Level B, 
Signetics has selected Condition F. This is 
the accelerated burn-in method derived from 
MIL-STO-883A, utilizing a high temperature 
reversed bias condition. This bias scheme is 
preferred for infant mortality screening, 
while operating conditions are generally uti
lized for internal reliability programs orient-

ed toward generating MTBF data for the 
system designer. 

Integrated Burn-In Flow 
Signetics SUPR II Level B burn-in is per
formed to provide rtlliability assurance 
equivalent to a 166-hour/125'C screen. 
This process has been integrated into the 
standard manufacturing flow to provide the 
customer with the most cost effective 
screen and significantly reduced delivery 
times. 

LINEAR LSI QUALITY 

Process 
AQL Average 

Guarantees (PPM) 

MIN/MAX 
DC PARAMETRIC/FUNCTIONAL RATED OVER 

TEMP 0.1 150 
AC PARAMETRIC 25'C 

(Combined) 

MAJOR/ 
MECHANICAL MINOR 0.4 150 

(Combined) 

FINE LEAK 
SEAL TESTS 5x a- 8cc/s 
(CERAMIC/METAL CANS ONLY) GROSS LEAK 0.4 1000 

(Combined) 

Table 2 SUPR II AQL GUARANTEE 

2-4 Signetics 

BURN-IN FLOW 

ASSEMBLY 
The flow from SEM control through 
package seal is common to Levels A 
and B. 

V 
TEST 

The pre-burn-in electrical screen is 
. designed to remove assembly rejects 
and increase equipment efficiency. 

V 
BURN-IN 

The 24-hour/155'C accelerated 
burn-in is well controlled to provide 
maximum screening effectiveness 
without damaging good devices. 

V 
TEST 

The post-burn-in electrical is a 100% 
production DC Ifunction electrical 
test. 

Figure 4 

SURE 111I883B 

RELIABILITY PROGRAM 

Definition 
Signetics is recognized as a manufacturer 
of reliable integrated circuits_ Signetics 
realized long ago the need for a compre
hensive reliability program to provide 
timely data representative of the entire 



LINEAR LSI PRODUCTS 

QUALITY AND RELIABILITY 

Signetics product line. Thus the establish
ment of a Systematic and Uniform 
Reliability Evaluation program, known as 
SURE, which provides this data in a man
ner unique to the Industry. Furthermore, 
this program Is provided at no cost to 
customers. 

The SURE Program Is a Signetics in-house 
Qualification Test Program which has 
been in existence since 1963. The SURE 
Program is designed to monitor the con
tinuing uniformity of all Signetics pro
ducts and to demonstrate via periodic 
qualifications that Signetics products 
meet or exceed the stringent long-term 
reliability requirements of their intended 
applications. 

The SURE Program is reviewed and 
modified annually to Incorporate appropri
ate changes In military microelectronic 
test programs, products and demon
strated product capabilities, and market 
requirements. The 1978 SUREIII/883B Reli
ability Program contains minor changes to 
the 1975 SUREII/B83A Program, most sig
nificant of which Is the Inclusion of recent 
changes In military microelectronic test 
programs (I.e., Inclusion of MIL-STD-883B, 
Method 5005.4 and MIL-M-38510D). The 
SUREIII/883B Program continues to Incor
porate additional environmental tests to 
fulfill the need for special reliability 
assurance of plastic products. 

Data generated from this program Is up
dated quarterly and Is available from the 
Linear LSI Division QRA manager. Both 
quality and reliability have recently re
ceived major corporate focus at Signetics 
through the application-In all depart
ments-of the' Signetics 14·step Quality 
Improvement Program. 

SUPR II PROCESS FLOW 

~ SCANNING ELETRON MICROSCOPE CONTROL (SEM) 
Wafers are sampled daily by the Quality Control Laboratory 

.-__ .....Ji....- This process control reveals manufacturing defects such as ~ 
from each fabrication area and subjected to SEM analysis. 

contact and oxide step coverage in the metalization process 
DIE ATTACH which may result In early failures. 
WIRE BOND 

L.. __ --._ ~~~e~i~:.~~~:~I~;T~::~c;ethod 2010. Condition B. are 
employed to detect defects caused during fabrication, wafer 
testing. or the mechanical scribe and break operation. Critical 
defects such as scratches, smears, and glassivated bonding 
pads are inspected to a 1% AQL. Lot acceptance for noncriti
cal defects 15 to a 4% AQL.. 

PRE-SEAL VISUAL ACCEPTANCE 
Criteria based on MIL.-STD-SS3, Method 2010, Condition B, are 
employed to detect any damage Incurred at the die auach and 
wire bonding stations. Critical defects such as scratches, con
tamination and smeared ball bonds are inspected to a 0.65% 
AOL.. L.ot acceptance is to 2.5% AQL.. 

STABILIZATION BAKE PRECONDITIONING 
PlastiC molded devices are baked to stress wire and die bonds 

..------------- and help eliminate marginal devices. It also ensures an opti-
mum plastic seal to enhance moisture resistance. 

SEAL TESTS 
Package seal integrity Is ensured by 100% gross leak testing 
per MIL.·STD-SB3, Method 1014, Condition C and fine leak sam
pling per Condition A or B. 

____ BURN-IN (LEVEL B OPTION) 
Devices are burned in for the equivalent of 16a hours at 125°C 
In accordance with MIL-STD-a6SA, Method 1015, Condition F. 

___ tOO% PRODUCTION ELECTRICAL TESTING 
L.. __ ..!.!;~ __ ..J Every device Is tested for functional and DC parameters at 

25 11 C, room ambient. 

L-__ -.. ___ .J~ OA GUARANTEES 

.-__ .....J~ __ -. A Iinal QA Inspection step guarantees the mechanical and I electrical AQ~s of Table II. Every shipment is sealed and identi-
L.. ______ ...J_ lied by QA personnel. SHIPMENT 

Figure 5 
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MILITARY PRODUCTS/PROCESS LEVELS 

MILITARY PRODUCTS/ 
PROCESS LEVELS 

The Signetics MIL 38510/883 Program is 
organized to provide a broad selection of 
processi ng options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our 
customers: 

• Fully compliant 883B flows on all products. 

Standard processing flows to help mini
mize the need for custom specs. 

Cost savings realized by using standard 
processing flows in lieu of custom flows. 

Better delivery lead times by minimizing 
spec negotiation time, plus allow custom
ers to buy product off-the-shelf or in 
various stages of production rather than 
waiting for devices started specifically to 
custom specs. 

The following explains the different process
ing options available to you. Special device 
marking clearly distinguishes the type of 
screening performed. 

JAN QUALIFIED (JS and J8) 

JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government's product standard
ization programs, and is monitored by the 
Defense Electronic Supply Center (DESC), 
through the use of industry-wide procedures 
and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi
fied facility to Mil-M-38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electrical 
test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL 38510). 

Quality conformance inspection testing, per 
MIL-STD-883, Method 5005, is performed 
according to Mil-M-38510 as follows: 

Group A; each sublot. 

Group B; onesublotforeach package type 
every week. 

Group C; one sublot for each microcircuit 
group every 13 weeks. 

• Group D; one sublot for each package 
type every 26 weeks. 

NOTE: This category of part conforms to 
Quality Level B (".0 = 1.0) of MIL-HDBK-
217D. 

JAN SIGNETICS MILITARY PACKAGE TYPES 
CASE OUTLINE CERAMIC 

AND 
8-PIN 14-PIN 16-PIN 18·PIN 20·PIN 24·PIN LEAD FINISH 

PB FE - - - - -
CB - F - - - -
EB - - F - - -
JB - - - - - F 
DB - W - - - -
FB - - W - - -
RB - - - - F -
VB - - - F - -

All products listed are also available In Ole form. 

Table 1 MILITARY PACKAGE AVAILABILITY 

JS JB RB 

JAN Qualified 883B 

54 X X X 
54LS X X X 
54S X X X 
82 - - X 
8T - - X 
93XX - X X 
96XX - - X 
Analog - X X 
Bipolar Memory - X X 
Microprocessor - - X 

Table 2 MILITARY SUMMARY 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also possess 
a requirement for a standard marking used 
throughout the IC industry. 

By implementing this space-oriented govern
mellt standardization program, Signetics 
complies with the trend of reducing the 
numerous similar Source Control Drawings 
(SCD's). This standardized trend results in a 
single complete and comprehensive specifi
cation, a single product flow, and a single 
administrative effort-for both the aerospace 
community and for Signetics. This effort will 
also result in a single lower price. Because 
the list of Signetics' qualified products will 
change periodically, you may wish to contact 
your nearest Signetics' Sales Office or refer 
to the Products Qualified under Military 
Specification from DESC for our current 
update. 

JAN Class S orders will be quoted with unit 
price only (similar to present Class B pro
grams). There will be no lot charges forSEM 
inspection, electrical testing, or Group B or 
D qualification. All additional charges are 
amortized in the unit price. 

Package types currently qualified are: 
1) Cerdip-ceramic dual-in-line 
2) Cerpac-ceramic flat pack 

Government Source Inspection (GSI) is a 
required portion of the JAN 38510 Class S 
specification. No alterations to this specifi
cation may be instituted. Therefore, the only 

Signetics 

customer source inspection option is at 
pre-ship (verification only). 

Additional program data options (such as 
wafer lot acceptance, attributes, Group B, D, 
and others) are available upon request for a 
nominal fee. 

MIL-STD-883, LEVEL 8 

Processing to this option is ideal when no 
JAN slash sheets are released on devices 
required. Product is processed to MIL-STD-
883 Method 5004, and is 100% electrically 
tested to Signetics data sheets. 

Quality conformance inspection per MIL
STD-883, Method 5005, Group A, is per· 
formed on each sublot. Group A subgroup 
electrical parameters are those included 
in the detailed Signetics data book. Con
tact the factory for parametric subgroup 
assignments. 

Generic quality conformance data per 
method 5005, Groups B, C and D, is 
generally available on popular device 
types and packages, but availability is not 
guaranteed. The factory must be con
sulted prior to ordering generic data. 
When available, generic data is defined as 
follows: 

• Group B; Performed once per package 
type every six weeks of sea\. 

• Group C; Performed once per microcir· 
cuit group every 52 weeks of 
sea\. 

3-3 
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MILITARY PRODUCTS/PROCESS LEVElS 

• Group D; Performed once per package 
type every 52 weeks of seal. 

Quality conformance endpoint electrical 

parameters for Groups C and D are the 
Group A subgroups 1,2, and 3. 

Copies of generic d'lta, Groups A, B, C and 
D, may be ordered by customers at a 
nominal charge. 

NOTE: This category of part conforms to 
Quality Level B·2 ("0 = 6:5 of MIL·HDBK· 
217D. 

PROCESS LEVEL PRE·CAP 
BURN IN 

AND MARKING VISUAL 

JS/JB 2010, Condo B Yes 
JM38510XXXXX 

RB 2010, Condo B Yes 
SXXXX883B 

JAN Class S Product Inventory 

FUNCTIONAL 
TEST 

100% 

100% 

Wafer Lot 
"" 24 Wafers 

DC/AC 
@25° C 

100% 

100% 

DC 
QPL 

@TEMP 

100% Yes 

100% No 

Wafer Lot 
(Includes S 

Acceptance 

3·4 

The Signetics' JAN Class S inventory pro
gram will reduce delivery time and shipment 
delinquencies. As continuing orders from 
customers are processed to this specifica
tion, inventories will be established for 
products in the form of pre-qualified wafers 
and finished parts. As the program matures, 
this will allow immediate delivery of JAN 
Class S parts. 

Jan Class S Product Flow 

Extended Burn-In 
(240 Hours) 

• Tightened PDA's 
(Ref: Class B) 

• Catastrophic FailUre 
Analysis Requirements 

• GSI 

EM and GSI) # Wafers Required for 
Purchase Order 

+Invenlory Overbuild 

Wafer Bank: 
1 or 2 Wafers 

(Wafer Lot Accepted) 

--
Ship 

Purchase Order 

Balance to 
Finished 

Goods Inventory 

Balance to Support JAN Class "S" Production 

Signetics 

• Agency 
Certification 

• Wafer Lot Accep
tance (GSJ) 

• Baseline Flow 
• Traceability to 

Silicon 

• Agency 
Certification 

• Tightened Lot 
Control (Ref: 
Class B) 

• Wire bond and Die 
Sheer Monitor 

• Condition "A" Pre
cap (GSI) 

• 100% Non
Destructive Bond 
Pull 

OFFSHORE 

No 

Yes 
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PROCESSING LEVELS 

DESCRIPTION OF MIL-M-38510 AND MIL-STD-883 JAN 
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE- CLASS QUALIFIED 8838 
AND SCREENS TEST CONDITIONS MENT S (J8) (R8) 

General Mil-M-38S10 The Manufacturer shall establish and implement - X X N/A 
1. Pre-Certification a Products Assurance Program Plan and provide 

A. Product Assur- for a manufacturer survey by the qualifying act iv-
ance Program ity, Para. 3.4.1.1 

B. Manufacturer's 
Certification 

2. Certification Received after manufacturer has completed a - X X N/A 
successful survey, Para. 3.4.1.2 

3. Device Device qualification shall consist of subjecting - X X N/A 3 
Qualification the desired device to groups A, B, C & D of method 

5005, Para. 3.4.1.2 

4. Traceability Traceability maintained back to a production lot - X X X 
Para. 3.4.6 

5. Country of Origin Devices must be manufactured, assembled, and - X X N/A 
tested within the U.S. or its territories, Para. 3.2.1 

Screening Per 
Method 5004 of 
MII-Std-883 

6. Non·Destructive 2023 100% x N/A N/A 
Bond Pull 

7. Internal Visual 2010, Condo A or B 100% A B B 
(Precap) 

8. Stabilization 1008, Condo C Min 100% X X X 

Bake 

9. Temperature 1010, condo C; (10 cycles, - 65'C to + 150'C) 100% x x x 
Cycling 

10. Constant 2001, Condo E; (30kg in YI Plane) 100% x x x 
Acceleration 

11. Visual Inspection There is no test method for this screen; it is in· 100% X X X 

tended only for the removal of "Catastrophic 
Failures" defined as "Missing Leads, Broken 
Packages or Lids Off." 

12. Seal (Hermeticity) 
A. Fine Condo A or B (5.0 x 1Q-8CC/Sec) 100% x x x 
B. Gross Condo C Min. 100% X X x 

13. Marking Fungus inhibiting ink 100% X x ,x 

14. Particle Impart 2020, Cond. A; per Paragraph 4.6.3 of MIL· 100% x N/A N/A 
Noise Test M·3B510 

15. Radiographic 2012; two views 100% x N/A N/A 

16. Interim Per applicable Device Specification 100% x Optional Optional 
Electricals 
(Pre Burn·ln) 

17. Burn·ln 1015, Condo as specified (160 hrs. Min at 125'C) 100% 240 hrs. x x 

Signetics 3-5 
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DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 

18. Final Electrlcals 

MIL-M-38510 AND MIL-STD-883 
REQUIREMENTS, METHODS AND 

TEST CONDITIONS 

Per applicable Device Specification 

a. Static Tests Sub Group 1 
@25°C 

b. Static Tests Sub Group 2 
@ + 125°C 

c. Static Tests Sub Group 3 
@-55°C 

d. Dynamic Test Sub Group 4 (for Linear Products mainly) 
@25°C 

e. Functional Sub Group 7 
Test 
@25°C 

f. Switching Sub Group 9 
Test· 
@25°C 

g. SWitching Sub Groups 10, 11 (as applicable) 
Test 
Temperature 

19. Percent 
Defective 
Allowable (PDA) 

20. External Visual 

Quality Conform· 
ancelnspactlon 
per Method 5005 
of MII·Std 883 

21. Group A 

22. Group B 

23. Group C 

24. Group D. 

A PDA of 10% is a normal requirement ap· 
plied against the static tests @25°C (A-1). 
This Is controlled by the slash sheets for JAN 
products. For RB 10% is standard. 

2009 

ATTRIBUTE DATA ONLY 

Electrical Tests-Final Electricals (#14 above) 
repeated on a sample basis (Sub Groups 1 
thru 12 as specified) performed in line with 
final electrlcals. 

Package functional and constructional 
related test (package dimensions, resistance 
to solvents, Internal visual & mechanical, 
bond strength & solderability). 

Die related tests (1,000 hr. operating life, 
temperature cycling, & constant 
acceleration). 

Package related tests (physical dimensions, 
lead fatigue, thermal shock, temperature 
cycle, moisture resistance, mechanical 
shock, vibration, variable frequency, constant 
acceleration & salt atmosphere). 

PROCESSING LEVELS 

REQUIRE
MENT 

100% 

10% 

100% 

CLASS 
S 

100% 
Read & 
Record 

x 

x 

x 

x 

x 

x 

x 

5% 
3% Func

tional 

x 

JAN 
QUALIFIED 

(JB) 

Slash Sheet 

x 

x 

x 

x 

x 

x 

N/A 

x 

x 

Each sublot x x 

Each pkg. Each sublot Each week 
type of seal 

Each N/A Each 13 
~circuit weeks 
group of seal 

Each pkg. Each Each 
type 26 weeks 26 weeks 

of seal of seal 

8838 
(RB) 

Data Sheet 

x 

x 

x 

x 

x 

x 

N/A 

x 

x 

x 

Generic 

Generic 

Generic 

Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Cont"dl 
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LINEAR DEVICES 

PACKAGE JAN M-38510 
DEVICE DESCRIPTION DIP DEVICE SLASH SHEET PKG QUAL STATUS 

OPERATIONAL AMPLIFIERS SE555 10903BCB F QPL 1 
LH2101A Dual Op Amp F SE555 10903BPB FE QPL 1 
LM101A Hi Perf Op Amp F,FE SE556-1 10902BCB F QPL 1 
LM124 Quad Op Amp F LH2101A 10105BEB F QPL 1 
SE5532 Dual Op Amp FE LM101A 10103BCB F QPL 1 
SE5532A Dual Op Amp FE LM101A 10103BPB FE QPL 1 
SE5534 Low Noise Op Amp FE 
SE5534A Low Noise Op Amp FE 
SE5537 Sample and Hold Amp FE 
SE5539 High Freq Op Amp F 3 

COMPARATORS 
SE521 Dual Differential Comparator F 
SE527 Voltage Comparator F 
SE529 Voltage Comparator F 
LM139/A Quad Voltage Comparator F 

DIFFERENTIAL AMPLIFIERS 
SE592 Video Amplifier F 

"A733 Video Amplifier F 

PHASE LOCKED LOOPS 
SE567 Tone Decoder PLL F 

TIMERS 
SE555 Timer F, FE 
SE556 Dual Timer F 

D to A CONVERTERS 
SE5018 8-Bit "P-Comp DAC F 

SMPS CONTROL CIRCUITS 
SE5560 SMPS Controller F 
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• New product for Linear LSI since 1983 data manual. 
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LINEAR LSI PRODUCTS 

D/A AND AID CONVERTER-SYMBOLS AND DEFINITIONS 

Absolute Accuracy Error 

Absolute Accuracy Error is the difference between the theoretical 
analog input required to produce a given output code and the actual 
analog input required to produce the same code. The actual input is a 
range and the error is the midpoint of the measured band and the 
theoretical band. 

Absolute Maximum Ratings 

The Absolute Maximum Ratings are the operating safe zones. 
Exceeding these limits could cause permanent damage to the device. 
The device is NOT guaranteed to operate at these limits. 

Conversion Speed 

Conversion Speed is the speed at which a converter can make repeti
tive conversions. 

Conversion Time 

Conversion time is the time required for a complete conversion cycle 
of an ADC. Conversion time is a function of the number of bits and the 
clock frequency. 

Differential Non-Linearity (DNL) 

Differential Non-Linearity of a DAC is the deviation of the measured 
output step size from the ideal step size. In an ADC it is the deviation 
in the range of inputs from 1 LSB that causes the output to change 
from one given code to the next code. Excessive DNL gives rise to 
non-monotonic behavior in a DAC and missing codes in an ADC. 

Differential Non-Linearity Tempco 

Differential Non-Linearity Tempco is the temperature coefficient of 
DNL and specifies how DNL changes with temperature. 

Full Scale Tempco 

Full Scale Tempco in a DAC is the change of full scale output with a 
change of temperature. In an ADC it is the change in the input 
required to cause full scale transistion. Expressed in ppm/degree C. 

Gain Error 

Gain Error is the error of the slope of the line drawn through the mid
points of the steps of the transfer function as compared to the ideal 
slope. It is usually measured by determining the error of the analog 
input voltage to cause a full scale output word with the ideal value that 
should cause this full scale output. This gain error is usually 
expressed in LSB or in percent of full scale range. 

Hysteresis Error 

Hysteresis Error is the code transition voltage dependence relative to 
the direction from which the transistion is approached. 

Integral Non-Linearity 

Integral Non-Linearity is the difference between the ideal transfer 
characteristic and the actual characteristic. 

Least Significant Bit (LSB) 

The Least Significant Bit is the lowest order bit, or the bit with the 
least weight. 

Missing Code 

A Missing Code is a code combination that does not appear in the 
ADC's output range. 

Monotonicity 

A DAC is monotonic if its output either increases or remains the same 
when the input code is incremented from any code to the next higher 
code. 

Most Significant Bit (MSB) 

The Most Significant Bit is the highest order bit, or the one with the 
most weight. 

Offset Error 

Offset error is the constant error or shift from the ideal transfer 
characteristic of a converter. In a DAC it is the output obtained when 
that output should be zero. In an ADC it is the difference between the 
input level that causes the first code transistion and what that input 
level should be. 

Output Voltage Compliance 

Output Voltage Compliance of a current output DAC is the range of 
acceptable voltages at the DAC output for the DAC output current to 
remain within its specified limits. 

Power Supply Sensitivity 

Power Supply Sensitivity of a DAC is the change of output current or 
voltage with changes in the power supply voltage. In an ADC, it is the 
change in the transistion points from code to code with changes in the 
power supply voltage. 

Quantizing Error 

In an A/D converter there is an infinite number of possible input 
levels, but only 2n output codes (n = number of bits). There will, there
fore, be an error in the output code that could be as great as '/2 LSB 
because of this quantizing effect. The greatest error occurs at the 
transistion point where the output state changes. 

Relative Accuracy 

Relative Accuracy is a measure of the difference of the theoretical 
output value with a given input after any offset and gain errors have 
been nulled out. 

Resolution 

Resolution is the number of bits at the input or output of an ADC or 
DAC. It is the number of discrete steps or states at the output and is 
equal to 2n where in is the resolution of the converter. However, n bits 
of resolution does not guarantee n bits of accuracy. 

Setting Time 

Setting Time is the delay in a DAC from the 50 percent point on the 
change in the input digital code to the effected change in the output 
Signal. It is expressed in terms of how long it takes the output to settle 
to and remain within a certain error band around the final value and is 
usually specific for full scale range changes. 

Transfer Characteristic 

The Transfer Characteristic is the relationship of the output to the 
input. 

NOTE: 
Refer to Section 9 (Interface Circuits) for an in-depth explanation of 
data converters and their applications. 
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LINEAR LSI PRODUCTS 

CONVERTER SELECTOR GUIDES 

D/A CONVERTERS 
CONY. 

OUTPUT PACKAGE TEMPERATURE RANGE SPEED INT. INT. 
DEVICE BITS ACC.% !/ts) V I REF. LATCH N D F Com'l. Mil COMMENTS 

MC1408-7 8 0.39 0.07 X X X 
MC1408-8 8 0.19 0.07 X X X X X 
MC1508-8 8 0.19 0.07 X X X 
DAC08 8 0.19 0.07 X X X 
DAC08A 8 0.10 0.07 X X X 
DAC08C 8 0.39 0.07 X X X X 
DAC08E 8 0.19 0.07 X X X X X 
DAC08H 8 0.10 0.07 X X X X 
NE5018 8 0.19 0.2 X X X X X X 
SE5018 8 0.19 0.2 X X X X X 
NE5019 8 0.10 0.2 X X X X X X 
SE5019 8 0.10 0.2 X X X X 
NE5118 8 0.19 2.3 X X X X X X 
SE5118 8 0.19 2.3 X X X X X 
NE5119 8 0.10 2.3 X X X X X X 
SE5119 8 0.10 2.3 X X X X X 
NE5020 10 0.10 5.0 X X X X X X 
NE5410 10 0.05 0.25 X X X ±\4 LSB DNL 

SE5410 10 0.05 0.25 X X X ±\4 LSB DNL 
MC3410 10 0.05 0.25 X X X ±'12 LSB DNL 

MC3510 10 0.05 0.25 X X X ±'12 LSB DNL 
AM6012 12 0.05 0.25 X X X ±1 LSB DNL 

TDA1540D 14 0.012 0.5 X X X X X Serial Input 
±V2 LSB DNL 

AID CONVERTERS 
CONY. INPUT THREE· PACKAGE TEMPERATURE 
SPEED STATE INT. INT. RANGE 

DEVICE BITS ACC.% (~s) V I OUTPUT REF. CLOCK N F FE Com'l. Mil 

NES034 8 0.19 17 X X X X X 

NES036 6 0.78 23 X X X X X 

NES037 6 0.78 9 X X X X X 

TDA1S34 14 0.012 8.5 X X X X X 

ADC0801-1 8 0.10 73 X X X X Xl 

ADC0802-1 8 0.19 73 X X X X Xl 

ADC0803-1 8 0.19 73 X X X X Xl 

ADC0804-1 8 0.39 73 X X X X Xl 

ADC080S-1 8 0.39 73 X X X X X Xl 

Note: 
1. Automotive temperature range: - 40 to + 85°C 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS 

'idu .. n•t •• ,. 
DESCRIPTION 

The ADC0801 family is a series of five CMOS 
8-bit successive approximation ND convert
ers using a resistive ladder and capacitive ar
ray together with an auto-zero comparator. 
These converters are designed to operate 
with microprocessor controlled buses using a 
minimum of external circuitry. The three-state 
output data lines can be connected directly to 
the data bus. 

The differential analog voltage input allows for 
increased common-mode rejection and pro
vides a means to adjust the zero scale offset. 
Additionally. the voltage reference input pro
vides a means of encoding small analog 
voltages to the full 8 bits of resolution. 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL & PARAMETER 

Vcc Supply Voltage 

Logic Control Input Voltages 

All Other Input Voltages 

TA Operating Temperature Range 
ADC0801102-1 F 

ADC0801102/03-1 LCF 

ADC0801102/03/04/05-1 LCN 

ADC0804-1 CN 

TSTG Storage Temperature 

TSOlO Lead Soldering Temperature 
(10 seconds) 

FEATURES 

• Compatible with most mIcroprocessors 
• Differential inputs 
• Three-state outputs 
• Logic levels TTL and MOS compatible 
• Can be used with internal or external 

clock 
• Analog Input range OV to Vcc 
• Single SV supply 
• Guaranteed specification with 1 MHz 

clock 

APPLICATIONS 

• Transducer to microprocessor Interface 
• DIgital thermometer 
• Digitally-controlled thermostat 
• Microprocessor-based monitoring and 

control systems 

RATING UNIT 

6.5 V 

-0.3 to + 16 V 

-0.3 to 
V 

(Vcc +0.3) 

-55 to +125 'C 

-40 to +85 'C 

-40 to +85 'C 

o to +70 'C 

-65 to +150 'C 

300 'C 

Po Package Power Dissipation at T A = 25'C 875 mW 

Signetics 
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PIN CONFIGURATION 

F,N PACKAGE 

vee 

ClK R 

DO 

D1 

D2 

D3 

D4 

DGNO 

TOP VIEW 

ORDER NUMBERS 

ADCOB01l02-1 F 
ADCOB01l02103-1 lCF 
ADCOBlI02/03/04/05-1 lCN 
ADCOB04-1 CN 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS ADC0801/2/3/4/5-1 

IlIAh .. jj.i.ilj 
BLOCK DIAGRAMS 

r--- V'N----, 
V'N(+) V'N(-) 

96 S'7 

~ 
9 

~ lADDER AND AUTO ZERO 

8 
DECODER ~OMPARATOR 

l 
+ 5V Vee 

.gz 
~ 

20 

~ 
tl?2 ~ OUTPUT .g,' 

lATCHES ~ ~ SAR 
~ 
~ ~ ~ 

(MSB) 11 
12 
13 ,. 
15 
16 
17 

(lSB) 18 
10 

1 ld OE 

W 3 

r-U 
6·BIT CLOCK SHIFT REGISTER 

-:1-

Ls ~ f-

INTR 

~ 
FF 

L-n R Q f--
2 

ClK IN ClK R 

5 • 19 

INTR 

150pF 

10K 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS . ADC0801/2/3/4/5-1 

'itMh"jj,i·ii; 
DC ELECTRICAL CHARACTERISTICS Vee = 5.0V. feLK = lMHz. TMIN""TA""TMAX. unless otherwise specified. 

SYMBOL & PARAMETER TEST CONDITIONS 
ADC0801/2/3/4/5 

UNIT 
Min Typ Max 

ADCOBOl 
Full Scale Adjusted 0.25 LSB Relative Accuracy Error (Adjusted) 

ADCOB02 VREF 
0.50 LSB Relative Accuracy Error (Unadjusted) -2- = 2.500 Vee 

ADCOB03 
Full Scale Adjusted 0.50 LSB Relative Accuracy Error (Adjusted) 

ADCOB04 VREF 
1 LSB Relative Accuracy Error (Unadjusted) 2 = 2.500 Voe 

ADCOB05 
V ~EF = has no connection 1 LSB Relative Accuracy Error (Unadjusted) 

V~EF Input Resistance 400 640 0 

Analog Input Voltage Range 
-0.05 Vee V 

+0.05 4 
DC Common Mode Error Over Analog Input Voltage Range 1/16 liB LSB 

Power Supply Sensitivity Vee = 5V ± 10%' 

CONTROL INPUTS 

VIH Logical "1" Input Voltage Vee = 5.25Voe 2.0 15 Voe 

VIL Logical "a" Input Voltage Vee = 4.75Voe O.B Voe 

IIH Logical "1" Input Current VIN = 5Voe 0.005 1 IlAoe 

IlL Logical "a" Input Current VIN = OVoe -1 -0.005 IlAoe 

CLOCK IN AND CLOCK R 

VT+ Clk In Positive-Going Threshold Voltage 2.7 3.1 3.5 Voe 

VT- Clk In Negative-Going Threshold Voltage 1.5 1.B 2.1 Voe 

VH Clk In Hysteresis 
0.6 1.3 2.0 Voe (VT+) - (VT-) 

VOL Logical "a" Clk R Output Voltage IOL = 3601J.A. Vee = 4.75 Voc 0.4 Voe 

VOH Logical "1" Clk R Output Voltage IOH = -360IlA. Vee = 4.75 Voe 2.4 Voe 

DATA OUTPUT AND INTR 

VOL Logical "a" Output Voltage 

Data Outputs IOL = 1.6mA. Vee = 4.75 Voe 0.4 Voe 

INTR Outputs IOL = 1.0mA. Vee = 4.75 Vee 0.4 Vee 

VOH Logical "1" Output Voltage IOH = -3601J.A. Vee = 4.75 Vee 2.4 Voe 

IOH = -lallA. Vee = 4.75 Voe 4.5 Voe 

IOZL 3-state Output Leakage VOUT = OVoe• CS = Logieal "1" -3 IlAoe 

IOZH 3-state Output Leakage VOUT = 5Voe• CS= Logical "1" 3 IlAoc 

Ise + Output Short Circuit Current VOUT = Ov. TA = 25'C 4.5 6 mADe 

Ise - Output Short Circuit Current VOUT = Vee. TA = 25°C 9.0 16 mADe 

Icc Power Supply Current 
feLK =lMHz. VREF/2 = Open 3.0 3.5 rnA 
CS = Logical "1". TA = 25°C 

NOTE: 
1. Analog inputs must remain within the range: -0.05 '" VIN "" Vee + 0.05V. 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS ADC0801/2/3/4/5-1 

'iMjii .. ii,i.ili 
AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PAFiAMETER TO FROM TEST CONDITIONS 
ADCOB01/2/3/4/5 

UNIT 
Min Typ Max 

Conversion Time 'CLK = 1MHz' 66 73 fLS 

'CLK Clock Frequency See Note 1. 0.1 1.0 3.0 MHz 

Clock Duty Cycle See Note 1. 40 60 % 

CR 
Free-Running Conversion CS = 0, 'CLK = 1MHz 

13690 conv/s Rate INTR Tied To WR 

tw(WRlL Start Pulse Width CS = 0 30 ns 

tACC Access Time Output RD CS = 0, CL = 100 pF 75 100 ns 

t,H, tOH Three-State Control Output RD CL = 10 pF, RL = 10K 
70 100 ns See Three-State Test Circuit 

tWl , tRl INTR Delay INTR 
WD 

100 150 or RD ns 

CIN Logic Input =Capacitance 5 7.5 pF 

COUT 
Three-State Output 

5 7.5 pF Capacitance 

NOTE: 
1. Accuracy is guaranleed al fClK = 1 MHz. Accuracy may degrade al higher clock frequencies. 

4-8 Signetics 



LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS 

'pmllnii.t···i 
FUNCTIONAL DESCRIPTION 
The ADC0801 through ADC0805 series of 
ND converters are successive approximation 
devices with 8-bit resolution and no missing 
codes. The most significant bit is tested first 
and after 64 clock cycles a digital 8-bit binary 
word is transferred to an output latch and the 
INTR pin goes low, indicating that conversion 
is complete. A conversion in progress can be 
interrupted by issuing another start command. 
The device may be operated in a continuous 
conversion mode by connecting the INTR and 
WR pins together and holding the CS pin low. 
To insure start-up when connected this way, 
an external WR pulse is required at power-up. 

As the WR input goes low, when CS is low, the 
SAR is cleared and remains so as long as 
these two inputs are low. Conversion begins 
between 1 and 8 clock periods after at least 
one of these inputs goes high. As the conver
sion begins, the INTR line goes high. Note that 
the INTR line will remain low until 1 to 8 clock 
cycles after either the WR or the CS input (or 
both) goes high. 

When the CS and RiS inputs are both brought 
low to read the data, the INTR line will go low 
and the three-state output latches are 
enabled. 

THREE-STATE TEST CIRCUITS AND WAVEFORMS 

vee 

RDr?:rrDATA CS OUTPUT 

CL 10k 

":' ":' J ":' 

Mvec 
10k vee 

RD DATA 
CS OUTPUT 

CL 

":' ":' "J 

vee -- :,",,1--"'9"'0"'-' --
AD 50% 

GND ....., 110% 

---I rt1H 

VDH~O% 
DATA 

OUTPUTS 
GNO------

tr = 20 ns 

:::11,1-
_ Vee ~.z90% 
RD 50% 

GND _q10% 

-I tlDH 
vce-----

DATA 1/ 
OUTPUTS VOL ---=Y10% 

tr =20ns 

Signetics 

ADC0801/2/3/4/5-1 

The digital control lines (CS, RD, and WR) 
operate with standard TTL levels and have 
been renamed when compared with standard 
NO Start and Output Enable labels. For non
microprocessor based applications, the CS 
pin can be grounded, the WR pin can be inter
preted as a START pulse pin, and the RO pin 
performs the OE (Output Enable) function. 

The V1N( -) input can be used to subtract a 
fixed voltage from the input voltage. Because 
there is a time interval between sampling the 
V1N( +) and the V( -) inputs, it is important that 
these inputs remain constant, during the entire 
conversion cycle. 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT AID CONVERTERS ADC0801/2/3/4/5-1 

'millljjer."g 
TIMING DIAGRAMS (All timing is measured from the 50% voltage points) 

CONVE~1~: ----"'\'-___ "'""' ___ -J/ 
- Sf • 

"BUSY" 

ACTUAL INTERNAL 
STATUS OF THE 

CONVERTER 
(LAST DATA WAS READ) 

"NOT BUSY" ,. 

1 TO 8 x 1IfCLK---lI ___ INTERNAL Tc 

OUTPUT ENABLE AND RESET INTR 

I 

I----NOTE----/ 

oUT~ti~ - - - - - - - --j -
tACC~ 

THREE-STATE 

Note: Read strobe must occur 8 clock periods (8/fcLK) after assertion of interrupt to guarantee reset of INTR. 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER 

DESCRIPTION 
The N E5034 is a high-speed micropro
cessor-compatible 8-bit Analog-to-Digital 
converter_ It uses the successive approx
imation conversion technique, and In
cludes the comparator, reference DAC, 
SAR, an internal clock and three-state buf
fers all on the same chip_ 

The converter can accommodate a wide 
analog input voltage range, bipolar or 
unipolar, selectable through external 
input resistors_ An external capacitor con
trols the internal clock frequency, pro
viding conversion times down to . 17)'s. 
Faster conversion times are possible 
using an external clock. 

Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vcc + Positive supply voltage 
Vcc - Negative supply voltage 
IREF Reference current 
liN Analog input current 
Vo Data output voltage 
Analog GND to Digital GND 
Vl Logic input voltage 
PD Power dissipation 

F package 
TA Operating temperature range 
TSTG Storage temperature range 

FEATURES 
• B-blt resolution and accuracy 
• Accepts unipolar or bipolar Inputs 
• Three-state output buffers for easy 

microprocessor Interface 
Choice of Internal or external clocking 

• Short conversion time, 17)'s typical 
using Internal clock 

APPLICATIONS 
• All microprocessor-based monitoring 

and control systems requiring analog 
signal Inputs. 

• Typical applications include: 
Automated process control, machine 
tools, robots, test and measurement 
Instruments, environmental controls 

• Other applications include: 
Ratiometric AID conversion, very high 
resolution AID conversion systems 
requiring high speed B-blt building 
blocks 

RATING UNIT 

o to +6 V 
o to -15 V 

1.5 mA 
5.0 mA 
6.0 V 
1.0 V 

-1 toVcc + V 

1000 mW 
o to + 70 ·C 

-65to + 150 ·C 

TsolD Lead soldering temperature (10 seconds) 300 ·C 

BLOCK DIAGRAM 

AN GND 

ClK 

INT 
CLOCK 

OE 087· 
(MSB) 

Signefics 

• DBO 
(lSB) 

PIN CONFIGURATION 

F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5034F 

NE5034 

4 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER NE5034 

DC ELECTRICAL CHARACTERISTICS + Vee= 5.0V, - Vee= -12V, o·e .. TA .. 70·e unless otherwise specified 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution 8 8 8 Bits 

Relative accuracy error" 2 ± 1/2 LSB 

Vec+ Positive supply range 4.75 5.0 5.25 V 

Vec- Negative supply range -11.4 -12 -12.6 V 

EFs Full scale gain error IREF= 1.0mA, TA = 25·C ±2 ±5 LSB 

Ezs Zero scale offset error IREF =I.0mA, TA =25·C ±0.5 ±1 LSB 

Psr Power supply rejectiori3 ' REF =I.0 rnA, Vee +4.75to +5.25V, Vcc -11.4 
to - 12.6V ± 1/2 LSB 

VIH Logic 1 input voltage (STRT and OE) 2.0 V 

VIH Logic 1 input voltage ext. clock 2.4 V 

VIL Logic 0 input voltage (STRT and OE) 0.8 V 

VIL Logic 0 input voltage ext clock 0.7 V 

IIH Logic 1 input current (STRT and OE) VIN = 2.4V 20 p.A 

IIH LogiC 1 input current ext clock VIN = 2.4V 100 p.A 

IlL Logic 0 input current (STRT and OE) VIN =0.4V -20 -100 p.A 

IlL Logic 0 input current ext. clock VIN = 0.7V -100 p.A 

VOL Logic 0 output voltage 10L= 1.6mA, OE=0.8V 0.4 V 

VOH Logic 1 output voltage 10H = 400p.A, OE = 0.8V 2.4 V 

loz Three·state leakage OE= 2.0V, VOL = OV or 5V ± 10 p.A 

lec+ Positive supply current Vec + 5V, Vee-12V 18 36 rnA 

Icc Negative supply current. Vce +5V, Vec- 12V -11 -22 rnA 
NOTES 
1. Relative accuracy is defined as the deviation of the·code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 

device. 
2. Specifications given in LSBs refer to the weight of the least significant bit at the B·bil level which is 0.39% of the full scale voltage. 
3. MAX change in full scale. 

AC ELECTRICAL CHARACTERISTICS V + +5V, v-
SYMBOL & PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX UNIT 

Internal clock frequency CL = 60pF (See Figure 1) 500 KHz 

External clock frequency 700 KHz 

Tw STRT pulse width Clock freq. = 500KHz 400 ns 

External clock pulse width positive/negative 600 ns 

Set up time' See Figure 3 300 ns 

tp (out data) propagation delay data out OE See Figure 2 50 200 ns 

tp (out DR) propagation delay data ready out 8th clock See Figure 3 700 ns 

t p (3·state) propagation delay 3·state high 
OE See Figure 2 60 200 ns 

impedance o/p 

tp (DBO) propagation delay DBO DR See Figure 3 500 ns 

tp (SDR) STRT low to DR high data ready high STRTlow See Figure 3 700 ns 

NOTE 
1. See description of "Set up time", 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER 

CLOCK 

8th CLOCK 
PULSE 

OBO ____________________________________________ _ 

FIGURE3 

FUNCTIONAL PIN DEFINITIONS 
DATA READY (DR) 

This is an output pin used to indicate that 
a conversion is in progress. DR goes to a 
logic "1" when STRT is at a logic "0". At 
the completion of a conversion DR returns 
to a logic "0". There is a delay (MAX 0.5~s) 
from the time DR goes to "0" to the time 
DBO data is valid. 

DBD-DB7 

Eight three-state data outputs each with a 
drive capability of one TTL load. DBO is the 
lSB and DB7 is the MSB. 

OE 

Output enable input. When OE is at a logic 
"1" the data outputs assume a high impe
dance state. With OE at a logic "0", data is 
placed on the outputs. Data appearing on 
the outputs is only valid if both OE and DR 
are at logic "0" (see note on DR timing). 

STRT 

This pin is used to reset the converter and 
start a new conversion. A logic "0" applied 
to this pin for a minimum of 400ns will 
reset the converter to a condition with 
DB7 at a logic "1" and all other Data out
puts at logic "0". It will also cause DR to 
go to a logic "1" (see timing diagrams for 
delay times). Conversion will start with the 
1 st clock pulse after STRT returns to a 

4-14 

logic "1" (see notes on set up time reo 
quired). A STRT pulse while a conversion 
is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short-cycle~operation.) 

elKIN 

An external capacitor between this pin 
and ground generates the internal clock 
pulses. (See diagram for clock frequency 
vs capacitor value). In order to synchro
nize the internal clock, to the start pulse a 
diode (small signal type e.g., 1 N914) 
should be connected between STRT and 
ClK IN (see Figures 4 and 5). Without this 
diode the start pulse could occur at a time 
which could cause one of the conditions 
described in the Note on "set up" time. 
Applying an external TTL-or MOS·compat
ible clock to this pin slaves the NE5034 to 
external clock frequency. I n this case, the 
diode is not required but the "set up" time 
requirements should be noted. 

BASIC CIRCUIT DESCRIPTION 
The NE5034 is an 8-bit AID converter which 
incorporates the successive·approxima
tion conversion method. Upon receipt of 
the STRT pulse, successive bits, begin
ning with the MSB (DB7), are applied to the 
input of the internal 8-bit current output 
DAC by the 12 l successive-approximation 
register (SAR) (see Block Diagram). 

Signetics 
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The comparator determines whether the 
output current of the DAC is greater or 
less than the input current converted from 
the unknown analog input voltage through 
an external input resistor. If the DAC out
put current is greater, the data latch for 
the trial bit is reset to a '0'; if it is less, the 
trial data bit stays at '1'. After all the bits 
from DB7 to DBO have been tried, the SAR 
contains a valid 8-bit binary output code 
which accurately represents the unknown 
analog input to within ± 1/2 lSB (± 0.2%). 
This binary output will now remain in the 
SAR until another STRT pulse is applied. 

During the successive-approximation se· 
quence, the DATA READY signal remains 
at '1'. Upon completion of the conversion, 
the signal goes to a '0', indicating that 
data is valid and ready. If the OE input is 
left at a '0' during the conversion, the 
DATA OUTPUT shows the conversion se
quence (see short cycle section). When 
the OE line is made a logic '1', the output 
buffers will go to a high impedance state 
and will remain so until the OE is returned 
to a '0' state. 

TIMING DESCRIPTION 
The timing diagram shown in Figure 7 
shows the successive trial and decisions 
for each data bit. 

With STRT at a logic "0" the converter is 
reset to a condition with DB7 at a logic 
"1", DR at a logic "1" and DBO-DBB at 
logic "0". 

c.onversion starts after STRT returns to a 
logic "1". Starting with DB7 each bit is 
tried in turn, with the decision point being 
at the time of the positive going edge of 
the clock. Starting with the first positive 
edge after STRT returns to logic "1" (see 
note on "set up" time). The 8th positive 
going edge makes the decision on DBO 
(lSB) and also causes DR to return to a 
logic "0" to indicate the conversion is 
complete. (See note on DR timing.) 

SHORT·CYCLE OPERATION 
In applications where less than 8 bits of 
resolution are required the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required 
to perform "short-cycling". 

Conversion to X number of bits is com
pleted at the end of X + 0.5 clock cycles 
(after a start pulse) DR will still be at a 
logic "1" state. 

OE can be used to 3-state the outputs 
even during short-cycle operation. 



LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER 

BASIC SET·UP DIAGRAM 

UNIPOLAR INPUT VALUES (O-10V) 

EXTERNAL CLOCK SfRf DA'I'A OUTPUT 
(IF USED) PULSE READY E"NIi.'BIE 

UNKNOWN ANALOG 
VOL lAGE INPUT 

A'N 

S.OKn 

I REF IN 

R REF=S.OKO 

15 

13 

16 

ANALOG 
GROUND 

01 

NE5034 

14 

+Vcc -Vee 

FIGURE 4. 

007 MSB 

DBO LSB 

CL - see FIG 1 FOR VALUE 
01 - IN914 OR SIMILAR 
CL AND 01 NOT REOUIRED 
IF USING EXTERNAL CLOCK 

20Kn 
+V~-V 

ANALOG 
IN~UT 

I R'N 

500Kn 

15 

loon RREF 13 

uf'OV] '[J 
REF 10TURN 

POT, 

NE5034 

BASIC SET·UP DIAGRAM 
BIPOLAR INPUT VALUES (:!: 10V RANGE) 

EXTERNAL CLOCK STRT DATA OUTPUT 
(IF USED) PULSE READY EN'ABLE 

UNKNOWN ANALOG 
VOLTAGE INPUT 

NE5034 

ANALOG 
GROUND 

01 

10 18 

NE5034 

14 

+Vcc -Vee 

FIGURE 5. 

DG7 MSa 

DBO LSB 

Cl - SEE FIG 1 FOR VALUE 
DI - IN914 OR SIMILAR 
CL AND 01 NOT REQUIRED 
IF USING EXTERNAL CLOCK 

FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED AID CONVERTER 

SET UP TIME 
When using an external clock, the positive 
going edge of the start pulse must be syn
chronized to the clock pulse. There is a 
"set up" time of 300ns required between 
the time of the start pulse returning to a 
logic "1" and the next positive going edge 
of the clock. 

If the positive edge of the start pulse 
occurs less than 300ns prior to the posi
tive clock edge, one of the following con
ditions will occur: 

a) The converter recognizes the clock 
pulse and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts, this will be 
indicated by the fact that DR does not 
return to logic "0". In this case a new 
start pulse will be required. 

DATA READY (DR) TIMING 
After DR returns to a logic "0" indicating a 
conversion is complete there is a time 
delay of 500ns before the data at DBO out
put (the Least Significant Bit) is valid. 

ZERO OFFSET (NEGATIVE FULL 
SCALE) CALIBRATION 
PROCEDURES 
1. Apply continuous start pulses to the 

STRTinput. 

2. Apply 1/2 LSB in the case of unipolar 
operation, or 1/2 LSB above - FS in the 
case of bipolar operation to the analog 
input. 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the potentiometer connected to 
liN (see Figure 6) until the LSB flickers 
between '0' and '1', and all other data 
outputs remain '0' following each con
version. 

FULL SCALE (POSITIVE FULL 
SCALE) CALIBRATION: 
1. Apply continuous start pulses to the 

STRT input. 

2. Apply full scale minus 1 1/2 LSB to the 
analog input. 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the voltage applied to V REF IN 
(Figure 4) until the LSB varies between 
'0' and '1',. and all other data outputs 
stay '1' after each conversion. 

NOTE: 
1. Where an Input of 1/2 LSB is calJed for, the voltage is 

equal to :5~' 
2. The sequence of calibration should be: 

a. Zero offset 
b. Furl scale adjust 
c. Zero offset 
d. Full scale adjust 

OPERATING PRECAUTIONS: 
Analog and digital grounds should have 
separate returns. Noise and jitter on digi
tal ground will degrade accuracy unless 
the input is referenced to a 'clean' analog 
ground. 

DB7~ 

c::====================::: 
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DBS ~==================== 

OB~~ 
NOTE 
1. DE= Logic "0" 

n =====:::========:::=::: n----
2. See "Shorl·Cycle" section 

FIGURE 7_ NE5034 TIMING DIAGRAM 
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UNIPOLAR BINARY 
OPERATION: 
A standard connection for a 0 to 10V uni
polar binary operation, with VREF IN equal 
to + 5 volts, is shown in Figure 4. The 
NE5034 can quantize full scale ranges of 
1V to 10V. It should be noted, however, 
that for smaller full scale ranges, the ac
curacy and speed will degrade. 

The input voltage versus output code rela
tionship for unipolar operation is shown in 
Table 1. The full scale range is 2 times 
IREF IN' 

Table 1_ Unipolar-Binary 

ANALOG INPUT 
DIGITAL 

OUTPUT CODE 

NOTES 1, 2, 3 MSB LSB 

FS-1 LSB 1 1 111111 
FS-2 LSB 1 1111110 
3/4 FS 1 1 000 0 0 0 
112 FS+ 1 LSB 1 o 0 000 0 1 
1/2 FS 1 0 0 0 0 0 0 0 
1/2 FS-1 LSB 01111111 
1/4 FS o 1 0 0 0 0 0 0 
1 LSB o 0 0 0 000 1 
0 000 0 000 0 

Table 2_ Bipolar-Offset Binary 

ANALOG INPUT 
DIGITAL 

OUTPUT CODE 

NOTES 1, 3,4 MSB LSB 

+ (FS-1 LSB) 1 1 1 1 1 1 1 1 
+(FS-2 LSB) 1 1111110 
+ (1/2 FS) 1 1 0 0 0 000 
+ (1 LSB) 1 o 0 0 0 0 0 1 
0 1000000 
- (1 LSB) 01111111 
- (1/2 FS) o 1 0 0 0 0 0 0 
-(FS-1 LSB) o 0 0 0 0 001 
-FS o 0 000 000 

BIPOLAR (OFFSET BINARy) 
OPERATION: 
A standard connection for a - 5 to + 5V or 
- 10 to + 10V bipolar operation is shown 
in Figure 5. 

NOTES: 
1. Analog Inputs shown are nominal center values of 

code. 
2. "FS" is full scale; i.e., 21REF IN (Unipolar mode). 
3. 1 LSB equals (2 - 8) (FS). 
4. "FS" is full ,scale; i.e., IREF IN (Bipolar mode). 



LINEAR LSI PRODUCTS 

6·81T AID CONVERTER (SERIAL OUTPUT) 

DESCRIPTION 

The NE5036 Is an easy to use, low cost, 
successive approximation Analog to Digi
tal converter, fabricated In Bipolarll 2L 
technology, and packaged In a convenient 
a-pin mini dip package_ 

With an external reference voltage, the 
NE5036 will accept Input voltages be
tween OV and VREF - Holding the START 
pin low for at least a clock pulses In dura
tion will provide the 6-blt result of the con
version In a serial format. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Power supply voltage 
VREF Reference voltage 
VIN (Analog) Analog Input voltage 

FEATURES 

• Three-state output buffer for easy 
!,Processor Interfacing 

• Fast successive approximation 
converter, 23!,sec 

• T2l compatible Inputs and outputs 
• Easy Interface to CMOS !,Processors 

• Guaranteed no missing codes over lull 
operating range 

• Single supply operation, + 5V 

• High Impedance analog Inputs 
• Positive true binary serial output 

APPLICATIONS 
• Temperature control 
• !'P-based appliances 
• light level monitor 
• Electronic toys 
• Joystick Interface 
• !,P/Transducer interface 

RATING UNIT 

7 V 
7 V 
7 V 

VIN (Digital) Digital Input voltage (START & CLOCK) 7 V 
DOUT Data output pin 

Three-state mode 7 V 
Enabled mode 20 mA 

Il.GND Analog GND to digital GND ±1 V 
TA Operating temperature range o to 70 'C 
Tstg Storage temperature range -65to150 'C 
tSOld Lead soldering temperature 300 'C 
Po Power dissipation 

FE package 220 mW 
N package 220 mW 

BLOCK DIAGRAM 

vce 

AaND DaNO CLOCK START 
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PIN CONFIGURATION 

NOTES: 

FE, N PACKAGE 

veeOs DATA 
VR" 2 7 SfART 

VIN 3 S CLOCK 

AaNC 4 5 D1GaND 

TOP VIEW 

ORDER NUMBERS 

NE5036FE, NE5036N 

0 3 PACKAGE 

TOP VIEW 

ORDER NUMBER 
NE503BD 

vee 
DATA 

1. SOL-Released in large SO package only 
2. SOL and non-standard pinout. 
3. SO lI!l!! non-standard pinouts. 
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LINEAR LSI PRODUCTS 

6-81T AID CONVERTER (SERIAL OUTPUT) NE5036 

DC ELECTRICAL CHARACTERISTICS Vee = 5.0V; VREF = 2.0V; Clock= 350kHz; O·C :5 T A :5 70·C unless otherwise 
specified. Typical values are specified at 25 ·C. 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX 

Resolution 6 6 6 
Relative accuracy,,2 1/4 1/2 

Vce Positive supply voltage +4.75 +5,0 +5.50 

'FS Full scale gain error2,3,4 VREF =2,OV, TA=25·C ±1 ±2 

'ZS Zero scale offset error2 VREF =2.0V, TA=25·C ± 112 -1/2, +2 

PSR Power supply rejection VREF = 2.0V ± 1/2 ±1 
Max change in full scale2 4.75V:5 Vec :55.5V 

liN Analog Input bias current 0:5 VIN :5 2.5V 1 10 
IREF Reference bias current 0:5VREF :52.5V 1 10 
RIN Analog Input resistance 3 30 

VIH Logic '1' input voltage 2.0 
VIL Logic '0' input voltage 0.8 
IIH Logic '1' input current 10 
IlL Logic '0' input current 1 10 
10H Logic '1' output current 2.4V:5VOH 300 
10L Logic '0' output current VoL :50AV 1.6 
loz Three·state leakage current ±0.1 ±40 
Icc Positive supply current 14 24 

AC ELECTRICAL CHARACTERISTICS Vec= 5.0V; VREF = 2.0V; Clock= 350kHz; O·C :5 TA :5 70·C unless otherwise 
specified. Typical values are specified at 25·C. (Refer to test figures.) 

SYMBOL AND PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX 

f MAX Max clock frequency 350 

UNIT 

Bits 
LSB 

V 

LSB 
LSB 

LSB 

p.A 
p.A 
MO 

V 
V 

p.A 
p.A 
p.A 
rnA 
p.A 
rnA 

UNIT 

kHz 
TeoNv Conversion time 8 Clock cycles 
tw Clock pulse width 1.3 p.s 

ts Setup time, START to clock6 Clock START 500 ns 
tp (OUT) Propagation delay5 Data out Clock TA= 25·C, t,= tt<20ns 600 ns 
tp (3.STATE) Propagation delay5 Data (3·State) START T A = 25·C, t,= tt< 20ns 600 ns 

NOTES 
1, Relative accuracy Is defined u$ tho deviation of the code transition points from the ideal code transition pOints on the straight line drawn from zero scale 10 full scale of the 

device. 
2. Specifications glvcn In LSS's refer to the weight of the least significant bit at the bit level which Is 1.56% of the full scale voltage. 
3. Full scale gain error Is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000). 
4. The analog input voltage (VIN) range is from OV to VREF nominally, with the output remaining at 111111 even though the input may increase from VREF to Vee. (For optimum 

performance VREF can be any value from 1.5V to 2.5V.) 
5. The time between the specified reference points on the clock and the output waveforms with the output changing (low to high or high to low). 
6. The high to low transition of the START pulse should occur at least 500ns prlorto the negative edge of the clock pulse to insure its recognition. The START pulse should stay 

high for at least 500ns between conversions to guarantee proper recognition. 
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LINEAR LSI PRODUCTS 

6-81T AID CONVERTER (SERIAL OUTPUT) 

CIRCUIT DESCRIPTION 

NE5036 is a complete 6·bit, serial output, 
AID converter which incorporates the suc· 
cessive approximation method. The chip 
includes the internal control logic, the 
successive approximation register (SAR), 
6·bit DAC, comparator and the output buf· 
fer. An externally generated clock source 
(max freq = 350 kHz) must be provided to 
pin 6. An external reference voltage sup· 
plied to pin 2 sets the full scale range of 
the A/D converter as shown in the Block 
Diagram. 

Upon the START pin going low, suc· 
cessive approximation conversion com· 
mences after the first low going edge of 
the clock pulse. Successive bits, begin· 
ning with the MSB (D5) are applied to the 
input of the internal 6·bit current output 
DAC by the 12L successive approximation 
register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voltage 
through the VII converter. If the DAC out· 
put is greater, that bit of the DAC is set to 

o and simultaneously the output buffer 
goes to O. If it is less, that bit stays at 1 
and the output buffer goes to 1. After the 
second high to low transition of the clock 
pulse, the MSB (D5) data is valid. On suc· 
cessive clock pulses, successive bits are 
tried and the output buffer represents that 
bit. START has to stay low for at least 8 
clock pulses for the conversion to be com· 
pleted and to access the 6·bit result of the 
conversion. A conversion in process can 
be interrupted by issuing another START 
pulse. 

When START is in a high state, the output 
buffer is in a high impedance state. 

The timing diagram for the device is 
shown In Figure 1. 

TRANSFER CHARACTERISTICS 

The N E5036 is designed to have a nominal 
1/2 LSB offset, so that the code transition 
points are located 1/2 LSB on either side 
of the exact analog input for a given code. 
Thus the first transition (000000 to 000001) 
will occur at an input of 1/2 LSB (15.63mV 
with a VREF of 2.0V), plus any offset. Sub· 
sequent transition (to full scale - 111111) 

TIMING DIAGRAM 

STAR;----1~ ______________________________________________________ ~ 

OB5 DB4 DB3 DB2 DB1 DBD 
MSB LSB 

Figure 1 

HIGH 
IMPEDANCE 
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will occur at 62.5 LSB (1.953V at VREF of 
2.0V). 

The Ideal transfer characteristic of 
N E5036 is shown in Figure 2. 

LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 
should be connected together as close to 
the device as possible for optimum perfor· 
mance. The leads to the analog inputs 
should be kept as short as possible to 
minimize input noise pickup. Input bypass 
capacitors from the analog inputs to 
ground will eliminate noise pickup. Power 
supplies should be decoupled with at 
least 11'F and should be located close to 
the device to minimize the effects of noise 
spikes on V cc. 

The reference input and the analog volt· 
age input must both remain stable during 
conversion to insure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance at these inputs at or below 
2K·ohms. 

IDEAL TRANSFER 
CHARACTERISTICS 

§::::::j / 
~ 111100 r 

~ k3r1 
v 

o LSB=~ a DDDD11 r FOR 111111 ~UTPUT a 000010 r VIN = VREF - LSB -1/2 LSB 
c BUILT·IN OFFSET 

DDDDD1 r = 62.5 LSB = 6~45 VREF 

DDDDDD 2" m m III m CD m m CD 

!1 ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ 

ANALOG INPUT 

Figure 2 
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LINEAR LSI PRODUCTS 

6·81T AID CONVERTER (SERIAL OUTPUT) 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

6-81T AID CONVERTER (SERIAL OUTPUT) NE5036 

AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY TIME tp (DATA) 

DATA OUTPUT (LOW TO HIGH) 

Vee= +5V 

VREF= +2V 

V,N (ADJ.) 

START 

DATA 

HIGH"Z" 
STATE 

~O% 

INVALID DATA 

Ir = If = 20n5 

Signetics 

Vee= +5V 

VREF= +2V 

V,N (ADJ.) 

DATA OUTPUT (HIGH TO LOW) 

+ 5V 

I 15pF 

START (TTL LEVELS) 

350kHz CLOCK 
(TTL LEVELS) 

~ 
l~i 

VALID DATA -------
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LINEAR LSI PRODUCTS 

6-81T AID CONVERTER (SERIAL OUTPUT) 

TYPICAL APPLICATION 

4-22 

1. BASIC NE5036 CONFIGURATION 

.---....... -----;.---< + 5V 

SERIAL 
~ ________ DATA OUT 

J1J1Il 

ANALOG INPUT)--------"-I NE5036 \-!---------< START 

1-,-_______ -< m)~~NAL 

2. DIGITAL COMMUNICATIONS USING NE5036 

[X]TRANSDUCERII-_.::;.:;:o::::.::...._J NE5036 I SERIAL DATA 
• ANALOG • AID OUTPUT 

INPUT -ICONVERTERI J1IUl. 

RECEIVERI DECODED 
DECODER SIGNAL 

SHIFT · REGISTER · · 
REGISTER ACCEPTS SERIAL 
INPUT DATA, FEED DIA 
IN PARALLEL 
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ENCODERI 
TRANSMITTER 

DIA 
CONVERTER 

NE5018 
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OUTPUT 
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LINEAR LSI PRODUCTS 

6·81T AID CONVERTER (PARALLEL OUTPUTS) 

DESCRIPTION • Easy Interface to CMOS I'Processors 

• Fast conversion-91's The NE5037 is a low cost, complete suc· 
cesslve approximation analog to digital 
(AID) converter, fabricated in Bipoiar/l 2L 
technology. With an external reference 
voltage, the NE5037 will accept Input volt· 
ages between OV and V REF' An external 
START pulse 01 at least 300ns in duration 
will provide the 6·blt result of the conver· 
slon In parallel format. Full conversion 
with no missing codes occurs In 91's. 

• Guaranteed no missing codes over full 
temp range 

• Single supply operation, + 5V 

• Positive true binary outputs 

• High Impedance analog Inputs 

APPLICATIONS 
• Temperature control 
• I'P·based appliances 

FEATURES • Light level monitors 
• Head position sensing 
• Electronic toys • T2L compatible Inputs and outputs 

• Three state output buffer • Joystick Interface 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vcc Power supply voltage 7 V 
VREF Reference voltage 7 V 

V IN (Analog) Analog Input voltage ____ 7 V 

V IN (Digital) Digital Input voltage (OS, OE, START, OLK) 7 V 

DOUT Data outputs (DBO to DB5) 
Three·state mode 7 V 
Enabled mode (each output) 5 mA 

EOO End 01 conversion Vce 
4GND Analog GND 10 digital GND ±1 V 
TA Operating temperature range 01070 '0 
TSTG Storage temperature range -6510150 '0 
tSOLD Lead soldering temperature (10 seconds) 300 '0 
Po Power dissipation 

F package 220 mW 
N package 220 mW 

BLOCK DIAGRAM 

vee 
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PIN CONFIGURATION 

0, F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5037F, NE5037N 

NE5037D 
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DC ELECTRICAL CHARACTERISTICS vcc= 5.0V; VREF = 2.0V; Clock= lMHz; O'C :5 TA :5 70'C unless otherwise 
specified. Typical values are specified at 25 'C. 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution 6 6 6 Bits 
Relative accuracy1,2 1/4 1/2 LSB 

Vcc Positive supply voltage +4.75 +5.0 +5.50 V 

'FS Full scale gain error2,3,4 VREF = 2.0V, TA= 25'C ±1 ±2 LSB 

'zs Zero scale offset error2 VREF= 2.0V, TA= 25'C ± 1/2 -1/2, + 2 LSB 

PSR Power supply rejection VREF = 2.0V ± 1/2 ±1 LSB 
Max change in full scale2 4.75V:5Vcc :55.5V 

liN Analog input bias current 0:5VIN :52.5V 1 10 p.A 
IREF Reference bias current 0:5VREF :52.5V 1 10 p.A 
RIN Analog input resistance 3 30 MO 

VIH Logic '1' input voltage 2.0 V 
VIL Logic '0' input voltage 0.8 V 
IIH Logic '1' input current 10 p.A 
IlL Logic '0' input current 1 10 "A 
10H Logic '1' output currentS 2.4V:5 VOH 300 p.A 
10L Logic '0' output currentS VoL :50.4V 1.6 mA 
loz Three·state leakage current ± 0.1 ±40 "A 
Icc Positive supply current 18 24 mA 

AC ELECTRICAL CHARACTERISTICS Vcc= 5.0V; VREF = 2.0V; Clock= lMHz; O'C:5 TA :5 70'C unless otherwise 
specified. Typical values are specified at 25'C. (Refer to AC test figures.) 

SYMBOL AND PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX UNIT 

fMAX Maximum clock frequency 1 MHz 

tw Start pulse width 300 ns 

Minimum positive/negative 300 ns 
clock pulse width 

TCONV Conversion time 9 Clock cycles 
tp (OUT DATA) Propagation delay6 Data out OE TA= 25'C, t,= tf :520ns 500 ns 
tp (OUT EOG) Propagation delay7 EOC Clock TA= 25'C, t,= tf :520ns 800 ns 
tp (3·STATE) Propagation delay, 3·state 3·State Data OE TA=25'C,t,= tf :520ns 500 ns 

NOTES 
1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 

device. 

2. Specifications given in LS8's refer to the weight of the least Significant bit at the 6 bit level which is 1.56% of the full scale voltage. 
3. Full scale gain error is the deviation of the full scale code transition point (111110 to 111111) from its ideal value. 
4. The analog input voltage (VIN) range is OV to VREF nominally, with the output remaining at 111111 even though the input may increase from VREF to Vee. (For optimum perfor-

mance, VREF can be any value from 1.5V to 2.5V.) 
5. The data outputs have active pull·ups. The E5C line is open collector with a nominal 5kO internal pull·up resistor 
6. Propagation delay of data outputs is defined as the delay in the data outputs reading their final value after the low going edge of CE. 
7. Propagation delay of roc is defined as the delay in Ec5C going low, following the low going edge of the 9th clock pulse after the start pulse. 

CIRCUIT DESCRIPTION 

NE5037 is a complete 6·bit, parallel out· 
put, microprocessor compatible, AID con· 
verter which incorporates the successive 
approximation method. The chip includes 
the internal control logic, the successive 
approximation register (SAR), 6·bit DAC, 
comparator and output buffers. An exter· 
nally generated clock source (max fre· 
quency = 1 MHz) must be provided to pin 6. 

4-24 

An external reference voltage supplied to 
pin 2 sets the full scale range of the AID 
converter. 

The CS pin must be at a low level prior to 
the start of the conversion process. Upon 
receipt of a START pulse the internal can· 
trol logic resets the SAR. On the first low 
going edge of the clock pulse, successive 
approximation conversion commences. 
Successive bits beginning with the MSB 

Signetics 

(05) are supplied to the input of the inter
nal 6·bit current output DAC by the 12L 
successive approximation register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voltage 
through the VII converter. If the DAC out· 
put is greater, that bit of the DAC is set to 
'0' and simultanevlJ,,'y the corresponding 
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output buffer goes to '0'. If it is less, that 
bit stays at '1' and the output buffer also 
stays at '1'. On successive clock pulses, 
successive bits of the DAC are tried and 
the corresponding output buffer repre
sents the bits of the DAC. On the eighth 
low going edge of the clock pulse (after 
the receipt of the start pulse). The EOC pin 
goes low, thereby indicating that the con
version is complete. The output data is 
now valid. In order to access the result of 
the conversion, the OE pin must be set to 
a low level. EOC is reset to a high state 
when OE is low. When OE is in a '1' state, 
the output buffers are in a high impedance 
state. 

Refer to Figure 1 for the timing diagram. 

TRANSFER CHARACTERISTICS 

The ideal transfer characteristic of the 
NE5037 is shown in Figure 2. 

The NE5037 is designed to have a nominal 
'h LSB offset so that the code transition 
points are located 'h LSB on either side of 
the exact analog inputs for a given code. 

Thus the first transition (000000 to 000001) 
will occur at an input of '12 LSB (15.63mV 
with a VREF of 2.0V). Subsequent transi
tions will occur at nominal increments of 
1 LSB. The last transition (to full scale-
111111) will occur at 62.5 LSB (1.953V at 
V REF of 2.0V). 

LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 

TIMING DIAGRAM 

should be connected together as close to 
the device as possible, for optimum per
formance. The circuit will operate with as 
much as ± 200mV between the two 
grounds but some degradation will occur. 
The leads to the analog inputs should be 
kept as short as possible to minimize 
noise pickup. Input bypass capacitors 
from the analog inputs to ground will 
eliminate noise pickup. Power supplies 
should be decoupled with at least 11'F 
located close to the device to minimize 
the effects of noise spikes. 

The reference input and the analog voltage 
input must both remain stable during con
version to insure accuracy and proper 
operation. This can be done by adequately 
bypassing tliese inputs and/or keeping the 
impedance of these inputs at or below 
2K-ohms. 

STRT ~;-----------------------------------------------------------------------------------------

CLK~ 

Oe------------------------------------~~ 

EOC--------------------------------------~L_J 

HIGH HIGH HIGH 
DATA ____________________ ~~N~ _____ -c=:>-!!:!!:~N~ ~~ANCE 

OUTPUTS J t t 
DATA 

READY DATA DATA 
AVAILABLE AVAILABLE 
AT OUTPUT AT OUTPUT 

Figure 1 

IDEAL TRANSFER CHARACTERISTICS 
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000010 r VIN = ~~i~ ;'1~S~F-F~~iSB 
000001 r = 62.5lSB = 6:,,5 VREF 

000000 1" 
a:I m co III co m ED 
en en en U) (I) (/J en 
...J ...J ....I .... ....1....1 ...J 

~ ~ ~ ~ ~ § ~ 
ANALOG INPUT 

Figure 2 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY TIME tp (DATA) AND tp (3.STATE) 
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APPLICATION 
• 0 to 63°e Temperature Sensor 

CIRCUIT DESCRIPTION 
The temperature sensor of Figure 3A pro
vides an input to Pin 3 of the NE5037 of 32 
millivolts per degree Celsius. This 32mV is 
the value of one LSB for the NE5037. The 
LM334 is a three-terminal temperature 
sensor and provides a current of 1 
microamp for each degree Kelvin. The 
32K-ohm resistor provides the 32 millivolts 
for each microamp through it, while the 
transistor bleeds off 273 microamps of the 
temperature sensor (LM334) current, low
ering the reading by 273 degrees Kelvin, 
thus converting from Kelvin to Celsius. 

To read temperature, conversion is started 
by sending a momentary low signal to Pin 
7 of the NE5037. When Pin 10 of the 
NE5037 goes low, conversion is complete 
and a low is applied to Pin 9 of the NE5037 
to read data on Pins 11 through 16. Note 
that this temperature data is in straight 
binary format. 

The controller can be a microprocessor in 
a temperature control application, or 
discrete circuitry in a simple temperature 
reporting application. A temperature 
reporting (digital thermometer) circuit is 
shown in Figure 3B. The ROMs or PROMs 

+sv 

lM334 

2.0V 
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32K 
":" 1% 

VR1 
2.SK 

Vee STRT 

EOC 

i5E 

NES037 ::' I PINS 11-16 
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ClK 

":" 

-SV CLOCK 
(1MHzMAX) 

VR1 
2.SK 

10 

lM334 

-sv 

114 
74lS00 
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1% 

32K 
1% 

+sv 

2.0V 2 
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NES037 

10 

ClOCK""":4T""'"...,.~11.16 6.BIT 
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Figure 3A. Temperature Sensor 
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Figure 3B. Digital Thermometer 
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must have the correct code for converting 
the data from the NE5037 (used as ad
dress for the ROMs or PROMs) to the ap
propriate segment driver codes. 

The displayed output could easily be con
verted to degrees Fahrenheit by the con
troller of Figure 3A or through the 
(P)ROMs of Figure 3B. When doing this, a 
third (hundreds) digit (P)ROM and display 
will, of course, be needed for displaying 
temperatures ebove 99'F. 

An Inexpensive clock can be made from 
NAND gates or Inverters, as shown In 
Figure 3C. 

CIRCUIT ADJUSTMENT 
Adjust VR2 for about 1/4 of maximum 
resistance. With the sensor (LM334) stable 
at a known temperature near the lower end 
of the expected range of temperature 
readings, adjust VR1 for a drop of 2.73 
volts across the (10K) emitter resistor of 
Q1. Set reference voltage at Pin 2 of the 
NE5037 for 2 volts and adjust VR2 for a 
digital reading corresponding to the 
known temperature. 

Because high accuracy Is not necessary In 
many applications, this Is often all the ad
justment necessary and yields an In
dicated temperature that Is within 3 

degrees Celsius of actual temperature. 
Should higher accuracy be required, ad
justment of the N E5037 reference voltage 
at Pin 2 is needed. After performing the 
above adjustments, bring the sensor tem
perature to a value near the maximum ex
pected reading (but not above 63 degrees 
Celsius) and adjust the reference voltage 
at Pin 2 of the NE5037 for a digital output 
indication of the known temperature. Then 
stabilize the sensor again at a temperature 
near the low end of the expected range of 
readings and adjust VR1 for a digital In
dication of that known temperature. This 
procedure will provide an accuracy of :!: 1 
degree Celsl us. 

co: f~:o:Dl • CLOCK 
270 

Figure 3C_ Simple Clock Circuit 
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

DESCRIPTION 
The Am6012 12-Bitmultiplying Digital-to
Analog converter provides high speed and 
0.025% differential nonlinearity over its 
full commercial temperature range. 

The D/A converter uses a 3-bit segment 
generator for the MSBs in conjunction 
with a 9-bit R-2R diffused resistor ladder 
to provide 12-bit resolution without costly 
trimming processes. This technique guar
antees a very uniform step size (up to ± 1/2 
LSB from the ideal), monotonicity to 12 
bits and integral nonlinearity to 0.05% at 
its differential current outputs. 

The dual complementary outputs of the 
Am6012 increase its versatility, and effec
tively double the peak-to-peak output 
swing. Digital inputs, in addition, can be 
configured to accept all popular logic 
families. 

While the device requires a reference in
put of 1mA for a 4mA full scale current, 
operation is nearly independent of power 
supply voltage shifts. The power supply 
rejection ratio is ± 0.001 %FS/% aV. The 
devices will work from + 5, - 12V to ± 1aV 
rails, with as low as 230mW power con
sumption typical. 

BLOCK DIAGRAM 

FEATURES 
• 12-bit resolution 
• Accurate to within ± 0.05% 
• Monotonic over temperaturE! 
• Fast settling time, 250ns typical 
• Trimless design for low cost 

Differential current outputs 
• High·speed multiplying capability 
• Full scale current, 4mA (with 1 rnA 

reference) 
• High output compliance voltage, 

-5 to +10V 
• Low power consumption, 230mW 

APPLICATIONS 
• CRT displays, computer graphics 
• Robotics, and machine tools 
• Automatic test equipment 
• Programmable power supplies 
• CADICAM systems 
• Data acquisition and control systems 
• Analog·to·Digital converter systems 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

Am6012F 
Storage Temperature 
Lead Temperature (Soldering, 60 sec) 

Power Supply Voltage 

Logic Inputs 

Voltage Across Current Outputs 

Reference Inputs V,4 , V,S 

PIN CONFIGURATION 

F PACKAGE 

TOPVIEW 

ORDER NUMBER 
AM6012F 

O'C to + 70'C 
-65'Cto +150'C 

300'C 

±18V 

- 5V to + 1aV 

- av to + 12V 

V- to V+ 

Reference Input Differential Voltage (V ,4 to V,S) ±1aV 

Referen.ce Input Current (1 14) 1.25mA 

GND/MSB LSB 
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ELECTRICAL CHARACTERISTICS· V + - + 15V V - - -15V iREF -1 amA aoe < TA < 7aoe - , - , - , - -
Am6012F 

Parameter Description Test Conditions 
Min. Typ. Max. 

Units 

Resolution 12 Bits 

Monotonicity 12 Bits 

Differential - - ±.025 %FS 
D.N.L. 

Nonlinearity 
Deviation from ideal step size 

12 - - Bits 

N.L. Nonlinearity Deviation from ideal straight line - - ±.05 %FS 

VREF = 10.000V 
IFS Full Scale Current R14 - R15 = 10.000kO 3.935 3.999 4.063 mA 

TA=25°C 

- ±10 ±40 ppm/oC 
TCI FS Full Scale Tempco 

± .001 ±.004 %FS/OC 

Output Voltage 
D.N.L. Specification guaranteed 

Voc Compliance 
over compliance range -5 - +10 Volts 
ROUT> 10 megohms typo 4 

IFss Symmetry IFS - Ii'S - ±0.4 ±2.0 I'A 

Izs Zero Scale Current - - 0.10 I'A 

ts Settling Time To ±1/2 LSB, all bits ON or OFF, TA=25°C - 250 500 nsec 

tpLH Propagation 
50% to 50% - 25 50 nsec 

t pHL Delay - all bits 

COUT Output Capacitance - 20 - pF 

VIL Logic I Logic "0" - - 0.8 
Input Volts 

VIH Levels I Logic "1" 2.0 - -
liN Logic Input Current VIN = - 5 to + 18V - - 40 I'A 

VIS Logic Input Swing V-=-15V -5 - + 18 Volts 

IREF 
Reference Current 

0.2 1.0 1.1 mA 
Range 

115 Reference Bias Current 0 -0.5 -2.0 I'A 

dl/dt 
Reference Input R14(eq) = 8000 4.0 8.0 - mAIl'S 
Slew Rate CC=OpF 

PSSI Fs + Power Supply V + = + 13.5V to + 16.5V, V - = - 15V - ± 0.0005 ± .001 
%FS/% 

PSSI Fs _ Sensitivity V - = - 13.5V to - 16.5V, V + = + 15V - ± .00025 ± .001 

V+ Power Supply 4.5 - 18 
VOUT=OV Volts 

V- Range -18 - -10.8 

1+ - 5.7 8.5 

1-
V+ = +5V, V- = -15V 

-13.7 -18.0 Power Supply -
mA 

1+ Current - 5.7 8.5 

1-
V+ = +15V, V- = -15V 

-13.7 -18.0 -
Power V+ = +5V, V- = -15V - 234 312 

PD mW 
Dissipation V + = + 15V, V - = - 15V - 291 397 
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CIRCUIT DESCRIPTION 
The Am6012 Is a 12·bit DAC 'which uses 
diffused resistors and requires no trim· 
mlng to guarantee monotonicity over the 
temperature range. A segmented DAC 
design guarantees a more uniform step 
size over the temperature range than is 
normally available with trimmed 12·bit 
converters. The converter features differ· 
ential high compliance current outputs, 
wide supply range, and a multiplying ref· 
erence Input. 

In many converter applications, uniform 
step size Is more important than conform· 
ance to an ideal straight line. Many 12·blt 
converters are used for high resolution 
rather than high linearity, since few trans· 
ducers are more linear than ±0.1%. All 
classic blnarlly weighted converters reo 
quire ± 1/2 LSB (± .012%) linearity In 
order to guarantee monotonlclty, which reo 
quires very tight resistor matching and 
tracking. The Am6012 uses conventional 
bipolar processing to achieve high differ· 
ential linearity and monotonlclty without 
requiring correspondingly high linearity, 
or· conformance to an Ideal straight line. 

One design approach which provides 
monotonlclty without requiring high lin· 
earlty is the MOS switch·reslstor string: 
This circuit is actually a full complement 
to a current switched R·2R DAC since it Is 
slower, has a voltage output, and if imple· 
mented at the 12·bit level would use 4096 
low tolerance resistors rather than a mini· 
mum number of high tolerance resistors 
as in the R·2R network. Its lack of speed 
and density for 12 bits are its drawbacks. 

With the segmented DAC approach, the 
4096 required output levels are composed 
of 8 groups of 512 steps each. Each step 
group is generated by a 9·bit DAC, and 
each of the segment slopes is determined 
by one of 8 equal current sources. The· 
resistors which determine monotonicity 
are in the 9·bit DAC. The major carry of the 
9·bit DAC is repeated in each of the 8 seg· 
ments, and requires eight times lower ini· 
tial resistor accuracy and tracking to main· 
tain a given differential nonlinearity over 
temperature. 

The operation of the segmented DAC may 
be visualized by assuming an input code 
of all zeroes. The first segment current 10 
is divided into 512 levels by the 9·bit 
multiplying DAC and fed to the output, 
lOUT' As the input code increases, a new 
segment current is selected for each 512 
counts. The previous segment is fed to 
output lOUT where the new step group is 
added to it, thus ensuring monotonicity in· 
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dependent of segment resistor values. All 
higher order segments feed lOUT' 

With the segmented DAC approach, the 
precision of the 8 main resistors deter· 
mines linearity only. The influence of each 
of these resistors on linearity Is four times 
lower than that of the MSB resistor In an 
R·2R DAC. Hence, assuming the same 
resistor tolerances for both, the linearity 
of the segmented approach would actually 
be higher than that of an R·2R design. 

The step generator or 9·blt DAC Is com· 
posed of a master and a slave ladder. The 
slave ladder generates the four least slgni· 
ficant bits from the remainder of the 
master ladder by active current splitting 
utilizing scaled emitters. This saves ladder 
resistors and greatly reduces the range of 
emitter scaling required In the 9·blt DAC. 
All current switches In the step generator 
are high speed fully differential switches 
which are capable of switching low cur· 
rents at high speed. This allows the use of 
a binary scaled network all the way to the 
least significant bit which saves power 
and simplifies the circuitry. 

Diffused resistors have advantages over 
thin film resistors beyond simple econ· 
amy and bipolar process compatibility. 
The resistors are fabricated In Single 
crystal rather than amorphous material 
which gives them better long term stablll· 
ty and tracking and much higher moisture 
resistance. They are diffused at 1000·C 
and so are resistant to changes In value 
due to thermal and chemical causes. Also, 
no burn·in is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, 
and no sandwich metals are required to 
enhance or protect the contact or limit 
alloying. The initial match between two 
diffused resistors Is similar to that of thin 
film since both are defined by photomasks 
and chemical etching. Since the resistors 
are not trimmed or altered after fabrica· 
tion, their tracking and long term char· 
acteristics are not degraded. 

DIFFERENTIAL vs INTEGRAL 
NONLINEARITY 
Integral nonlinearity, for the purposes of 
the discussion, refers to the "straight· 
ness" of the line drawn through the indio 
vidual response points of a data converter. 
Differential nonlinearity, on the other 
hand, refers to the deviation of the spac· 
ing of the adjacent points from a 1 LSB 
ideal spacing. Both may be expressed as 
either a percentage of full scale output or 
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as fractional LSBs or both. The graphs In 
Figure 1 define the manner in which these 
parameters are specified. The left graph 
shows a portion of the transfer curve of a 
DAC with 1/2 LSB INL and the (implied) 
DN L spec of 1 LSB. Below this Is a graphic 
representation of the way this would ap· 
pear on a CRT screen where the Am6012Is 
used as a display driver. On the right is a 
portion of the transfer curve of a DAC 
specified for 2LSB INL with 1/2 LSB DNL 
specified and the graphic display below It. 

One of the characteristics of an R·2R DAC 
In standard form Is that any transition 
which causes a zero LSB change (I.e. the 
same output for two different codes) will 
exhibit the same output each time that 
transition occurs. The same holds true for 
transitions causing a 2LSB change. These. 
two problem transitions are allowable for 
the standard definition of monotonlclty 
and also allow the device to be specified 
very tightly for INL. The major problem 
arising from this error type Is In AID can· 
verter Implementations. Inputs producing 
the same output are now represented by 
ambiguous output codes for an identical 
Input. Also, 2LSB gaps can cause large er· 
rors at those Input levels (assuming 1/2 
LSB quantizing levels). It can be seen from 
the two figures that the DNL specified D/A 
converter will yield much finer grained 
data than the INL specified part, thus 1m· 
proving the ability' of the AID to resolve 
changes in the analog Input. 

ANALOG OUTPUT CURRENTS 
Both true and c6mplemented output sink 
currents are provided where 10 + TO = IFR• 

Current appears at the "true" output when 
a "1" is applied to each logic Input. As the 
binary count Increases, the sink current at 
pin 18 increases proportionally, in .. the 
fashion of a "positive logic" D/A con· 
verter. When a "0" is applied to any input 
bit, that current is turned off at pin 18 and 
turned on at pin 19. A decreasing logic 
count increases T; as in a negative or in· 
verted logic D/A c·6nverter. Both outputs 
may be used simultaneously. If one of the 
outputs is not required it must still be con· 
nected to ground or to a point capable of 
sourcing IFR; do not leave an unused out· 
put pin open. . 

Both outputs have an extremely wide volt· 
age compliance enabling fast direct 
current·to·voltage conversion through a 
resistor tied to ground or other voltage 
source. Positive compliance is 25V above 
V - and is independent of the positive 
supply. Negative compliance is + 10V 
above V-. 
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DIFFERENTIAL LINEARITY COMPARISON 

D/A CONVERTER WITH D/A CONVERTER WITH 
±1I2 LSB INL, ±1 LSB DNL ± 2 LSB INL, ±1/2 LSB DNL 

t 
>
:::> 
o 

" g .. 
z .. 

SEGMENT 
OF 12·BIT 

DAC TRANSFER 
CURVE FOR: 

INL= ± 1/2 LSB 
DNL=±1LSB 

NOCHANGEON 
XXOI - XX10 TRANSITION 

t 
>
:::> 
o 

" g .. 
z .. 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 

DIGITAL INPUT 

0010 0100 0110 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 0001 

DIGITAL INPUTS 

VIDEO DEFLECTION BY DACs 
VIDEO DEFLECTION BY DACs 

fa. 

- ... .... 
------ -... ---- ... -- ... 

-- -----ENLARGED "POSITIONAL" OUTPUTS ENLARGED "POSITIONAL" OUTPUTS 

The dual outputs enable double the usual 
peak·to·peak load swing when driving 
loads in quasi·differential fashion. This 
feature is especially useful in cable driv· 
ing, CRT deflection and in other balanced 
applications such as driving center·tapped 
coils and transformers. 

POWER SUPPLIES 
The Am6012 operates over a wide range of 
power supply voltages from a total supply 
of 20V to 36V. When operating with V
supplies of -10V or less, IREF :5 1mA is 
recommended. Low reference current 
operation decreases power consumption 
and increases negative compliance, refer· 
ence amplifier negative common mode 

Figure 1 

range, negative logic input range, and 
negative logic threshold range; consult 
the various figures for guidance. For ex· 
ample, operation at - 9V with IREF= 1mA 
is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies 
is possible, however at least BV total must 
be applied to insure turn·on of the internal 
bias network. 

Symmetrical supplies are not required, as 
the Am6012 is quite insensitive to varia· 
tions in supply voltage. Battery operation 
is feasible as no ground connection is reo 
quired; however, an artificial ground may 
be used to insure logic swings, etc. remain 
between acceptable limits. 
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TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity 
specifications of the Am6012 are guaran· 
teed to apply over the entire rated 
operating temporature range. Full scale 
output current drift is tight, typically 
± 10ppm/'C, with zero scale output cur· 
rent and drift essentially negligible com· 
pared to 1/2 LSB. 

The temperature coefficient of the refer· 
ence resistor R14 should match and track 
that of the output resistor for minimum 
overall full scale drift. 

SETTLING TIME 
The Am6012 is capable of extremely fast 
settling times, typically 250ns at 
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IREF= 1.0mA. Judicious circuit design and 
careful board layout must be employed to 
obtain full performance potential during 
testing and application. The logic switch 
design enables propagation delays of only 
25ns for each of the 12 bits. Settling time 
to within 1/2 LSB of the LSB is therefore 
25ns, with each progressively larger bit 
taking successively longer. The MSB set
tles in 250ns, thus determining the overall 
settling time of 250ns. Settling to 10-bit 
accuracy requires about 90 to 130ns. The 
output capacitance of the Am6012 in
cluding the package is approximately 
20pF; therefore, the output RC time con
stant dominates settling time if RL > 
500D. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli
tude and rise and fall times, due to the 
high gain of the logic switches. Settling 
time also remains essentially constant for 
IREF values down to 0.5mA, with gradual 
increases for lower IREF values lies in the 
ability to attain a given output level with 
lower load resistors, thus reducing the 
output RC time constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 2p.A, there
fore a 2.5kD load is needed to provide ade
quate drive for most oscilloscopes. At IREF 
values of less than 0.5mA, excessive RC 
damping of the output is difficult to pre
vent while maintaining adequate sensi
tivity. However, the major carry from 
011111111111 to 100000000000 provides 
an accurate indicator of settling time. This 
code change does not require the normal 
6.2 time constants to settle to within 
± 0.1 % of the final value, and thus settling 
times may be observed at lower values of 
IREF· 

Am6012 switching transients or "glitches" 
are very low and may be further reduced 
by small capacitive loads at the output at a 
minor sacrifice in settling time. 

Fastest operation can be obtained by us
ing short leads, minimizing output capaci
tance and load resistor values, and by ade
quate bypassing at the, supply, reference, 
and VLC terminals. Supplies do not require 
large electrolytic bypass capacitors as the 
supply current drain is independent of in
put logic states; 0.1p.F capacitors at the 
supply pins provide full transient protec
tion. 

APPLICATIONS INFORMATION 
REFERENCE AMPLIFIER SETUP 
The Am6012 is a multiplying D/A converter 
in which the output current is the product 
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of a digital number and the input reference 
current. The reference current may be 
fixed or may vary from nearly zero to 
+ 1.0mA. The full range output current is a 
linear function of the reference current 
and is given by: 

4095 
IFR= 4096 x4x(IREF)=3.999IREF, 

where I REF = 114 

In positive reference applications, an ex
ternal positive reference voltage forces 
current through R14 into the VREF(+I ter
minal (pin 14) of the reference amplifier. 
Alternatively, a negative reference may be 
applied to VREF(_lat pin 15. Reference cur
rent flows from ground through R14 into 
V REF( + I as in the positive reference case. 
This negative reference connection has 
the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 
is equal to and tracks the voltage at pin 15 
due to the high gain of the internal refer
ence amplifier. R15 (nominally equal to 
R14) is used to cancel bias current errors. 
(Figure 2a) 

Bipolar references may be accommodated 
by offsetting VREF or pin 15. The negative 
common-mode range of the reference 
ampl ifier is given by: V CM _ = V - plus 
(IREFX 3kD) plus 1.BV. The positive 
common-mode range is V + less 1.23V. 

When a DC reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. If a regulated power supply is 
used as a reference, R14 should be split 
into two resistors with the junction by
passed to ground with a 0.1p.F capacitor. 

For most applications the tight relation
ship between IREF and IFS will eliminate 
the need for trimming IREF. If required, full 
scale trimming may be accomplished by 
adjusting the value of R14, or by using a 
potentiometer for R14. 

MULTIPLYING OPERATION 
The Am6012 provides excellent multiply
ing performance with an extremely linear 
relationship between IFS and IREF over a 
range of 1 mA to 1p.A. Monotonic operation 
is maintained over a typical range of IREF 
from 100p.A to 1.0mA. 

REFERENCE AMPLIFIER 
COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the 
reference amplifier to be compensated using 
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a capacitor from pin 16 to V -. The value of 
this capacitor depends on the impedance pre
sented to pin 14. For R14 values of 1.0, 2.5 
and 5.0kD; minimum values of Cc are 5, 12 
and 25pF. Larger values of R14 require pro
portionately increased values of Cc for proper 
phase margin. (See Figure 2b) 

For fastest response to a pulse, low 
values of R14 enabling small Cc values 
should be used. If pin 14 is driven by a 
high impedance such as a transistor cur
rent source, none of the above values will 
suffice and the amplifier must be heavily 
compensated which will decrease overall 
bandwidth and slew rate. For R14 = 1 kD 
and Cc = 5pF, the reference amplifier 
slews at 4mA/ms enabling a transition 
from IREF= 0 to IREF= 1mA in 250ns. 

Operation with pulse inputs to the refer
ence amplifier may be accommodated by 
an alternate compensation scheme. This 
technique provides lowest full scale tran
sition times. An internal clamp allows 
quick recovery of the reference amplifier 
from a cutoff (IREF= 0) condition. Full 
scale transition (0 to 1mA) occurs in 
62.5ns when the equivalent impedance at 
pin 14 is BOOD and Cc = O. This yields a 
reference slew rate of BmA/p.s which is 
relatively independent of RIN and VIN 
values. 

LOGIC INPUTS 
The Am6012 design incorporates a unique 
logic input circuit which enables direct in
terface to all popular logic families and 
provides maximum noise immunity. This 
feature is made possible by the large input 
swing capability, 40p.A logic input current, 
and completely adjustable logic threshold 
voltage. For V - = - 15V, the logic inputs 
may swing between - 5 and + 10V. This 
enables direct interface with + 15V CMOS 
logic, even when the Am6012 is powered 
from a + 5V supply. Minimum input logic 
swing and minimum logic' threshold volt
age are given by: V - plus (IREF x 3kD) plus 
1.BV. The logic threshold may be adjusted 
over a wide range by placing an appropri
ate voltage at the logic threshold control 
pin (pin 13, VLd. For TTL interface, simply 
ground pin 13. When interfacing ECL, an 
IREF :$ 1 mA is recommended. For inter
facing other logic families, see block titled 
"Interfacing With Various Logic Families." 
For general setup of the logic control cir
cuit, it should be noted that pin 13 will 
sink 1.1mA typical, external circuitry 
should be designed to accommodate this 
current (Figure 3). 
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REFERENCE AMPLIFIER BIASING 

VR+ 

r Am6012 
R'4 

RIN 14 IAEF--' 
V,N L ~REN~ 18 AMPLIFIER 10 --

~ ~ -
15 115--'" 

1 1 
10+10= IFS 

R,S= R'411 R'N ,/' 
FOR ALL INPUT CODES 

iO 
R15 19 

VIN~ 

r COMP 

Tce 
~O.' 20~0.'~ 22/IF TANTULUM 

VR-
(NOTE 5) 

V- V+ v-

Reference Configuration R'4 R'5 RIN Cc IREF 

Positive Reference VR+ OV N/C .011'F VR+/R'4 

Negative Reference OV VR_ N/C .011'F - VR_/R,4 

Lo Impedance Bipolar 
VR+ OV VIN (Note 1) (VR+/R'4) + (VIN/RIN) 

Reference (Note 2) 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) 

(VR+ - VIN)/R,4 
Reference (Note 3) 

Pulsed Reference (Note 4) VR+ OV VIN No Cap (VR+/R,4)+ (VIN/RIN) 
Notes: 
1. The compensation capacitor is a function of the impedance seen at the + VREF input and must be at least 5pF x R'4(eq) in kn. For R14 < BOOn no capacitor is 

necessary. 
2. For negative values of VIN, VR + IR14 must be greater than - V,N Max/RIN so that the amplifier is nol turned off. 
3. For positive values of YlN, VR + must be greater than VIN Max so the amplifier is not turned off. 
4. For pulsed operation, VR+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 800n or less. 

·5. 
6. 

For optimum settling time, decouple V - with 20n and bypass with 22J.1.F tantulum capacitor. 
Reference current and reference resistor - there is a 1 to 4 scale factor between the reference current (IREF) and the full scale output current (IFS)' If VREF = +10V and 
IFS = 4mA, the value of the R14 is: 

R14 = 4X41~:Olt = 10kn R14=R15 

MINIMUM SIZE 
COMPENSATION CAPACITOR 

(IFS=4mA,IREF=1.0mA) 

R14(EQ)(kn) Cc(pFi 

10 50 
5 25 
2 10 
1 5 

.5 0 

Figure 2a 

Note: A 0.011tF capacitor is recommended for fixed reference operation. 

Figure 2b 
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REFERENCE AMPLIFIER 
FREQUENCY RESPONSE 

R14 (EQ)- 2k 
Ce=10pF 

LARGE SIGNAL=50% '" -2 MODULATION OF 4mA 

-4 
FU~LI11ALF c~RIWT 

SMALL SIGNAL=1% 
-6 MODULATION OF 2mA 

-8 
FUIL~ ~TALIE cf'l~NT 

.01 0.1 1.0 
FREQUENCY. MHz 

Or--

10 
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INTERFACING CIRCUITS FOR ECl, CMOS, HTL lOGIC INPUTS 

CMOS, HTl 

+15V 

470 13k" 

"A" "A" 

510 

"::" 

NOTES 
1 ~;!'1 the voltage "A" to the desired logic input switching threshold. 

ECl 

-5.2V 

6.2kn 

TO PIN 13 
VLe 

;' Allowable range of logic threshold is typically - 5V to + 13.5V when operating the DAC on :!: 15V supplies 

Figure 3 

ACCOMMODATING BIPOLAR REFERENCE BASIC NEGATIVE REFERENCE OPERATION 
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!IREF 

.------"" 
Am6012 

IREF > PEAK NEGATIVE SWING OF liN 

VREF(+) RREF 

RREF=R15 
14 

R15 
(OPTIONAL) 15 

HIGH INPUT 
IMPEDANCE 

AmS012 

VRE.( + I MUST BE ABOVE PEAK POSITIVE SWING OF V,N 

VREF( -) 
IFS ""'--x4 

RREF 

NOTE: 
RREF SETS IFS; R15 IS FOR A 
BIAS CURRENT CANCELLATION. 

RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 
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VREFo-~~~~~------------~ 
+ S.OOOV 

39kn 

"::" 

10kn 
POT 

Am6012 
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APPLICATION CIRCUITS 

R14 

+10V 
10kG 

REF 
VREF(+) 

VREF(-) 

R15 
10kG 

8, 1 
,~"" + (SEE CODE TABLE) 

R14= 1~;~~ MS8 

ROFF=2~;~~ 

Code Format Connections 

Straight binary; one a·c 
polarity with true input b·g 

Unipolar 
code, true zero output. R1=R2=2.5K 

Complementary binary; a·g 
one polarity with b·c 
complementary input R1=R2=2.5K 
code, true zero output. 

Straight offset binary; a·c 
offset half scale, b·d 
symmetrical about zero, f·O 
no true zero output. R1 = R3=2.5K 

R2=1.25K 

Symmetrical 
Offset 1 's complement; offset a·c 

half scale, symmetrical b·d 
about zero, no true zero f·g 
output, MSB comple- R1 = R3= 2.5K 
mented (need Inverter R2= 1.25K 
at B1). 

Offset binary; offset half e-a-c 
scale, true zero output. 

Offset with 
True Zero 2'5 complemont; offset 

half scale, true zero 
output, MSB camp Ie-
mented (need Inverter 
at 81). 

ADDITIONAL CODE 
MODIFICATIONS 

b·g 
R1 = R2= 5K 

e-a-c 
b·g 

R1=R2=5K 

1. Any of the offset binary codes may be 
complemented by reversing the output 
terminal pair. 

Am6012 LOGIC INPUTS 

5,000kG 2.000mA -
ROFF 

e : -10 a 

Am6012 

iO b -
812 

9 

1 
LS8 

Output Scale 
MS8 
81 82 83 84 85 86 87 88 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
Zero scale 0 0 0 0 0 0 0 0 

Positive full scale 0 0 0 0 0 0 0 0 
Positive full scale - LSB 0 0 0 0 0 0 0 0 
Zero scale 1 1 1 1 1 1 1 1 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
(+ ) Zero scale 1 0 0 0 0 0 0 0 
(- ) Zero scale 0 1 1 1 1 1 1 1 
Negative full scale - LSB 0 0 0 0 0 0 0 0 
Negative full scale 0 0 0 0 0 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB 0 1 1 1 1 1 1 1 
(+ ) Zero scale 0 0 0 0 0 0 0 0 
(- ) Zero scale 1 1 1 1 1 1 1 1 
Negative full scale - LSB 1 0 0 0 0 0 0 0 
Negative full scale 1 0 0 0 0 0 0 0 

POSitive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
+ LSB 1 0 0 0 0 0 0 0 
Zero Scale 1 0 0 0 0 0 0 0 
- LS8 0 1 1 1 1 1 1 1 
Negative full scale + LSB 0 0 0 0 0 0 0 0 
Negative full scale 0 0 0 0 0 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB 0 1 1 1 1 1 1 1 
+ 1 LSB 0 0 0 0 0 0 0 0 
Zero scale 0 0 0 0 0 0 0 0 
-1 LSB 1 1 1 1 1 1 1 1 
Negative full scale + LSB 1 0 0 0 0 0 0 0 
Negative fu II scale 1 0 0 0 0 0 0 0 

Figure 4 
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R, R, 

~l~~,o", 
d_~+ 

R, 

4 
-=-

LS8 10 10 
VOUT 89 810 811 812 (mA) (mA) 

1 1 1 1 3.999 .000 9.9976 
1 1 1 0 3.998 .001 9.9951 
0 0 0 0 .000 3.999 .0000 

0 0 0 0 .000 3.999 9.9976 
0 0 0 1 .001 3.998 9.9951 
1 1 1 1 3.999 .000 .0000 

l' 1 1 1 3.999 .000 9.9976 
1 1 1 0 3.998 .001 9.9927 
0 0 0 0 2.000 1.999 .0024 
1 1 1 1 1.999 2.000 - .0024 
0 0 0 1 .001 3.998 - 9.9927 
0 0 0 0 .000 3.999 - 9.9976 

1 1 1 1 3.999 .000 9.9976 
1 1 1 0 3.998 .001 9.9927 
0 0 0 0 2.000 1.999 .0024 
1 1 1 1 1.999 2.000 - .0024 
0 0 0 1 .001 3.998 9.9927 
0 0 0 0 .000 3.999 9.9976 

1 1 1 1 3.999 .000 9.9951 
1 1 1 0 3.998 .001 9.9902 
0 0 0 1 2.001 1.998 .0049 

0 0 0 0 2.000 1.999 .000 
1 1 1 1 1.999 2.000 - .0049 
0 0 0 1 .001 3.998 - 9.9951 
0 0 0 0 .000 3.999 10.000 

1 1 1 1 3.999 .006 9.9951 
1 1 1 0 3.998 .001 9.9902 
0 0 0 1 2.001 1.998 .0049 
0 0 0 0 2.000 1.999 .000 
1 1 1 1 1.999 2.000 - 0.049 
0 0 0 1 .001 3.998 9.9951 
0 0 0 0 .000 3.999 10.000 

4·37 



LINEAR LSI PRODUCTS 

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

APPLICATION CIRCUITS 

CLOCK 

+15V 

I 

4-38 

CRT DISPLAY DRIVER 

+ 120VDC 

NOTES: 1. FULL DIFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE. 
2. ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS. 
3. INDEPENDENT BEAM CENTERING CONTROLS. 

Figure 5 

12·81T HIGH·SPEED AID CONVERTER 

SERIAL 
DATA OUT 

LSB 

VREF ANALOG IN 
(0·10V) 

1.25 

1.00 

" ~ 
>' 0.75 

" ~ 
B 0.50 

~ 

0.25 

0.00 

CONVERSION TIME vs ACCURACY 

I \ 
(WORST CASE)\ 

Am6012 
with 

NE529 

1\ Am601\ 
with 

~ NE529 
\ (TYP) I\. ~ 

LSB 
10 100 200 300 400 500 600 700 BOO 

Am6012 CONVERSION TIME PER TRIAL, ns 

COMP 

10.000kn 

0.001 0.001 
JiF J.!F CONVERSION 

TYP 
WORST 

TIME (ns) CASE 

SAR 33 55 

NE529 100 150 

V(-) 
'::' 

V(+) TOTAL 383ns 705ns 

x13 5.0~s 9.1~s 

Figure 6 
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APPLICATION CIRCUITS 

-

INTERFACE WITH 8·BIT MICROPROCESSOR BUS 

11 
OE 

LS373 

r--

E. 
'-- 0,. a,. I--- 0,. a,. t-

L.....- 0,. a,. I--- 0,. a,. t--
112 LS100 1/2LS100 0,. a,. r-- 0,. a,. 

Do. ao. I--- Do. ao. 
E. 

I 

TIMING SEQUENCE 

E, __________ ~r---l~ ________________________________ ___ 

E2--------------~r---l~ ____________ _ 

DBO·3 DB4·11 

DATA REMAINS ON INPUTS OF DAC UNTIL UPDATED BY E2 PULSE. TIMING WILL 
DEPEND ON PROCESSOR USED. 

Figure 7 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 
FORMERLY: NE500715008·F,N 

SE5008·F 

DESCRIPTION FEATURES ORDERING INFORMATION 
• Fast settling output current-70ns RELATIVE The DAC·OB series of B·bit monolithic 

multiplying Digital-to-Analog Converters 
provide very high speed performance cou
pled with low cost and outstanding applica
tions flexibility. 

• Full scale current prematched to ±1 lSB _ 55 to 125DC ACCURACY o to 70DC 
• Direct interlace to TTL, CMOS, ECl, 

HTL, PMOS 
• Relative accuracy to 0.1% maximum over 

temperature range 

0.39% FS DAC·OBCN 
DAC-OBCF 

0.19% FS DAC-OBEN 
Advanced circuit design achieves 70ns set
tling times with very low glitch and at low 
power consumption. Monotonic multiplying 
performance is attained over a wide 20 to 1 
reference current range. Matching to within 1 
LSB between reference and full scale cur
rents eliminates the need for full scale trim
ming in most applications. Direct interface to 
all popular logic families with full noise 
immunity is provided by the high swing, 
adjustable threshold logic inputs. 

DAC-OBEF • High output compliance -10V to +IBV DAC-OBF 
• True and complemented outputs DAC·OBED 
• Wide range multiplying capability DAC.OBAF 0.1% FS DAC·OBHF 

Dual complementary outputs are provided, 
increasing versatility and enabling differential 
operation to effectively double the peak-to
peak output swing. True high voltage com
pliance outputs allow direct output voltage 
conversion and eliminate output op amps in 
many applications. 

All DAC-OB series models guarantee full B-bit 
monotonicity and linearities as tight as 0.1 % 
over the entire operating temperature range 
are available. Device performance is essen
tially unchanged ovor the ± 4.5V to ± lBV 
power supply range, with 37mW power con
sumption attainable at ± 5V supplies. 

The compact size and low power consump
tion make the DAC·OB attractive for portable 
and military aerospace applications. 

• low FS current drift-±10ppm/' C 
• Wide power supply range-±4.5V to ±IBV 
• low power consumption-37mW at ± 5V 

APPLICATIONS 
• B-bit, lJ,1s A-to-D converters 
• Servo-motor and pen drivers 
• Wavelorm generators 
• Audio encoders and attenuators 
• Analog meter drivers 
• Programmable power supplies 
• CRT display drivers 
• High speed modems 
• Other applications where low cost, high 

speed and complete input/output versa
tility are required 

• Programmable gain and altentualion 
• Analog·Dlgltal Multiplication 
• Stepping motor drive 

DAC·08 ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power Supply Voltage, V + to V-
VS-V'2 Digital Input Voltage 
VLC Logic Threshold Control 
Vo Applied Output Voltage 

',4 Reference Current 

V'4' V's Reference Amplifier Inputs 
PD Power Dissipation (Package Limitation) 

Ceramic Package 
Plastic Package 

Lead Soldering Temperature (60 sec) 
TA Operating Temperature Range 

DAC-OB, DAC-OBA 
DAC-OBC, E, H 

TSTG Storage Temperature Range 

4·40 

RATING 

36 
V - to V - plus 36V 

V- to V+ 
V - to + lB 

5.0 
VEE to Vcc 

1000 
BOO 
300 

-55 to +125 
o to + 75 

- 65 to + 150 

Signetics 

UNIT 

V 

V 
rnA 

mW 
mW 
DC 

DAC·OBHN 

PIN CONFIGURATION 

F,N PACKAGE 

VLC COMP 

iii VREF-

v- VREF+ 

v+ 
B1 (MSB) BS (LSB) 

NOTES: 

B2 B7 

B3 B6 

B4 Bs 

TOPVIEW 

ORDER NUMBER 

DAC·OBAF 
DAC·OBF 
DAC'OBHF,N 
DAC·OBCF,N 

SE5009F 
SE500BF 
NE5009F,N 
NE5007F,N 

0 3 PACKAGE 

TOP VIEW 

ORDER NUMBER 

DAC·OBED 

BS(LSB) 

B7 

B6 

Bs 

B4 

83 

B2 

1. SOL· Released in Large SO package only. 
2. SOL and non·standard pinout. 
3. SO and non·standard pinouts. 
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BLOCK DIAGRAM 

,---H_-H~h-t-.--rt-_rt---1 ....... _+4'<l-IOUT 

TEST CIRCUIT 

14 

REFERENCE 
AMPLIFIER 

16 
COMPo v-

v- V+ 

CONTROLV;:====~ 
LOGIC I' 

Figure 1. Relative Accuracy Test Circuit 
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8-BIT MULTIPLYING D/A CONVERTER DAC-08 SERIES 

TEST CIRCUITS (Cont'd) 

DIGITAL 
INPUTS 

4·42 

5 
. .0-

6 
- .0-

T 

A1 

A2 

A3 

A4 

AS 

As 

A7 

AS 

(+ )1'1 

\!, 

VCC 

VCC 

13 

DAC-OS 

2.4V 

O,4V 
+ 2.0Vdc 

1.0V 

SETTLING TIME 
[ O.1~F 

RL FOR SETTLING TIME RL = 5000 
-=- MEASUREMENT 

r..o-~-"'-+-"".o (ALL BITS 
SWITCHED LOW 
TO HIGH). r CO· 25pF TRANSIENT 0 

RESPONSE 
-100 
mV 

~ 
tpHL = IpLH = 10ns 

r--

~~ 
~ 

IS = 70ns TYPICAL 
TO :t 112 LSB 

- I-lpLH -

Figure 2. Transient Response and Settling Time 

,----'\M~ ..... -<:> V,N 

14 

15 

16 OPEN 

1.4V 

L,"----=-= 

USE Rl t o GND 
RN OFF 

EMENT 
FOR TU 
MEASUR 

RL = 50 n 
PIN 4 T o GNO 

I- 'pHL 

SCOPE 
dl I dV 

dt RL dl 
~

O% 0 

90% 
---2.0mA -- --

SLEWING TIME 

Figure 3. Reference Current Slew Rate Measurement 

TYPICAL VALUES R14 = R15 = 1K 
VREF = + 2.0V 
C = 15pF 

Vo 
I-'<r-----.~... OUTPUT 

'0 

(SEE TEXT FOR VALUES OF C.) 

V, AND " APPLY TO INPUTS A1 THROUGH As 

THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 

where K =. VREF 
R14 

and AN = "1" IF AN IS AT HIGH LEVEL 
AN = "0" IF AN IS AT LOW LEVEL 

Figure 4. Notation Definitions 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 

ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R15 1s returned. 

PARAMETER 

Resolution 

Monoton icity' 

Relative accuracy 

Vcc= ± 15V, IREF= 2.0mA, Output characteristics refer to both lOUT and lOUT unless 
otherwise noted. DAC-OBC, E, H: TA = O'C to 70'C. DAC-OB/OBA: TA = - 55'C to 125'C. 

CAC-OBC CAC-OBE CAC-OBH 
TEST CONCITIONS CAC-OB CAC-OBA UNIT 

Min Typ Max Min Typ Max Min Typ Max 

B 8 8 8 8 8 8 8 8 Bits 

8 8 8 8 8 8 8 8 8 Bits 

Over temperature range ±0.39 ±0.19 ±0.1 .% FS 
Differential nonlinearity +0.39 ±0.19 +0.19 %FS 

ts Settling time To±1/2 LSB, all bits 
switched on or off, TA = O'C 

70 135 70 135 70 135 ns 

Propagation delay ns 
tpLH Low-to-high T A ;25 0 C. each bit. 

35 60 35 60 35 60 
tpHL High-to-Iow All bits switched 

TCIFS Full scale tempco ±10 ±10 ±10 ± 50 ppm/oC 

VOC Output voltage Full scale current change -10 +18 -10 +18 -10 +18 V 
compliance <1j, LSB 

I FS4 Full scale current V REF; 1 0 .OOOV, 1.94 1.99 2.04 1.94 1.99 2.04 1.984 1.992 2.000 mA 
R14 , R15 ;5.000k!1, 

I FSS Full scale 
I FS4·-1 FS2 ±2.0 ±16 ±1.0 ±8.0 ±1.0 ±4.0 fJ.A 

symmetry 

I ZS Zero scale current 0.2 4.0 0.2 2.0 0.2 1.0 fJ.A 

R14 R15 = 5.000kO 
I FSR Full scale output VREF = + 15.0V, V - = -10V 2.1 2.1 2.1 mA 

current range VREF = + 25.0V, V- = -12V 4.2 4.2 4.2 
Logic input levels V 

V IL Low 
VLC;OV 0.8 0.8 0.8 

V IH High 2.0 2.0 2.0 

Logic input current VLC-OV fJ.A 
IlL Low V IW-10V to +0.8V -2.0 -10 -2.0 -10 -2.0 -10 

IIH High VIW2.0V to 18V 0.002 10 0.002 10 0.002 10 

VIS Logic input swing V-- 15V -10 +18 -10 +18 -10 +18 V 

VTHR Logic threshold VS;±15V -10 +13.5 -10 +13.5 -10 +13.5 V 
range 

1'5 Reference bias -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 fJ.A 
current 

dl/dt Reference input 4.0 8.0 4.0 8.0 4.0 8.0 mA/fJ.s 
slew rate 

Power supply IREF;1mA OfoFS/OfoVS 
sensitivity 

PSSI FS+ Positive V+;4.5 to 5.5V, V-;-15V; 0.0003 
V+;13.5 to 16.5V, V-;-15V 

0.01 0.0003 0.01 0.0003 0.01 

PSSI FS- Negative V-;-4.5 to -5.5V, V+;+15V; 0.002 0.01 0.002 0.01 0.002 0.01 
V-;-13.5 to -16.5, V+;+15V 

Power su pply cu rrent mA 
1+ Positive V S;±5V, I REF;1.0mA 3.1 3.8 3.1 3.8 3.1 3.8 
1- Negative -4.3 -5.8 -4.3 -5.8 -4.3 -5.8 

1+ Positive 
V S;+5V, -15V, I REF;2.0mA 

3.1 3.8 3.1 3.8 3.1 3.8 
1- Negative -7.1 -7.8 -7.1 -7.8 -7.1 -7.8 

1+ Positive 3.2 3.8 3.2 3.8 3.2 3.8 
1- Negative 

V S;±15V, I REF;2.0mA -7.2 -7.8 -7,2 -7.8 -7.2 -7.8 

PD Power dissipation ±5V, I REF;1.0mA 37 48 37 48 37 48 mW 

+5V, -15V, IREF;2.0mA 122 136 122 136 122 136 

±15V, IREF;2.0mA 156 174 156 174 156 174 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT vs OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 
ALL BITS ON 

3. 2 
TA=Tmin TO Tmax 

'[ 2. 6 
I I I 

- 2.4 
I-

ffi 2. 
V-=-1SV V- = -5V IREF-2mA 

0 
a: 
§ 1. 6 
o 
~ 1.2 
"-!:i 0.8 
o 

0.4 

o 

I II I I 
I!EF-11mA 

, .1. 
IREF=0.2mA 

-14 -10 6 - 2 0 2 6 10 14 16 
OUTPUT VOLTAGE(V) 

FULL SCALE SETTLING TIME 

2.4V 

DAV 
OUTPUT - '/1 LSD 

o 
SETILING +'11 LSD 

ALL BITS SWITCHED ON 

-l-i-I) 

--... 11 

-

W 

50n51DIVIS10N 

FAST PULSED 
REFERENCE OPERATION 

2.SV 

O.SV 

-C.SmA 

lOUT 

-2.SmA 

-,.... --
1\ 

200ns/divlslon 

'--
J~ 

L 

REO = 200n,RL = 100n, CC = 0 

LSB SWITCHING 

BIT 8 2.4V 

LOGIC II 
INPUT 0.4V 

OV 

lOUT 
8,A 

0 
~ 

SOns/division 

~ 

""" 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA .... r-., ~i""" 
I 

1.0mA l"'- I--'" 
~ r-... 

..... 
2.0mA 

..... ~ 1-0.. 1 OUT 

(00000000) (11111111) 

« g 
I-
Z 
W 
a: 
a: 
=> 
0 
I-

~ 
l-
=> 
0 
I 
OJ) 

J!. 

FULL SCALE CURRENT vs 
REFERENCE CURRENT 

5.0 

4.0 

T -T TOT LIMIT FO~ S il-Ate BI'-¥kn"HIGi!i"~X -v - = -15~ 

./ 
3.0 V 

V 
2.0 

1.0 

V 
V LIMIT FOR 

V v- = -SV-- I--

V 
o I 
o 1.0 2.0 3.0 4.0 S.O 

IREF - REFERENCE CURRENT(mA) 

LSB PROPAGATION DELAY 
vs IFS 

REFERENCE INPUT 
FREQUENCY RESPONSE 
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50 

! j 40 

w 
c 30 
z 
o 

0 

0 

0 

~ 20 0 
(!J .. 
"-
~ 10 0 

0 

! 
1 LSB=7BnA 1 LSB- 7.8p,A 

111111111 II 1111 

IFS - OUTPUT FULL SCALE CURRENT (mA) 

~ 
2 

I- 0 
=> -2 "-
I-
=> -4 
0 
w -6 > 
i= -6 
~ 
w -10 
a: 

-12 

, 
" I- R14=R1S=1kn 'S~ 
~ RL $ 5000 2 

!- ALL BITS "ON" 
\. 

r ~R1S=IOVI I II 

I I I 1111 1\ 
I I I 1111 -14 

0.1 0.2 0.5 1.0 2.0 5.0 10 
FREoUENCY(MH,) 

Curve 1: CC=15pF, VrN=2.0V pop centered at 
+ 1.0V. 

Curve 2: CC=15pF, VIN=50mV pop centered at 
+ 200mV. 

Curve 3: CC = OpF, VIN = 100mV pop centered at OV 
and applied thru son connected to pin 14. 
+ 2.0V applied to R14' 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

REFERENCE AMP COMMON 
MODE RANG!;: 

3.2 

.. 2.8 
E 

ALL BITS ON 

TA-Tmln TO Tmax 

I I ;: 2. 
z 
~ 2.0 

4 
V- = -15V' V- = -5V I V+ = +15V 

g; 1.6 
(J 

!; 1. 2 .. 
!; O.S 
o 

0.4 

o 

I 

I 

I 'IREF=2mA 

I I 
IR.EF- .1mA f--
IREF - 0.2mA, -

-14 -10 - 6 - 2 0 2 8 10 14 18 
V15 - REFERENCE COMMON MODE VOLTAGE (V) 

Positive common mode range is always (V+-) - 1.5V 

OUTPUT VOLTAGE COMPLIANCE 
vs TEMPERATURE 

a 
w 

" .. 
~ 
0 
> 
I-
:::> .. 
I-
:::> 
0 

20 

16 

12 

-4 

-8 

-12 

POWER SUPPLY CURRENT vs V-

.. 
g 7 
!Z 
l:! 
a: 
:::> 
(J 

::; .. .. 
iil 
a: 
w 

~ 
.. 0 

BITS MAY BE HIGH OR LOW I J 
1- WITH IREF = 2mA 

I_I wJH I~EF~1lA 
1- WITH IREF = 0.2mA 

'- 1+ 

I 
o -4.0 -8.0 -12 -10 -20 
V- - NEGAtiVE POWER SUPPLY (Vdc) 

8.0 

~ 
!Z 6.0 
w 
a: 
a: 
:::> 
(J 4. 0 
~ .. 
!! 
u 2.0 
Oi 
g 

o 

LOGIC INPUT CURRENT VB 

INPUT VOLTAGE 

I 

12 8 4 0 4 8 12 16 
LOGIC INPUT VOLTAGE (V) 

BIT TRANSFER CHARACTERISTICS 

1.4 

.. 1.2 
g 
~ 1.0 
w 
~ 0.8 
:::> 

~ 0.6 
:::> .. 
I- 0.4 
:::> o 

0.2 

o 

IREF-2.0mA -B1 

B2 

V- = 15V 
~y-- 5V 

B3_ 

1,'1 r. "";85;; 

-12 - 8 - 4 0 4 8 12 16 
LOGIC INPUT VOLTAGE (V) 

NOTE 

8 1 through Be have identical transfer characteristics. 
Bits are fully switched, with less than % LSB error, at 
less than ±100mV from actual threshold. These switch
ing points are gua'ranteed to tie between 0.8 and 2.0 
volts over the opera'ting temperature range (VLC = 
O.OV). 

6 

2 

1 

POWER SUPPLY CURRENT 
VB TEMPERATURE 

ALL BITS HIGH OR LOW - I-""V- =' -i5V 1-

I~EF=2.0mA 

I I I 
V+ = +15V - 1+-

I I I 
I I I 

-

-50 50 100 150 
TEMPERATURE ('C) 
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VTH - VLC vs TEMPERATURE 

2.0 

1.8 

1.6 

a 1.4 

~ 1.2 
> 
I 1.0 

~ 0.8 
> 

0.6 

0.4 

0.2 

i""oo 
I"'--

I'-

o -50 o 50 100 150 
TEMPERATURE ('C) 

POWER SUPPLY CURRENT va V+ 

ALL BITS HIGH OR LOW 
7 1--~ 

I-

ill 6 
a: 
a: 
:::> 

" ::; .. .. 
:::> ., 
a: 
w 

~ 

5 

3 

1 

0 

1+ 

o 2 4 8 8 10 12 14 16 18 20 
V + - POSITIVE POWER SUPP~Y (Vdc) 

MAXIMUM REFERENCE INPUT, 
FREQUENCY VS. COMPENSATION 

CAPACITOR VALUE 

10,000_11 

1,000_11 

100_ 

10 1 10 100 1,000 

Cc (pF) 
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8-Bll HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES· 

TYPICAL APPLICATION 

PULSED REFERENCE OPERATION 

ovJ"'L 

+VREF 
If { OPTIONAL RESISTOR 
l FOR OFFSET 
:: INPUTS -U-

R'N 1 RREF 
1iEQ 14 

Rp = 2000 15 18 2!r_--"IM..~ 

TYPICAL VALUES 

R'N = 5K 
+V'N= IOV 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive and 
Compensation 

The referenco amplifier Input current must 
always flow Into pin 14 regardless of the 
setup method or roforonco supply voltage 
polarity. 

Connections for a posltlvo reference volt· 
age are shown In Flguro 1. The reference 
voltage source supplies the full reference 
current. For bipolar reference signals. as 
In the multiplying mode. R15 can be tlod to 
a negative voltage corresponding to the 
minimum input level. R15 may be elimina
ted with only a small sacrifice In accuracy 
and temperature drift. 

The compensation capacitor value must 
be increased as R14 value Is Increased. 
This Is in order to maintain proper phase 
margin. For R14 values of 1.0, 2.5, and 5.0K 
ohms, minimum capacitor values are 15, 
37, and 75pF, respectively; The capacitor 
may be tied to either Ii EE or ground, but us
Ing VEE Increases negative supply rejec
tion. (Fluctuations In the negative supply 
have more effect on accuracy than do any 
changes In the positive supply.) 

A negative reference voltage may be used if 
R14 is grounded and the reference voltage is 
applied to R15, as shown. A high hiput impe
dance Is the main advantage of this method. 
The negative reference votage must be at 
least 3.0V a.bove the VEE supply. Bipolar input 
signals may be handled by connecting R14 to 

4·46 

a positive reference voltage equal to the . output current. However, the DAC08 
peak positive Input level at pin 15. series has a very low full scale current 

When using a DC reference voltage, capac- . 
Itlve bypass to ground Is recommended. 
The 5.0V logic aupply Is not recommended 
as a reference . voltage, but If a well 
regulated 5.0V supply which drives logic Is 
to be used as the reference, R14 should be 
formed of two series resistors with the 
Junction of: the two resistors bypassed 
with O.l"F to ground. For reference volt
ages greater than 5.0V, a clamp diode Is 
recommended between pin 14 and ground. 

If pin 14 Is driven by a high Impedance 
such as ·a transistor current source, none 
of the above compensation methods apply 
and the amplifier must be heavily compen
sated, decreasing the overall bandwidth. 

Output Voltage Range 

The voltage at pin 4 must always be at 
least 4.5 volts more positive than the volt
age of the n.egatlve supply (pin 3) when the 
reference current Is 2mA or less, and at 
least 8 volts more positive than the nega
tive supply when the reference current Is 
between 2mA and 4mA. This Is necessary 
to avoid saturation of the output iran
slstors, which would cause serious ac
curacy degradation. 

Output Current Range 

Any time the full scale current exceeds 
2mA, the negative supply must be at least 
a volts more negative than the output volt
age. This is due to the increased Internal 
voltage drops between the negative sup
ply and the outputs with higher reference 
currents. 

Accuracy 

Absolute accuracy 15 the measure of each 
output current level with respect to its In
tended value, and Is dependent upon 
relative accuracy, full scale accuracy and 
full scale current drift. Relative accuracy 
Is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The relative accuracy of the DACOa 
series 15 essentially constant over the 
operating temperature range due to the 
excellent temperature tracking of the 
monolithic resistor ladder. The reference 
current may. drift with temperature, caus
ing a change in the absolute accuracy of 

Signetics 

drift over the operating temperature range. 

The DAC08aeries Is guaranteed accurate 
to within :I: 1/2 LSB at + 25·C at a full 
scale output current of 1.992mA. T~e rela
tive accuracy test circuit Is shown In 
Figure 1. The 12-blt converter Is calibrated 
to a full scale output current of 
1.99219mA, then the DAC08 full scale cur
rent Is trimmed to the same value with R14 
so that a zero value appears at the error 
amplifier output. The counter Is activated 
and the error band may be displayed on 
the oscilloscope, detected by com
parators, or stored In a peak detector. 

Two 8-blt D-to-A converters may not be 
used to construct a 16-blt accurate D-to-A 
converter. Sixteen-bit accuracy Implies a 
total of :1:1/2 part In 65,536, or :1:0.00076%, 
which Is much more accurate than the 
:I: 0.19% specification of the DAC08 
series. 

Monotonlclty 

A monotonic converter Is one which 
always provides analog output greater 
than or equal to the preceding value for a 
corresponding Increment In the digital In
put code. The DAC08 series Is monotonic 
for all values of reference current above 
0.5mA. The recommended range for opera
tion Is a DC reference current between 
0.5mA and 4.0mA. . 

Settling Time 

The worst case switching condition oc
curs when all bits are switched on, which 
corresponds to a low-to-hlgh transition for 
all input bits. This time Is typically 70ns 
for settling to within 1/2 LSB for 8-bit ac
curacy. This time applies when RL <500 
ohms and Co <25pF. The slowest single 
switch 15 the least significant bit, which 
typically turns on and settles in 65ns. In 
applications where the DAC functions in a. 
positive gOing ramp mode, the worst case 
condition does not occur and settling 
times less than .70ns may be realized. 

Extra care must be taken In board layout 
since this usually is the dominant factor In 
satisfactory test results when measuring 
settling time. Short leads, 100"F supply 
bypassing for low frequencies, minimum 
scope lead length, and avoidance of 
ground loops are all mandatory. 
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0,. 02 = IN6263 or equivalent 
03 = IN914 or equivalent 
C, = O.Q1"' 

C" C, = 0.'"' 
0, = 2N3904 or equivalent 
C4. C5 = 15pf and Includes ali 

SETTLING TIME AND PROPAGATION DELAY 

VS+=+15V 

probe and flxturlng capacitance 

15 

VS-=-15V -::-

BASIC DAC·OB CONFIGURATION 

Msa 2 3 4 5 B 7 LSa 

RREF ('REF 

(LOW T,e.) '------114 "r----{) 10 

CAe·OB ,-___ --115 

+VRel 255 -
IFS "" -- x - ; 10 + 10 = IFS for all logic stales 

R ReI 256 

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST 

'--_____ --1 14 

Rl = low T.e. 
R3 = Rl + R2 
R2::': 0.1 Rl to minimize 

CAe·OB 

pol. contribution to full scale drift 
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UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 

14 DAc·oa 

15 

SkO (LOW T.C.) 

VOUT= 
OTO + 10V 

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 

a) Positive Output V=10V 

5kn 5kO 

~ ____ ~~ ____ ~ ____ ~VOUT 

DAc·oa 
14 

~------------~-----oVOUT 

b) Negative Output 

IR=2mA 
DAc·oa 

14 

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 

I V=10V 

t'OkO 
IR=2mA 

~> 
10kO 

0-==- 14 DAc·oa 
VOUT 

/ 

IVOUT 

CODE CHART 

B, B2 B3 9 4 95 B6 B7 Ba VOUT VOUT 

POS full scale 1 1 1 1 1 1 1 1 - 9.920V +10.0ao 
POSf.s, -lLSB 1 1 1 1 1 1 1 0 - 9.S40V +9.920 
+ Zero scale of 1 LSB 1 0 0 0 0 0 0 1 - o.oaov +0.160 

Zero scale 1 0 0 0 0 0 0 0 0.000 +o.oao 
Zero scale - 1 LSB 0 1 1 1 1 1 1 1 o.oao 0.000 
Neg fuil scale - 1 LSB 0 0 0 0 0 0 0 1 + 9,920 -9840 
Neg full scale 0 0 0 0 0 0 0 0 +10.000 -9.920 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

SYMMETRICAL OFFSET BINARY (BIPOLAR) 

14 

VOUT = a to tv· 

±V -Range: 
±5V for R, = R2 = 2.SK 
±1QV for Rl = R2 = S.OK 

CAe·08 

DAC-08 SERIES 

3 DIGIT BCD CONVERTER 
A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve ±0.1% accu
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to'provide 
o to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (R7) sets the zero scale at O.OOV. 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
code 100110011001. 

Full scale adjustment procedure. 

In the sequence below, switch on the follow
ing code combinations and adjust the indi
cated potentiometer for the proper output. 

3 DIGIT BCD CONVERTER WITH ±D.1% ACCURACY 

lK 4.SK 

+lSV -lSV 

AS 

10K 45K 

+1SV -lSV 
o ~ .. 

Q)"" ... (1) 
mmm..J 

A6 A3 
14. 5-12 

CAC·08C 15 
lOOK 450K 

13 16 

-= 

+15V -15V 

Signetics 

.". 

INPUT CODE 

MSD LSD 

1. 000000000000 
2. 00000000100 1 
3. 000010011001 
'4. 100110011001 

RB.8k±O.1% 

+ 15V 

ADJUST DESIRED 

POT OUTPUT 

R7 O.OOOV 

R3 0.09V 

R2 0.99V 

Rl 9.99V 

>--~--o Your 

- 15V 
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LINEAR LSI PRODUCTS 

8-BIT MULTIPLYING D/A CONVERTER MC1S08-8/1408-8/1408-7 

DESCRIPTION CIRCUIT DESCRIPTION 
The MC1508/MC1408 series of 8-bit mono- The MC1508/MC1408 consists of a refer-
lithic digital-to-analog converters provide 
high speed performance with low cos!. They 
are designed for use where the output cur
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 
• Fast settling time- 70n5 (typ) 
• Relative accuracy ±0_19% (max error) 
• Non-inverting digital inputs are TTL and 

CMOS compatible 
• High speed multiplying rate 4.0mA/!1s 

(input slew) 
• Output voltage swing + .SV to -S.OV 
• Standard supply voltages + S.OV and 

-S.OV to -15V 
• Military qualifications pending 

APPLICATIONS 
• Tracking A-to-D converters 
• 21j,-digit panel meters and DVM's 
• Waveform synthesis 
• Sample and hold 
• Peak detector 
• Programmable gain and attenuation 
• CRT character generation 
• Audio digitizing and decoding 
• Programmable power supplies 
• Analog-digilal multiplication 
• Digital-digital multiplication 
• Analog-digilal division 
• Digital addition and subtraction 
• Speech compression and expansion 
• Stepping motor drive 
• Modems 
• Servo motor and pen drivers 

ence current amplifier, an R-2R ladder, and 
8 high speed current switches. For many 
applications, only a reference resistor and 
reference voltage need be added. 

The switches are non-inverting in opera
tion; therefore, a high state on the input 
turns on the specified output current com
ponent. 

The switch uses current steering for high 
speed, and a termination amplifier consist
ing of an active load gain stage with unity 
gain feedbaCk. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 

The R-2R ladder divides the reference am
plifier current into binarily-related compo
nents, which are fed to the switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground. and the 
maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 

ABSOLUTE MAXIMUM RATINGS TA = +25°C unless otherwise specified 

PARAMETER RATING UNIT 

Power Supply Voltage 
Vcc Positive +5.5 V 
VEE Negative -16.5 V 
VS-V'2 Digital Input Voltage o to Vcc V 
Vo Applied Output Voltage - 5.2 to + 18 V 
1'4 Reference Current 5.0 mA 
V,4, V,S Reference Amplifier Inputs VEE to Vcc 
PD Power Dissipation (Package Limitation) 

Ceramic Package 1000 mW 
Plastic Package 800 mW 

Lead Soldering Temperature (60 sec) 300 °C 
TA Operating Temperature Range 

MC1508 - 55 to + 125 °C 
MC1408 o to + 75 °C 

TSTG Storage Temperature Range - 65 to + 150 °C 

4-50 Signetics 

PIN CONFIGURATION 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

CaMPEN 

VREF(-) 

VREF(+) 

Vcc 
AS (LSB) 

MC1S08·8F MC1408·7N 

NOTES: 

MC1408·7F 

03 PACKAGE 

TOP VIEW 

ORDER NUMBER 

MC 1408·8D 

AS (LSB) 

A7 

A6 

AS 

A4 

A3 

A2 

1. SOL Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 

BLOCK DIAGRAM 

MSB LSB 

NPN CURRENT SOURCE PAIR 



LINEAR LSI PRODUCTS 

8-BIT MULTIPLYING 0/ A CONVERTER MC1508-8/1408-8/1408-7 

DC ELECTRICAL CHARACTERISTICS1 

TEST 
PARAMETER 

CONDITIONS Min 

E, Relative accuracy Error relative 
to full scale 
10, Figure 3 

ts Setting time1 To within 1/2 LSB, 
includes t'PLH, 
T'A = +25'C, 
Figure 4 

Propagation delay 
time 

tPLH Low-to-high TA = +25'C, 
tPHL High-to-Iow Figure 4 

TClo Output full scale 
current drift 
Digital input 
logic level IMSBI 

VIH High Figure 5 2.0 
VIL Low 

Digital input 
current IMSBI 

Figure 5 

IIH High VIH = 5.0V 
IlL Low VIL = 0.8V 
115 Reference input 

bias current 
Pin 15, Figure 5 

lOR Output current Figure 5 
range 

VEE = -5.0V 0 
VEE = ~7.0V to 0 
-15V 

10 Output current Figure 5 
V,et = 2.000V, 1.9 
R14 = 1000n 

10(minl Off-state All bits low 

Va Output voltage E,oSO.19% at 
compliance TA = +25'C, 

Figure 5 
VEE = -5V 

VEE below -10V 

SRI,et Reference current 
slew rate 

Figure 6 

PSRR(-)Output current I,et= 1mA 
power supply 
sensitivity 
Power supply 
current 

lee Positive All bits low, 
lEE Negative Figure 5 

Power supply 
voltage range 

VeeR Positive TA = +25'C, +4.5 
VEER Negative Figure 5 -4.5 

PD Power dissipation All bits low, 
Figure 5 
VEE = -5.0Vdc 
VEE = -15Vdc 

NOTES: 
1. All bits switched. 

Pin 3 must be 3V more negative than the potential to which R15 is returned. 

Vee = +5.0Vdc, VEE = -15VdC~ V,et = 2.0mA 
unless otherwise specified. R14 
MC1508: TA = -55'C to 125'C. MC1408: TA=0'Ct075'C 
unless otherwise noted 

MC150B-B MC140B-B MC140B-7 

Typ Max Min Typ Max Min Typ Max 

±0.19 ±0.19 ±0.39 

70 70 70 

35 100 35 100 35 100 

-20 -20 -20 

2.0 2.0 
0.8 0.8 0.8 

0 0.04 0 0.04 0 0.04 
-0.4 -0.8 -0.4 -0.8 -0.4 -0.8 
-1.0 - 5.0 -1.0 -5.0 -1.0 -5.0 

2.0 2.1 0 2.0 2.1 0 2.0 2.1 
2.0 4.2 0 2.0 4.2 0 2.0 4.2 

1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 

0 4.0 0 4.0 0 4.0 

-0.6, - 0.6, - 0.6, -0.55,+0.5 -0.55, +0.5 -0.55,+0.5 
+10 + 10 +10 

- 5.5, - 5.0,+0.5 
-5.5, - 5.0,+0.5 

-5.5, - 5.0,+0.5 
+ 10 + 10 +10 

8.0 8.0 8.0 

0.5 2.7 0.5 2.7 0.5 2.7 

+ 2.5 +22 +2.5 +22 + 2.5 +22 
- 6.5 -13 - 6.5 -13 -6.5 -13 

+5.0 +5.5 +4.5 +5.0 +5.5 +4.5 +5.0 +5.5 
-15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5 

34 170 34 170 34 170 
110 305 110 305 110 305 

Signetics 

UNIT 

% 

ns 

ns 

PPMI'C 

Vdc 

mA 

p.A 

mA 

mA 

p.A 

Vdc 

mA/p.s 

p.AIV 

mA 

Vdc 

mW 
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LINEAR LSI PRODUCTS 

8-BIT MULTIPLYING D/A CONVERTER MC1508-8/1408-8/1408-7 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

D,'o·A TRANSFER CHARACTERISTICS 

:t 
§. 

0 ....... I- r-..... z 
w 
a: 

f"'-.-r-.. a: 
B 1.0 ....... 
I- r---.. " .. 

r-.....r-.. I-

" 02.0 

.9 
(00000000) INPUT DIGITAL WORD ("""") 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 

The reference amplifier input current must 
always flow into pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 

Connections for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals, as in the multiply
ing mode, R.s can be tied to a negative 
voltage corresponding to the minimum input 
level. R.s may be eliminated and pin 15 
grounded, with only a small sacrifice in 
accuracy and temperature drift. 

The compensation capacitor value must 
be increased with increasing values of R'4 
to maintain proper phase margin. For R'4 
val ues of 1.0, 2.5, and 5.0K ohms, 
minimum capacitor values are 15, 37, and 
75pF. The capacitor may be tied to either 
VEE or ground, but using VEE increases 
negative supply rejection. (Fluctuations in 
the negative supply have more effect on 
accuracy than do any changes in the 
positive supply). 

A negative reference voltage may be used 
if R'4 is grounded and the reference 
voltage is applied to R,s, as shown in 
Figure 2. A high input impedance is the 
main advantage of this method. The 
negative reference voltage must be at 
least 3.0V above the VEE supply. Bipolar 
input signals may be handled by connect
ing R'4 to a positive reference voltage 
equal to the peak positive input level at pin 
15. 

Capacitive bypass to ground is recom· 
mended when a DC reference voltage is 
used. The 5.0V logic supply is not recom· 
mended as a reference voltage, but if a 

4·52 

well regulated 5.0V supply which drives 
logic is to be used as the reference, R'4 
should be formed of two series resistors and 
the junction of the two resistors bypassed 
with 0.11'F to ground. For reference voltages 
greater than 5.0V, a clamp diode is recom· 
mended between pin 14 and ground. 

If pin 14 is driven by a high impedance 
such as a transistor current source, none 
of the above compensation methods apply 
and the amplifier must be heavily compen· 
sated, decreaSing the overall bandwidth. 

Output Voltage Range 
The voltage at pin 4 must always be at 
least 4.5 volts more positive than the 
voltage of the negative supply (pin 3) when 
the reference current is 2mA or less, and 
at least 8 volts more positive than the 
negative supply when the reference cur· 
rent is between 2mA and 4mA. This is 
necessary to avoid saturation of the out· 
put transistors, which would cause 
serious degradation of accuracy. 

Signetics' MC1508/MC1408 does not need 
a range control because the design ex
tends the compliance range down to 4.5 
volts (or 8 volts-see above) above the 
negative supply voltage without signifi· 
cant degradation of accuracy. Signetics' 
MC1508/MC1408 can be used in sockets 
designed for other manufacturers' MC15081 
MC1408 without circuit modification. 

Output Current Range 
Any time the full scale current exceeds 
2m A, the negative supply must be at least 
8 volts more negative than the output 
voltage. This is due to the increased inter· 
nal voltage drops between the negative 
supply and the outputs with higher refer· 
ence currents. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its 
intended value, and is dependent upon 
relative accuracy, full scale accuracy and 
full scale current drift. Relative accuracy 
is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The relative accuracy of the 
MC1508/MC1408 is essentially constant 
over the operating temperature range 
because of the excellent temperature 
tracking of the monolithic resistor ladder. 
The reference current may drift with tem· 
perature, causing a change in the absolute 
accuracy of output current; however, the 
MC1508/MC1408 has a very low full scale 
current drift over the operating tempera· 
ture range. 

Signetics 

The MC1508/MC1408 series is guaranteed 
accurate to within ±1/2 LSB at +25°C at a 
full scale output current of 1.99mA. The 
relative accuracy test circuit is shown in 
Figure 3. TI'le 12·bit converter is calibrated 
to a full scale output current of 1.99219mA; 
then the MC1508/MC1408's full scale cur· 
rent is trimmed to the same value with R'4 
so that a zero value appears at the error 
amplifier output. The counter is activated 
and the error band may be displayed on 
the oscilloscope, detected by com· 
parators, or stored in a peak detector . 

Two 8·bit D·to·A converters may not be 
used to construct a 16-bit accurate D·to·A 
converter. Sixteen·bit accuracy implies a 
total of ±1/2 part in 65,536, or ±0.00076%, 
which is much more accurate than the 
±0.19% specification of the MC15081 
MC1408. 

Monotonicity 
A monotonic converter is one which 
always provides an analog output greater 
than or equal to the preceding value for a 
corresponding increment in the digital 
input code. The MC1508/MC1408 is mono· 
tonic for all values of reference current 
above 0.5mA. The recommended range for 
operation is a DC reference current be· 
tween 0.5mA and 4.0mA. 

Settling Time 
The worst case switching condition oc· 
curs when all bits are switched on, which 
corresponds to a low·to·high transition for 
all input bits. This time is typically 70ns 
for settling to within 1/2 LSB for 8-bit ac· 
curacy. This time applies when RL < 500 
ohms and Co <25pF. The slowest single 
switch is the least significant bit, which 
typically turns on and settles in 65ns. In 
applications where the D·to·A converter 
functions in a positive going ramp mode, 
the worst case condition does not occur 
and settling times less than 70ns may be 
realized. 

Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring settl· 
ing time. Short leads, 100l'F supply bypass· 
ing for low frequencies, minimum scope lead 
length, good ground planes, and avoidance of 
ground loops are all mandatory. 



LINEAR LSI PRODUCTS 

8·BIT MULTIPLYING D/A CONVERTER 

VEE 

SEE TEXT FOR VALUES OF C. 

C 

Figure 1. Positive VREF 

AI 

A2 

Aa 
A4 

A6 

AS 

A7 

AS 

Signetics 

10 

11 

12 

MC1508·8/1408·8/1408· 7 

VCC 

13 
R14=R16 

14 Ru 

16 
(-) VREF 

R16 "L.l" 

MC160B 
MCI40B 

":' RL 

18 10 "-" 
':' 

SEe TEXT FOR VALUES OF C. 

C 

4 
VEE 

Figure 2. Negative VREF 
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LINEAR LSI PRODUCTS 

8·BIT MULTIPLYING D/A CONVERTER MC 1508·8/1408·8/1408· 7 

TEST CIRCUITS (Cont'd) 

B·BIT 
COUNTER 

VCC 

VEE 

4-54 

MSB 

A1 
A2 

A3 12·BIT 

A4 
D·TQ·A -<>- OTO +10VOUTPUT CONVERTER 

AS (,,0.02% 

AS 
ERROR MAX) 

r---O- A7 5K 

r<>- Aa A9 A10 A11 A12 

LSB t t t t 50K 

VREF" 2V O.~ .~ 
:J 100 ~ 950 + ERR 

JC 

OR(1V=1%) 

R14 
-: NE530 

MSB 14 
5 

S 

7 

a MC150B ~ 9 MC140B 
10 

11 

12 
LSB 

15 

1~ 11 1K 

- V EE 

Figure 3. Relative Accuracy 

2.4V 
1.4V 

0.4V ~---t--,-------+=== 

1.0V 

SETTLING TIME 

USE RL to GND 
FOR TURN OFF 
MEASUREMENT 1'" O.1~F 

R!:L FOR SETTLING TIME RL = 5000 
-::- MEASUREMENT f---4-\d+'--___ -+---

17:;0-':::"'--+_.0 (ALL BITS 
SWITCHED LOW 
TO HIGH). I Co S 25pF 

ts = 70n8 TYPICAL 
TO "1/2 LSB 

TRANSIENT 0 l--4.f-------+l---
RESPONSE RL =500 

-100, PIN 4 TO GND 

mV tpHL 

Figure 4. Transient Response and Settling Time 

Signetics 



LINEAR LSI PRODUCTS 

8·BIT MULTIPLYING D/A CONVERTER MC1508·8/1408·8/1408·' 

TEST CIRCUIT~ (Cont'd) 

DIGITAL 
INPUTS 

VCC 

13 

TYPICAL VALU ES R14 = R15 = 1 K 
VREF= +2.0V 
C=15pF 

114 R 
1-1"'4"'-__ "'1"'4.-...... _ VREF (+) 

VI AND II APPLY TO INPUTS A1 THROUGH AS 

THE RESISTOR TIED TO PIN 151S TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 

Vo /-"<>----_.-_ OUTPUT 

C 

(SEE TEXT FOR VALUES OF C.) 

andAN="1"IF AN ISATHIGH LEVEL 
AN = "0" IF AN IS AT LOW LEVEL 

Figure 5. Notation Definitions 

SCOPE ~
O% 0 

90% 
---2.0mA -- --

SLEWIN,G TIME 

Figure 6. Reference Current Slew Rate Measurement 
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LINEAR LSI PRODUCTS 

10·BIT HIGH·SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

DESCRIPTION 
The MC3410 series are 10·Sit Multiplying 
Digital·to·Analog Converters. They are 
capable of high·speed performance, and 
are used as general·purpose building 
blocks in cost·effective DIA systems. 

APPLICATIONS 
• Successive approximation AID 

converters 
• Hlgh·speed, automatic test equipment 
• High·speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and x·y plotters 
• Programmable power supplies 
• Programmable gain and attenuation 

PIN CONFIGURATION 
FPACKAGES 

ORDER NUMBERS 

The Signetics' design provides complete 
10·bit accuracy without laser trimming, 
and guaranteed monotonicity over temper· 
ature. Segmented current sources, in can· 
junction with an RI2R DAC provides the 
binary weighted currents. The output buf· 
fer amplifier and voltage reference have 
been omitted to allow greater speed, lower 
cost, and maximum user flexibility. 

MC3410F MC3410CF MC3510F 

FEATURES ABSOLUTE MAXIMUM RATINGS TA= +25'C unless otherwise noted 

• 10·bit resolution and accuracy (:!:O,05%) 
• Guaranteed monotonlclty over 

temperature 
• Fast settling time-250ns typical 
• Digital Inputs are TTL and CMOS 

compatible 
• Wide output voltage compliance range 
• High·speed multiplying Input slew rate 
-20mA/~s 

• Reference amplifiar internally 
compensated 

• Standard supply voltages + 5V and 
-15V 

BLOCK DIAGRAM 

VREF( +) 

SYMBOL AND PARAMETER 

Vcc Power Supply 
VEE 
VI Digital Input Voltage 
Vo Applied Output Voltage 
I REF(16) Reference Current 
VREF Reference Amplifier Inputs 
V AEF(D) Reference Amplifier Differential Inputs 
TA Operating Temperature Range 

MC3510 
MC3410, 3410C 

TJ Junction Temperature 
Ceramic Package 
Plastic Package 

MSB LSB 

O~16~~::::~--tl 

VREF( - )~15~_P"""f~-r 

vee 

VEE GND 

4·56 Signetics 

RATING 

+ 7.0 
-18 
+ 15 

0.5, - 5.0 
2.5 

Vcc, VEE 
0.7 

-55 to +125 
o to + 70 

+ 175 
+ 150 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
mA 
Vdc 
Vdc 

'C 
'C 

'C 
'C 



LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

v 
DC ELECTRICAL CHARACTERISTICS Vee = + 5.0Vdc, VEE = - 15Vdc, R~": = 2.0mA, all digital Inputs at high logic level. 

SYMBOL AND PARAMETER 

Relative accuracy (Error 
E, 

relative to full scale 10) 

Relative accuracy drift 
TCE, (Relative to full scale 10) 

Monotonicity 

ts 
Settling time to within 
± V2 LSB (all bits low to high) 

tpLH Propagation delay time 
tpHL 

TClo Output full scale current drift 

Digital Input Logic Levels 

VIH 
(All bits) 

High Level, Logic "1" 
Low Level, Logic "0" 

Digital Input Current (All bits) 
IIH High Level, VIH = 5.5V 
IlL Low Level, VIL = 0.8V 

IREF(15) 
Reference Input Bias Current 
(Pin 15) 

lOR Output Current Range 

10H Output Current (All bits high) 

10L Output Current (All bits low) 

Vo Output Voltage Compliance 

SR IREF 
Reference Amplifier Slew 
Rate 

ST IREF 
Reference Amplifier Settling 
Time 

PSRR( _) OutP~~ ?urrent Power Supply 
. Sensitivity 

Co Output Capacitance 

CI 
Digital Input Capacitance 
(All bits high) 

Icc Power Supply Current 

lEE (All bits low) 

Vee 
Power Supply Voltage Range 

VEE 

Power Consumption 
(All bits low) 
(All bits high) 

MC3510: TA= - 55"C to + 125"C, MC3410 Series: TA= 0" to + 70"C 
unless otherwise noted. 

MC3S10, MC3410 MC3410C 
TEST CON DITIONS 

Min Typ Max Min Typ Max 

±0.05 ±0.1 
TA=25"C 

1/4 1/2 

2.5 2.5 

Over temperature 10 10 

TA=25"C 250 250 

TA = 25"C 35 35 
20 20 

60 70 

2.0 2.0 
0.8 0.8 

+.04 +.04 
-0.05 -0.4 -0.05 -0.4 

-1.0 -5.0 -1.0 -5.0 

4.0 5.0 4.0 5.0 

V REF = 2.000V, 
3.8 3.996 4.2 3.8 3.996 4.2 

R1s = 10000 

TA=25"C 0 2.0 0 4.0 

TA=25"C 
-2.5 -2.5 
+0.2 +0.2 

20 20 

o to 4.0mA, ±0.1% 2.0 2.0 

0.003 0.01 0.003 0.02 

Vo=O 25 25 

4.0 4.0 

+18 + 18 

-11.4 -20 -11.4 -20 

+4.75 +5.0 + 5.25 +4.75 +5.0 +5.25 
TA=25"C 

-14.25 -15 -15.75 -14.25 -15 -15.75 

220 380 220 380 
200 200 

Signetics 

UNIT 

% 

LSB 

ppm/"C 

Bits 

ns 

ns 

ppm/"C 

Vdc 

mA 

/LA 

mA 

mA 

p.A 

Vdc 

mAI/Ls 

/LS 

%/% 

pF 

pF 

mA 

Vdc 

mW 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

4.0 
( 1 1 

:< 3.0 
g 
.... 
z 

2.0 w 
a: 

1 

.! 1 1.1 
Vee= +S.OV 
VEE= -15.0V 
TA=25°C 

a: 
::> IREF=2 rnA 
0 1.0 .... 
::> .. .... 
::> 
0 

If 
-1.0 

I) 
-5 -3 -1 0 1 

COMPLIANCE VOLTAGE (VOLTS) 

Figure 1. Output Current VS. Output Compliance Voltage 

l 13 

~ 12 
w 
a: 
a: 11 
::> 
o 
:::; 10 .. .. 
::> 

'" a: 
w 
~ o .. 
~ 
u 
!} 0 

.1 
lEE 

Vcc= +5V-
-VEE=-15V 

IREF=2 mA-

+Icc 

1 

-75-50-25 0 25 50 75 100125 

TA("C) 

MC3410, MC3510, MC3410C 

~ 4.0 

~ 3.0 
w 
" 2.0 

~ 
o 1.0 
> 
w o z :3 -1.0 .. 
:I; -2.0 
o 
o 
~ -3.0 
::> 
:= -4.0 

+VcC=+5V 
-VEE= -15V 
IREF=2mA 

g -75-50-25 0 25 50 75 100 125 

TA ("C) 

Figure 2. Maximum Output Compliance 
Voltage VS. Temperature 

18.0 
16.0 
14.0 

iii'" 12.0 
:E. 10.0 
.... 
::> .. .... 
::> 
o 

8.0 
6.0 
4.0 
2.0 

~ 0 

5 :~:~ 
~ -6.0 

-8.0 
-10 
-12 

1111 R15=R16=1.0k 
B CJRJE I 1'11111 VREF(-)=OV 

SMALL· SIGNAL BW 
ro = 10011 
VREF( +) = 50 mVp.p 
CENTERED AT + 200m,?,"" 

7' 

_kcluAJ~ 
- LARGE SIGI~~L BW"s; 
-ro=20n 
;-- VREF( +) = 2 Vp.p 
~CENTEREDAT +1.0V 

0.1 0.20.30.51.02.03.05.010 

t, FREQUENCY (MHz) 

Figure 3. Power Supply Currents vs. Temperature Figure 4. Reference Amplifier Frequency Response 
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LINEAR LSI PRODUCTS 

10·81T HIGH·SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

CIRCUIT DESCRIPTION 
The MC3410 consists of four segment cur· 
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi· 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10·blt accur· 
acy without trimming. 

The individual bit currents are switched 
ON or OFF by fully differential current 
switches. The SWitches use current steer· 
ing for speed. 

An on·chip high·slew reference current 
amplifier drives the Rl2R ladder and seg· 
ment decoder. The currents are scaled In 
such a way that, with all bits on, the max· 
imum output current is two times 10231 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer· 

(4) 
MSB 
0, 

(5) 
02 

(16) 
+0---.----...,.---, 

VREF 

(15) 

ence input current. The reference ampll· 
fier allows the user to provide a voltage In· 
put. Out·board resistor R16 (see Figure 6) 
converts this voltage to a usable current. 
A current mirror doubles this reference 
current and feeds it to the segment de· 
coder and resistor ladder. Thus, for a refer· 
ence voltage of 2.0 Volts and a 1 kll resis· 
tor tied to Pin 16, the full scale current is 
approximately 4.0mA. This relationship 
will remain regardless of the reference 
voltage polarity. 

Connections for a positive reference Yolt· 
age are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R15 can be tied to a negative volt· 
age corresponding to the minimum input 
level. For a negative reference input, R16 
should be grounded (Figure 6b). In addi· 
tion, the negative voltage reference must 
be at least 3V above the Vee supply Yolt· 

2R 

(6) 
O. 

R 

2R 

(7) 
o. 

R 

(6) 
05 

2R 

R 

(9) 
o. 

2R 

R 

(10) 
0, 

2R 

R 

age for best operation. Bipolar input sig· 
nals may be handled by connecting R16to 
a positive voltage equal to the peak posi· 
tive input level at Pin 15. 

When a DC reference voltage is used, 
capacitive bypass to ground is recom· 
mended. The 5V logic supply is not recom· 
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled by connecting it to the 
+ 5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1,.F capacitor to 
ground. 

The reference amplifier is internally com· 
pensated with a 10pF feed·forward capac· 
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 

(11) 
D. 

2R 

R 

(12) 
o. 

2R 

(13) 
LSB 0,. 

2R 

GND 
(2) 

VBIAS 
(INTERNAL) 

CODE SELECTED 0111110011 

VEE (1) 

Figure 5. MC3410 Equivalent Circuit 
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D, THROUGH I 
D10 

Rr 

Vee R16 

14 
16 

VEE 

-= 

3410 

R15 

15 

R16 + RT = R15 = RREF 
RT < < A18 
10 F.S.=2IR=VAEF/RREF 

a) POSITIVE REFERENCE VOLTAGE 

-= RT 

Vee 

16 

R15 

15 

D, THROUGH I 3410 D,. 

VEE 

R1S+ RrBR16 
AT < < An 
VRE. ~ VEE + 3V 

b) NEGATIVE REFERENCE VOLTAGE 

Figure 6. Basic Connections 

Signetics 

MC3410, MC3510, MC3410C 

2.0mA reference current into Pin 16. The 
reference current can also be supplied by 
a high Impedance current source of 
2.0mA. As R16 Increases, the bandwidth 
of the amplifier decreases slightly and 
settling time Increases. For a current 
source with a dynamic output Impedance 
of 1.0MO, the bandwidth of the reference 
amplifier is approximately half what It is In 
the case of R16 = 1.0kO, and settling time 
Is = 10"s. The reference amplifier phase 
margin decreases as the current source 
value decreases In the case of a current 
source reference, so/that the minimum ref· 
erence current supplied from a current 
source Is 0.5mA for stability. 

OUTPUT VOLTAGE 
COMPLIANCE 
The output voltage compliance ranges 
from -2.5 to +0.2V. As shown In Figure 2, 
this compliance range Is nearly constant 
over temperature. At the temperature ex· 
tremes, however, the compliance voltage 
may be reduced if VEE> -15V. 

ACCURACY 
Absolute accuracy Is a measure of each 
output current level with respect to Its 
Intended value. It Is dependent upon rela· 
tlve accuracy and full scale current drift. 
Relative accuracy, or linearity, Is the 
measure of each output current with reo 
spect to Its Intended fraction of the full 
scale current. The relative accuracy of the 
MC3410 Is fairly constant over tempera, 
ture due to the excellent temperature 
tracking, of the Implanted resistors. The 
full scale current from the reference 
amplifier mey drift with temperature caus· 
Ing a change In the absolute accuracy. 
However, the MC3410 has a low full scale 
current drift with temperature. 

The MC3510 and the MC3410 are accurate 
to within ± .05% at 25'C with a reference 
current of 2.0mA on Pin 16. 

MONOTONICITY 
The MC3410, MC3510 and MC3410C are 
guaranteed monotonic over temperature. 
This means that for every Increase In the 
Input digital code, .the output current 
either remains the same or Increases but 
never decreases. In the multiplying mode, 
where reference Input current will vary, 
monotonlclty can be assured If the refer· 
ence Input current remains above 0.5mA. 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

SETTLING TIME 
The worst case switching condition 
occurs when all bits are switched "on," 
which corresponds to a low-to-high transi
tion for all bits. This time is typically 250ns 
for the output to settle to within ± 1/2 LSB 
for 10-bit accuracy, and 200ns for B-bit 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 
swing is limited to a small «0.7 Volt) 
swing and the external output capacitance 
is under 25pF. 

vee 
O.1"F 

14 
~ 

O.I,F 

1: 
VEE 

Vee 

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

If a load resistor of 625 Ohms is con
nected to ground, allowing the output to 
swing to -2.5 Volts, the settling time in
creases to 1.5I's. 

Extra care must be taken in board layout 
as this is usually the dominant factor in 
satisfactory test results when measuring 

+2Vdc 

lk 

lk I o.l ,F 
2.4V 

':'500 RL ':' V, 

settling time. Short leads, 100l'F supply by
passing, and minimum scope lead length 
are all necessary. 

A typicaJ test set-up for measuring set
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulSing the voltage reference input 
between 0 and 2V, and using a 500n load 
resistor RL• 

RISE AND FALL TIMES s IOns 

0.4V'---+----'--'-----

Vo 

. -
l Co S 2SpF Vo 

Figure 7. Settling Time 

O.SV 

ts - 250"5 TYPICAL 
TO ::t1/2 LSB 

USE RL TO GND FOR TURN·OFF MEASUREMENT 

FORS!TTLING TIME 
MEASUREMENT. 

(ALL BIT SWITCHED 
LOW TO HIGH) 

14 

0'1~ 

MC3S101 
MC3410 

16 

15 

lk +2Vdc 

....... c>----.-.()Vo 

0.1~ 

RL 
20 

Vo 

RISE AND FALL TIMES· IOns 
2.4V 

V, 

0.4V'--4-'-______ -+ __ 

OV 

-80mV'---4~---------f 

IpLH tpHL 

FOR PROPAGATION 
DELAY TIME 

Figure 8. Propagation Delay Time 
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Figure 9. Reference Amplifier Settling Time and Slew Rate 

TYPICAL APPLICATIONS 
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8-BIT p,P-COMPATIBLE Of A CONVERTER 

DESCRIPTION 
The NE501B is a complete B·bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra· 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the IT input is in the low state. When 
IT goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro·proces· 
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main· 
taining a low temperature co·efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

VREF 
(13) OUT 

(12) X~~ 

5K 

(20) N~~~ 0------, 

(10) 
[E 

FEATURES 

• B-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± 112 LSB (.19%) 
• Monotonic to B bits 
• Amplifier and reference both short

circuit protected 

• Compatible with 8085, 6800 and many 
other !,P's 

APPLICATIONS 

• Precision 8-bit D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring Instruments 
• Analog-digital multiplication 

(1) 
(9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 

DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO GND 

(18) VOUT DAC CURRENT 
~1-JV.tv-.... -, OUTPUT l 

(21) C~~~ 0----' 

(:2~A~~g 0---------' 

5K 

(14) VR~~ o-t-.... W'v--t-----, 

5K 

VCC-o-~~--~~~~~Wv4JV.~~~~VV~~~~~ 
(17) 

Figure 1 
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PIN CONFIGURATION 

F,N PACKAGE 

DIGITAL GND 1 ANALOG GND 

DBD (LSB) , AMP. COMPo 

SUM NODE 

Vcc+ 

Your 

Vcc-

OAe COMPo 

BIPOLAR OFFSET R 

DB7 (MSB) 9 VREF IN 

rE VREF OUT 

NC YREF ADJ. 

ORDER NUMBERS 4 SEfNE5018F,N 

0 2 PACKAGE 

ANALOG GND 

AMP, COMPo 

SUM NODE 

+ Vee 

Your 

NC 

-Vee 

OAe COMP, 

BIPOLAR OFFSET 

NC 

VAEF IN 

VREF OUT 

TOP VIEW 
ORDER NUMBER 

NE5018D' 

NOTES: 
1. SOL-Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO ana-nan-standard pinouts. 
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8-BIT ",P-COMPATIBLE D/~ CONVERTER SE/NE5018 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 
VSUM Voltage at sum node 

IREFSC Short'circuit current 
to ground at VREF OUT 

10UTSC Short'circuit current to ground 
or either supply at VOUT 

Po Power dissipation' 
·N package 
·F package 

TA Operating temperature range 
SE5018 
NE5018 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

'NOTES 
For N package, derate at 120"C/W above 35°C 
For F package. derate at 75°C/W above 75"C 

RATING UNIT 

18 V 
-18 V 

Oto 18 V 
12 V 

o to VREF V 
12 V 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 °c 
o to +70 °c 

-65 to +150 °c 

300 °c 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5018. -55°C ~ TA ~ 125°C, 
NE5018. O°C ~ TA ~ 70°C unless otherwise specified' 
Typical values are specified at 25°C 

SE501S NE5018 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.19 

VCC+ Positive supply voltage 11.4 15 11.4 15 
VCC- Negative supply voltage -11.4 -15 -11.4 -15 

VIN(I) Logic "1" input voltage Pin 1 = OV 2.0 2.0 
VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(I) Logic "1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 
IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 

VFS Full scale output voltage Unipolar operation 9.50 9.961 10.50 9.50 9.961 
VREF IN = 5.000V, TA = 25°C 

VFS Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 
VREF IN = 5.000V, TA = 25°C -5.04 -5.000 -4.960 5.04 -5.000 

VZS Zero scale voltage -30 5 +30 -30 5 

lOS Output short circuit TA = 25°C 15 40 15 
current VOUT = OV 

PSR+(out) Output power supply V- = -15V, 13.5V~V+~16.5V, .001 .01 .001 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V~V-~-16.5V, .001 .01 .001 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 20 
cocllicient 

TCZS Zero scale temperature 5 5 
coefficient 

4·64 Signetics 

UNIT 
Max 

8 Bits 
8 Bits 

±0.19 OfoFS 

V 
V 

V 

0.8 V 

10 /lA 
-10 /lA 

10.50 V 

5.5 V 
4.960 
+30 mV 

40 mA 

.01 OfoFS/ 
OfoVS 

.01 OfoFS/ 
OfoVS 

ppm/DC 

ppm/DC 



LINEAR LSI PRODUCTS 

8-BIT jLP-COMPATIBLE D/A CONVERTER SE/NE5018 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE5018. -55°C!5 TA!5 125°C, 
NE5018. ooe !5 TA !5 70°C unless otherwise specified.1 

Typical values are specified at 25°C 

SE/50118 NE5018 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 
IREFSe Reference short circuit TA = 25°C 15 30 15 30 

current VREF OUT = ov 
PSR+(REF) Reference power supply V- - -15V, 13.5V!5 V+ !5 16.5V, .003 .01 .003 .01 

rejection (+) IREF = 1.0mA 
PSR-(REF) Reference power supply V+ = 15V, -13.5V!5 V- !5 16.5V, .003 .01 .003 .01 

rejection (-) 

VREF Reference voltage IREF - 1.0mA T = 250i:; 4.9 5.0 5.25 4.9 5.0 5.25 
TeREF Reference voltage IREF = 1.0mA A 60 60 

temperature coefficient 
ZIN DAC VREF IN input IREF=1.0mA TA=25°C 4.15 5.0 5.85 4.15 5.0 5.85 

impedance 
lee+ Positive supply current Vee+ - 15V 7 14 7 14 
lec- Negative supply current VCC- = -15V -10 -15 -10 -15 
Po Power dissipation IREF - 1.0mA, Vee - ± 15V 255 435 255 435 

NOTE 

,. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 Vee = ± 15V, T A = 25°C 

SE/NE5018 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 

TSLH Settling time ±lI" LSB Input All bits low to high3 1.8 
TSHL Settling time ±lI" LSB Input All bits high to low4 2.3 

tplh Propagation delay Output Input All bits switched low to high3 300 
tphl Propagation delay Output Input All bits switched high to low4 150 
tplsb Propagation delay Output Input 1 LSB change3,4 150 
tplh Propagation delay Output LE low to high transition5 300 
tphl Propagation delay Output LE high to low transition6 150 -_. 
ts Set-up time LE Input 2, 7 100 
th Hold time Input LE 2, 7 50 
tpw Latch enable pulse width 2, 7 150 

NOTES 

2. Refer 10 Figure 3. 
3. See Figure B. 
4. See Figure 7. 
5. See Figure B. 
6. See Figure 9. 
7. See Figure 10. 
8. For reference currents> 3mA, use of an external buffer Is required. 
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rnA 
rnA 

OfoVR/ 
OfoVS 

OfoVR/ 
OfoVS 

V 
ppm/oe 

KG 

rnA 
rnA 
mW 

UNIT 

liS 
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ns 
ns 
ns 
ns 
ns 

ns 
ns 
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8-BIT ,uP-COMPATIBLE D/A CONVERTER 

5,OOOV 

DC PARAMETRIC TEST CONFIGURATION 

VREF IN 

VREF our 

Vcc-

5018 

Figure 2 

VOUl 

SUM 

OUTPUT 

22'~ 
'N914l1'K 

I100PF -=- -=-

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (D-l0V) 

'OT 

DATA 
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SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 
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___ r-_"r 'OV 

OV 
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Figure 6 

lOT 

DATA 
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AC PARAMETRIC TEST CONFIGUTATION 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5V) 

SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 

OV 

Figure 7 
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8-BIT ",P-COMPATIBLE D/A CONVERTER SE/NE5018 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 
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OV 
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Figure 10 
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8-BIT {tP-COMPATIBLE D/A CONVERTER 

DESCRIPTION 
The NE5019 is a complete S-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the IT input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces
sors. 

The chip also cqmprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

4-68 

( 10) 

LE 

Vcc~ 

(17) 

FEATURES 

• S-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip VOltage reference 
• Output buffer amplifier 
• Accurate to ± 1 14 LSB (,1%) 
• Monotonic to a bits 
• Amplifier and reference both short

circuit protected 
• Compatible with 8085, 6800 and many 

other I'P'S 

APPLICATIONS 

• Precision a-bit D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 

(9) (6) (7) (6) (5) (4) (3) (2) 
OB7 DB6 DBs DB4 DB3 DB2 DB1 DBO 

LATCHES AND 
SWITCH DRIVERS 

CAe SWITCHES 

Figure 1 
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PIN CONFIGURATION 

(1) 
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5' 

F,N PACKAGE 

ANALOG GND 

AMP. COMPo 

SUM NODE 
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OAe COMPo 

BIPOL.AR OFFseT R 

VREF IN 

[E VREF OUT 

VREF ADJ. 

ORDER NUMBERS 
NE5019F SE5019F 

NE5019N 

,--------<: SUM NODE (20) 

~--<>---o Your (18) 

+---------<J ~:~~OG (22) 



LINEAR LSI PRODUCTS 

8-BIT fA-P-COMPATIBLE 01 A CONVERTER SE/NE5019 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 

VIN Logic input voltage 
VREFIN Voltage at VREF input 
VREFAOJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

IOUTSC Short-circuit current to ground 
or either supply at VOUT 

Po Power <tissipation' 
-N package 
-F package 

TA Operating temperature range 
SE5019 
NE5019 

TSTG Storage temperature range 

TSOLO Lead soldering temperature 
(10 seconds) 

'NOTES 
For N package, derate at 120°CtW above 35°C 
For F package, derate al 75°CIW above 75"C 

RATING UNIT 

18 V 
-18 V 

o to 18 V 
12 V 

o to VREF V 
12 V 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 'c 
o to +10 'c 

-65 to +150 'c 

300 'c 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5019. -55'C:S TA :S 125'C, 
NE5019. O'C:S TA :S70'C unless otherwise specified.' 
Typical values are specified at 25'C 

SE5019 NE5019 
PARAMETER TEST CONDITtONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.1 

VCC+ Positive supply voltage 11.4 15 11.4 15 

VCC- Negative supply voltage -11.4 -15 -11.4 -15 

VIN(t) Logic" 1" input voltage Pin 1 = OV 2.0 2.0 

VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(I) Logic" 1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 

IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 

VFS Full scale output voltage Unipolar operation 9.50 9.961 10.50 9.50 9.961 

VREF IN = 5.000V, T A = 25' C 
VFS Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 

VREF IN = 5.000V, TA = 25'C -5.040 -5.000 -4.960 -5.040 -5.000 

VZS Zero scale voltage -30 5 +30 -30 5 

lOS Output short circuit TA = 25'C 15 40 15 

current VOUT = OV 

PSR+(out) Output power supply V- = -15V, 13.5V:SV+:S16.5V, .001 .01 .001 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = t5V, -13.5V:SV-:S-16.5V, .001 .01 .001 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 20 

coefficient 

TCZS Zero scale temperature 5 5 

coefficient 

NOTE 
1. ReIer to Figure 2. 

Signetics 

UNIT 
Max 

8 Bits 
8 Bits 

±0.1 'laFS 

V 
V 

V 

0.8 V 

10 !LA 
-10 !LA 

10.50 V 

5.5 V 
-4.960 

+30 mV 

40 rnA 

.01 %FSI 
'laVS 

.01 'laFSI 
OfoVS 

pprn/'C 

ppm/'C 
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LINEAR LSI PRODUCTS 

8·BIT flP·COMPATIBLE D/A CONVERTER SE/NE5019 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE5019. -55DC:S TA:S 125DC, 
NE5019. ODC:s TA :S70DC unless otherwise specified.' 
Typical values are specified at 25DC 

SE5019 NE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 

IREFSC Reference short circuit TA = 25DC 15 30 15 30 
current VREF OUT = OV 

PSR+REF Reference power supply V- - -15V, 13.5V:S V+:S 16.5V, .003 .01 .003 .01 
rejection (+) IREF = LOrnA 

PSR-REF Reference power supply V+ = 15V, -13.5V:S V-:S 16.5V, .003 .01 .003 .01 
rejection (-) 

VREF Reference voltage IREF = 1.0mA 4.9 5.0 5.25 4.9 5.0 5.25 

TCREF Reference voltage 
TA = 25DC 

60 60 IREF = LOrnA 
temperature coefficient 

ZIN OAC VREFIN input IREF= 1.0mA 4.15 5.0 5.85 4.15 5.0 5.85 
impedance TA=25 DC 

ICC+ Positive supply current Vce+ - 15V 7 14 7 14 
ICC- Negative supply current Vee- = -15V -10 -15 .,-10 -15 
Po Power dissipation IREF = LOrnA, Vec ±15V 25:. 435 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 vce = ± 15V, TA = 25 DC 

SE/NE5019 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 

TSLH Settling time ± l> LSB Input All bits low to high3 1.8 
TSHL Selliing time ± l> LSB Input All bits high to low4 2.3 

tplh Propagation delay Output Input All bits switched low to high3 300 
tphl Propagation delay Output Input All bits switched high to low4 150 
tplsb Propagation delay Output Input 1 LSB change3 ,4 150 
tPlh Propagation delay Output LE low to high transition5 300 
tphl Propagation delay Output LE high to low transition6 150 

ts Set-up time LE Input 2, 7 100 
th Hold time Input LE 2, 7 50 
tpw Latch enable pulse width 2,7 150 

NOTES 

2. Refer to Figure 3. 
3. See Figure 6. 
4. See Figure .7. 
5. See Figure 8. 
6. See Figure 9. 
7. See Figure 10. 
8. For reference currents> 3mA, use of an external buffer is required. 
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8-BIT ",P-COMPATIBLE 01 A CONVERTER 

DC PARAMETRIC TEST CONFIGURATION 

Figure 2 
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10-BIT jLP-COMPATIBLE D/A CONVERTER 

DESCRIPTION 
The NE5020 is a microprocessor-compati
ble monolithic to-bit digital to analog con
verter subsystem. This device offers to-bit 
resolution and ± O.t % accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys
tems. 

The NE5020 contains internal voltage refer
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei
ther unipolar or bipolar output values are 
included on a single monolithic chip. 

The result is a near minimum component 
count to-bit resolution DAC system. 

BLOCK DIAGRAM 

FEATURES 
• 1G-blt reBolutlon 
• Guaranteed monotonlclty over 

operating range 
• ±O_1% relative accuracy 
• Unipolar (OV to + 10V) and 

Bipolar (± 5V) output range 
• Logic bUB compatible 
• SILSeC settling time 

APPLICATIONS 
• Precision 1G-blt 0/ A converters 
• 1G-blt Analog to Digital converters 
• Programmable power supplies 
• Test equipment 
• Measurement instruments 
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DB' ... 087 088 DB' DB3 OB2 .... 

(131 1J!20-----I 

LATCHES AND SWITCH DRIVERS 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at +VREF Input 
VREFADJ Voltage at VREF adjust 
VSUM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 
10UTSC Short-circuit current to ground 

or either supply at VOUT 
Po Power d(ssipatlon' 

-N package 
F package 

TA Operating temperature range 
NE5020 

TSTG Storage temperature range 
TSOLD Lead soldering temperature 

(10 seconds) 

'NOTES 
For N package, derate at 120°C/W above 35°C 
For F package. derate at 75°C/W above 75°C 

RATING UNIT 

18 V 
-18 V 

Oto 18 V 
12 V 

o to VREF V 
12 V 

Continuous 

Continuous 

800 mW 
1000 mW 

Oto +70 ·C 
-65 to +150 ·C 

300 ·C 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, O·C S; TA S;70·C unless otherwise specified. 1 

Typical values are specified at 25· C 

NE5020 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Resolution 10 
Monotonicity 10 
Relative accuracy ±0.1 

VCC+ Positive supply voltage 11.4 IS 16.5 
VCC- Negative supply voltage -11.4 -IS -16.5 

VIN(I) Logic" 1 "input voltage Pin 1 = OV 2.0 
VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(I) Logic" 1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 
IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 

VFS Full scale output voltage Unipolar operation 9.5 9.9902 10.5 
VREF IN = 5.000V, TA = 25·C 

VFS Full scale output voltage Bipolar operation 4.5 4.9902 5.5 
VREF IN = 5.000V, TA = 25·C -5.040 -5.000 -4.960 

VZS Zero scale voltage Unipolar operation -30 5 +30 

lOS Output short circuit TA = 25·C ±15 ±40 
current VOUT = ov 

PSR+(out) Output power supply V- = -15V, 13.5VS;V+S;16.5V, .001 .01 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5VS;V-S;-16.5V, .001 .01 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 
coefficient 

TCZS Zero scale temperature 5 
coefficient 

NOTE 
t. Refer to Figure 2. 
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10-BIT jLP-COMPA TlBlE 01 A CONVERTER NE5020 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, O°C::O:; TA::O:; 70°C unless otherwise specified.' 
Typical values are specified at 25°C 

NE5020 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

IREF2 Reference output current 3 rnA 
IREF SC Reference short circuit TA = 25°e 15 30 rnA 

current VREF OUT = OV 

PSR+REF Reference power supply V- = -15V, 13.5V ::0:; V+ ::0:; 16.5V, .003 .01 OfoVRI 
rejection (+) IREF = 1.0mA OfoVS 

PSR-REF Reference power supply V+ = 15V, -13.5V ::0:; V-::o:; 16.5V, .003 .01 OfoVRI 
rejection (-) °/oVS 

VREF Reference voltage IREF = 1.0mA. T A = 25°e 4.9 5.0 5.25 V 
TCREF Reference voltage IREF = 1.0mA 60 ppm/oC 

temperature coefficient 
ZIN OAC VREFIN input IREF = 1.0mA 5.0 kG 

impedance 
ICC+ Positive supply current VCC+ = 15V 7 14 rnA 
ICC- Negative supply current VCC- = -15V -10 -15 rnA 
Po Power dissipation IREF = 1.0mA, Vec = ± 15V 255 435 mW 

NOTE 

1. Relor to Figure 2. 
2. For IREF OUT greater then 3mA. an external buffer is required. 

AC ELECTRICAL CHARACTERISTICS 3 VCC = ± 15V. T A = 25°C 

NE5020 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 
UNIT 

TSLH Settling time ± Yo LSB Input All bits low to high4 5 I'S 

TSHL Settling time ± y, LSB Input All bits high to low5 5 I'S 

tplh Propagation delay Outpul Input All bits switched low to high4 300 ns 
tphl Propagation delay Output Input All bits switched high to lowS 150 ns 
tplsb Propagation delay Output Input 1 LSB change4,5 150 ns 
tplh Propagation delay Output LE low to high transition6 300 ns 

tphl Propagation delay Output LE high to low transition 7 150 ns 

ts Set-up time LE Input 3,8 100 ns 
th Hold time Input LE 3,8 50 ns 
tpw Latch enable pulse width 3, 8 150 ns 

NOTES 

3. ReIer to Figure 3. 
4. See Figure 6. 
5. See Figure 7. 
6. See Figure 8. 
7. See Figure 9. 
8. See Fioure 10. 
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1Q-BIT t-tP-COMPATIBLE D/A CONVERTER 

DC PARAMETRIC TEST CONFIGURATION 

Figure 2 
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AC PARAMETRIC TEST CONFIGURATION 
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10-BIT p,P-COMPATIBLE 01 A CONVERTER NE5020 

CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, application resis
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 

Latch Circuit 
Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE 1 and LE2) and ten data 
input latches. LE2 controls the two most sig
nificant bits of data (DB9 and DBa) while 
LE 1 controls the eight lesser significant bits 
(DB7 through DB¢). Bot~ the latch enable 
ports (LE) and the data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic '1') the data in
puts become very high impedances and es
sentially disappear from the data bus. Ad
dressing the LE with a low (Logic '0') the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) memo
rize' the data bus logic states and the output 
changes to the unique output value corre
sponding to the binary word in the latch. 

The data inputs are inactive and high imped
ance (typically requiring -21'A for low (.av 
max) or O.lIlA for high (2.0V min» when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 

The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys
tem with a threshold level of + 1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 

To be compatible with a bus orientated sys
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and 1/0 con
trol lines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 

The independent LE (LE 1 and LE2) lines al
low for direct interface from an a bit data bus 
(see figure 12). Data for the two MSB's is 
supplied ·and stored when LE2 is activated 
low and returned high according to the 
NE5020 timing requirements. Then LE 1 is 
activated low and the remaining eight LSB's 
of data are transferred into the DAC. With 
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LE 1 returning high the loading often bit data 
word from an eight bit data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 

This can be accomplished from an a bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 

After preloading (via LE pre-load) the exter
nal latch with the two MSB values, LE2 is 
activated low and the eight LSB's and the 
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two MSB's are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 

Reference Interface 
The NES020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex
cellent long term stability characteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the S volt 
reference output. Providing a VREFADJ (pin 
14) allows trimming of the reference output. 
Utilization of the adjust Circuit shown in fig
ure 16 performs not only VREF adjustment 
but also full scale output adjust. Notice that 
the VREFADJ pin is essentially the sum 
node of an op amp and is sensitive to exces
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the VREFADJ pin and observing good layout 
practices. 

The VREF out node can drive loads greater 
than the DAC VREF input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load ef
fects on the DAC system accuracy, it is rec
ommended that a buffer amplifier is used. 

Input Amplifier 
The DAC reference amplifier is a high gain 
internally compensated op amp used to con
vert the input reference voltage to a preci
sion bias current for the DAC ladder net
work. 

Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
lmA reference current through OR with a S 
volt VREF. This current sets the input bias to 
the ladder network. Data bit 9 (DB9)(09), 
when turned on, will mirror this current and 
will contribute 1 mA to the output. DBS (OS) 
will contribute II of that value or O.SmA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 

( DB9 + DBa + DB7 + 
2 4 a 

0:66 + D~5 + D6~4 + ~~~ + 

DB2 OBI DBO ) 
2s6 + 5i2 + 1024 . 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically O. 7V il'sec and source 
impedances at the VREF INPUT greater than 
Skfl should be avoided to maintain stability. 

The -VREF INPUT pin is uncommitted to al
low utilization of negative polarity reference 
voltages. In this mode +VREF INPUT is 
grounded and the negative reference is tied 
directly to the -VREF INPUT· The -VREF 
INPUT contains a Skfl resistor that matches 
a like resistor in the +VREF INPUT to reduce 
voltage offset caused by op amp input bias 
currents. 

Output Amplifier and Interface 
The NES020 provides an on chip output op 
amp to eliminate the need for additional ex
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at ISV il'sec and setUe to within 
± IILSB in Silsec. These times are typical 
when driving the rated loads of RL ~ Sk and 
CL oS SOpF with recommended values of 
CFF = lnF and CFB = 30pF. Typical input 
offset voltages of SmV and SDk open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip RFB resistor. RFB is matched to RREF 
and RBIP to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling time. 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi
tion lOUT will limit at ± ISmA typical. Recov
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 

Bipolar Output Voltage 
The NES020 includes a thermally matched 
resistor, RBIP, to offset the output voltage 
by S volts to obtain -SV to +SV output volt
age range operation. This is accomplished 
by shorting pins IS and 22 (see figure 14). 
This connection produces a current equal to 

(VREF IN - Vsum node) + RBIP, (ImA nomi
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.99S0mA), (2mA - 1 mA)Sk = SV will 
appear at the output. For zero DAC output 
currents, 1 mA is still injected into sum mode 
and VOUT = -(Sk)(lmA) = -SV. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt
age is now approximately +S volts, zero 
scale adjust may be used to trim VOUT = 
0.00 with the MSB high or VOUT = -S.OV 
with all bits off. 

Zero Scale Adjustment 
The method of trimming the small offset er
ror that may exist when all data bits are low 
is shown in figure IS. The trim is the result of 
injecting a current from resistor R2 that 
counteracts the error current. Adjusting po
tentiometer Rl until VOUT equals 0.000 
volts in the unipolar mode or -S.OOO volts in 
the bipolar mode (see bipolar section) ac
complishes this trim. 

Full Scale Adjustment 
A recommended full scale adjustment circuit 
when using' the internal voltage reference is 
shown in figure 16. Potentiometer R3 is 
adjusted until VOUT equals 9.99023V. In 
many applications where the absolute accu-
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racy of full scale is of low importance when 
compared to the other system accuracy fac
tors. then this adjustment circuit is optional. 

As resistors RREF. R,b and RBIP shown in 
figure 1 are integrated in close proximity. 

they match and track in value closely over 
wide ambient temperature variations. Typi
cal matching is less than ± 0.3% which im
plies that typical full scale (or gain) error is 
less than ± 0.3% of ideal full scale value. 

ZERO SCALE ADJUSTMENT 
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8-BIT j.tP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5118 

DESCRIPTION 
The NE511S is a high-speed S-bit digital to 
analog converter subsystem on one mono· 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inpuls are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi
cient. 

The output has high voltage compliance in
creasing versatility. 

BLOCK DIAGRAM 

(12) V~~~o-__ ...,._< 

(22) 

ANALOG 
aND 

26K 

" 

(15) REF R O--,\M~-------, 

(14)+IREF IN 

113)-VREF IN 

Vcc
(17) 

All A values equal 5kU and ara thermally matched. 

FEATURES 

• S-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 1/2 LSB (_19%) 
• Monotonic to S bits 
• Reference short-circuit protected 
• Compatible with 8086, 6800 and many 

other /LP'S 

APPLICATIONS 

• Precision S-bit D / A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 
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8-BIT /LP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5118 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at RREF input 
VREFAOJ Voltage at VREF adjust 
VSUM Voltage at sum node 

IREFSC Short·circuit current 
to ground at VREF OUT 

IRE FIN Reference input current (Pin 14) 

Po Power dissipation' 
·N package 
·F package 

TA Operating temperature range 
SE5118 
NE5118 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

'NOTES 

For N package. derate at 120°C/W above 35°C 
For F package, derate al 75° C/W above 75°C 

RATING UNIT 

18 V 
-18 V 

o to 18 V 
12 V 

o to VREF V 
12 V 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 °c 
o to +70 °c 

-65 to +150 °c 

300 °c 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5118. -55°C::s TA::S 125°C, 
NE5118. O°C::S TA ::S 70°C unless otherwise specified. 
Typical values are specified at 25°C 

SE5118 NE5118 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolulion 8 8 8 8 8 
Monotonicily 8 8 8 8 8 
Relative accuracy . ±0.19 

VCC+ Positive supply voltage 11.4 15 11.4 15 
VCC- Negative supply voltage -11.4 -15 -11.4 -15 

VIN(I) Logic" 1" input voltage Pin 1 = OV 2.0 2.0 
VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(l) Logic" 1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 
IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 

IFS Full scale output current Unipolar operation 1.90 1.992 2.10 1.90 1.992 
VREF IN = 5.000V, TA = 25°C 

IZS Zero scale current -6 1 +6 -6 1 

VREF Reference IREF = lmA 4.9 5.0 5.25 4.9 5.0 
voltage TA = 25°C 

PSR+(out) Output power supply V- = -15V, 13.5V::sV+::S16.5V, .001 .01 .001 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V::sV-::S-16.5V, .001 .01. .001 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREFIN = 5.000V' 20 20 
coefficient 

TCZS Zero scale temperature IREFIN = 1.00mA' 5 5 
coefficient 

NOTES 

1. This is for voltage out only. See Unipolar Voltage Output schematic. 
2. This is for current output mode. 
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UNIT 
Max 

8 Bits 
8 Bits 

±0.19 %FS 

V 
V 

V 

0.8 V 

10 !LA 
-10 !LA 

2.10 mA 

+6 !LA 

5.25 V 

.01 OfoFSI 
OfoVS 

.01 OfoFSI 
OfoVS 

ppm/oC 

ppm/oC 



8-BIT JtP-COMPATlBLE DIA CONVERTER-CURRENT OUTPUT SEINE5118 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE511B. -55°C ~ TA ~ 125°C, 
NE511B. O°C ~ TA ~ 70'C unless otherwise specified. 
Typical values are specified at 25°C 

SE5118 NE5118 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF ,Reference output current Note 1 3 3 
IREFSC Reference short circuit TA = 25'C 15 30 15 30 

current VREF OUT = OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V ~ V+ ~ 16.5V, .003 .01 .003 .01 
rejection (+) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V ~ V- ~ 16.5V, .003 .01 .003 .01 
rejection (-) IREF= 1.0mA 

TCREF Reference voltage IREF = 1.0mA 60 60 
temperature coefficient 

ZIN DAC RREFIN input 5.0 5.0 
impedance 

ICC+ Positive supply current VCC+ 15V 7 14 7 14 
ICC- Negative supply current VCC- = -15V -10 -15 -10 -15 

Po Power dissipation IREF 1.0mA, VCC ±15V 255 435 255 435 

AC ELECTRICAL CHARACTERISTICS VCC = ± 15V, TA = 25'C 

TEST CONDITIONS 
SE/NE5118 

PARAMETER TO FROM 
Min Typ Max 

TSLH Settling time ± Y2 LSB Input All bits Low-to-high 200 
TSHL Settling time ± Y2 LSB Input All bits High-to-Iow 200 

tpLH Propagation delay Output Input All bits switched Low-to-high 60 

tpHL Propagation delay Output Input All bits switched High-ta-Iow 60 

tpLSB Propagation delay Output Input 1 LSB change 60 

tpLH Propagation delay Output LE Low-to-high transition 60 

tpHL Propagation delay Output LE High-to-Iow transition 60 

ts Set-up time LE Input 100 
th Hold time Input LE 50 
tpw Latch enable pulse width 150 

NOTES 

1. For reference currents> 3mA. use of an external buffer is required. 
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UNIT 

rnA 
rnA 

%VRI 
%VS 

%VRI 
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ppm/oC 

kQ 

rnA 
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ns 
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LINEAR LSI PRODUCTS 

8-BIT /LP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5118 

BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

FAST VOLTAGE OUTPUT 

15 REFR ANA. GND 22 

"::" 

12 "REF OUT 
5118 ROUT2 

11 

ROUT120 

NOTE 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 0 0 0 0 +IOV OV 
I I I I I I I I OV -IOV 

FULL SCALE 
ADJUST 

UNIPOLAR VOLTAGE OUTPUT (0 -+10V) 

lMP 

BASIC UNIPOLAR CURRENT OUTPUT (0 --2mA) 

FULL SCALE 
ADJUST 

Pin 20 tied to + 10V Pin 20 tied to OV 
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LINEAR LSI PRODUCTS 

8-BIT JLP-COMPATIBLE 01 A CONVERTER - CURRENT OUTPUT SE/NE5119 

DESCRIPTION 
The SEINE5119 is a high-speed B-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have iput latches, 
controlled by a latch enable pin. The data and 
latch enable inputs are ultralow loading for 
easy interfacing with all logic systems. The 
latches appear transparent when the IT input 
is in he low state. When IT goes high, the 
input data present at the moment or transition 
is latched and retained until LE again goes 
low. This feature allows easy compatibility 
with most microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi
cient. 

The output has high voltage compliance in
creasing versatility. 

BLOCK DIAGRAM 

(22) 

ANALOG 0---..., 
GNO 

8K 

(19) 

Vee + 

(10) 

LE 

(15) REF R o--'l/VI...,--------, 

(14)+IREF IN 

(13j-VREF IN 

Vcc
(17) 

Ali R values equal 5kU and are thermally matched. 

FEATURES 

• S-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 1/4 LSB <_1%) . 
• Monotonic to S bits 
• Reference short-circuit protected 
• Compatible with S086, 6800 and many 

other I'P'S 

APPLICATIONS 

• Precision S-bit D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

(8) (7) (6) (5) (4) (3) (2) 
DB6 DBS DB4 DB3 OB2 DBl DBO 

LATCHES AND 
SWITCH DRIVERS 

LSB 

PIN CONFIGURATION 

(1) 

DIGITAL 
GND/VLC 

F,N PACKAGE 

lOUT 

ROUT' 

Vcc+ 

AOUT2 

vcc-

OAC COMPo 

REF R 

LE -VREFIN 

VREF OUT 1--__ .... 

ORDER NUMBERS 
NE5119F SE5119F 

NE5119N 

R0UT2 (1S1 

r---""",""~--4--<> ROUT1 (20) 

~ _________ ~ ________ -<> lOUT (21j 

OAe SWITCHES 

Figure 1 
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LINEAR LSI PRODUCTS 

8-BIT j.tP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 

VIN Logic input voltage 
VREFIN Voltage at RREF input 
VREFAOJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

IREFIN Reference input current (Pin 14) 
Po Power dissipation· 

-N package 
-F package 

TA Operating temperature range 
SE5119 
NE5119 

TSTG Storage temperature range 

TSOLO Lead soldering temperature 
(10 seconds) 

'NOTES 

For N packago, doralo at 120"C 'W abovo 35"C 
For F package. dornto nt 75" C W ntlOvn 7SoC 

RATING UNIT 

18 V 
-18 V 

o to 18 V 
12 V 

o to VREF V 
12 V 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 °c 
o to +70 °c 

-65 to + 150 °c 

300 °c 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5119. -55°C:s TA:S 125°C, 
NE5119. O°C:s TA:S 70°C unless otherwise specified. 
Typical values are specified at 25°C 

SE/NE5119 

SE5119 NE5119 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative ncc.uracy ±0.1 ±0.1 %FS 

VCC+ Positive supply voltage 11.4 15 11.4 15 V 
VCC- Negative supply voltage -11.4 -15 -11.4 -15 V 

VIN(I) Logic "I" input voltage Pin 1 = OV 2.0 2.0 V 

VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 0.8 V 

IIN(I) Logic "I" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 10 IJ.A 
IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 -10 IJ.A 

IFS Full scale output current Unipolar operation 1.90 1.992 2.10 1.90 1.992 2.10 mA 
VREF IN = 5.000V, TA = 25°C 

IZS Zero scale current 1 1 IJ.A 

VREF Reference IREF = lmA 4.9 5.0 p.25 4.9 5.0 5.25 V 
voltage TA=25°C 

PSR+(out) Output power supply V- = -15V, 13.5V:SV+:S16.5V, .001 .0.1 .001 .01 %FSI 
rejection (+) external VREF IN = 5.000V %VS 

PSR-(out) Output power supply V+ = 15V, -13.5V:SV-:S-16.5V, .001 .01 .001 .01 %FSI 
rejection (-) external VREF IN = 5.000V %VS 

TCFS Full scale temperature VREF,N = 5.000V' 20 20 ppm/oC 
coefficient 

TCZS Zero scale temperature IREFIN = 1.00mA' 5 5 ppm/oC 
coefficient 

NOTES 

1. This is for voltage oul only. See Unipolar Voltage Output schematic 
2. This is for current output mode 
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LINEAR LSI PRODUCTS 

8-BIT JLP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5119 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE5119. -55°C 0; TA 0; 125°C, 
NE5119. DoC 0; TA 0; 70°C unless otherwise specified. 
Typical values are specified at 25°C 

SE5119 NE5119 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 1 3 3 
IREFSC Reference short circuit TA = 25°C 15 30 15 30 

current VREF OUT = OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V 0; V+ 0; 16.5V, .003 .01 .003 .01 
rejection (+) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V 0; V- 0; 16.5V, .003 .01 .003 .01 
rejection (-) IREF = 1.0mA 

TCREF Reference voltage IREF - 1.0mA 60 60 
temperature coefficient 

ZIN DAC RREFIN input 5.0 5.0 
impedance 

ICC+ Positive supply current VCC+ 15V 7 14 7 14 
ICC- Negative supply current VCC- = -15V -10 -15 -10 -15 
PD Power dissipation IREF - 1.0mA, VCC - ± 15V 255 435 255 435 

AC ELECTRICAL CHARACTERISTICS VCC = ± 15V, TA = 25°C 

TEST CONDITIONS 
SE/NE5119 

PARAMETER TO FROM 
Min Typ Max 

TSLH Settling time ± % LSB Input All bils Low·lo·high 200 
TSHL Seltling time 1 V, LSB Input All bils High·lo-Iow 200 

tPLH Propagation delay Output Input All bits switched Low-to-high 60 

tpHL Propagation delay Output Input All bits switched High-to-loW 60 

tPLSB Propagation delay Output Input 1 LSB change 60 

tpLH Propagation delay Output LE Low-to-high transition 60 

tpHL Propagation delay Output LE High-to-Iow transition 60 

ts Set-up time IT Input 100 
th Hold time Input LE 50 
tpw Latch enable pulse width 150 

NOTES 

1. For reference currents> 3mA, use of an external buffer is required. 
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rnA 

%VRI 
OfoVS 

%VRI 
%VS 
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LINEAR LSI PRODUCTS 

8-BIT j.tP-COMPATlBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5119 

10K 

10T 

NOTE 

BIPOLAR OUTPUT OPERATION (-lmA TO +lmA) 

DIG. GNO 1 

ANA. GNO 22 

5118/9 

lOUT 21...,,,,=,, 

FAST VOLTAGE OUTPUT 

ROUT120 /-0-,--0 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 a 0 0 0 +lOV OV 
1 1 1 1 1 1 1 1 OV -IOV 

Pin 20 tied to + IOV Pin 20 tied to OV 

FULL SCALE 
ADJUST 

UNIPOLAR VOLTAGE OUTPUT (0 ~+10V) 

lMO ADJUST 

BASIC UNIPOLAR CURRENT OUTPUT (0 ~-2mA) 

10K 

lOT >-O>JVVv-o--I 

FULL SCALE 
ADJUST 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

DESCRIPTION 

The NE5410/SE5410 are 10-Bit Multiplying 
Digital-to-Analog Converters pin-and
function compatible with the industry· 
standard MC3410, but with improved per· 
formance. These are capable of high· 
speed performance, and are used as 
general·purpose building blocks in cost· 
effective D/A systems. 

The NE/SE5410 provides complete 10-bit 
accuracy and differential nonlinearity over 
temperature, and a wide compliance volt· 
age range. Segmented current sources, in 
conjunction with an R/2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and voltage reference 
have been omitted to allow greater speed, 
lower cost, and maximum user flexibility. 

APPLICATIONS 
• Successive approximation AID 

converters 
• Hlgh·speed, automatic test equipment 
• Hlgh·speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and X·Y plotters 
• Programmable power supplies 
• Programmable gain and attenuation 

BLOCK DIAGRAM 

FEATURES 

• Pin·and·function compatible with 
MC3410 

• 10·blt resolution and accuracy 
(±O.OS%) 

• Guaranteed differential non· linearity 
over temperature 

• Wide compliance voltage range- - 2.S 
to +2.SV 

• Fast settling time-2S0ns typical 
• Digital inputs are TTL and CMOS 

compatible 
• High·speed multiplying input slew rate 
-20mA/~s 

• Reference amplifier Internally 
compensated 

• Standard supply voltages + SV and 
-ISV 

PIN CONFIGURATION 

FPACKAGES 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS TA= + 25'C unless otherwise noted 

SYMBOL AND PARAMETER RATING 

Vee Power Supply + 7.0 
VEE -18 
VI Digital Input Voltage + 15 
Vo Applied Output Voltage + 4, - 5.0 
IREF(16) Reference Current 2.5 
VREF Reference Amplifier Inputs Vee, VEE 
VREF(D) Reference Amplifier Differential Inputs 0.7 
TA . Operating Temperature Range 

SE5410 -55 to +125 
NE5410 o to + 70 

TJ Junction Temperature 
Ceramic Package + 175 
Plastic Package + 150 

MSB LSB 

VEE GND 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
mA 
Vdc 
Vdc 

'C 
'C 

'C 
'C 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

DC ELECTRICAL CHARACTERISTICS vcc= + 5.0Vdc, VEE = -15Vdc, IREF= 2.0mA, all digital inputs at high logic level. 

SYMBOL AND PARAMETER 

E, 
Relative accuracy (Error 
relative to full scale lol 

Differential non·linearity 

ts 
Settling time to within 
± V2 LSB (all bits low to high) 

tpLH Propagation delay time 
tpHL 

TClo Output full scale current drift 

Digital Input Logic Levels 

VIH 
(All bits) 

High Level, Logic "1" 
Low Level, Logic "0" 

Digital Input Current (All bits) 
IIH High Level, VIH = 5.5V 
IlL Low Level, VIL = O.BV 

IREF(15) 
Reference Input Bias Current 
(Pin 15) 

10H Output Current (All bits high) 

10L Output Current (All bits low) 

Vo Output Voltage Compliance 

SR IREF 
Reference Amplifier Slew 
Rate 

ST IREF 
Reference Amplifier Settling 
Time 

PSRR(- ) 
Output Current Power Supply 
Sensitivity 

Co Output Capacitance 

CI 
Digital Input Capacitance 
(All bits high) 

Icc Power Supply Current 
lEE (All bits low) 

Vcc Power Supply Voltage Range 
VEE 

Power Consumption 

4-90 

SE5410: TA= -55'Cto + 125'C, NE5410Series: TA=O'Cto +70'C 
unless otherwise noted. 

NE/SE5410 
TEST CONDITIONS 

Min Typ Max 

Over temperature 
±0.025 +0.05 

± 114 ± 1/2 

Over temperature 
± 0.025 +0.05 

+ 1/4 +1/2 

TA=25'C 250 

TA=25'C 
35 
20 

20 40 

2.0 
0.8 

20 
-20 

-1.0 -5.0 

VREF = 2.000V, 
3.937 3.996 4.054 

R,6 = 1000n 

TA=25'C a 0.4 

TA =25'C 
-2.5 

E, < 0.05% 
+2.5 

relative to full scale 

20 

a to 4.0mA, ± 0.1 % 2.0 

0.003 0.01 

Vo=O 25 

4.0 

+2 +4 
-12 -18 

TA =25'C +4.75 +5.0 +5.25 
Vo=O -14.25 -15 -15.75 

190 300 
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ns 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

TYPICAL PERFORMANCE CHARACTERISTICS 

4.0 

l3.0 
... 
z 
~ 2.0 
a: 
::> 
<.> 
I- 1.0 
::> 
0.. ... 
::> 
o 0 

-1.0 

( 

'I 

1 
L 

Jee~ +15.0J 
VEE= -15.0V 
TA=25°C 
IREF=2 rnA 

-5 -3 -1 0 1 

COMPLIANCE VOLTAGE (VOLT) 

Figure 1. Output Current vs. Output Compliance Voltage 
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w 
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Figure 2. Maximum Output Compliance 
Voltage vs. Temperature 

18.0 
16.0 
14.0 

R15=R16=1.0k 
BCJRJEIIIIIII VREF(-)=OV ., 12.0 SMALL·SIGNAL BW 

~ 10.0 fo= loon ... 8.0 ::> 
0. 6.0 ... 

4.0 ::> 
0 2.0 

VREF( +) = 50 mVp.p 
CENTERED AT + 200m~1"I 

L 
w 

0 > ;: - 2.0 
:3 -4.0 w 
a: -6.0 

-8.0 

,---k clu~J~ 
r--- LARGE SI~~AL Bw"'"" 
f--- ro = 200 
I--- VREF( +) = 2 Vp., 
I--- CENTERED AT + 1.0V -10 

-12 
0.10.20.30.51.02.03.05.0 10 

f. FREQUENCY (MHz) 

Figure 3. Power Supply Currents VS. Temperature Figure 4. Reference Amplifier Frequency Response 
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LINEAR LSI PRODUCTS 

10·BIT HIGH·SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

CIRCUIT DESCRIPTION 

The NE5410 consists of four segment cur· 
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
Implemented with Ion Implanted resistors 
for scaling the remaining B Least Slgnlfl· 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10·blt accur· 
acy without trimming. 

The Individual bit currents are switched 
ON or OFF by fully differential current 
switches. The switches use current steer· 
Ing for speed. 

An on·chlp hlgh·slew reference current 
amplifier drives the R/2R ladder and seg· 
ment decoder. The currents are scaled in 
such a way that, with all bits on, the max· 
Imum output current Is two times 10231 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer· 

4-92 

(16) 

(4) 
MSB 
D, 

(5) 
D, 

+o---~------------~ 

VREF 

(15) 

ence Input current. The reference amplifier age for best operation. Bipolar Input sig· 
allows the user to provide a voltage Input: nals may be handled by connecting R16 to 
Out.board resistor R16 (see Figure 6) con· a positive voltage equal to the peak posl· 
verts this voltage toa usable current. A cur· tive Input level at Pin 15. 
rent mirror doubles this reference current When a dc reference voltage Is used, 
and feeds It to the segment decoder and capacitive bypass to ground Is recom· 
resistor ladder. Thus, for a reference mended. The 5V logic supply Is not recom· 
voltage of 2.0 Volts and a 1kll resistor tied mended as a reference voltage. If a well 
to Pin 16, the full scale current Is approx· regulated 5.0V supply, which drives logic, 
Imately 4.0mA. This relationship will remain Is to be used as the reference, R16 should 
regardless of the reference voltage polarity. be decoupled by connecting it to the 
Connections for a positive reference volt· + 5.0V logic supply through another 
age are shown In Figure 6a. For negative reSistor and bypassing the Junction of the 
reference voltage Inputs, or for bipolar two resistors with a 0.1"F capacitor to 
reference voltage Inputs In the multiplying ground. 
mode, R15 can be tied to a negative volt· The reference amplifier Is Internally com. 
age corresponding to the minimum input pensated with a 10pF feed.forward capac. 
level. For a negative reference Input, R16 Itor, which gives It Its high slew rate and 
should be grounded (Figure 6b). In addl· fast settling time. Proper phase margin Is 
tion, the negative voltage reference must maintained with all possible values of R16 
be at least 3V above the VEE supply volt· and reference voltages which supply 

2R 
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D3 

R 

2R 

(7) 
D. 

R 

(8) 
D, 

2R 

R 

VEE (') 

(9) 
D. 

2R 

R 

Figure 5. NE5410 Equivalent Circuit 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

0, THAOUGH I 
010 

AT 

Vee A16 

16 

VEE 

':" 

5410 

A16 

RiB + RT = R15 = RREF 
RT < < RiB 
10 F.S. = 2 IR = VREFIAREF 

a) POSITIVE REFERENCE VOLTAGE 

AT 

Vee -=- R1B 

16 15 

0, THAOUGH I 5410 
010 

VEE 

R1S + RT = R1B 
RT< < R15 
VREF ~ VEE + 3V 

b) NEGATIVE REFERENCE VOLTAGE 

Figure 6. Basic Connections 
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2.0mA reference current Into Pin 16. The 
reference current can also be. supplied by 
a high Impedance current source of 
2.0mA. As R16 Increases, the bandwidth 
of the amplifier decreases slightly and 
settling time increases. For a current 
source with a dynamic output Impedance 
of 1.0Mn, the bandwidth of the reference 
amplifier Is approximately half what It Is In 
the case of R16= 1.0kn, and settling time 
Is = 10l's. The reference amplifier phase 
margin decreases as the current source 
value decreases In the case of a current 
source reference, so that the minimum ref
erence current supplied from a current 
source Is 0.5mA for stability. 

OUTPUT VOLTAGE 
COMPLIANCE 

The output voltage compliance ranges 
from - 2.5 to + 2.5V. As shown In Figure 
2, this compliance range Is nearly con
stant over temperature. At the tempera
ture extremes, however, the compliance 
voltage may be reduced if VEE> - 15V. 

ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to Its 
intended value. It is dependent upon rela
tive accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re
spect to Its intended fraction of the full 
scale current. The relative accuracy of the 
NE5410 Is fairly constant over tempera
ture due to the excellent temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 
amplifier may drift with temperature caus
ing a change In the absolute accuracy. 
However, the NE5410 has a low full scale 
current drift with temperature. 

The SE5410 and the NE5410 are accurate 
to within ± 1/2 LSB at 25'C with a refer
ence current of 2.0mA on Pin 16. 

MONOTONICITY 
The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means 
that for every Increase In the Input digital 
code, the output current either remains 
the same or Increases but never 
decreases. In the multiplying mode, where 
reference Input current will vary, mono
tonicity can be assured If the reference In
put current remains above 0.5mA. 
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10·BI1 HIGH·SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

SETTLING TIME 
The worst case switching condition 
occurs when all bits are switched "on," 
which corresponds to a low-to-hlgh transi
tion for all bits. This time is typically 250ns 
for the output to settle to within :t: 1/2 LSB 
for 10-bit accuracy, and 200ns for 8-bit 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 
swing Is limited to a small «0.7 Volt) 
swing and the external output capacitance 
Is under 25pF. 

Yee 

O.1.uF 

14 
l: 

16 

15 

NE5410 

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

If a load resistor of 625 Ohms is con
nected to ground, allowing the output to 
swing to -2.5 Volts, the settling time in
creases to 1.5pS. 

Extra care must be taken In board layout 
as this is usually the dominant factor in 
satisfactory test results when measuring 

+2Vdc 

lk 

lk 

V, 

settling time. Short leads, 100l'F supply by
passing, and minimum scope lead length 
are all necessary. 

A typical test set-up for measuring set
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the Yoltage reference input 
between 0 and 2V, and using a 5000 load 
resistor RL• 

RISE AND FALL TIMES s IOns 

~~----1---+--oVo 

J: Co s 25pF 
Vo 

O.~ 

Figure 7. Settling Time 

Yee 

I, - 250n. TYPICAL 
TO ±1/2 LSB 

USE RL TO GND FOR TURN·OFF MEASUREMENT 

FOR SETTLING TIME 
MEASUREMENT. 

(ALL BIT SWITCHED 
LOW TO HIGH) 

14 

0'1~ 
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lk +2Vdc 

1--0-----__.---0 Vo 

RL 
20 

V, 

Vo 

RISE AND FALL TIMES s IOn. 
2.4V 

0.4V 1:::=-1---------------+== 

OV 

-BOrnV L.. __ ~""' _____ ~ 

Figure 8_ Propagation Delay Time 
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i0-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE54i0 

4 

5 

6 

7 

8 

9 

10 

11 

12 

~ 

2.5k 

Vee 

O.11(F 

~ 
14 

16 

15 

NE5410 

3 

1k 

1k 

VREF( +) 
~2V 

o 

! J. 
RL 

500 

Vo 

~ : 1525 

1 

pF 

O.1/-,F 

111 

2.ov
o
l 

VREF( +) 

~~-------------

0.5vh 
Vo U SLEW RATE 

o V Is = 2,. TYPICAL 
TO ±O.1% 

USE RL = 200 TO GND FOR 
SLEW RATE MEASUREMENT 

Figure 9. Reference Amplifier Settling Time and Slew Rate 

F.S. ADJ 

RT 

-15V 

RO=RT+RF=2.5kO 
RT « RF 

VOUT 

10k 

5V 
REF 

RREF 2.Sk 

16..----'---..,. 

15 

2.5k 

F.S. ADJ 

RT 

+15V 

-15V 

Ro = RT + RF = 2.Skn 
RT « RF 

RF 

VOUT 

a) Bipolar Output (-10 to +10V) h) Unipolar Positive Output (0-10V) 

Figure 10. Voltage Output Circuits 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

DOUT 

4·96 

+5Vdo 

NE6410 

ANALOG 
INPUT 
(0-10V) 

20k +5Vdc 
o-Jo/Ii~-o+V 

14 

NE629 

t-__ ...... -'lM...,4 IN B OUT A 

10 

QOD~ ________ -_1_0V_d_C __ ~ 

2604 SAR i 

+6Vdc 

10·BIT CONVERSION TIME -3.3"8 WITH 3MHz CLOCK. 

THIS CONVERTER USES A 2504 12·BIT SUCCESSIVE APPROXIMATION 
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF 
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE 
SAR(Q,ol. 

Figure 11. Successive Approximation AID Convarler 

CONTROL {E2 
SIGNALS 
FROM"P E, 

DO Qo 

1/2 LS376 
7 8 

D, Eo" Q, 

4 
'-----' 

19 

18 

16 

12 

TIMING SEQUENCE 

LS373 

13 
Q. 

E'~ 
E2-rL

DATA~ 
DBo,' DB2_9 

NE6410 

WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO 
THE DAC UNTIL UPDATED WITH THE E2 PULSE. TIMING WILL DEPEND ON 
THE PROCESSOR USED. 

Figure 12. 8·BIII'P Bus Inlerlace 
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10-81T HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

VIN + 5V 

3k 

DOUT 

4 
('023) V,N FULL SCALE= 4 rnA (R, + RT) 1ii24 

Figure 13. Staircase AID 
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LINEAR LSI PRODUcrS 

14·81T DAC. . . SERIAL OUTPUT TDA1540D,P 

GENERAL DESCRIPTION 

The TDA 1540 is a monolithic integrated 14-bit digital to analogue converter (DAC). It incorporates a 
14-bit input shift register with output latches, binary weighted current sources with switches and a 
reference source. 

The IC features an improved switch circuitry which eliminates the need for a deglitcher circuit at the 
output. This results in a signal-to-noise ratio of typical 85 dB in the audio band. 

QUICK REFERENCE DATA 

Supply voltages 
pin 4 

pin 7 

pin 11 

Signal-to-noise ratio (full scale sine-wave) 
at analogue output (pin 22) 

Non-linearity at T amb = -20 to + 70 °C 

Current settling time 

Maximum input bit rate 
at data input (pin 1) 

Maximum clock frequency 
at clock input (pin 28) 

Full scale temperature coefficient 
at analogue output (pin 22) 

Operating ambient temperature range 

Total power dissipation 

PACKAGE OUTLINES 

TDA1540D:28-lead OIL; ceramic (cerdip) (SOT-135A). 
TDA1540P: 28-lead OIL; plastic (SOT-117BE). 

4·98 Signetics 

VP1 

VN1 

VN2 

SIN 

tcs 

BRmax 

fcl max 

TCFS 

Tamb 
Ptot 

typo 5 V 

typo -5 V 

typo -17 V 

typo 85 dB 

typo 'h LSB 

typo 0.5 J.l.S 

min. 12 Mbitls 

min. 12 MHz 

typo ± 30 '10-6 K-1 

-20 to + 70 °C 

typo 350 mW 
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14·81T DAC . .. SERIAL OUTPUT TDA1540D,P 

FUNCTIONAL DESCRIPTION 

The binary weighted current sources are obtained by a combination of a passive divider and a time 
division concept. Figure 1a gives the diagram of one divider stage. The total emitter current 41 of the 
passive divider is divided into four more or less equal output currents. 

The output currents of the passive divider are now interchanged during equal time intervals generated 
by means of a shift register. The average output currents are exactly equal as a result of this operation. 
A ripple on the output current, caused by a mismatch of the passive divider, is filtered by an a.c. 
low-pass filter, requiring an external filter capacitor. 

The outputs of the dividers are combined to obtain the output currents I (i 11.1 (12) and 21 (13) 
(see Fig. 1 b). The current of the most significant bit is generated by an on-chip reference source. 
A binary weighted current network is formed by cascading the current division stages (see Fig. 2). 

The interchanging pulses are generated by an on-chip oscillator and a 4-bit shift register. The binary 
currents are switched to the currerit output (pin 22) via diode-transistor switching stages; therefore, 
the voltage on the output pin must be 0 V ± 10 mV. The output current can be converted into a 4 
voltage by means of a summing amplifier. 

Figure 3 represents the data input format, and an application circuit is given in Fig. 4. 

2 3 

Fig. 1 a Circuit diagram of one divider stage. 

Signetics 

t,~ 
13 .--_-il_~ .::111 +1"'.::1_2_1_., 

t 21--- 1 __ 1-

7Z89039 

Fig. 1b Waveforms showing output 
currents 11,12 and 13 of Fig.1a. 
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14·81T DAC ... SERIAL OUTPUT 

DA~~ I I 

OSCILLATOR & 
4-81T 

SHIFT REGISTER 

I I I I 
SHIFT REGISTER 

I I I I I I I I 
LATCH 

Fig. 2 Functional diagram showing cascading of current division stages. 

4-100 

>40n, 

DATA __ ~:: I LSB_.Ei?f:. 

-~ ~'n,., · CP:' _ '..1 \..I ~ ~.tf~~~ 
LE>35n,>35n, >5: -- t-: 

>40n, 

7ZB9038.1 

Fig.3 Format of input signals. 
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14-81T DAC. . . SERIAL OUTPUT 

RATINGS 

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

Supply voltages 
with respect to GND (pin 6) 
at pin 4 

at pin 7 

at pin 11 

at pin 4 with respect to pin 11 

at pin 7 with respect to pin 11 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS (see application circuit Fig. 4) 

Vp1 

VN1 

VN2 

Vp1-VN2 

VN1-VN2 
Ptot 

Tstg 

Tamb 

T amb = 25 oC; at typical supply voltages; unless otherwise specified 

parameter symbol min. typo 

Supply voltages 
with respect to GND (pin 6) 

at pin 4 Vp1 3 5 

at pin 7 VN1 -4.7 -5 

at pin 11 VN2 -16.5 -17 

Supply currents 

at pin 4* Ip1 - 12 

at pin 7 IN1 - -20 

at pin 11 IN2 - -11 

Power dissipation 

Total power dissipation Ptot - 350 

Temperature 

Operating ambient temperature range Tamb -20 -

* When the output current is Y:zIFS (Y:z full scale output current). 

Signetics 

TDA1540D,P 

max. 12 V 

max. -12 V 

max. -20 V 

max. 32 V 

-1 to + 20 V 

max. 600 mW 

-55 to + 125 oC 

-25 to + 80 oc 

4 

max. unit 

7 V 

-7 V 

-18 V 

14 rnA 

-24 rnA 

-13 mA 

410 mW 

+70 °C 
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14-81T DAC . .. SERIAL OUTPUT TDA1540D,P 

parameter symbol min. typo , max. unit 

Data input DATA (pin 1) 

Input voltage HIGH VIH 2.0 - 7.0 V 

Input voltage LOW VIL 0 - 0.8 V 

Input current HIGH at VIH IIH - - 50 p.A 

Input current LOW at VI L -IlL - - 0.2 rnA 

Maximum input bit rate BRmax 12 - - Mbits/s 

Latch enable input LE (pin 2) 

Clock input CP (pin 28) 

Input voltage HIGH VIH 2.0 - 7.0 V 

Input voltage LOW VIL 0 - 0.8 V 

Input current HIGH at VIH IIH - - 50 p.A 

I nput current LOW at V I L -IlL - - 0.2 rnA 

Maximum clock frequency fCPmax 12 - - MHz 

Oscillator (pins 8 and 9) 

Oscillator frequency 
at C8-9 = 820 pF fosc 100 160 200 kHz 

Analogue output lout (pin 22) 

Output voltage compliance VOC -10 - + 10 mV 

Full scale current IFS 3.8 4.0 4.2 rnA 

Zero scale current ±IZS - - 100 nA 

Full scale temperature coefficient 
T amb = -20 to + 70 oC TCFS - ± 30 x 10-6 - K-1 

Settling time to ± %LSB 
all bits on or off tcs - 0.5 - [.IS 

Signal-to-noise ratio* SIN 80 85 - dB 

* Signal-to-noise ratio within 20 Hz and 20 kHz of a 1 kHz full scale sinewave, generated at a sample 
rate of 44 kHz. 
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14·81T DAC ... SERIAL OUTPUT 

DATA 

CP 
LE 

1 

28 

2 

+5V 

4 

-5V -17V 

10nF 
2.7 
K 

11 10 

TDA1540 

820pF 

(1%1 

8 9 22 lout 

15 Iref 1 

17 Ire f3 

82 
(0.5%) 

Ire f2 

TDA1540D,P 

1 nF 

2.5 K 

22pF 

resistors 

~~I 

7Z89082.2A 

Fig.4 Application circuit. 

PINNING 

1 DATA data input CP 

2 LE latch enable input 
3 Vref1 voltage reference 

i.e. 

4 Vp1 positive supply i.c. 

5 · * frequency compensation I.C. 

on-chip operational amplifier 
Cl0 

6 GND ground C9 

7 VN1 negative supply 
8 OSC1 } asci lIator capacitor 
9 OSC2 

C8 

lout 

10 Vref2 voltage reference 
11 VN2 negative supply 

TDA1540 
C7 

12 C1 1 decoupling binary 
13 C2 J weighted current 
14 C3 sources 

OSC2 9 C6 

C5 vre f2 10 

15 Iref1 1 16 Iref2 
J 

current reference sources 
17 Ire f3 

C4 

Ire f3 

18 C4 
\ decoupling binary weighted 19 C5 

20 C6 r current sources 
21 C7 

Ire f2 

Ire fl 

22 lout analogue output 
23 C8 } decoupling binary 
24 C9 weighted current 
25 C10 sources 

Fig. 5 Pinning diagram. 

26 · * I.C. voltage reference 
27 · * I.C. voltage reference 
28 CP clock pulse input 

* i.c.: internally connected. 
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SELECTOR GUIDE 

COMPARATORS 
MAX.INP. 

MAX.INP. 
COMMON CURRENT 

OFFSET SUPPLY RESPONSE MODE 
COM· TEMP. VOLT. BIAS OFFSET VOLTAGE TIME VOLTAGE 

DEVICE PLEXITY RANGE' (mV) (PA) (,A) (V) (Typ.) (ns) RANGE (V) 

LM111' Single M 4.00 0.15 0.02 ± 15 200 ± 14 
LM211 Single I 4.00 0.15 0.02 10 200 ± 14 .. 
LM311 Single C 10.0 0.30 0.07 +5 and GND 200 ± 14 
NE527' Single C 10.0 4.00 1.0 ±Sle t'O 16 ±5 
SE527 Single M 6.00 4.00 1.00 and GNO 16 ±5 
NE529' Single C 10.0 . 50.0 15.0 i510 ±1O 12 ±5 
SE529 Single M 6.00 36.0 9.00 and GND 12 ±5 
LMl19' Dual M 7.00 1.00 0.10 ± 15 BO ± 13 
LM219 Dual I 7.00 1.00 0.10 10 BO ± 13 
LM319 Dual C 10.0 1.20 0.30 ±S and GNO BO ± 13 
LM193' Dual M 9.00 0.30 0.10 ± 1 10 ± 18 1300 OtoVs -2 
LM293 Dual I 9.00 0.40 0.15 or 1300 OtoVs -2 
LM393 Dual C 9.00 0.40 0.15 +210 +36GND 1300 010Vs -2 
LM2903 Dual I 15.0 0.50 0.20 1300 010VS -2 
SE/NE521' Dual M/C 15110.0 40.0 12.0 +5, -5. GND B ±3 
SEINE522 Dual M/C 15110.0 40.0 12.0 +5, -5, GND 10 ±3 
LM139' Quad M 9.00 0.30 0.10 1300 OtoVs -2 
LM239 Quad I 9.00 0.40 0.15 ± 1 to ± 18 or 1300 OtoVs -2 
LM339 Quad C 9.00 0.40 0.15 +210 +36 1300 OtoVS-2 
LM2901 Quad I 15.0 0.50 0.20 1300 OtoVs -2 
MC3302' Quad I 40.0 1.00 0.30 +210 +28 GND 2000 OtoVs -2 

Notes. 
1. With strobe, will work from single supply. 
2. Complementary output gates with Indivld .. 'al Slrebss. 

'Temperature Range 
I • Industrial 

3. Wilt operate from single or dual supplies. 
4. UI1ra·hlgh speed. 

4·104 

C = Commercial 
M • Military 
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VOLTAGE MAX. DIFF. OUTPUT VOLTAGE 
GAIN INPUT 

VOL Max. YOH Min. OUTPUT (Typ.) TTL VOLTAGE 
(V) (V) STRUCTURE VlmV FANOUT (V) 

0.4 O.C. 200 5 ±30 
0.4 O.C. 200 5 ±30 
0.4 O.C. 200 5 ±30 
0.5 2.7 TTL 5 ±5 
0.5 2.5 TTL 5 ±5 
0.5 2.7 TTL 5 ±5 
0.5 2.5 TTL 5 ±5 
0.4 O.C. 40 2 ±5 
0.4 O.C. 40 2 ±5 
0.4 O.C. 40 2 ±5 
07 O.C. 200 2 36 
0.7 O.C. 200 2 36 
0.7 O.C. 200 2 36 
0.7 O.C. 100 2 36 
0.5 2.7 TTL 12 ±B 
0.5 O.C. 12 ±6 
0.7 O.C 200 2 36 
0.7 O.C. 200 2 36 
0.7 O.C. 200 2 36 
0.7 O.C. 100 2 36 
0.7 O.C. 100 2 2B 
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VOLTAGE COMPARATOR 

DESCRIPTION 
The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
fLA710. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for Ie logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR'ed. Although slower than 
the ,.,A710 (200ns response time vs 40nsl 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the fLA710 
series. 

FEATURES 
• Operates from single SV supply 
• Maximum input bias current: 1S0nA 

(LM311 - 2S0nA) 
• Maximum offset current: 20nA (LM311 -

SOnA) 
• Differential Input voltage range: ±30V 
• Power consumption: 13SmW at ±1SV 
• High sensltivity-200V/mV 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Total supply voltage 
Output to negative supply voltage: 

LM111/LM211 
LM311 

Ground to negative supply voltage 
Differential input voltage 
Input voltage1 

Power dissipation2 

Output short circuit duration 
Operating temperature range 

LM111 
LM211 
LM311 

Storage temperature range 
Lead temperature 
(soldering, 10secl 

APPLICATIONS 
• Zero crossing detector 
• Precision squarer 
• Positive/negative peak detector 
• Low voltage adjustable reference 

supply 
• Switching power amplifier 

EQUIVALENT SCHEMATIC 

BALANCEI 
STROBE BALANCE 

RATING UNIT 

36 V 

50 V 
40 V 
30 V 

±30 V 
±15 V 
500 mW 
10 sec 

-55 to +125 °e 
-25 to +85 °e 
o to +70 °e 

-65 to +150 °e 
300 °e 

Signetics 

LM111/211/311 

PIN CONFIGURATION 

D, FE, N PACKAGE 

INPUT 2 7 OUTPUT 
GND§j8V+ 

INPUT 3 6 BAL/STROBE 

V - 4 5 BALANCE 

ORDER PART NO. 
LM211 N/LM311 N 

LM311D 
LMlll FElLM211 FElLM311 FE 

'---+--+..,...~r-..,...---jt:.Q12 

OUTPUT 

v-

R11 
130 

R12 
600 

Q15 

R13 
4 
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VOLTAGE COMPARATOR LM111/211/311 

DC ELECTRICAL CHARACTERISTICS 1,23 

PARAMETER TEST CONDITIONS 

Input offset voltage4 TA = 2S'C, Rs S SOkO 

Input offset current4 TA - 2S'C 
Input bias current TA=2S'C 

Voltage gain TA - 2S'C 

Response timeS TA-2S'C 
Saturation voltage V,N S -SmV, lOUT = SOmA 

TA = 2S'C 

Strobe on current TA = 2SoC 
Output leakage current V,N 2: SmV, VOUT = 3SV 

TA = 2S'C, ISTROBE = 3mA 

Input offset voltage4 Rs S SOkO 

I nput offset cu rrent4 
Input bias current 

Input voltage range V = ± 1SV (Pin 7 may go to SV) 
Saturation voltage V+ 2: 4.SV, V- = 0 

V,N S -6mV, ISINK S 8mA 
Output leakage current V,N 2: SmV, VOUT = 3SV 

Positive supply current TA = 2S'C 
Negative supply current TA = 2S'C 

NOTES 
1. This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 

negative supply. The negative input voltage limit Is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311 is 110°C. For operating at elevated 
temperatures, devices in the TO·5 package must be derated based on a thermal 
resistance of 150c C/W, junction to ambient, in the N package, a thermal resistance of 
162°C/W, and cC/Wforthe Ceramic package. The maximum Junction temperature of 
the LM111 is 150aC, while that of the LM211 is 110°C. For operaliny ae elevated 
temperatures, devices In the TO-5 package must be derated based on a thermal 
resistance of 150aC/W, junction to ambient. The thermal resistance of the Cerdip 
package is 110°CIW, junction to ambient. 

TYPICAL APPLICATIONS 

LM111/LM211 LM311 
UNIT 

Min Typ Max Min Typ Max 

0.7 3.0 2.0 7.S mV 

4.0 10 6.0 SO nA 
60 100 100 2S0 nA 

200 200 V/mV 

200 200 ns 

0.7S l.S 0.7S 1.S V 

3.0 3.0 mA 

0.2 10 0.2 SO nA 

4.0 10 mV 

20 70 nA 
1S0 300 nA 

-14.S 13,8,-14.7 13.0 -14,S 13,8, -14,7 13,0 V 

0.23 0.4 0.23 0.4 V 
0,1 O.S p.A 

S,1 6.0 S.1 7.S mA 
4.1 S.O 4.1 S.O mA 

3. These specifications apply for Vs = ±15V and O°C < TA < 70°C unless otherwise 
specified. With the LM211, however, all temperature specifications are limited to 
-25°C:5 TA:5 85°C and for the LM111 is limited to -55°C < TA < 125°C. The offset 
voltage, offset current and bias current specifications apply for any supply voltage 
from a single 5V supply up to ±15V supplies. 

4. The offset voltages and offset currents given are Ihe maximum values required 10 drive 
the output within a volt of either supply with ImA load. Thus, Ihese parameters define 
an er'ror band and take into account the worst case effects of voltage gain and input 
impedance. 

5. The response time specified is for a IOOmV Input step with 5mV overdrive. 
6. Do not short the strobe prin to ground; it should be current driven at 3mA to SmA. 

TTL INTERFACE WITH HIGH 
LEVEL LOGIC 

ZERO CROSSING DETECTOR 
DRIVING MOS LOGIC 

DETECTOR FOR MAGNETIC 
TRANSDUCER v+ =sv 

INPUT 

4-106 

r-----~----~--OV+5V 

MAGNETIC 
PICKUP 

Signetics 

TTL 
OUTPUT 

R1 
240K 

R3 

82K 

INPUT '<>-J.,f.I'or---.--r-H 

C1 

R. 
1K 

TO TTL 
LOGIC 

'Values shown are lor a 0 to 30V logic sW'lng and 

a 15V threshold 

tMay be added to control speed and reduce 

susceptab,lity to noise spiKes. 
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DUAL VOLTAGE COMPARATOR 

DESCRIPTION 
The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper
ate over a wide range of supply voltages 
down to a single SV logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
/JA710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
2SmA. 

Although designed primarily for applica
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci
fied for power supplies up to ±15V. It fea
tures faster response than the LM111 at the 
expense of higher power dissipation. How
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de
vices like the I'A711. 

The LM119 is specified from -55°C to 
+12SoC, the LM219 is specified from -25°C 
to +8SoC, and the LM319 is specified from 
0° C to +70° C. 

EQUIVALENT SCHEMATIC 

R, J 5. 

'NPUTS{ 

FEATURES 
• Two Independent comparators 
• Operates from a single 5V supply 
• Typically BOns response time at ±15V 
• Minimum lan-out of 3 (each side) 
• Maximum Input current of 1/JA over 

temperature 
• Inputs and outputo can be Isolated from 

system ground 
• High common mode slew rate 
• MIL·STD·8B3 A, B, C available 

0, 

c, 
0, 18pF 

'10 Rll 13k 
RS 3k 170 

RS 21< 

Rg 18k 

'23 en R20 
R,S 1.9k 4k 60 ,,, 

LM119/219/319 

PIN CONFIGURATIONS 

Al2 13k 

LMl19F 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
LM2l9F 

H PACKAGE' 

v+ 

LM3l9D.F.N 

OUTPUT 1 @ -INPUT 2 

QNDl ~ ~ +INPUT2 

+INPUTl (Jr, ~ GND2 

-INPUT 1 • ® 'OUTPUT 2 v
v-

ORDER NUMBERS 
LMl19H LM2l9H LM3l9H 

*Metal cans (HI not recommended for new designs 

OUTPUT 

v- GND 

Signefics 4·107 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Total supply voltage 36 
Output to negative supply voltage 36 
Ground to negative supply voltage 25 
Ground to positive supply voltage 18 
Differential input voltage ±5 
Input voltage l ±15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM119 -55 to +125 
LM219 -25 to +85 
LM319 o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering, 10sec) 300 

NOTES 

1. For supply voltages Jess than ±15V, the absolute maximum rating is equal to the 
supply voltage. 

2. The absolute maximum junction temperature is 150°C. Device dissipation must be 
derated as follows; 
K package-150°C/watt above 75°C 
F package -110°C/watt above 95°C 

DC ELECTRICAL CHARACTERISTICS 

LM119/219/319 

UNIT 

V 
V 
V 
V 
V 
V 

mW 
s 

°e 
°e 
°e 
°e 
°e 

Vs = ±15V, for LM119, -55°e:s TA:S 1250C} 
LM219, -25°e:s TA:S 85°C unless otherwise specified. 
LM319, ooe:s TA:S 70°C 

LM119/219 LM319 
PARAMETER TEST CONDITIONS UNIT 

MIn Typ Max MIn Typ Max 

Vos Input offset voltage1.2 As:S 5KO, TA = 25°C 0.7 4.0 2.0 8.0 mV 
Over temp. 7 10 mV 

los Input offset currentl.2 TA = 25°C 30 75 80 200 nA 
Over temp. 100 300 nA 

Is Input bias currentl TA = 25°C 150 500 250 1000 nA 
Over temp. 1000 1200 nA 

Av Voltage gain TA = 25°C 10 40 8 40 V/mV 

VOL Saturation voltage VIN=5mV,loUT=25mA, TA=25°e 0.75 1.5 V 
VIN=10mV,louT=25mA, TA=25°e 0.75 1.5 V 

V+ 2! 4.5V, V- = 0 
VIN = 6mV, lOUT = 3.2mA 

TA 2! ooe 0.23 0.4 V 
TA:S ooe 0.6 

VIN = 10mV, lOUT = 3.2mA 0.3 0.4 V 

10H Output leakage current V- = OV, VIN = 5mV 
VOUT = 35V, TA = 25°C 0.2 2 p.A 

Over temp. 1 10 p.A 
V- = OV, VIN = 10mV 

VOUT = 35V, TA = 25°C 0.2 10 p.A 

VIN Input voltage range Vs = ±15V ±13 ±13 V 
V+ = 5V, V- = OV 1 3 1 3 V 

VID Differential input voltage ±5 ±5 V 

1+ Positive supply current V+ = 5V, V- = OV, TA = 25°C 4.3 4.3 mA 
1+ Positive supply current Vs = ±15V, TA = 25°C 8.0 11.5 8.0 12.5 mA 
1- Negative supply current Vs = ±15V, TA = 25°C 3.0 4.5 3.0 5.0 mA 

NOTES 

1, Vos, los and Ie specifications apply 10r a supply voltage range of Vs = ±15V down toa 
single 5V supply. 

2. The offset voltages and offset currents given are the maxImum values required to drive 
the output to within 1 volt of either supply with almA load. Thus these parameters 
define an error band and take into account the worst case effects of voltage gain and 
input Impedance. 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Response time' V S = ±15V, T A = 25° C 80 ns 
RL = 500n (see test figure) 

'NOTE 

The response time specified is for a 100mV step with 5mVoverdrive, 

TYPICAL PERFORMANCE CHARACTERISTICS 

TRANSFER FUNCTION RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

40 
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INPUT OVERDRIVES 
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:Ow 
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3.0 e:~ 
5~ 
~ 2.0 

'E 
... 1 
:Ow 

1. 0 

0 

o 7' 
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~ 
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" " 
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V++=5.0V 
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LM119/219/319 

TEST CIRCUIT 

RESPONSE TIME 
MEASUREMENT 

+ sv 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

> 6.0 

I 5.0 
w 
~ 4.0 

~ 3.0 
> 

2.0 

> 1.0 
E 0 

... 1 
~w 100 

2!: ~ so !:i 
~ 0 

20mVI 

I 
I/, 

,-....0 '../I 

rrv 
1/.J:5.0mV 

/ 
2.0mV 

Vs=:l:1SV 
RL= soon 
V •• =5.0V 
TA=25'C 

1 

;>' 

50 100 1 so 200 260 300 350 

TIME- ns 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

6.0 

> 5.0 
... :1 4.0 :Ow 0." ~:: 3.0 
0 ... 

0 2.0 > 
1.0 

1 I 
I' / 

20mV / 2.0mV 

/'II 
I I{'- 5.0mV 

1.J. 
> 
E Vs = S.OV 

... 1 100 
:ow 50 0." 

~~ 
0 
> 

RL = 50011 
V+ + =S.OV 
TA=25°C 

I 
o 50 100 150 200 250 300 350 

TIME- ns 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR LM119/219/319 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

OUTPUT SATURATION VOLTAGE 

25 
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1 
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..... 
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INPUT OVERDRIVE = S.OmV 
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OUTPUT VOLTAGE - V 

INPUT CURRENTS 
(LM119/219) 

1.0 

V~= ±I'5V 
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TEMPERATURE - 'C 

INPUT CURRENTS 
(LM319) 

v~= ± ~5V 
t---

BIAS -

t-- OFFSET 

10 20 30 40 50 60 70 

TEMPERATURE - 'C 

> 
1 

'" l-

12 

'" '0 E 
1 ,... 

z 
w 
a: 
!5 6 
(J 

>-
~ 4 
Q. 

:::> 

'" 

V+ 

-0.4 

-0.8 

i -1.2 
:::; 
w -1.6 

" ~ -2.0 
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OUTPUT LIMITING 
CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

DUAL VOLT AGE COMPARATOR 

TYPICAL APPLICATIONS 

RELAY DRIVER 

II 
INPUTS 

30V 

WINDOW DETECTOR 

VOUT = 5V for VLT<VIN<VUT 

VOUT=O for VIN<VLT or VIN>VUT 

5V 

TTL 

LM119/219/319 

WIDE RANGE VARIABLE 
OSCILLATOR 

,..----t-----r-+-<~~ 1900 + 

1k 

+5V 

7.5M 

3k 500 

2N2222 

SQUARE WAVE OUTPUT 
1kHz to 1MHz 

TRIANGLE WAVE OUTPUT 

-'1 1k 
FREQUENCY ADJUST 

1N914 MUST BE BUFFERED 3k 
FOR RL S 10n 

':' 
-5V 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR LM139A/239A/339A/LM139/239/3391 
LM2901/MC3302 

DESCRIPTION 
The lM139 series consists of four inde
pendent precision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, even 
though operated from a single power supply 
voltage. 

The lM139 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the lM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vcc supply voltage 
Differential input voltage 
Input voltage 
Power dissipation 1 

N package 
F package 

Output short circuit to ground2 
Input current (VIN < -0.3Vdc)3 
Operating temperature range 

lM1391A 
lM2391A 
lM3391A 
lM29011MC3302 

Storage temperature range 
Lead temperature (soldering 10 sec,) 

EQUIVALENT CIRCUIT 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (O.8mA) 
Independent 01 supply voltage (1.0mW/
comparator at 5.OVdc) 

• low Input biasing current 25nA 
• Low input offset currrent ±5nA and offset 

voltage 
• Input common-mode voltage range In

cludes ground 
• Differential Input voltage range equal to 

the power supply voltage. 
• Low output 250m V at 4mA saturation 

voltage 
• Output voltage compatible with TTL, 

DTL, ECl, MOS and CMOS logic sys
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Multlvlbrators 

RATING UNIT 
36 or ±18 

36 
-0.3 to +36 

570 mW 
900 mW 

Continuous 
50 mA 

··55 to +125 'c 
-25 to +85 'c 
o to +70 'c 

-40 to +85 'c 
-65 to +150 'c 

300 'c 

(1 Comparator Only) 

v+ 
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PIN CONFIGURATION 

D,F,N PACKAGE 

OUTPUT 2 1 

OUTPUT T 2 

INPUT2+ 7 

TOP VIEW 

ORDER NUMBERS 

OUTPUT 3 

OUTPUT 4 

LM13912391339F.N LM2901 F.N 
MC3302D,F,N LM339D 



DC ELECTRICAL CHARACTERISTICS v + ~ 5Vdc, LM139A1LM139: - 55·e :$ TA :$ 125·e unless otherwise specified c 
f) z 

LM239: -25·e:$ TA :$ 85·e unless otherwise specified m 

c:: » 
LM339: o·e :$ TA :$ lO·e unless otherwise specified ;;:] » , 

V + ~ 5Vdc, LM339A: ·e:$ TA :$ lO·e unless otherwise specified ~ 

LM239A: - 25·e :$ T A :$ 85·e unless otherwise specified C -0 
;;:] 

LM2901/LM3302: - 40·e :$ TA :$ 85·e unless otherwise specified < 0 
0 

LM139A lM239A1339A LM139 LM239/339 LM2901 MC3302 0 C 
TEST 0 PARAMETER 

CONDITIONS 
UNIT r- --I 

Min Ty. Max Min Ty. Max Min Ty. Max Min Ty. Max Min Ty. Max Min Ty. Max ..... en 

Vas Input offset TA=25~C ±1.0 :!:2.0 ±1.0 ±2.0 ±2.0 ±S.O :t2.0 ± 5.0 ± 2.0 ± 7.0 ± 3.0 ±20 mV » 
voltageS Over temp. 4.0 ±4.0 9.0 9.0 ±9 ±15 ±40 G> 

VCM Input common TA=25"C V+-l.S V+-l.5 V+-l.5 V+ -1.5 V+ -1.5 V+ -1.5 m 
mode voltage Over temp. V+ -2.0 V+ -2.0 V+-2.0 V+-2.0 V+ -2.0 V+ -2.0 V 0 range6 

VIDR Differential input4 Keep all V+ V+ v+ v+ V+ V+ V 0 
'o'ollage4 VINS ~ OVdc s: (or V - if need) -g 

18 Input bias IIIN(+)OrI IN(-) » current7 with output in 

'" linear range 
TA=25°C 25 100 25 250 25 100 25 250 25 250 25 500 » 
Over temp. 300 400 300 400 200 500 1000 nA ..... 

lOS Input oflset IIN(+)-IIN(-) 0 
current TA=2S"C ±3.0 ±25 ± 5.0 ±SO :1.3.0 ±25 ±S.O ::!:50 ±5 ± 50 ±5 ::!:: 100 nA '" Over temp. ±100 ± 150 ± 100 ± 150 ±50 ±200 ±300 nA 

en IOL Output sink VIN{-l ~ 1Vdc, 6.0 16 6.0 16 6.0 16 6.0 16 6.0 16 mA 

<5" current V1N(+ r=O, 

:J 
VO:S; l.5Vdc, 

m. TA=25°C 
Va = 800mV, 

I 0" over temp. 2.0 

en IOH Output leakage VIN(+) ~ Wdc, 
current VIN(_)=O 

VO==5Vdc, 
TA=25°C 0.1 0.1 0.1 0.1 0.1 0.1 nA 

VO ==30Vdc, 
over temp. 1.0 1.0 1.0 1.0 1.0 1.0 ,A 

ICC Supply current I V+=28V .8 1.8 r-
RL == co on s:: 

comparators, ..... 
TA=25°C 0.8 2.0 0.8 2.0 0.8 2.0 0.8 2.0 0.8 2.0 mA e.> 
V+ =30V 1.0 2.5 -0 

AV Vol1age gain I RL ~ 15k!l, ~ 
'" V+ = 15Vdc 50 200 50 200 50 200 50 200 25 100 2 100 V/mV e.> 

VOL Saturation voltage I VIN(-) ~ 1Vdc, 
-0 

V1N(+)=O, ~ 
ISINK:$ 4mA e.> 

e.> 
TA =25°C 250 400 250 400 250 400 250 400 400 150 400 mV -0 
Over temp. 700 700 700 700 400 700 700 r-~ 

T LSR Large signal I V1N=T'!LlogiC s::r-
response time swmg, "'S:: 

VREF= 1.4Vdc, -0 ..... 
Oe.> 

VRL==5Vdc, ..... -0 
RL == 5.1kU, ~r3 TA =25°C 300 300 300 300 300 300 ns 

O~ 
ITR 

Response hme81 VRL = 5Vdc, e.>-
of" RL =5.1k!l, e.>e.> 

TA =25°C 1.3 1.3 1.3 1.3 1.3 1.3 ,s Oe.> ... 
"'~ ... 

Co) See notes on following page. 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR 

NOTES 
I. For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be 

derated based on a 125'C maximum junction temperatura and a thermal resistance 
of 17S'C/W which applies for the device soldered In a printed circuit board, 
operating In a stili air emblent. The LMI391139A12391239A must be derated on a 
150'C mBxlmum Junction temperature. The low power dissipation and the "On·Off" 
characteristics of the outputs keep the chip dissipation very small (PO $' 100mW). 
provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V + can cause excessive heating and eventual 
destruction. The maximum output currant Is approximately 20mA Independent of 
the magnitude of V + . 

3. This Input current will only exist when the voltage at any of the Input leads Is driven 
negative. it is due to the collector-base Junction of the Input PNP transistors 
becoming forward biased and thereby acting as Input diode clamps. In addition to 
this diode action, there Is also lateral NPN parasitic transistor action on the Ie 
chip. This transistor action can cause the output voltages of the comparators to go 
to the V + voltage level (or to ground fora large overdrive) for the time duration that 
an Input Is driven negative. This Is not destructive and normal output states will re
establish when the Input voltage, which was negative, again returns to a value 
greater than - O.3Vdc. 

LM139 A1239 A1339A1LM1391239/3391 
LM2901/MC3302 

4. Positive excursions of Input voltage may exceed the power supply level by 17 volts. 
As long as the other voltage remains within the common-mode range, the com
parator will provide a proper output state. The low Input voltage state must not be 
leS8 than - O.3Vdc (or O.3Vdc below the magnitude of the negative power supply, 
If used). 

5. At output swllch pOint, Vo " 1.4Vdc, RS=On with V+ from 5Vdc to 30Vdc; and 
over the full Input common-mode range (OVdc to V + - 1.5Vdc). 

8. The Input common-mode voltage or either Input signal voltage should not be 
allowed to go negative by more than O.3V. The upper end of the common-mode volt
age range Is V+ -1.5V, but either or both Inputs can go to30Vdc without damage. 

7. The direction of the Input current Is out of the Ie due to the PNP Input stage. This 
current Is essentially constant, Independent of the state of the output so no 
loading change exists on the reference or Input lines. 

8. The response time specified Is for a 100mV Input step with a 5mV overdrive. For 
larger overdrive signals, 300ns can be obtained, seB typical performance character
Istics section. 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR LM139A/239A/339A/LM 139/239/3391 
LM2901/MC3302 

TYPICAL APPLICATIONS 

TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR 

·vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

V+=+30Voc 
+250mVoc ~ Vc :5 +SOVoc 
7ooHz:5 fo S 100kHz 

v+ y+ 
Y+ (12VoC) 

OUTPUT 1 

~ ______________ ~--oOUT~2 

VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER 

• sVoc 

'60 

NOTE: 
Inpu1s of unused comparators should be grounded. 

Signetics 

• sVoc 

CRYSTAL CONTROLLED OSCILLATOR 

v· 

200kO 100kO 2.0kO 

200kO CRYSTAL 
f= 100kHa 

nn.;+ 
Vo 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR LM139A/239A/339A/LM139/239/3391 
LM2901/MC3302 

TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 

1.0 80 10 

T A -S5'C--+--~ 
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08~ 
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~ w 

" h~ ./ --t::~ 
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~ ..- ~ ... z 
TA 0 '125~ ~ /' - ~ TA = DoC z 

~ 40 Q 0.1 - TA 0 1.70'\ CJ 

" ~ 7rA = -55°C V ~ ~ • .4 
~ 

", 
~ 

~ z 

~ V TA= ·'25'9-r--- T " ./ ~ b 0.01 " IA = "vsoc I" TA,= + 25°,c 

/~ P\ 0.2 > 
TA = +70'C TA = +250 

Rr m ~ V 
0.001 

0 10 20 30 40 • 10 " 30 40 0,01 '.1 1.0 10 10. 
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NEGATIVE TRANSITION POSITIVE TRANSITION 

• • I I I INPUT OVERDRIVE = 100mV 
S S 

5mV = INPUT OVERDRIVE ( I > 4 

r'.'~- ~ 4 I r--- ~ I ~ 0 
3 

V,N _ S1~ 
> 3 

/2OmJ SmV 
2 2 

I 

l±}i~ 
100mV 

_ .. VOUT 1 -- I 

0 I 0 J 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 

DESCRIPTION 
The LM193 series consists of two independ
ent precision voltage comparators with an 
offset voltage specification as low as 2.0rryV 
max for two comparators which were de
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from a single 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the LM193series will directly interface 
with MOS logic where their low power drain 
Is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vce supply voltage 
Differential input voltage 
Input voltage 
Power dissipation' 

N 
FE 

Output short circuit to ground2 
Input current (VIN < -0.3Vdc)3 
Operating temperature range 

LM193/193A 
LM293/293A 
LM393/393A 
LM2903 

Storage temperature range 
Lead temperature (soldering 10 sec.) 

EQUIVALENT CIRCUIT 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±1SVdc 

• Very low supply current drain (O.SmA) 
Independent 01 supply voltage (2.0mW/
comparator at 5.0Vdc) 

• Low Input biasing current 25nA 
• Low Input offset current ±5nA and offset 

voltage ±2mV 
• Input common-mode voltage range In

cludes ground 
• Differential Input voltage range equal to 

the power supply voltage. 
• low output 250mV at 4mA saturallon 

voltage 
• Output voltage compatible with TTL, 

oTl, ECl, MOS and CMOS logic sys
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Mulllvibrators 

RATING UNIT 

36 or ±18 Vdc 
36 Vdc 

-0.3 to +36 Vdc 

570 mW 
900 mW 

Continuous 
50 mA 

-55 to +125 ·C 
-25 to +85 ·C 
o to +70 ·C 

-40 to +85 ·C 
-65 to +150 ·C 

300 ·C 

(One Comparator Only) 

Signetics 

PIN CONFIGURATIONS 

INVERTING 
INPUT A 

NON·INVERTlNQ 
INPUT A 

D,N,FE PACKAGE 

NON·INVEATING 
INPUT 9 

TOP VIEW 

ORDER NUMBERS 
LM'93FE 
LM293FE 
LM293AFE 
LM293N 
LM293AN 
LM393D 

LM393FE 
LM393AFE 
LM393N 
LN393AN 
LM2903N 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 

DC ELECTRICAL CHARACTERISTICS (Cont'd) v+ = 5Vdc, LM193/193A: -55°C oS TA oS +125°C unless otherwise specified. 

PARAMETER 

Vas Input offset voltageS 

VCM Input common mode voltage 
range6•1O 

VI DR Differential input voltage4 

Is Input bias currentS 

los Input offset current 

10L Output sink current 

10H Output loakage current 

Icc Supply curront 

Av Voltago gnin 

VOL Saturation voltage 

TLSR Large signal response time 

TR Response timeg 

NOTES 

LM293/293A: -25° CoSTA oS +85° C unless otherwise specified. 
LM393/393A: DoC oS TA oS +70°C unless otherwise specified. 
LM2903: -40°C oS TA oS +85°C unless otherwise specified.? 

LM193 LM293/393 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA = 25°C ±2.0 ±5.0 ±2.0 ±5.0 mV 
Over temp. ±9.0 ±9.0 

TA = 25°C 0 V±-1.5 0 V±-1.5 V 
Over temp. 0 V±-2.0 0 V±-2.0 

Keep all VIN's :::: OVdc V+ V+ V 
(or V-if need) 

IIN(+) or IIN(-) with output in 
linear range 
TA = 25°C 25 100 25 250 
Over temp. 300 400 nA 

IIN(+) - IIN(-) 
TA = 25°C ±3.0 ±25 ±5.0 ±50 nA 
Over temp. ±100 ±150 nA 

VIN(-) :::: 1 Vdc, VIN(+) = O. 
Vo oS 1.5Vdc, 
TA = 25°C 6.0 16 6.0 16 mA 

VIN(+) :::: 1 Vdc, VIN(-) = 0 
Vo = 5Vdc. 
TA =25°C 0.1 0.1 nA 

Vo = 30Vdc, over temp. 1.0 1.0 flA 

RL = '" on both comparators 
TA = 25°C 0.8 1 0.8 1 mA 

V+ = 30 V, over temp. 2.5 2.5 

RL:::: 15KO, V+ = 15Vdc 50 200 50 200 V/mV 

VIN(-):::: 1Vdc, VIN(+) = 0, 
ISINK oS 4mA 
TA = 25°C 250 400 250 400 
Over temp. 700 700 mV 

VIN = TTL logic swing, 
VREF = 1.4Vdc. VRL = 5Vdc, 

RL = 5.1kO, 
TA = 25°C 300 300 ns 

VRL = 5Vdc, 
RL = 5.1kn, 
TA=25°C 1.3 1.3 fls 

4. Positive excursions of input voltage may exceed the power supply level by 17 Volts. 
1. For operating at high temperatures. the LM393/393A and LM2903 must be derated 

based on a '125°C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C 
maximum junction temperature. The low bias dissipation and the "On-Off" 
characteristics of the outputs keeps the chip dissipation very small (Po:5 100mWJ, 
provided the output transistors are allowed to saturate. 

As long as the other voltage remains within the common·mode range, Ine com· 
parator will provide a proper output state. The low input voltage state must not be 
less tnan -D.3Vdc (Vdc below the magnitude of the negative power supply, if used). 

5. At output switch pOint, Vo:!! 1 .4V.dc, Rs "'" on with V+ from 5Vdc to 30Vdc; and over the 
full input common-mode range (OVdc to V+ -1 .5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but eilher or both inputs can go to 30Vdc without damage. 2. Short circuits from the output to V+ can cause excessive heating and eventual 

destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. ' 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to thecal lector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip, This 
transistor action can cause Ihe output voltages of the comparators to go to Ihe V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater Ihan -O.3Vdc. 

7. With the LM293/293A, alJ temperature specifications are limited to -25°C S TA S 
+85° C and the LM393/393A, all temperature specifications are limited to DoC::; TA:5 
+70°C. The LM2903 is limited to -40QC S TA s85°C 

8. The direction of the input current is oul of the Ie due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input Jines. 

9. The response time specified is for a 100mV input step with aSmVoverdrive. 

10. For input signals that exceed Vee, only the overdriven comparator is affected. With a 
SV supply, VIN should be limited to 2SV max .. and a limiting resistor should beused on 
all inputs that might exceed the positive supply. 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 

DC ELECTRICAL CHARACTERISTICS v+ = 5Vdc, LM193/193A: -55°C oS TA oS +125'C unless otherwise specified. 

PARAMETER 

Vas I nput offset voltageS 

VCM Input common mode 
voltage rangeB,10 

VIDR Differential input 
voltage4 

18 Input bias current8 

los Input offset current 

10L Output sink current 

10H Output leakage 
current 

Icc Supply current 

Av Voltage gain 

VOL Saturation voltage 

TLSR Large signal 
response time 

TR Response time9 

LM293/293A: -25'C oS TA oS +85'C unless otherwise specified. 
LM393/393A: oDe oS TA oS +70'C unless otherwise specified. 
LM2903: -40'C oS TA oS +85'C unless otherwise specified,? 

LM193A LM293A/393A LM2903 
TEST CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max 

TA = 25'C ±1.0 ±2.0 ±1.0 ±2.0 ±2.0 ±7.0 
Over temp. ±4.0 ±4.0 ±9 ±15 

TA = 25'C 0 V+-l.5 0 V+-l.5 0 V+-l.5 
Over temp. 0 V+-2.0 0 V+-2.0 0 V+-2.0 

Keep all VIN's 2: OVdc V+ V+ V+ 
(or V-if need) 

IiN(+) or IIN(-) with output in 
linear range 
TA=25'C 25 100 25 250 25 250 
Over temp. 300 400 200 500 

IIN(+) - IIN(-) 
TA = 25'C ±3.0 ±25 ±5.0 ±50 ±5 ±SO 
Over temp. ±100 ±lS0 ±SO ±200 

VIN(-) 2: 1Vdc, VIN(+) = 0, 
Vo oS 1.SVdc, 
TA = 2S'C 6.0 16 6.0 16 6.0 16 

VIN(+) 2: 1Vdc, VIN(-) - a 
Vo = 30Vdc 
Over temp. 1.0 1.0 1.0 

Vo = SVdc, TA = 2S'C 0.1 0.1 0.1 

RL ~ '" on both comparators. 
TA = 2S'C 0.8 1 0.8 1 0.8 1 

V+ = 30V, over temp. 1 2.S 1 2.S 1 2.S 

RL 2: lSkO, V+ = lSVdc, TA = 2S'C so 200 SO 200 2S 100 

VIN(-) 2: 1Vdc, VIN(+) - 0, 
ISINK oS 4mA 
TA = 2S'C 2S0 400 2S0 400 400 
Over temp. 700 700 400 700 

VIN = TTL logic swing, 300 300 300 
VREF = l.4Vdc, 

VRL = SVdc, RL = S.l kO, 
TA = 2S'C 

VRL = SVdc, RL = S.l kll, 1.3 1.3 1.3 
TA = 2S'C 

Signetics 

UNIT 

mV 

V 

V 

nA 

nA 
nA 

mA 

I-'A 
na 

mA 

V/mV 

mV 

ns 

I-'S 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 

TYPICAL APPLICATIONS 

TWO·DECADE HIGH·FREQUENCY VCO 

+VC 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

V+ = +30VCC 

+25mVOCsVCs +SOVOC 

700Hzs10 s 100kHz 

V· 

VISIBLE VOLTAGE INDICATOR 

360 

V· 

3.0kO 

...n.r 
OUTPUT I 

LIMIT COMPARATOR 

V+ (12VOC) 

TTL TO MOS LOGIC CONVERTER 

CRYSTAL CONTROLLED OSCILLATOR 

V+ 

200kO 100kO 2.0kO 

200kO CRYSTAL 

-: f = 100kHz 

All pins 01 any unused comparators should be grounded. 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT CURRENT 

80 

V!NleM!' • v!c_ 
R1N(CM = 10kll 

u 
c • 

i 
0 

TA = -5S'C 

~ 40 
TA = O·C 

i 
I .: 

0 

114 = +t5OC 1\ TA,= +2",C 
TA = +70'C 

" 20 .. co 
V +-SUPPLY VOLTAQE-YOC 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES

NEGATIVE TRANSITION 

'r-t-ir~~'~m~V~·~INb.pU~T~OV~E~RO~R~IVE~ 

~ :r-t--+t--+1------1r----!2:~:- ~~,.~~ 
11-l-,,_om+vH--I1-- V.0UT 
o~-+~l~~~~~~ 

l :~+-~-l--+~I--t-+-~-+~' 
~ 
> - 501--I--+-+-+--f-1--+-+-l--I 

0.' 1.0 1.5 2.0 

TIME-lJ,lec 

Signetics 

LM193/A/293/A/393/A/2903 

OUTPUT SATURATION VOLTAGE 

0 

I OUT1OF m 
0 

SAiURATION I11I 
hi( 

1 

TA=+12S'C~ ~ 
~ rrA = -SS'C 

~ ~ 1 

/~ ;x.. TA+25'CI 

/ 
0.00 ,r% 

l 
> 

0.01 0.1 1.0 " IO-OUTPUT SINK CURRENT (mAl 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES
POSITIVE TRANSITION 

• INPUT OVERDRIVE = 100mV 

• ( r L L 4 

3 I I 
/20mV /smY 

2 

I 

l~~ 1 

J 0 · VIN • _ 5.1K_ 
0 

0-rY'i,oe I-- _."::" VOUT 
0 

I 1 
0.' 1.' 

TIME-I,I'.C 

100 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

FEATURES 
• 12ns maximum guaranteed propagallon 

delay 
• 20/lA maximum Input bias current 
• TTL compatible strobes and outputs 
• Large common mode Input voltage 

range 
• Operates from standard supply voltages 
• Military quallflcallons pending 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

V,DR Differential input voltage 

V,N Input voltage 
Common mode 
Strobe/gate 

Po Power dissipation 
TA Operating temperature range 

NE521 
SE521 

Tstg Storage temperature range 
Lead temperature 

(solder, 60 sec) 

EQUIVALENT SCHEMATIC 

APPLICATIONS 
• MOS memory sense amp 
• A-to-D conversion 
• High speed line receiver 

RATING 

+7 
-7 

±6 

±5 
+5.25 

600 

o to 70 
-55 to +125 
-65 to +150 

+300 

UNIT 

V 

V 
V 

mW 

'C 

'C 
'C 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE521D,F,N SE521F 

BLOCK DIAGRAM 

1'1 
INPUT1A~ 

/2/ 
INPUT 18 

OUTPUT 1V (4c).' ___ ~ J 

STROBE 1G(,,51 __ .....J 

STROBE 5 ("o---.....J 

L __ --0181 STROBE 2G 

,.o----~---T_------T_---------~-------------~r_----~------_, 

'3O---~r-~~----~~_'-~---+_-_~ 

"0----+----...., 

" 

v+O---~--+_--____ ~L-----__ +_----------~~--~-----~ 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

DC ELECTRICAL CHARACTERISTICS V+ = +SV, v- = -SV, T A = -S5 to +12SoC unless otherwise specified 

I 
SE LIMITS 

PARAMETER TEST CONDITIONS UNITS 
Min Typ Max 

Vas Input offset voltage V+ = +4.SV, V- = -4.SV mV 
At 2SoC 6 7.S 
Over temperature range 1S 

IBIAS Input bias current V+ = +S.SV, V- = -S.SV !1A 
At 2SoC 7.S 20 

Over temperature range 40 
lOS Input offset current V+ = +S.SV, V- = -S.SV !1A 

At 2SoC 1.0 S 
Over temperature range 12 

VCM Common mode voltage range V~ = +4.SV, V- = -4.SV ±3 V 

VIL Low level input voltage V 
At 2SoC 0.8 
Over temperature 0.7 

4 
VIH High level input voltage 2.0 V 

IIH 
Input current V+ = +S.SV, V- = -S.SV 

High VIH = 2.7V 
1 Gar 2G strobe 50 !1A 

Common strobe S 100 !1A 
IlL Low VIL = O.SV 

1 G or 2G strobe -2.0 mA 
Common strobe S -4.0 mA 

Output voltage VIIS) = 2.0V V 
V OH High V+ = +4.SV, V- = -4.SV, I LOAD = -1mA 2.5 3.4 
VOL Low V+ = +4.SV, V- = -4.SV, ILOADe 10mA 0.5 

TA = 2SoC, ILOAD = 20mA 0.5 

Supply voltage V 
V+ Positive 4.S 5.0 5.5 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ = S.SV, V- = -S.SV, T A = 25°C mA 
ICC+ Positive 27 35 
ICC- Negative -15 -28 

ISC Short circuit output current -35 -115 mA 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = +5V, v- = -5V, T A = 0 to 70°C unless otherwise specified 

TEST CONDITIONS PARAMETER 
Min 

VOS Input offset voltage V+ = +4.75V, V- = -4.75V 
At25°C 
Over temperature range 

ISlAS Input bias current V+ = +5.25V, V- = -5.25V 
At 25°C 

Over temperature range 

lOS Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

VCM Common mode voltage range V+ = +4.75V, V- = -4.75V ±3 

IIH 
Input current V+ = +5.25V, V- = -5.25V 

High VIH = 2.7V 
1 G or 2G strobe 

Common strobe S 
IlL Low VIL = 0.5V 

1G or 2G strobe 
Common strobe S 

Output voltage VI(S) = 2.0V 
V OH High V+ = +4.75V, V- = -4.75V, I LOAD = -1mA 2.7 
VOL Low V+ = +5.25V, V- = -5.25V, I LOAD = 20mA 

Supply voltage 
V+ Positive 4.75 
V- Negative -4.75 

ICC+ 
Supply current V+ = 5.25V, V- = -5.2SV, T A = 2SoC 

Positive 
ICC- Negative 

ISC Short circuit output current -40 

AC ELECTRICAL CHARACTERISTICS T A = 25°C, RL = 280n CL = 1SpF V+ = +5V V- = -SV 

PARAMETER FROM 
INPUT 

Large Signal Switching Speed 
Propagation delay 

tpLH(D) Low to high' Amp 
tpHL(D) High to low' Amp 
tpLH(S) Low to high' Strobe 
tpHL(S) High to low' Strobe 

Maximum operating frequency 

NOTES 
1 RospnnSElllme measured from OV point 01 ±100mV p-p 10MHz square wave to the 1,5V point of the 

output 

2 Rflsponso time measured from 1.SV pOint of input to 1.SV point of the output 
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TO 
OUTPUT Min 

Output 
Output 
Output 
Output 

40 

NE LIMITS 
UNITS 

Typ Max 

mV 
6 7.5 

10 

J1A 
7.5 20 

40 
j.J.A 

1.0 5 
12 

V 

50 J1A 
100 J1A 

-2.0 mA 
-4.0 mA 

V 
3.4 

0.5 

V 
5.0 5.25 
-5.0 -S.2S 

mA 
27 35 
-15 -28 

-100 mA 

LIMITS 
UNIT 

Typ Max 

ns 
8 12 
6 9 

4.5 10 
3.0 6 
55 MHz 



LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

Vs = :!5'l 
TA - 25 cC 

r----
101m, rib 
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10 15 20 25 30 
TIME-os 

PROPAGATION DELAY FOR 
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75 

I 
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I I 
I 

J TPD (HL 
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I 
i 

30 40 so 60 
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25 25 75 125 
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20 
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~12 
o 
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" ~ 8 
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RESPONSE TIME vs TEMPERATURE 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

FEATURES 
• 15ns maximum guaranteed propagation 

delay 
• 20!1A maximum input bias current 
• TTL compatible strobes and outputs 
• Open collector output for wire-OR'd ap

plications 
• Large common mode input voltage range 
• Operates from standard supply voltages 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

VIDR Differential input voltage 

VIN I nput voltage 
Common mode 
Strobe/gate 

Po Power dissipation 

APPLICATIONS 
• MOS memory sense amp 
• A-to-D conversion 
• High speed line receiver 

RATING 

+7 
-7 

±6 

±5 
±5.25 

600 
TA Operating temperature range NE o to 70 

SE -55 to +125 
T stg Storage temperature range -65 to +150 

Lead temperature +300 
(solder. 60 sec) 

EQUIVALENT SCHEMATIC 

UNIT 

V 

V 

V 

mW 
°C 

°C 
°C 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
N E522D,F,N SE522F 

BLOCK DIAGRAM 

'--__ .....o(8)STROBE 2G 

'4~--------~--~r-----------~-----------r----------------------~--------' 

R" 

'3~~----~--~----------.-~~--~--~-----4 

'20--------+------~ 

" 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

DC ELECTRICAL CHARACTERISTICS ±5V ±10%. TA = -55to 125°C unless otherwise specified 

SE LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VOS Input offset voltage V+ = +4.5V. V- = -4.5V mV 
At 25°C 6 7.5 
Over temperature range 15. 

IBIAS Input bias current V+ - +5.5V. V- - -5.5V iJ,A 
At 25°C 7.5 20. 
Over temperature range 40. 

lOS Input offset current V+ = +5.5V. V- = -5.5V iJ,A 
At 25°C 1.0 5. 
Over temperature range 12. 

VCM Common mode voltage range V+ = +4.5V. V- = -4.5V ±3 V 

VIL Low level input V 
Voltage at 25° C 0.8 
over temperature 0.7 4 

VIH High level temperature 2.0 V 

Input current V+ = +5.5V. V- = -5.5V 
IIH High VIH = 2.7V 

1 G or 2G strobe 50 iJ,A 
Common strobe S 100 iJ,A 

IlL Low VIL = 0.5V 
lG 2G strobe -2 mA 

Common strobe S -4 mA 

Output voltage V 

VOL Low V+ = +4.5V, V- = -4.5V 
IOL = 20mA. TA = 25°C .5 

IOL = lamA .5 

Output current iJ,A 
10H High Vee. = +4.5. Vee- = -4.5V. VOH = 5.5V 

250 

Supply voltage V 
V+ Positive 4.5 5.0 5.5 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ - 5.5V, V- - -5.5V mA 
ICC+ Positive 27 35 
ICC- Negative -15 -28 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

DC ELECTRICAL CHARACTERISTICS (Conl'd) ±5V ±5%, TA = 0 to 70°C unless otherwise specified 

NE LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vas I nput offset voltage V+ = +4.75V, V- = -4.75V mV 
At 25°C 6 7.5 
Over temperature range 10 

'S'AS Input bias current V+ - +5.25V, V- - -5.25V /1A 
At 25°C 7.5 20 
Over temperature range 40 

lOS Input offset current V+ = +5.25V, V- = -5.25V /1A 
At 25°C 1.0 5 
Over temperature range 12 

VCM Common mode voltage range V+ = +4.75V, V- = -4.75V ±3 V 

Input current V+ = +5.25V, V- = -5.25V 
IIH High V,H = 2.7V 

1 G or 2G strobe 50 /1A 
Common strobe S 100 /1A 

IlL Low V,L = 0.5V 
1G 2G strobe -2.0 mA 

Common strobe S -4.0 mA 

Output voltage V+ - +5.25V, V- = -5.25V, V I (S) = 2.0V V 
VOL Low 'LOAD = 20mA 0.5 

Output current /1A 
10H High V CC+ = +4.75, 

VCC- = -4.75V, VOH = 5.25V 250 

Supply voltage V 
V+ Positive 4.75 5.0 5.25 
V- Negative -4.75 -5.0 -5.25 

Supply current V+ = 5.25V, V- = -5.25V, T A-25° C mA 
ICC+ Positive 27 50 
ICC- Negative -15 -28 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, RL = 28011, CL = 15pF 

FROM TO LIMITS 
UNIT PARAMETER INPUT OUTPUT Min Typ Max 

Input resistance 4 k 11 
Input capacitance 3 pF 

Large Signal Switching Speed 
Propagation delay ns 

tPLH(D) Low to high' Amp Output 10 15 
tpHL(D) High to low' Amp Output 8 12 
tpLH(S) Low to high' Strobe Output 6 13 
tpHL(S) High to low' Strobe Output 5 9 

Maximum operating frequency 25 35 MHz 

NOTES 

, RI;Sp(J!I~,() !Hlle measured from OV point of t 100mV p-p 10MHz square wave to the 1 .5V point of the 
uutPlit 

2 R{:spon~;(~ Ilfrl(' rl)()asured from 1 .SV point of input to 1.SV point of the output 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

DESCRIPTION FEATURES 
• 15n5 propagation delay 
• Complementary output gates 

The SE/NE527 is a high speed analog vol
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication 
of high speed T2l gates with a precision 
linear amplifier on a single monolithic Chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a "Emitter Fol
lower" input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol
tage comparators. 

• TTL or ECl compatible outputs 
• Wide common mode and differential vol-

tage range 
• Mil std 883A,B,C available 

• Typical Gain of 5000 

APPLICATIONS 
• AID conversion 
• ECl to TTL Interface 
• TTL to ECl Interlace 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

STROBE A 

~'.=~ v,+ 
INPUT A 

INPUT B 

V1 -=-
STROBE B 

EQUIVALENT SCHEMATIC 

4-130 

v, • 
o--------~--~--------~-. 

'K 'K 

STROBE B 

Signetics 

OUTPUT A 

OUTPUT B 

SE/NE527 

PIN CONFIGURATIONS 

v, 

v; 

D,F,N PACKAGE 

" STAOIE A 

H PACKAGE' v, 

ORDER NUMBERS 
SEINE527H 

-Metal cans (Hl not recommended for new designs 

STROBE A 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE527 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V1+) +15 V 
Negative supply voltage (V1-) -15 V 
Gate supply voltage (V2+) +7 V 
Output voltage +7 V 
Differential input voltage ±5 V 
Input common mode voltage ±6 V 
Power dissipation 600 mW 
Operating temperature range 

NE527 a to +70 °C 
SE527 -55 to +125 °C 

Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 60sec) +300 °C 

DC ELECTRICAL CHARACTERISTICS V,+ = 10V, V,- = -10V, V2+ = +5.0V 

SE527 NE527 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 4 
INPUT CHARACTERISTICS 

Input offset voltage @ 25°C 4 6 mV 
Over temperatu re range 6 10 mV 

Input bias current @ 25°C 2 2 /J.A 
Over temperature range 4 4 /J.A 

Input offset current @ 25° C 0.5 0.75 /J.A 
Over temperature range VIN = OV 1 1 /J.A 
Common mode ±5 V 
voltage range 

GATE CHARACTERISTICS 
Output voltage 

"1" State V2+ = 4.75V, ISOURCE = -1 mA 2.5 3.3 2.7 3.3 V 
"0" State V2+ = 4.75V, ISINK = 10mA 0.5 0.5 V 

Strobe inputs 
"a" Input current 1 V2+ = 5.25V, VSTROBE = 0.5V -2 -2 mA 
"1" Input current @ 25°C' V2+ = 5.25V, VSTROBE = 2.7V 50 100 /J. A 

Over temperature range V2+ = 5.25V, VSTROBE = 2.7V 200 200 /J.A 
"0" Input voltage V2+ = 4.75V 0.8 0.8 V 
"1" Input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V, VOUT = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V,+ 5 10 5 10 V 
V,- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V,+ = 10V, V,- = -10V 
V2+ = 5.25V 

1,+ Over temp. 5 5 mA 
1,- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

NOTES 
,. See logic function table. 

Signetics 4·131 



LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Transient response propagation delay time VIN = ±100mV step 
tpLH 
tPHL 

Delay between output A and 8 

Strobe delay time 
ton Turn-on time 
tott Turn-off time 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

RESPONSE TIME TEST CIRCUIT 

INPUT_4-t-'Nv~---;;---'+-t 

APPLICATIONS 
One of the main features of the device is that 
supply voltages IV1+, V1-1 need not be 
balanced, as indicated in the following dia
grams. For proper operation, however, neg
ative supply IV1-1 should always be at least 
six volts more negative than the ground 
terminallpin 61. Input Common Mode range 
should be limited to values of two volts less 
than the supply voltageslV1+ and V1-1 up to 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

A ~_~_~+~5_V ___ .-

CRl - CR4=IN914 INPUT 
Rl SElECTED FOR 15:1 DIVIDER PRR=lMHz 
R2,3 SELECTED FOR lOOmV AT PIN 4 Pw= 50ns 

Tr=TI=2ns 
AMPLITUDE= 3.00V 

a maximum of ±6 volts as supply voltages 
are increased. 

NE527 LOGIC FUNCTION 
V,N STR'A' STR'B' (A+, B-) 

>VOIf X hll 

< -VoII hll X 

SE/NE527 

+5 

5K 
R, 

CR. 

CR2 

CR' 

CR. 

It isalso important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

OUT'A' OUT'B' COMMENT 

H Ilh Read l,lB' I'HA 

Ilh H Read l,LA, I'HB 

ECl TO TTL INTERFACE 

R2 R2 

.--'-------'14---. Q 

11 

Q 

11 

527N 
527N TTL 

R2 OUTPUTS 

Eel I 
INPUT Q 

R1 R1 

-10V 

MOS MEMORY SENSE AMP TTL TO ECl INTERFACE 

Q 
TTL INPUT 

521N 527N 

1Don 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

DESCRIPTION 
The SE/NE529 is a high speed analog volt
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage IV1+) 
Negative supply voltage IV1-) 
Gate supply voltage IV2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

Isoldering, 60 sec) 

EQUIVALENT SCHEMATIC 

v, 

4-134 

FEATURES 
• 10ns propagation delay 
• Complementary output gates 
• TTL or ECL compatible outputs 
• Wide common mode and differential volt

age range 
• Typical Gain 5000 

APPLICATIONS 
• AID conversion 
• ECL to TTL interface 
• TTL to ECL interface 
• Memory sensing 
• Optical data coupling 
• Mil std 883A,B,C available 

R" 

,K 
Roo 

RATING 
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+7 
±5 
±6 
600 

o to +70 
-55 to +125 
-65 to +150 

+300 

Signetics 
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PIN CONFIGURATION 
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SE/NE529F, NE529N,D 

H PACKAGE' 

v,· 

OUTPUT B 

ORDER NUMBERS 
SEINE529H 

OUTPUT B 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE529 

DC ELECTRICAL CHARACTERISTICS v,+ = +10V, V2+ = +5.0V, V,- = -10V 

SE529 NE529 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @25°C 5 12 5 20 !J.A 
Over temperature range VIN = OV 36 50 !J.A 

Input offset current @25°C 2 3 2 5 !J.A 
Over temperature range VIN = OV 9 15 !J.A 
Common mode voltage range 0 ±5 0 ±5 V 

GATE CHARACTERISTICS 
Output voltage 

"1" state V2+ = 4.75V, Isource = -1 mA 2.5 3.3 2.7 3.3 V 
"0" state V2+ = 4.75V, Isink = 10mA 0.5 0.5 V 

Strobe inputs 

"0" Input currenl' V2+ = 5.25V, Vstrobe = 0.5V -2 -2 mA 

"1" Input currenl @ 25·C' V2+ = 5.25V, Vstrobe = 2.7V 50 100 j).A 4 
Over temperature range V2+ = 5.25V, Vstrobe = 2.7V 200 200 !J.A 
"0" input voltage V2+ = 4.75V 0.8 0.8 V 
"1" input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V, VOUT = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V,+ 5 10 5 10 V 
V,- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V,+ = 10V, V,- = -10V 
V2+ = 5.25V 

11+ Over temp. 5 5 mA 
1,- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

NOTES 
1. See logic function table. 

AC ELECTRICAL CHARACTERISTICS TA = 25°C 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT 
Min Typ Max 

Transient response VIN = ±100mV step 
Propagation delay time 

tpLH 12 22 ns 
tpHL 10 20 ns 

Delay between output 2 5 ns 
A and B 

Strobe delay time 
tON turn-on time 6 ns 
tOFF turn-off time 6 ns 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE529 

APPLICATIONS NE529 LOGIC FUNCTION 
One of the main features of the device isthat 
supply voltages (V1+, V1-) need not be 
balanced, as indicated in the following dia
grams. For proper operation, however, neg
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 61. Input Common Mode range 

VIN 
(A+, B-) STR'A' STR'B' OUT 'A' OUT'B' COMMENT 

should be limited to values of two volts less 
than the supply voltages 1V1+ and V1-) upto 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

+5V 
), ~--t--~--""T-

529N 

MOS MEMORY SENSE AMP 

529N 

loon 

>Voff X 

< -Voff h/l 

Q 

Q 

Signetics 
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LINEAR LSI PRODUCTS 

DISPLAY DRIVER - SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 

Operating safe zones. Exceeding these limits could cause permanent 
damage to the device and are not meant to imply that devices can 
operate at these limits. 

BCD 

Binary Coded Decimal. 

Bl/RBO 

Blanking Input or Ripple Blanking Output. 

CE 

Chip Enable. 

CLR 

Clear. Clear command will preset all internal circuits to a pre· 
determined state. 

Duty Cycle 

Ratio of time on to time off. Generally expressed in percentage. 

FMAX 

The maximum clock frequency: the maximum input frequency at a 
clock input for the predictable performance. Above this frequency the 
device may cease to function. 

18 
Input Bias Current. Current into an analog circuit input, 
specified at a particular voltage level. 

Icc (-Icel 
Supply Current. The current flowing into the + Vcc (- Vcd sup
ply terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee worst 
case operation unless specified. 

IcEX 

Output Leakage Current. The current flowing out of or into a 
disabled (off) output with a specified High output voltage ap
plied. 

IIH 

Input High Current. The current flowing into or out of an input 
when a specified High level voltage Is applied to that input. 

'lL 

Input Low Current. The current flowing out of an input when a 
specified Low level voltage is applied to that input. 

10H 

Output Current Source the device can supply while maintaining 
a specified voltage output level. 

10L 

Output Low Current. The current flowing into an output when it 
is in the Low State. 

los 

Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is shorted to ground. 

Is 

Source Current. Current flowing into the Vs supply terminal of 
the device with specified operating conditions. 

ISEG 

Segment Current. The amount of current supplied to each seg
ment as a display. Current ratios are generally compared to seg
ment 'b'. 

LED 

Light Emitting Diode. 

Package Type Designation 

See full package designations in Appendix. 

Power Dissipation 

The power that the device can safely handle at 15'C. The dissi
pation must be derated as indicated for the individual package 
type. 

RBI 

Ripple Blanking Input. 

Segmenl Identification 

TA 
Ambient temperature range. Allowable range of the surrounding 
environment of the operating device. 

th 
Hold Time. The interval immediately following the active transi
tion of the timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the in
put to ensure its continued recognition. A negative hold time in
di('~tes that the current logic level may be released prior to the 
active transition of the timing pulse and still be recognized. 

TJ 

Junction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

IpHL 

Propagation Delay Times. The time between the specified refer
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 

t pLH 

Propagation Delay Time. The time between the specified refer
ence points on the input and output waveforms with the output 
changing from the defined LOW level to the defined HIGH level. 

tree 
Recovery Time. The time between the reference point on the 
trailing edge of an asynchronous input control pulse and the 
reference point on the activating edge of a synchronous (clock) 
pulse input such that the device will respond to the synchronous 
input. 

I. 
Setup Time. The interval immediately preceding the active tran
sition of the timing pulse (usually the clock pulse) or preceding 
the transition of the control input to its latching level, during 
which interval the data to be recognized must be maintained at 
the input to ensure its recognition. A negative setup time in
dicates that the correct logic level may be initiated sometime 
after the active transition of the timing pulse and still be 
recognized. 
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DISPLAY DRIVER - SYMBOLS AND DEFINITIONS 

DISPLAY DRIVER DEFINITIONS (Cont'd) 

Truth Tables 

o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit condi
tions listed. 

Typical Value 
The typical value of a particular parameter at 25°C determined by 
characterization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested varia
bles. Occasionally typical values are given rather than min-max 
values because 100% testing would raise the cost of the product to a 
prohibitive level. If a typical value must be guaranteed to ensure spe
cific operation, custom testing can often be provided at an additional 
cost to the user. 

VBR 

Output Breakdown Voltage. Maximum voltage applied to a 
disabled (off) output to ensure a leakage current less than the 
specified value. 

Vcc (- Vce> 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

VF 
Forward voltage drop of a device at a specified current level. 

V1H 

Input High Voltage. The range of input voltages recognized by 
the device as a logic high. 

V1L 

Input Low Voltage. The range of input voltages recognized by 
the device as a logic low. 

V1N 

The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 

VOH 

Output High Voltage. The minimum guaranteed High voltage at 
an output terminal for the specified output current 10H and at the 
minimum Vcc value. 

VOL 

Output Low Voltage. The maximum guaranteed low voltage at an 
output terminal sinking the specified load current 10L. 

VOUT 

The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Vs 
Source Voltage. A separate Vcc line depending on part type. 

XX 
Negate Bar - when it appears over a function indicates that the 
"true" or valid condition of that function is a logic low level. 
i.e. LE - would require a logic high level to cause a latch enable 

CE - would require a logic low level to cause a latch enable. 
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QUAD LINE DRIVER 

DESCRIPTION 
The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev
els through one stage of inversion to output 
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage V+ 
V-

Input voltage (VINJ 

Output voltage 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 
Lead temperature (soldering. 10see) 

CIRCUIT SCHEMATIC 

R1 R2 
S.2K 6.2K 

01 

INPUT 

INPUT 

02 '7 03 

~7- 04 

t---

R4 os 
3.6K ... 

0 1>-
0:-

V03 ....... 

OS~ ,...., 
RS RS 
10K 7K 

1/4 CIRCUIT 
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FEATURES 
• Current limited output: ±10mA Typ 
• Power-off source Impedance: 3000 Min 
• Simple slew rate control wllh external 

capacitor 
• Flexible operating supply range 
• Inputs are OTL/TTL compatible 

APPLICATIONS 
• Computer port driver 
• Digital transmission over long lines 
• Slew rale control 
• TTL/OTL to MOS translation 

RATING UNIT 

+15 V 
-15 V 

-15 :s VIN :s 7.0 V 
±15 V 

1000 mW 
800 mW 

o to +75 'c 
-65 to +150 'c 

300 'c 

v+ 

V 
"" 02 

09 

R3 
70n 

RS 
300n 

f--r- OUTPUT 

06 re;-
/. 7- ,l 08 

V 04 

"'" 
R7 
70n 

v-

Signetics 

MC1488 

PIN CONFIGURATION 

O,F,N PACKAGE 

VEE 1 

INPUT 1 2 

OUTPUT 1 J 

INPUT 2A 4 

INPUT 2B 

OUTPUT 2 6 

GNO 7 

11 OUTPUT4 

9 INPUT3A 

8 OUTPUT 3 

ORDER NUMBERS 
MC14BBD MC148BF, MC14B8N 



LINEAR LSI PRODUCTS 

QUAD LINE DRIVER MC1488 

DC ELECTRICAL CHARACTERISTICS v+ = +9.0V ± 1%, V- = -9.0V ± 1%, TA = O'C to +75'C 
unless otherwise specified. 
All typicals are for V+ = 9.0V, V- = -9.0V, and TA = 25'C: 

PARAMETER TEST CONDITIONS 

Logic "0" input current VIN = OV 
Logic "1" input current VIN = +5.0V 

V+ - 9.0V 
RL = 3.0kn V- = -9.0V 

High level output voltage 
VIN = O.BV V+ = 13.2V 

V- = -13.2V 

V+ = 9.0V 
RL = 3.0kn V- = -9.0V 

Low level output voltage 
VIN = 1.9V V+ = 13.2V 

V- = -13.2V 

High level output VOUT = OV 
Short-circuit current VIN = O.BV 
Low level output VOUT - OV 
Short-circuit current VIN = 1.9V 

Output resistance 
V+ - V- - OV 
VOUT = ±2V 

V+ - 9.0V, V- - -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 

Positive supply current 
V+ = 15V, V- = -15V 

(output openl V+ -9.0V, V 9.0V 
VIN = O.BV V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V+ = 9.0V, V- - -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 

Negative supply current 
V+ = 15V, V- = -15V 

(output openl V+ = 9.0V, V- = -9.0V 
VIN = O.BV V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

Power dissipation 
V+ = 9.0V, V- = -9.0V 
V+ = 12V, V- = -12V 

Propagation delay to "1" (tpdll RL = 3.0kn, CL = 15pF, TA = 25'C 
Propagation delay to "0" (tpdO) RL = 3.0kn, CL = 15pF, TA = 25'C 
Rise time (hi RL = 3.0kn, CL = 15pF, TA = 25'C 
Fall time (tfl RL = 3.0kn, CL = 15pF, TA = 25'C 

NOTE 

·Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

Signetics 

LIMITS 

Min Typ 

-1.0 
.005 

6.0 7.0 

9.0 10.5 

-6.0 -6.B 

-9.0 -10.5 

-6.0 -10.0 

5.0 10.0 

300 

15.0 
19.0 
25.0 

4.5 
5.5 
B.O 

-13.0 
-18.0 
-25.0 

-1 
-1 

-.01 

252 
444 
275 
70 
75 
40 

UNIT 
Max 

-1.6 mA 
10.0 fLA 

V 

V 

V 

V 

-12.0 mA 

12.0 mA 

n 

20.0 mA 
25.0 mA 
34.0 mA 

6.0 mA 
7.0 mA 
12.0 mA 

-17.0 mA 
-23.0 mA 
-34.0 mA 

-15 fLA 
-15 fLA 
-2.5 mA 

333 mW 
576 mW 
560 ns 
175 ns 
100 ns 
75 ns 
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QUAD LINE [)RIVER MC1488 

TYPICAL PERFORMANCE CHARACTERISTICS 

15 

C 12 g ,.., 
Z 
W 
II: 
II: 
:::> 
<J 0 
5 -3 
I!: :::> -6 

~ -9 

9 -12 

-15 

OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 

I 
.l. V+ =12V , V - -12V 

1\ I\. 
\ \ V+ =9~). ~ I--

\ V- = -9V 

\ , i\ 
\ \ \ \ 
~ 

~11q. \ 

-16 -12 -8 -4 12 16 

Vo OUTPUT VOLTAGE (V) 

AC LOAD CIRCUIT 

rmTE 

·CL includes probe and jig capacitance. 

SWITCHING WAVEFORMS 

NOTE 

tr and tt are measured 
between 10% and 90% 
of the output waveform 
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RS232C DATA TRANSMISSION 

T2UDTL 1/4 MC1488 

- ..... -=:t ...... p-

r2LIDTL 1:~~~:~91 

_..r-

INTERCONNECTING 
CABLE 

T2LIDTL 

-«"'1:= _J---~-1:y 
SIGNAL GROUND • -+--~~~~~---+-, 1/4 MCI488 

INTERNAL DATA 1_ 
TERMINAL ":" 
EQUIPMENT 

NOTE 

·Optional for noise filtering 

APPLICATIONS 
By connecting a capacitor to each' driver 
output the slew rate can be controlled utiliz
ing the output current limiting characteris
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu
lated using the following relationship 

C = Isc (dT/dV) 

where C is the required capacitor, Isc is the 
short circuit current value, and ilV/ilT is the 
slew rate. 

RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 

Signetics 

MODEM 

TYPICAL APPLICATIONS 

DTL/TTL-TO-MOS TRANSLATOR 

DTLI 
TTL 

INPUT 

+12V 

-12V 

10K 

-12V 

MOS 
OUTPUT 
-10V TO 
-O.4V 

DTL/TTL-TO-HTL TRANSLATOR 

DTLI 
TTL 

INPUT 

+12V 

-12V 

HTL 

)O----1r-O ~~::~io 
+10V 

DTLITTL-TO-RTL TRANSLATOR 

D'TU 
TTL 

INPUT 

+12V 

-12V 

RTL 

p.~--~O ~~::~io 
+3.7V 
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QUAD LINE RECEIVERS 

DESCRIPTION 
The MC1489/MC1489A are quad line re
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de
vices satisfy the specifications of EIA stand
ard No. RS232C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage 
Input voltage range 
Output load current 
Power dissipation' 

F package 
N package 

Operating temperature range 
Storage temperature range 

EQUIVALENT SCHEMATIC 

(1 '4 OF UNIT SHOWN) 

MC1489: AF = 10k 
MC1489A: RF = 2k 

4K 

9K 

MC1489/MC1489 A 

FEATURES PIN CONFIGURATION 
• Four totally separate receivers per pack-

D, F, N PACKAGE 
age 

• Programmable threshold 
• Built-In input threshold hysteresis 
• "Fail sale" operating mode 
• Inputs withstand ±30V 

APPLICATIONS 
• Computer port inputs 
• Modems 
• Eliminating noise in digital circuitry 
• MOS to TTLlDTL translation 

RATING UNIT 

10 V 
:!:30 V 
20 mA 

1 W 
800 mW 

o to +75 °C 
-65 to +150 °C 

TOP VIEW 

ORDER NUMBERS 
MC1489D, MC1489AD 

RESPONSE 
CONTROL 3 

MC1489F, MC1489AF, MC1489N, MC1489AN 

VOLTAGE WAVEFORMS 

~ 
____ 3V 

;0 

INPUT I I ov -11-" --1 1-" OUTPUT~ 90 

1.SV 

'pd O- 1- - ['Pd' 

AC TEST CIRCUIT 

OUTPUT 

Signetics 

RESPONSE 
CONTROL 
= OPEN OUTPUT Vee 
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QUAD LINE RECEIVERS MC1489/MC1489A 

DC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 1%, OOG s TA S +75°G unless otherwise specified.1,2 

PARAMETER TEST CONDITIONS 

Input high threshold voltage TA = 25°C, VOUT S 0.45V, 
lOUT = 10mA 

Input low threshold voltage TA = 25°C, VOUT S 2.5V, 
lOUT = -0.5mA 

VIN = +25V 
VIN = -25V 

Input current VIN - +3V 
VIN = -3V 

Output high voltage VIN = 0.75V, lOUT = -0.5mA 
Input = Open, lOUT = -0.5mA 

Output low voltage VIN = 3.0V, lOUT = 10mA 

Output short circuit current VIN = 0.75V 
Supply current VIN = 5.0V 

Power dissipation VIN = 5.0V 

NOTES 
1. Voltage values shown are with respect to network ground terminal. Positive current is 

defined as current into the referenced pin. 
2. These specifications apply for response control pin"" open. 

MC1489 

Min Typ 

1.0 

0.75 

+3.6 +5.6 
-3.6 -5.6 

+0.43 +0.53 
-0.43 -0.53 

2.6 3.8 
2.6 3.B 

0.33 

3.0 
20 

100 

MC1489A 
UNIT 

Max Min Typ Max 

1.5 1.75 2.25 V 

1.25 0.75 1.25 V 

+8.3 +3.6 +5.6 +8.3 
mA 

-8.3 -3.6 -5.6 -8.3 

+0.43 +0.53 
mA 

-0.43 -0.53 

5.0 2.6 3.8 5.0 V 
5.0 2,6 3.8 5.0 V 

0.45 0.33 0.45 V 

3.0 mA 
26 20 26 mA 

130 100 130 mW 

AC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 1%, TA = 25°C unless otherwise specified.1,2 

PARAMETER TEST CONDITIONS 

Input to output "high" RL = 3.9kn (AC test circuit) 
Propagation delay Itpd1) 

Input to output "low" RL = 390n (AC test circuit! 
Propagation delay (tpdO) 

Output rise time RL = 3.9kn lAC test circuit) 
Output fall time RL = 390n lAC test circuit) 

NOTES 
1. Voltage values shown are with respect to network ground terminal. Positive current is 

defined as current into the referenced pin. 

2. These specifications apply for response control pin =; open. 

TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

1/4MC1489. 
114MC148a MC1489A TTl/OTl TTl/OTL 

--<""--=:::.. ...... p- )O--t-----,~---+--I.><)---=r--)o--
- ........ -

TTliOTl 
114MC14B9! 

MC14B9A 

INTrnrACE DATA I 
TUIMINAl 
lOUIr>MrNT 

'Optional for noise filtering 
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INTERCONNECTING 
CABLE 

SIGNAL GROUND 

I 
TTL/OTL 

~-.---«_J:= 
li4MC14BB 

MODEM 

Signetics 

MC1489 MC1489A 
UNIT 

Min Typ Max Min Typ Max 

25 85 25 85 ns 

20 50 20 50 ns 

110 175 110 175 ns 
9 20 9 20 ns 

MOS TO TTL/DTL TRANSLATOR 

r--....,~t" nc." 
I MaS lOGIC -r-[~) 
L. __ ....J I 

1:4 Me 1489 1--[ ~\ 
MC 14B9A I 

I --' 

o 
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ADDRESSABLE RELAY DRIVER 

DESCRIPTION FEATURES 

The NE5090 addressable relay driver is a • 8 high current outputs 
high current latched driver, similar in func- • Low·loadlng bus compatible Inputs 
tion to the 9934 address decoder. The device • Power· on clear ensures safe operation 
has 8 open collector Darlington power out. • Will operate In addressable or 
puts, each capable of 150mA load current. demultiplex mode 
The outputs are turned on or off by respec. • Allows random (addressed) data entry 
tively loading a logic "1" or logic "0" into the • Easily expandable 
device data input. The required output Is • Pin compatible with 9334 
defined by a 3 bit address. The device must 
be enabled by a CE input line which also 
serves the function of further address APPLICATIONS 
decoding. A common clear input, CLR, turns 
all outputs off when a logic "0" is applied. 
The device is packaged in a 16 pin plastic or 
CERDI P package. 

BLOCK DIAGRAM 

INPUT STAGE 

ABSOLUTE MAXIMUM RATINGS 
TA = 25 'C unless otherwise specified. 

PARAMETER 

Vcc Supply voltage 

• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

OUTPUT STAGE 

RATING UNIT 

- 0.5 to+ 7 V 
V1N Input voltage - 0.5 to+ 15 V 
VOUT Output voltage a to+ 30 V 
IGND Ground current 500 mA 
lOUT Output current 200 mA 

Each output 
PD Power dissipation 1 1 W 
Ambient temperature range 'C 

TA NE5090 a to + 70 
TJ Junction 150 
TSTG Storage -65to+150 
Tsold Lead soldering temperature 300 'C 

(10 sec max) 

Signetics 

NE5090 

PIN CONFIGURATION 

NOTES: 

O\F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5090N 
NE5090F 
NE5090D' 

1. SOL· Released in Large SO package only, 
2. SOL and !J.Q.Q-standard pinout. 
3. SO and !l2.IJ-standard pinouts. 
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ADDRESSABLE RELAY DRIVER NE5090 

PIN DESIGNATION 
PIN NO. SYMBOL NAME AND FUNCTION 

1-3 AO-A2 A 3·bit binary address on these pins defines which of the 8 output latches Is to receive the data. 

4-7,9-12 00-07 The 8 device outputs. 

13 0 The data input. When the chip is enabled, this data bit is transferred to the defined output such that: 
"1" turns output switch "ON" 
"0" turns output switch "OFF" 

14 CE The chip enable. When this input is low, the output latches will accept data. When CE goes high, all 
outputs will retain their existing state, regardless of address of data input conditions. 

15 CLR The clear input. When CLR goes low all output switches are turned "OFF". The high data input will 

TRUTH TABLE 

INPUTS 

CLR CE D AD 

L H X X 

L L L L 
L L H L 
L L L H 
L L H H 
L L L H 
L L H H 

H H X X 

H L L L 
H L H L 
H L L H 
H L H H 
H L L H 
H L H H 

X"" Don't care condItion 
ON-l = Previous output state 

A1 A2 

X X 

L L 
L L 
L L 
L L 
H H 
H H 

X X 

L L 
L L 
L L 
L L 
H H 
H H 

L = Low voltage level/"ON" output sUllo 
H = High voltage levell"OFF" output stale 

override the clear function on the addressed latch. 

OUTPUTS MODE 

00 01 02 03 04 Os 06 07 

H H H H H H H H Clear 

H H H H H H H H 
L H H H H H H H 
H H H H H H H H Demultiplex 
H L H' H H H H H 
H H H H H H H H 
H H H H H H H L 

QN-l .. Memory 

H ON-l • 
L QN-l .. 

ON-l H QN-l • 
QN-l L ON-l Addressable 
QN-l .. H Latch 
ON-l • L 

DC ELECTRICAL CHARACTERISTICS VCC = 4.75V to 5.25V, O·C :s T A :S 70·C unless otherwise specified {NE5090)2. 

PARAMETER TEST CONDITIONS 

Input voltage 
VIH High 
Vil Low 

Output voltage 
VOL Low 10l = 150mA, TA =25·C 

Over temperature 

Input current 
IIH High VIN=VCC 
III Low VIN=OV 

10H Leakage current VouT =28V, 

Supply current 
Iccl All outputs low Vcc= 5.25V NE5090 
ICCH All outputs high 

NOTES 

1. Derate powor dissipation as Indicated above threshold ambient temperature 
NE5090 N al 9.3mW/oC above 85°C 
NE5090 F III 7.SmW/oC above 65°C 

2. A" typical values are at VCC=5V and TA =25°C 
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LIMITS 
UNIT 

Min Typ Max 

2.0 V 
0.8 

1.05 1.30 
V 

1.50 

<1.0 10 p.A 
-3.0 -250 

5 250 p.A 

35 60 mA 
22 50 



UNEAR LSI PRODUCTS 

ADDRESSABLE RELAY DRIVER NE5090 

SWITCHING CHARACTERISTICS Vcc =5V, TA=25'C, VouT =5V, IOUT=100mA, V1L =0.8V, VIH=2.0V 

PARAMETER TO FROM Min Typ Max UNIT 

Propagation delay time 
tpLH Low to high1 

Output BE 900 1800 
tpHL High to low1 130 260 

ns 

tpLH Low to high2 
Output Data 920 1850 

tpHL High to low2 130 260 ns 

tpLH Low to high3 
Output Address 

900 1800 
tpHL High to low3 130 260 

ns 

tpLH Low to high4 
Output CLR 

920 1850 
tpHL High to low4 ns 

SWITCHING SETUP REQUIREMENTS 

tslH)5 Chip enable High data 5 20 
tslL)5 Chip enable Low data 10 30 

ns 

tslA)6 Chip enable Address 0 20 ns 

thlH)5 Chip enable High data +10 0 
tHIL)5 Chip enable Low data +10 0 

ns 

tpWIE)1 Chip enable pulse width1 0 20 ns 

NOTES 

1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 

2. See Turn-On and Turn·Off Delays, Data to Output timing diagram. 

3. See Turn-On and Turn·Off Delays, Address to Output timing diagram. 

4. See Turn·Off Delay, Clear to Output timing diagram. 

5. See Setup and Hold Time, Data to Enable timing diagram. 

6. See Setup Time, Address to Enable timing diagram. 

TIMING DIAGRAMS 

TURN·ON AND TURN·OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

TURN·ON AND TURN·OFF DELAYS, DATA TO OUTPUT 

CE 

a 

Other Inputs: CLR = H, A = Stable, Other Inputs: CE = L, "Ci:R = H, A = Stable 

TURN·ON AND TURN·OFF DELAYS, ADDRESS TO OUTPUT TURN·OFF DELAY, CLEAR TO OUTPUT 

~ b-
a ______ '"_L1) ....... ------

Other Inputs: CE - L, CLA =- L, D = H Other Inputs: CE -: H, 
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ADDRESSABLE RELAY DRIVER 

TIMING DIAGRAMS (Cont'd) 

SETUP AND HOLD TIME, DATA TO ENABLE 

a U/II 
Other Inputs: a::A. H, A'" Stable, 

TYPICAL APPLICATIONS 

INTERFACING WITH A 
MICROPROCESSOR SYSTEM 

DATA 
BUS 

" 
+,v +,v 

~~r=-gD ~,1=g, 
I 

--=', ~a' -=', Eo' " i==gl " ~gl 
50110 Fa; '09' Fa, t--- a• t--- a, a, a, 

CE_ 10._ 
110 .......£.L" ~:. 

CONTROL 
+,v 

CLEAR 

Ao, Al, A2, may be connected to the 

addross bus If permitted by system design, 1 
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NE5090 

SETUP TIME, ADDRESS TO EfIIABLE 

Other Inputs: CLR = H, 

55' 

DRIVING SIMPLE LOADS 

'5V + 51JTO 28V 

°0 
a, 
a, 

5090 03 
0, 

----jOE ~: 

"L 

L~a:.:.,t--.......... 
RELAY 
LOAD 

OPERATING IN DEMULTIPLEX MODE 

a, 
a, 
a, a, 
0, 
0, 
a, 

..... :.::.....,..r--VQ, 
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ADDRESSABLE RELAY DRIVER NE5090 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE VS LOAD CURRENT 

0.8 ......... <.r-i7C--I-----l----l 

50 100 150 

OUTPUT LOAD CURRENT (rnA) 

200 

4 
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LED DECODER/DRIVER 

DESCRIPTION 
The NE5S7 is a latch / decoder / driver for 7-
segment common anode LED displays. The 
NE5S7 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage. power supply voltage. and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys
tem. The 7 -segment decoding is implement
ed with a ROM so that alternative fonts can 
be made available. 

FEATURES 
• Latched BCD inputs 
• Low loading bus-compatible Inputs 
• Ripple-blanking on leading and/or trail

ing edge zeros 

APPLICATIONS 
• Digital panel meters 
• Measuring Instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA = 25'C unless otherwise specified 

PARAMETER 

VCC Supply voltage 

VIN Input voltage 
(DO - 03. LE. RBI) 

VOUT Output voltage 
(a-g. RBO) 

Po Power dissipation (25' C) I 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO Soldering temperature 
(10 sec. max) 

NOTE 
Derate power dissipation as indicated 

N package· 9S"C/watt above 55"C 
F package· 100<>C/watt above 50"C 

BLOCK DIAGRAM 

RATING 

-0.5 to +7 

-0.5 to +15 

-0.5 to +7 

1000 

o to 70 

150 

-65 to +150 

300 

~---------------------l 

Vee (18) 

liB! (5) 

DO (7) 

D, (') 
02 (2) 

D3 (e) 

[E (3) 

Ip (0) 

GNO CD) 

4-150 

0 

I 

1 ~ 
I 
I .. 
J 

J 

,..... J 

J 

I 
J 

J 

J 

~ 
J 

DATA SCOTO I LATCHES 7-SEGMENT 
DECODER I 

J 

r U I 
I 
J 

J 

J 
BANDGAP r--- SEGMENT I REFERENCE CURRENT I 

I 
DRIVER J 

I J 
J I .. 

J I 

L---------------i----J 
POWER GND (10) 
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UNIT 

V 

V 

V 

mW 

'c 
'c 
'c 
'c 

mK:)/ID (4) 

B (15) 

b (14) 

c (13) 

d (12) 

e (11) 

1(17) 

g (16) 

NE587 

PIN CONFIGURATIONS 

NOTES: 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE587F NE587N 

0 2 PACKAGE 

TOP VIEW 

NE587D' 

1. SOL· Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non·standard pinouts. 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

DC ELECTRICAL CHARACTERISTICS vcc = 4.75 to 5.25V. O°C < TA < 70°C. 
Typical values are at Vcc = 5V. TA = 25°C. Rp = lkfl (+ 1%) unless otherwise stated -

PARAMETER TEST CONDITIONS 

VCC Operating supply voltage 

VIH Input high voltage All Inputs except BI 
Bi 

VIL Input low voltage 

VIC Input clamp voltage liN = -12mA. TA = 25°C 

IIH Input high current Inputs DO -03. LE. RBI 
VIN = 2.4V 
VIN = 15V 

Input Bi (pin 4) 
RBI = H 

VIN = VCC = 5.25V 

IlL Input low current VIN = O.4V. Inputs DO - 03 
LE RBI 
Input BI 

VCC = 5.25V 
RBI = H. VIN = 0.4V 

VOL Output low voltage Output RBO 
lout = 3.0mA 

VOH Output high voltage Output RBO 
lOUT = -50p.A 

RBI = H 

lOUT Output segment Outputs "a" thru "g" 
"ON" current VOUT = 2.0V 

t.IOUT Output current ratio With reference to "b" segment 
(all outputs ON) 

VOUT = 2.0V 

IOFF Output segment Outputs "a" thru "g" 
"OFF" current VOUT = 5.0V 

ICCO Supply current VCC = 5.25V 
AUoutputs "ON" 

VOUT> IV 

ICCI Supply current VCC = 5.25V 
All outputs blanked 

NOTE 
NE5S7 PROGRAMMING 

The NE5S7 output current can be programmed, provided 8 program resistor, Rp, be' 

connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant 
1.3V 10 

(::::; 1.3V). Thus, a current through Rp is lp = RP' as shown in Figure 5. IP is 20 in the 

15 to SOmA output current range. 

Signetics 

NE5B7 

Min Typ Max 
UNIT 

4.75 5.00 5.25 V 

2.0 15 
V 

2.0 5.5 

O.B V 

-1.5 V 

p.A 
1.0 10 
15 15 
10 100 p.A 

-5 p.A 
-200 
-0.7 

rnA 

.2 .5 V 

3.5 4.5 V 

20 25 30 rnA 

0.90 1.00 1.10 

20 250 p.A 

33 55 rnA 

50 70 rnA 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

AC ELECTRICAL CHARACTERISTICS vcc = SV TA = 2S'C. RL = 130n, CL = 30pF including probe capacity. 

PARAMETER 

toav. Propagation delay 
Figure 2 

toav. Propagation delay 
Figure 3 

tw Latch enable pulse width 
Figure 4 

ts Latch enable setup time 
Figure 4 

tH Latch enable hold time 
Figure 4 

NOTE 

lOa .... = \7 (tHL + ILH) 

TRUTH TABLE 

BINARY 
INPUT 

LE 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
S L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

"BI X 

NOTES 

H = HIGH voltage level. output is "OFF" 

L = LOW voltage level, output is "ON" 
X = Don'! care 

RBI 

L 

H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

INPUTS 

03 02 01 DO 

X X X X 

L L L L 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

X X X X 

• The RBI will blank the display only if a binary zero is stored in the latches . 

•• REi078i used as an input overrides all other input conditions. 

SEGMENT IDENTIFICATION 

4-152 

NESS7 
TEST CONDITIONS 

Min Typ Max 

From data to output 135 

From LE to output 135 

30 

From data to LE 20 

From LE to data 0 

OUTPUTS 

b d f RBO 
DISPLAY 

a c e 9 

STABLE .. STABLE 

H H H H H H H L BLANK 

L L L L L L H H 0 
H L L H H H H H 1 
L L H L L H L H 2 
L L L L H H L H 3 
H L L H H L L H 4 
L H L L H L L H S 
L H L L L L L H 6 
L L L H H H H H 7 
L L L L L L L H 8 
L L L L H L L H 9 
H H H H H H L H -
L H H L L L L H E 
H L L H L L L H H 
H H H L L L H H L 
L L H H L L L H P 
H H H H H H H H blank 

H H H H H H H L" blank 

Signetics 

UNIT 

ns 

ns 

ns 

ns 

ns 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

NE587 PROGRAMMING 
NE5B7 output current can be programmed 
by using a programming resistor, Rp, con
nected between rp (pin B) and Gnd (pin 9). 
The voltage at rp (pin B) is constant 
(= 1.40V). A partial schematic of the volt
age reference used in the NE5B7 is shown in 
figure 1. 

Vee 

r----

Output current to program current ratio, 
10 lip, is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an lOUT DAC used to control display 
brightness. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ---------_. 

10 

VrP 1.40V 

Ip=R;-"'""""RP 

Figure 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

OUTPUT 

__ ~x~ ______ ~x~ ____ __ 
1_ 'PCH -I 1- 'PHL -I 

--------~I \~ __ _ 
LE = L 

Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

't'PHL_1 r--
__________ ~x~ ________ _ 

OUTPUT 

____ -.-JJ \~---
Figure 3 

Signetics 

NES87 

POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevilably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle conlrol does afford one 
way of improving display efficiency, pro
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment
to-segment and digit-to-digit. 

An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de
signing a display system, particular care 
must be taken 10 minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg
ment driver, although, of course, total sys
tem power remains the same. 

Power dissipation may be calculated as fol
lows. Referring to figure 6, the two system 
power supplies are VCC and VS. In many 
cases, these will be the same voltage. Nec
essary parameters are: 

Vcc, 
Vs, 
ICC, 

ISEG, 
VF, 

KOC, 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 

Iseg 
'to Duty cycle 

VF, t~e forward LED drop, depends upon the 
type of LED material (hence the color) and 
the lorward current. The actual forward volt
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TIMING DIAGRAMS (Conl'd) 

OUTPUT -------~---------
Figure 4 

TYPICAL PERFORMANCE CURVES 

SUPPLY CURRENT VS SUPPLY VOLTAGE 
NE587 

40.0 

35.0 

t 
ICC 
(MaI 30 ,Q 

25.0 

20.0 

~:::: 

Rp=lkn I 
VOUT=2V 
ALL OUTPUTS "ON 

(O"C) 

:;:: .... 
(25'C, ~~ 

l. ..... ~ .... 
.d::: ~ ..... ~ 
~~ .... " (700C) 

4.0 4.4 4.8 5.2 5.6 6.0 6.4 

Vee (VOLTS)---. 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

Vo=2V 

105 

t 102 

lOUT 
(%) 100 

.0 

,........... 

TA = 25°C 

NESS7 

'-.... CRp = lK) 

........... t...... 

.5 
4.0 4.5 5.0 5.5 6.0 

Vee (VOLTS) ----. 
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OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 

40.0 

30.0 

t 20.0 

lOUT 
(Mal 

10.0 

Rp = 1Kohms 

25J j: ¢!"" 

r 1r 

1.0 2.0 3.0 4.0 5.0 

Your (VOLTS)~ 

MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

1000 

t BOO 

I 600 

~ 

400 

200 

25 

~ 

50 

TA rC)--. 

Signetics 
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These voltages are all for single diode dis· 
plays. Some early red displays had 2 series 
LEOS per segment; hence the forward volt· 
age drop was around 3.5V. 

Thus a maximum power dissipation calcula· 
tion when all segments are on, is: 

Pd = vee x ICC + (Vs - VF) x 7 X Iseg X Koe 
mW 

Assuming Vs = Vee = 5.25V 
VF = 2.0V 
Koe = 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

110.0 

t 105.0 

lOUT 
(%) 

100.0 

95.0 

90.0 

50.0 

40.0 

r 
30.0 

20.0 lOUT 
(Ma) 

10.0 

0.0 

Vee= S.OV 

NESS7 

(Rp'" lK) -~ 1 
r- "'--r-

10 20 30 40 SO 50 70 80 

TEMP re) --+-

OUTPUT CURRENT 
VS PROGRAM RESISTOR 

vcJ,.ov 
TA=25°C -
VOUT=2V 

\ 
\ 
"-

..... -- -
2.0 4.0 6.0 0.0 10.0 

Rp (Kohms)--. 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

D3 

D, 

D, 
DO 

I. 

NOTE 

Vee 

1 00," 

· • , 
NESS7 d 

· , 
• 

11 1 

f 
I I 

B 
I I 

ABO 

Oecoupling capacitor on Vee should be 0,01 ~F ceramic 

Figure 6 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac
teristics). 

However, a major portion of this power dissi
pation (Pd max) is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte
grated circuit. 

Suppose the worst case VCCIVS supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display Is 2.25V. Only 2.75V Is re
quired to keep the display active, and hence 
2.0V may be dropped externally with a resls-

tor from VCC to VS. The value of this resis-. 
tor is calculated by: 

2.0 
RS = --- '" lOll (Y.i W rating) 

7 X Iseg 

assuming worst case Iseg of 30 mA 
Hence now Pd max = Vee x ICC + (VS - Vv -

RX X 7 X I.eg) X 7 X X I.eg 
X Koe 
= 5.25 X 50 + 1.25 X 7 X 30 
mW 
= 525 mW 

and P d av = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 

II a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nVd ' Vo '" O.BV 

Where n is the number of diodes used, pow
er dissipation can be calculated in a simi liar 
manner. 

Signetics 
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In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may evan be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in figure 9. For example a dar
lington PNP or NPN emitter follower may be 
preferable. Figure B shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about I.BV 
which means that the power dissipation Is 
evenly distributed between the two integrat
ed circuits. 

Where Vs and VCC are two different sup
plies, the Vs supply may be optimized for 
minimum system power dissipation and I or 
cost. Clearly, good regulation in the Vs sup
ply is to!ally unnecessary, and so this supply 
can be rnade much cheaper than the regu
lated 5V supply used In the rest of the sys
tem. In fact a simple unsmoothed lull-wave 
rectified sine wave works extremely well II a 
slight loss in brightness can be tolerated. A 
translormer voltage 01 about 3-4.5V rms 
works well in most LED display systems. 
Wavelorms are shown below: 

Vs 

ISEQ 

Tho duty cycle lor this system depends upon 
VS, VF and the'output characteristics 01 the 
display driver. 

With 
Vs = 4.9V pk. 
VF = 2.0V 

The duty cycle is approximately BO%. 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL APPLICATIONS (Cont'd) 

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

Vs O-------~r-----------~----------~----------_, 

VCCo-~----~------~----+-----~-----+-----, 

AO 
A, 

LE 

--u-
55 ADORE 

OECOO E 

I 

Figure 7 

INTERFACING a-DIGIT LED DISPLAY WITH IlP BUS 
DATA BUS 

ADDRESS BUS 

~ 
NE591 

I DO 0, 0, 03 Dd 05 D. 07 

h· .. 
B ----------------B 

. b , d e I 9 

I 
C> 

NE5S7 

1 Rp 

-=- Figure 8 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

TYPICAL APPLICATIONS (Cont'd) 

4-DIGIT MULTIPLEXED LED DISPLAY 

Vs 

..... J DIGIT 1 ..... '" DIGIT 2 ..... y 

..... ~ 
..... '" 

V 
v 

I 1 
DIGIT 3 

010lT4 

n 8 fJ /1 
0 II 

II II I 1/ 
4 

I 
I I 

~. 03 

0, 
NE587 I"O" 0, 

DO i 11 ~ I [f 
Rp 

Figure g 

For additional information, refer to the Applications Section. 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

DESCRIPTION 
The NE5B9 is a latch/decoder/driver for 7-
segment common cathode LED displays. 
The NE5B9 has a programmable current out
put up to SOmA which is essentially indepen· 
dent of output voltage, power supply volt
age, and temperature. The data (BCD) 
inputs and LE (latch enable) input are low· 
loading so that they are compatible with any 
data bus system. The 7 'segment decoding 
is implemented with a ROM so that alterna
tive fonts can be made available. 

FEATURES 
• Latched BCD Inputs 
• Low loading bus-compatible Inputs 
• Ripple-blanking on leading and / or trail

ing edge zeros 

APPLICATIONS 
• Digital panel meters 
• Measuring Instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA = 25DC unless otherwise specified 

PARAMETER 

VCC,VS Supply voltage 

Y,N Input voltage 
(DO - 03, LE, RBI) 

VOUT Output voltage 
(a-g, RBO) 

Po Power dissipation (25DC)' 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO Soldering temperature 
(10 sec. max) 

NOTE 
~~rate power dissipation as indicated 

N package· 95°C/watl above 55"C 
F package· 10Q"C/watt above 50 Ge 

BLOCK DIAGRAM 

RATING 

-0.5 to +7 

-0.5 to +15 

-0.5 to +7 

1000 

Oto 70 

150 

-65 to +150 

300 

~---------------------l 
I 

Vee (18) ~ ~ 
I 
I 

0 .. I 
I 

Ir- I 

RID (5) 

DATA i=> BCD TO 
LATCHES 7-SEGMENT 

DECODER 

Lt:(3) T U 
I 
I 

BANDGAP r-- SEGMENT I REFERENCE CURRENT 
DRIVER I 

Ip (8) 

I I 
1 I .. I I 

GND (9) 

L_______________ _ ___ J I .1- I 

VS<101 
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UNIT 

V 

V 

V 

mW 
DC 

DC 

DC 

DC 

_/m(.) 

a (15) 

b (1.) 

c (13) 

d (12) 

e (11) 

r (17) 

9 (16) 

NE589 

PIN CONFIGURATION 

0, 

O2 

i:E 

BJ/RBO 

Alii 

NOTES: 

NC 

03 

DO 

Ip 

GNO 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE589F NE589N 

0 2 PACKAGE 

TOP VIEW 

NE589D2 

1. SOL· Released in Large SO package only. 
2. SOL ~ non·standard pinout 
3. SO and non·standard pinouts. 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE589 

DC ELECTRICAL CHARACTERISTICS 
vee = 4.75 to 5.25V. o'e < TA < 70'e. Typical values are at VCC= VS= 5V. TA = 25'C.Rp = 7kn (±1 %) unless otherwis'e stated. 

NE589 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Vcc. Vs Operating supply voltage 4.75 5.00 5.25 V 

VIH Input high voltage All Inputs except BI 2.0 15 
V Bi 2.0 5.5 

VIL Input low voltage 0.8 V 

VIC Input clamp voltage liN = -12mA. TA = 25'C -1.5 V 

IIH Input high current Inputs DO -03. LE. RBI 
VIN = 2.4V 0.1 10 p.A 
VIN = 15V 10 15 p.A 

IIH Input high current Input BI (pin 4) 10 p.A 
RBI = H 

VIN = Vec = 5.25V 

IlL Input low current VIN = O.4V. Inputs DO - 03 -5 4 
LE. RBI -200 p.A 

IlL Input low current Input BI -0.7 
Vce = 5.25V 

RBI'" H. VIN = 0.4V mA 

VOL Output low voltage Output RBO 
IOUT'= 3.0mA 0.2 0.5 V 

VOH Output high voltage Output RBO 
lOUT = -50p.A 3.5 4.5 V 

RBI = H 

lOUT Output segment Outputs "a" thru "g" 20 25 30 mA 
"ON" current VOUT = 2.0V 

~IOUT Output current ratio With reference to "b" segment 0.90 1.00 1.10 
(all outputs ON) 

VOUT '" 2.0V 

IOFF Output segment Outputs "a" thru "g" 20 250 p.A 
"OFF" current 

ICCO Supply current VCC = 5.25V 25 55 mA 
All outputs "ON" 

VOUT> 1V 

ICCI Supply current Vec = 5.25V 30 65 mA 
All outputs blanked 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE589 

AC ELECTRICAL CHARACTERISTICS VCC= VS=5V TA= 25'C, RL= 13011, CL= 30pF Including probe capacity. 

PARAMETER TEST CONDITIONS 

toav. Propagation delay 
Figure 2 

From data to output 

tDav. Propagation delay From LE to output 
Figure 3 

tw Latch enable pulse width 
Figure 4 

ts Latch enable setup time From data to LE 
Figure 4 

tH Latch enable hold time From LE to data 
Figure 4 

NOTE: 

tOAV. = max (tHL + ILH) 

TRUTH TABLE 

BINARY INPUTS 
INPUT 

LE RBI D3 D2 D1 DO b a c 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

"81 X 

NOTES 

H = HIGH voltage 10'0'01, output is "ON" 
L = lOW voltage levol, output is "OFF" 
X = Don't care 

. 
L 

H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X X X 

L L L L 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

X X X X 

• The RBI will blank the display only if a binary zero is stored in the latches . 
•• RBO/SI used as an Inpul overrides all other input conditions. 

SEGMENT IDENTIFICATION 
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L L L 

H H H 
L H H 
H H L 
H H H 
L H H 
H L H 
H L H 
H H H 
H H H 
H H H 
H H H 
L L H 
H L L 
L H H 
H L L 
H L L 

L L L 

Signetics 
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Min Typ Max 
UNIT 

135 ns 

135 ns 

85 ns 

75 ns 

0 ns 

OUTPUTS 

d e f RBO 
DISPLAY 

9 

STABLE STABLE 

L L L L L BLANK 

H H H L H 0 
L L L L H 1 
H H L H H 2 
H L L H H 3 
L L H H H 4 
H L H H H 5 
H H H H H 6 
L L L L H 7 
H H H H H 8 
H L H H H 9 
L H H H H a 
H H H H H b 
H H H L H c 
H H L H H d 
H H H H H e 
L H H H H f 

L L L L L" blank 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

NE589 PROGRAMMING 
NE589 output current can be programmed 
by using a programming resistor, Rp, con
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) Is constant 
(~ 1.3V). A partial schematic of the volt
age reference used in the NE589 is shown in 
figure 1. 

Vee 

r----
I 
I 

: Ip ~ 
I 
I 
I 
I 
I 
I --------_ ..... 

PIN 8 

Rp 

Output current. to program current ratio, 
IOllp, is 120 in the lOrnA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an lOUT DAC used to control display 
brightness. 

Vs 

VrP 1.3V 
IP=R;'"""'FiP 

Figure 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

OUTPUT 

_--JX ___ ---JX'--__ _ 
C= 'PCH -I 1- 'm --I 

___ --J!~------~\'__ __ _ 
Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

~~'PCHI / 

__________ ~x~ ________ __ 
OUTPUT 

__ ----Jf \~--
Figure 3 
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POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro
vided that the LEOS are not driven too far 
into saturation, but the improvement is mar
ginal. Operation et higher peak currents has 
the added advantage of giving much beller 
matching of light output, both from segment
to-segment and digit-to-digit. 

An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain
ing supply vollage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg
ment driver, although, of course, total sys
tem power remains the same. 

Power dissipation may be calculated as fol
lows. Referring to figure 5, the two system 
power supplies are VCC and VS. In many 
cases, these will be the same voltage. Nec
essary parameters are: 

VCC, 
VS, 
ICC, 

ISEG, 
VF, 

KDC,. 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 
Iseg 
% Duty cycle 

VF; the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5to 3.5V 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TIMING DIAGRAMS (Cont'd)· 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

Il! 

DO-D3 

OUTPUT 

,IW1r-----
t·-+-·~ 

_'--_ _ ....J~""" ... --""" 

-------~---------Figure 4 

TYPICAL PERFORMANCE CURVES 
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30 

!; 
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o 
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o 

vde=5.0 IVOLTSlvs 
I-- -TA=25°C 

VOUT=2V 

\ 
\ .... -- -
12 24 48 96 192 

R. (Kohms) 
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30 

10 

o 

OUTPUT CURRENT VS 
OUTPUT VOLTAGE 

vee = Vs=5.0 VOLTS 
R. ~ 7KO 
OVER TEMP. RANGE 

r\ 
\ 
\ 
\\ 
l 

o 1.0 2.0 3.0 4.0 5.0 6.0 

Vouy(VOLTS) 

NE589 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEOS per segment; hence the forward volt
age drop was around 3.5V. 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Pd = vee x ICC + (Vs - VF) x 7 X Iseg X Koe 
mW 
Assuming Vs = Vee = 5.25V 

VF = 2.0V 
Koe = 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

112 

108 

104 

~ 100 
!; 

.!} 
98 

94 

92 

vee = Vs=5.0 VOLTS 

l.-;::: 

==" 

o w ~ ~ ~ ~ ~ ro 00 

TEMPERATURE ('C) 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

SUPPLY CURRENT VS 
SUPPLY VOLTAGE 

~ 
!; 
.!} 
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I'" 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL PERFORMANCE CURVES (Cont'd) 

SUPPLY CURRENT VS SUPPLY VOLTAGE 
NESS9 

40.0 

Rp .. 7K 

X~~TC=U~~UTS "ON" 

35.0 

t 
ICC 
{Ma1 30,a 

p, #1 (O"CI ~ 

P .• 2 (2S'C) ~::::::::~ 
~~ I--' 

~::::: 
~;.. 
~ ...... 1;:c) 

25.0 

20.0 
4.0 4.4 4.9 5.2 5.6 6.0 6.4 

Vee (VOLTSI--' 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

Vcc 
Vs 

D'O------j 

D20------I 
D'o------j 

. 1--------, 
b 1-------,1 I 

'~~ NEssa d . 
tl---_--'J I 

DOo------j B 
0;0------1 

.1--------' 

RBI 0--------'1 11 11....------0 Rlio 

NOTE 
DecouDling capacitor on Vcr:. should be 0.01 IJ.F ceramic 

Figure 5 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph in figure 9. 

However, a major portion of this power dissi
pation '(Pd max) is because the current 
source output is operating with 3.25 .v 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte
grated circuit. 

Suppose the worst case VCCIVS supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is re
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis
tor from VCC to VS. The value of this resis
tor is calculated by: 

RS = __ 2_.0 __ "" 1011 (I> W rating) 
7 X Iseg 

assuming worst case Iseg of 30 mA 
Hence now Pd mex = vee x lee + (Vs - vv

RX X 7 X Iseg) X 7 X X Iseg 
X Koe 
= 5.25 X 50 + 1.25 X 7 X 30 
mW 
= 525 mW 

andPdav =5.0X30+ 1.25X5X25 
= 306 mW 

Signetics 
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If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be Indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nVd ' Vo "" O.BV 

Where n is the number of diodes used, pow
er dissipation can be calculated in a slmiliar 
manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in figure 8. For example a dar
lington PNP or NPN emitter follower may be 
preferable. Figure 7 shows the NE691 as 
the digit driver in a multiplexed display sys
tem. The NE691 output drops about 1.eV 
which means that the power dissipation is 
evenly distributed between the two integrat
ed circuits. 

Where Vs and VCC are two different sup
nlies, the Vs supply may be optimized for 
ninimum system power dissipation and J or 
cost. Clearly, good regulation in the Vs sup
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu
lated 5V supply used in the rest of the sys
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 

Vs 

'SEG }-L----' ..... J----'--<---..... 

The duty cycle tor this system depends upon 
VS, VF and the output characteristics of the 
display dtiver. 

With 
Vs = 4.9V pk. 
VF = 2.0V 

The duty cycle is approximately 60%. 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL APPLICATIONS (Conl'd) 

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

VCco-~-----1------~----+-----~----~----~ 
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INTERFACING a-DIGIT LED DISPLAY WITH J.lP BUS 
DATA BUS 
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NE590 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE589 

TYPICAL APPLICATIONS (Cont'd) 

4·DIGIT MULTIPLEXED LED DISPLAY 

DIGIT 1 

J. J " 
" ..Y 

..... '" V " 
DIGIT 2 

" VI 

VI' I 1 
DIGIT 3 

DIOIT4 

B B B (1 
0 

II 11 1 II I 1 1 
4 

D3 
~vs 

~~ D. 
NE", 

D, 

Do I"D" 

Li! 
~-:-1 Ap -:-

Figure 8 

For additional information, refer to the Applications Section. 
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LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

DESCRIPTION 
The NE590/591 addressable peripheral 
drivers are high current latched drivers. 
similar in function to the 9334 address de
coder, The device has 8 Darlington power 
outputs. each capable of 250mA load cur
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3-bit address.'The 
device must be enabled by a CE input line. 
A common clear input. CLR, turns all out
puts off when a logic low is applied.' • 

The NE590 has 8 open collector Darlington 
outputs which sink current to ground. The 
device is packaged in a 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line. Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack
aged in an 18-pin molded or cerdip pack
age, 

PIN DESIGNATION 

590 591 
SYMBOL PIN NO. PIN NO. 

1-3 2-4 Ao-A2 

4-7. 5-8. 00-07 
9-12 11-14 

13 15 D 

14 16 CE 

15 17 CLR 

- 1 CS 

- 10 Vs 

4-166 

FEATURES 
• 8 high current outputs 
• Low-loading bus compatible inputs 
• Power-on clear ensures saf.e operation 
• NE590 will operate in addressable or 

demultiplex mode 
• Allows random (addressed) data entry 
• Easily expandable 
• NE590 Is pin compatible with 54/74LS259 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER NUMBERS 
NE590N.F 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE591N.F 

NAME Be FUNCTION 

0, 

0, 

Vs 

A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 
NE591 has open emitter follower outputs. 

The data input. When the chip is enabled. this data bit is transferred to the defined 
output such that: 

"1" turns output switch "ON" 
"0" turns output switch "OFF" 

Thus in logic terms. the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

The chip enable. When this input is low. the output latches will accept data. When 
CE goes high. all outputs will retain their existing state. regardless of address or 
data input conditions. 

The clear input. When CLR goes low all output switches are turned "OFF". On the 
NE590. a high data input will override the clear function on the addressed latch. On 
the NE591. CLR low will override any other condition. 

The chip select input provides for an additional level of address decoding. 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vee or 
another supply. 
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LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS 

TRUTH TABLE (NE59D) 

INPUTS 

CLR CE. D AO A1 A2 

L H X X X X 

L L L L L L 
L L H L L L 
L L L H L L 
L L H H L L 
L L L H H H 
L L H H H H 

H H X X X X 

H L L L L L 
H L H L L L 
H L L H L L 
H L H H L L 
H L L H H H 
H L H H H H 

X Don't care condition 
ON , ~- PrevIous output state 
L Low voltage levell"ON" output state 
H High voltage levell"OFF" output slate 

(NE591) 

INPUTS 

CLR CE CS D AO A1 A2 

L X X X X X X 

H H H X X· X X 

H H L X X X X 

H L H X X X X 

H L L L L L L 

H L L H L L L 
H L L L H L L 

H L L H H L L 
H L L L H H H 

H L L H H H H 

x = Don't care 
ON-1 = Previous output state 
L = Low voltage levell"OFF" output state 
H = High voltage level/"ON" output state 

OUTPUTS MODE 

00 01 02 03 04 05 Os 07 

H H H H H H H H Clear 

H H H H H H H H 
L H H H H H H H 
H 'H H H H H H H Demultiplex 
H L H H H H H H 
H ri H H H H H H 
H H H H H H H L 

QN-1 ~ Memory 

H QN-1 • 
L QN-1 .. 

QN-1 H QN-1 • 
QN-1 L QN-1 Addressable 
QN-1 ,. H Latch 
QN-1 .. L 

OUTPUTS MODE 

00 01 02 03 0 4 05 Os 07 

L L L L L L L L Clear 

QN-1 

QN-1 Memory 

QN-1 

L QN-l 

H QN-l 

QN-1 L QN-1 
Addressable 
Latch 

QN-l H QN-1 

QN-1 • L 

QN-1 .. H 

Signetics 
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LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

ABSOLUTE MAXIMUM RATINGS TA = 2SOC unless 
otherwise specified. 

PARAMETER RATING 

Vee Supply voltage -o.S to +7 
VIN Input voltage -O.S to +1S 
VOUT Output voltage 

NES90 o to +7 
NES91 o to Vee 

Vs Source bus voltage 
NES91 only -O.S to +7 

Vs-Vee Source/supply differential 
voltage 

NES91 only -s to +2 
louT Output current 

Each output 300 
All outputs 1000 

(NE5910NLV) 

INPUT STAGE OUTPUT STAGE 

tc~ 

~ ~"R 
NES90 

Po Power dissipation 1 1 
Temperature range 

TA Ambient o to +70 
TJ Junction 165 
TSTG Storage -65 to +150 
Tsold Lead soldering temperature 300 

(10sec max) 

DC ELECTRICAL CHARACTERISTICS Vee = 4.75 to 5.25V, DoC S.TA S lOoe unless otherwise specified.2,3 

PARAMETER TEST CONDITIONS 

Input voltage 
VIH High 
VIL Low 

Output voltage 
VOL Low (NE590 onlyl IOL = 250mA, T A = 25°C 

Over temperature 
VOH High (NE591 onlyl IOH = -250mA, Vee = Vs = 5V 

Input current 
IIH High Vin = Vee 
IlL Low Vin = OV 

eE input 
All other inputs 

10H Leakage current VOUT= 5.25V 
Supply current4 Vs = Vee = 5V 

lecL All outputs low 
NE590 
NE591 

lecH All outputs high 
NE590 
NE591 

NOTLS 

1 OPt;!!!' powr.r dissipation as indicated above threshold ambient temperature' 
NE590N nl 9.3 mW/oC above 85°C 
NE590F al 7.5 mW/oC above 65°C 
NE591N nt 11,5 mW/oC above 1000 e 
NES91F all0.7 mW/oC above 72°e 

2 Alllyplcnl values arc at Vee 5V and TA -= 25°C. 
3. For the NES91. Vs Vee In all tesls 
4, Supply current for the NES91 is measured with no output load. 
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LIMITS 

Min Typ Max 

2.0 
0.8 

1.0 1.3 
1.5 

2.9 

0.1 10 

-25 -60 
-15 -50 
10 250 

33 50 
15 50 

15 50 
30 SO 

UNIT 

V 
V 
V 

V 

V 

mA 

W 
°e 

°e 

UNIT 

V 

V 

I-'A 

I'A 

mA 



LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

NES90 NES91 
PARAMETER TO FROM UNIT 

Min Typ Max Min Typ Max 

Propagation delay time ns 

tPLH Low to high5 
Output CE 

65 150 50 80 
tPHL High to low5 115 230 70 120 

tPLH Low to high6 
Output Data 65 130 45 70 

tpHL High to low6 120 240 65 100 

tPLH Low to high7 
Output Address 100 200 45 80 

tPHL High to low7 130 260 75 140 

tpLH Low to highS 
Output CLR 65 130 

tPHL High to low8 45 140 

tPLH Low to high5 
Output CS 

40 80 
tPHL High to low5 70 120 

SWITCHING SET-UP REQUIREMENTS 
tSIH)9 Chip enable High data 210 60 50 15 ns 
tslL)9 Chip enable Low data 210 105 80 60 ns 

tslA)lO Chip enable Address +20 -5 +20 -20 ns 

thlH)9 Chip enable High data -20 60 0 -60 ns 
thlL)9 Chip enable Low data -20 60 +10 -15 ns 

ts1CS)9 Chip enable Low chip select 80 50 ns 

tpwlE) Chip enable pulse width5 300 140 100 50 ns 

NOTES 
5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing 

diagram. 
6. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

'7. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 
8. See Turn-Off Delay, Clear to Output liminq rliA(1T<l1ll 

9. See Setup and Hold Time, Data In fll;JblJ! Illj'1119 diagram. 
10. See Setup Time, Address tu Enable tlllling diagram. 

TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 

-
CE tpLH I- IpHL -

(NE590) 

tpHl I- tpLH -
a (NE591) 

a (NE591) 

Other Inputs: CLA H, A Stable, CS L Other Inputs cr cs L. 'CL'R H, A .~ Stable 
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LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS 

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

Other Inputs: CE "" l, CLA = L. 0 =- H 

SETUP TIME, ADDRESS TO ENABLE 

Other Inputs: ClR =-; H, CS --, L 

OUTPUT VOLTAGE VS LOAD CURRENT( NE590) 

1.4 ,---r---,---,---,---, 

1.2[---+--1---

E 
w 

~ 1.0 

~ 
~ 0.8 ~ · ~ 
~ 
0 

0.6 

0.4 

50 '00 150 200 250 

OUTPUT LOAD CURRENT (rnA) 

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591) 

2.0 

> u 8 

~ · ~ 1.6 
C 
w 

" ~ 1.4 

~ 
~ 
~ · 5 1.2 
o 

1..-::: -:::::-
oc;"'-..... ......--
25C V 
70C 

50 100 150 200 -250 

OUTPUT LOAD CURRENT (rnA) 

NE590/NE591 

TURN-OFF DELAY, CLEAR TO OUTPUT 

tpLH I-

Q ~NE590J 

--- tpHL 

a (NE5911 

Other Inputs: CE = H, CS _. H 

SETUP AND HOLD TIME, DATA TO ENABLE 

Q (NES90) 

a (NE591) 

Other Inputs' ClR H A - Stable Cs l 

INTERFACING THE 590/591 WITH A 
MICROPROCESSOR SYSTEM 

DATA 
BUS 

rP 

D CS (591 ONL VI D_ Cs(591 ONLY) 

I 
A- =81 00 -= A; -= A, 

~g1 A, 
AO ===g~ AO ~gl 

590.'1 ===g~ 590/1 t:=8~ ==8; 0, 

CE 
I~LR )/0 

L..-.S,LR 
CONTROL 

CLEAR 

All, A, A~, and CS may be connected to the 

address bus if permitted by system design. 
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LINEAR LSI PRODUCTS 

ADDRESSABLE PERIPHERAL DRIVERS 

TYPICAL APPLICATIONS (Cont'd) 

NE590 DRIVING SIMPLE LOADS 

+5V 
+5V +5V 

RL 
±6V 

0 0 
a, 
a, 

590 a, 
a, RELAY 

CE AS LOAD 
a, 
a, I 

Signetics 
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NE590 OPERATING IN DEMULTIPLEX MODE 

555 

0 0 
a, 
a, 
0 3 
a, 
as 
a, 

..,.;::...."T""r-~07 
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LINEAR LSI PRODUCTS 

VACUUM FLUORESCENT DISPLAY DRIVER 

DESCRIPTION FEATURES 
The SA/NE594 is a display driver interface for 
vacuum fluorescent displays. The device is 
comprised of 8 drivers and a bias network and 
is capable of driving the digits and/or seg
ments of most vacuum fluorescent displays. 

• Digit and/or segment drivers 
• Active output pull-down circuitry 
• High output breakdown voltage 
• Low supply voltage 
• Input compatible with all logic outputs 

The inputs are designed to be compatible 
with TTL, DTL, NMOS, PMOS or CMOS out
put circuitry. 

There is an active pull-down circuit on each 
output so that display ghosting is minimized 
and no external components are required for 
most fluorescent display applications. 

APPLICATIONS 
• Digital clocks 
• Dashboard displays 
• Panel displays 

ABSOLUTE MAXIMUM RATINGS (at 25·C unless otherwise noted) 

PARAMETER 

VCC Supply vollage 
VOUT Output voltage 
VIN Input voltage 
lOUT Output current 

Each output 
All outputs 

'Pd Power dissipation' 
(at 25·C) 

TA Operating temperature range 
NE 
SA 

TSTG Storage temperature range 
TJ Maximum junction temperature 
TSOLD Lead soldering temperature 

(10 seconds) 

NOTE 

·Oerale N (Plaatlc) Package above 38°C at 7.14 mW/oC. 
Derate F (Ceramic) Package above 75°C at 10.8 mW I DC. 

EQUIVALENT SCHEMATIC 

RATING 

45 
VCC 

-0.3, +20 

50 
200 
800 

o to 70 
-40 to +85 
+65 to +150 

-165 
300 

. -------------------------------

UNIT 

V 

V 

rnA 
mA 
mW 

·C 
·C 
·C 
·C 
·C 

X8 
r---~----~--------~------~~~---ovcc 

4.5K 

t-Kt--...... w\,--t------o OUT Rg 150K 

R1 
IN o-IW'v-<r--r---£ 

20K 

R2 
20K l.......--..... ---~~ ..... _____ _!_----..... ---<lGND 

--------------------------------_1 
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SA/NE594 

PIN CONFIGURATION 

NOTES: 

N, FPACKAGE 

TOP VIEW 

ORDER NUMBERS 
SNNE594N SNNE594F 

0 1 PACKAGE 

TOP VIEW 

ORDER NUMBER 

NE594D' 

OUT1 

OUT2 

OUT3 

OUT4 

OUT 5 

OUT6 

OUT 7 

OUTB 

v+ 
NC 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts . 



LINEAR LSI PRODUCTS 

VACUUM FLUORESCENT DISPLAY DRIVER SA/NE594 

DC ELECTRICAL CHARACTERISTICS vcc = +4.75 to HOV, TA (NE) = a to 70'e, TA (SA) = -40 to +85'e unless otherwise 

stated. 

LIMITS 

PARAMETER TEST CONDITIONS UNIT 
MIn Typ Max 

Vec Supply voltage range 4.75 35 40 V 

leeH Supply current (all outputs high) Vee = 40V VIN = 3.5V 3 6 rnA 
leCl Supply current (all outputs low) Vee = 40V VIN = 0.4V 0.4 1 rnA 

VIN Input voltage range a 15 V 
VIH Input voltage to ensure logic 'I' 2.6 V 
Vll Input voltage to ensure logic '0' 0.8 V 

IIH Input current to ensure logic 'I' 100 /LA 
III Input current to ensure logic '0' 10 /LA 
liN Input current VIN = 2.6V 60 130 /LA 

VIN = 5.0V 180 330 /LA 
VIN = 15.0V .68 1.3 rnA 

VOH Output high voltage VIN = 3.5V I TA = 25'e Vee- 1.5 Vee- 1.1 V 

lOUT = -25mA I Over Temp. Vee -2 Vee- 1.3 v 
VOUT with respect to Vee 

VOH Output high, no load voltage VIN = 3.5V 
lOUT = 0, TA=25'e Vee- 1 Vee-a.8 V 

VOUT with respect to Vce 

VOFF Output 'OFF' voltage level VIN = 0.8V 10 200 mV 
lOUT = 0 

IOH Available output current Vee = 35V VIN = 3.5V -35 rnA 
VOUT = 30V 
TA = 25'e 

lOUT Output pulldown current Vce = VOUT = 35V 100 200 400 /LA 
Inputs open 

ICEX Output leakage current TA = 25'e VIN = O.4V -1 /LA 
Vee = 40V, VOUT = OV -1 

AC ELECTRICAL CHARACTERISTICS1 vee = 35V, TA = 25'e 

NE/SA594 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

tpdlH Propagation delay - low to high 
output transition. 50% VIN to 50% VOUT 1 5 /LS 

tpdHl Propagation delay - high to low 
output transition. 50% VIN to 50% VOUT 3 10 /LS 

tR Output rise time 10% VOUT to 90% VOUT 0.5 3 /LS 
tF Output fall time 90% VOUT to 10% VOUT 1.5 5 /LS 

NOTE 

1. See figure 1 
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LINEAR LSI PRODUCTS 

VACUUM FLUORESCENT DISPLAY DRIVER SA/NE594 

SWITCHING TIMES OF DRIVERS 

VOLTAGE WAVEFORMS TEST CIRCUIT 

1 ... ·------- P,.. --------

~<~=k-'--i%---~l,p-- r 
Vee"" 35V 

VOUT 

10% 
OV-----I 

TYPICAL PERFORMANCE CHARACTERISTICS 
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lIN VSVIN 

1000 

/ 
/ 

V 

/ 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

GENERAL DESCRIPTION 

The PCF2100 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal 
Display) with up to 40 segments in a duplex manner; specially for low voltage applications. A three
line bus structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS 
compatible. 

Features 

• 40 LCD-segment drive capability 
• Supply voltage 2.25 to 6.5 V 
• Low currentconsumption 

BPl 

BACKPLANE & 

4·176 

DLEN--I---I 

CLB 

DATA 

BUS 

CONTROL 

Fig. 1 

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

VDD 

Co 
680 

OSCI LLATOR pF 

& 
OSC 

DIVIDER 

Ro 1 M 

PCF2100 
VSS 

7 Z83453,2 

Block diagram. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

RATINGS 

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

Supply voltage with respect to VSS VDD 

Voltage on any pin 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

Vn 

Tamb 

Tstg 

-0.3 to 8 V 

VSS -0.3 to VDD + 0.3 V 

-40 to + 85 °C 

-55 to + 125 °C 

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

CHARACTE R ISTICS 

VDD = 2,25 to 6.5 V; VSS = 0 V; Tamb = -40 to + 85 oC; Ro = 1 Mn; Co = 680 pF; unless otherwise 4 
specified 

parameter condition symbol min. typo max. unit 

Supply current no external load IDD - 10 50 J1A 

Supply current no external load; 
Tamb = -25 to+ 85 °C IDD - - 30 J1A 

Display frequency see Fig. 8; T = 680 J1S fLCD 60 80 100 Hz 

D.C. component 
of LCD drive with respect to VSx VBP - ± 10 - mV 

Load on each segment - - 10 Mn 
driver - - 500 pF 

Load on each backplane - - 1 Mn 
driver - - 5 nF 

Input voltage HIGH 
} see Fig. 9 

VIH 2 - - V 

I nput voltage LOW VIL - - 0,6 V 

Rise time 
VBP to VSx max. load tr - 20 - J1S 

Inputs CLB, DATA, OLEN see note on next page 

Rise and fall times see Fig. 2 t r, tf - - 10 J1S 

CLB pulse width HIGH see Fig. 2 tWH 1 - - J1S 

CLB pulse width LOW see Fig. 2 tWL 9 - - J1S 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

CHARACTERISTICS (continued) 

parameter condition symbol min. typo max. unit 

Data set·up time 
DATA - CLB see Fig. 2 tSUDA 8 - - /1S 

Data hold time 
DATA _ CLB see Fig. 2 tHDDA 8 - - /1S 

Enable set-up time 
DLEN - CLB see Fig. 2 tSUEN 1 - - /1S 

Disable set-up time 
CLB - DLEN see Fig. 2 tSUDI 8 - - /1S 

Set-up time (load pulse) 
OLEN - CLB see Fig. 2 tSULD 8 - - /1S 

Busy-time from load 
pulse to next start of 
transm ission see Fig. 2 tBUSY 8 - - /1S 

Set-up time (leading zero) 
DATA - CLB see Fig. 2 tSULZ 8 - - /1S 

Note 

All timing values are referred to VI H min and VI L max (see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 9), the extra time constant has to be added. 

ENABLE DISABLE 

CLB 

DATA 

- tSUDI - - tSULD- _ISUSY_ 
-tWL __ tWH __ t WL _ 

LEADING ZERO DATA S1 LOAD BIT LOAD PULSE 7Z90795P 

Fig. 2 CBUS timing. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

OLEN ~ 

CLB l 
_111--1 3 4 5 6 8 20 21 22 f23 

test leading zero load pulse 

DATA =~ 
bit no. 0 2 4 6 19 20 21 

output t 51 52 53 54 55 56 57 519 520 t 
leading zero load bit 

7Z83452.3 

Fig.3 CBUS data format. 

Notes to Fig. 3 

An LCD segment is activated when the corresponding DATA-bit is HIGH. 

When DATA-bit 21 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 21 LOW, the B-Iatches 
(BP2) are loaded. 
CLB-pulse 23 transfers data from shift register to selected latches. 

The following tests are carried out by the bus control logic: 

a. Test on leading zero. 
b. Test on number of DATA-bits. 
c. Test of disturbed 0 LEN and DATA signals during transmission. 

If one of the test conditions is not fulfilled, no action follows the load conditions (load pulse width 
OLEN is LOW) and the driver is ready to receive new data. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER 

7Z86695 
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Fig. 4 Output resistance of backplane and 
segments. 
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Fig. 5 Display frequency as a function of 
supply voltage; RoCo = 680 J.l.s. 

-- Tamb = -40 oC; - - - Tamb = + 25 oC; -- Tamb = -40 oC; - - - Tamb = + 25 °C; 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

OFF/OFF ON/OFF OFF/ON ON/ON 

A A A A BP1 

~ ~ ~ ~ BP2 

JL LI JL LJ Sx 

~ J\ ~ 11 BP1-Sx 

V A if 11 BP2-Sx 

I I 
_11/fLCD 1_ 7284580.1 

Fig.8 Timing diagram. 

BUS DRIVER PCF2100 

V DD2 V DD1 

~ R lK ~ 1::;1 
lOOK 'I 

~ 

vss vss 

7Z83448.2P 

Fig.9 Input circuitry. 

Note to Fig. 9 

VSS line is common. In systems where it is expected that V002 > V001 + 0.5 V, a resistor should be 
inserted to reduce the current flowing through the input protection. 
Maximum input current ~ 40 /-tA. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER 

Irl 
(1) 

L:::.. 

f----

BPl BP2 Sl to S20 
VDD 

r--- OLEN 

DATA 
CLB 

DLENl 
DLEN2 

-+-

- CLB 

r- DATA 

PCF2100 asc 

MASTER Vss 

PCF2100 

LCD 

.(). 

+ 1 
BPl BP2 Sl to S20 

"* r--- OLEN 
----< - CLB PCF2l00 asc ~ 

,.... DATA 

-- SLAVE Vss r-

7Z83455.3 

(1) In the slave mode, the serial resistors between BP1 and BP20f the PCF21 00 and the backplane of 
the LCD must be > 2.7 kil. In most applications the resistance of the interconnection to the LCD 
already has a higher value. 

Fig. 10 Diagram showing expansion possibility. 

Note to Fig. 10 

By connecting asc to VSS the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF2111, PCF2110 and PCF2100 ICs up to 
the BP drive capability of the master. 

PCF2111 is a 64 LCD-segment driver. 
PCF2110 is a 60 LCD-segment driver plus 2 LED driver outputs. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2100 

DLEN 
PINNING 

Supply 
DATA 

2 VDD Positive supply 
BP1 

4 VSS Negative supply 
BP2 

51 
Inputs 

3 OSC Oscillator input 
52 

27 DATA Data line 

) CBUS 53 28 OLEN Data line enable 

CLB Clock burst 

55 
Outputs 

515 56 26 BP1 1 Backplane drivers (common 4 
57 25 BP2 J of LCD) 

S1 to S20 LCD driver outputs 
513 58 

812 59 

511 510 

7Z83454.3 

Fig. 11 Pinning diagram. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2110 

GENERAL DESCRIPTION 

The PCF2110 is a single chip, silicon gate CMOS circuit designed to drive 2 LEDs (Light Emitting 
Diodes) and an LCD (Liquid Crystal Display) with up to 60 segments in a duplex manner; specially 
for low voltage applications. A three-line bus structure enables serial data transfer with microcontrollers. 
All inputs are CMOS/NMOS compatible. 

Features 

• 60 LCD-segment drive capability 
• Two LE D-driver outputs 
• Supply voltage 2.25 to 6.5 V 
• Low current consumption 

BP1 

BACKPLANE & 

4·184 

OLEN 

CLB 

DATA 

BUS 

CONTROL 

Fig. 1 

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

---t----,-- V LED 

VDD 

Co 
680 

OSCILLATOR pF 

& 
OSC 

DIVIDER 

Ro 1 M 

PCF2110 
vss 

7Z83449.2 

Block diagram. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2110 

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

Supply voltage with respect to VSS VDD 

Voltage on any pin 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

-0.3 to 8 V 

VSS -0.3 to VDD + 0.3 V 

-40 to + 85 0C 

-55 to + 125 OC 

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

CHARACTERISTICS 
Vee = 2.25 to 6.5 V; Vss = 0 V; Tamb = - 40 to + 85°C; Ro = 1 MO; Co = 680 pF; unless otherwise specified 

parameter condition symbol min. typo max. unit 

Supply current no external load IDD - 10 50 p.A 

Supply current no external load; 
Tamb=-25to+85 0 C IDD - - 30 p.A 

Display frequency see Fig. 9; T = 680 p.s fLCD 60 80 100 Hz 

D.C. component 
of LCD drive with respect to Vsx VBP - ± 10 - mV 

Load on each segment - - 10 Mn 
driver - - 500 pF 

Load on each backplane - - 1 Mn 
driver - - 5 nF 

I nput voltage HI G H } VIH 2 - - V 
see Fig. 10 

I nput voltage LOW VIL - - 0.6 V 

Rise time 
VBP to VSx max. load tr - 20 - p.s 

LED outputs S31, S32 VDD= 3 V; 
Tamb = 25 °C 

Output resistance VOL = 0·.2 V; see Fig. 4 Rout - - 25 n 

Drain voltage N-channelOFF VLED - - 8 V 

Drain current maximum value ILEDmax - - 50 mA 

Total power dissipation Ptot - - 400 mW 

Inputs CLB, DATA, DLEN see note on next page 

Input capacitance for SOT -129 package CIN - - 10 pF 
for SOT -158A package CIN - - 5 pF 

Rise and fall times see Fig. 2 t r, tf - - 10 p.s 

CLB pulse width HIGH see Fig. 2 tWH 1 - - p.s 

CLB pulse width LOW see Fig. 2 twL 9 - - p.s 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF211 0 

CHARACTER ISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Data set-up time 
DATA - CLB see Fig. 2 tSUDA 8 - - jlS 

Data hold time 
DATA - CLB see Fig. 2 tHDDA 8 - - jlS 

Enable set-up time 
DLEN - CLB see Fig. 2 tSUEN 1 - - jlS 

Disable set-up time 
CLB - DLEN see Fig. 2 tSUDI 8 - - jlS 

Set-up time (load pulse) 
DLEN - CLB see Fig. 2 tSULD 8 - - jlS 

Busy-time from load 
pulse to next start of 
transmission see Fig. 2 tBUSY 8 - - jlS 

Set-up time (leading zero) 
DATA - CLB see Fig. 2 tSULZ 8 - - jlS 

Note 

All timing values are referred to VI H min and V I L max (see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 10), the extra time constant has to be added. 

ENABLE 

OLEN 

CLB 

VrLmax 

DATA 

-tWL __ tWH_ -tWL-

LEADING zeRO 

4·186 

12) 

tSUDA- -tHDDA-

DATA S1 LOAD BIT 

Fig. 2 CBUS timing. 

Signefics 

DISABLE 

VIHmln 

VILmax 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2110 

OLEN .-J 

CLB 1 
_111---1 4 6 B 32 33 34 f35 

test leading zero load pulse 

DATA =~ bit no. 0 3 4 5 31 32 33 
output t 51 52 53 54 55 56 57 531 532 t 

leading zero load bit 

7Z83444.3P 

Fig.3 CBUS data format. 

Notes to Fig. 3 

An LCD segment is activated when the corresponding DATA·bit is HIGH. 

When DATA·bit 33 is HIGH, the A·latches (BP1) are loaded. Bits 31 and 32 contain the LED output 
information. With DATA·bit 33 LOW, the B·latches (BP2) are loaded and bits 31 and 32 are ignored. 
CLB·pulse 35 transfers data from shift register to selected latches. 

The following tests are carried out by the bus control logic: 

a. Test on leading zero. 
b. Test on number of DATA·bits. 
c. Test of disturbed D LEN and DATA signals during transmission. 

If pne of the test conditions is not fulfilled, no action follows the load condition (load pulse with DLEN 
is LOW) and the driver is ready to receive new data. 

R 

PCF2110 

531.532 

---+--/- V55 

7Z83447.2 

Fig.4 LED driver circuitry. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER 
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Fig.5 Output resistance of backplane and 
segments. 
-- Tamb = -40 oC; - - - Tamb = + 25 oC; 
. -. -. Tamb = +85 °C. 
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Fig. 7 Display frequency as a function of 
Ro x Co time; T amb = 25 °C. 
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Fig. 6 Display frequency as a function of 
supply voltage; RoCo = 680 /1S. 

--- T amb = -40 oC; - - - T amb = + 25 oC; 
- . -. T amb = + 85 °C . 
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Fig. 8 Supply current as a function of 
supply voltage. 
---- Tamb = -40 °C; - - - Tamb = + 25 °C; 
- . - . T amb = + 85 °C. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2110 

OFF/OFF ON/OFF OFF/ON ON/ON 

A A A A BP1 

~ ~ ~ ~ BP2 

n u JL U- Sx 

flu J\ ~ II BP1-Sx 

V A 1l jl BP2-Sx 

1 1 

_I 1/ILCD 1 __ 7284580.1 

Fig.9 Timing diagram. 

BUS DRIVER PCF2110 

VD D2 VDD1 
----~--~ -+-T----~--

Vss vss 

7283448.2 

Fig. 10 Input circuitry. 

Note to Fig. 10 

VSS line is common. In systems where it is expected that V002 > V001 + 05 V, a resistor should 
be inserted to reduce the current flowing through the input protection. 
Maximum input current';;;; 40 p.A. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER 

DATA 

CLB 
DLEN1 

DLEN2 

DLEN3 

-+-

rl 
(1) A 

r---

BP1 BP2 S1 to S30 
VDD 

- DLEN 

r-- CLB 
OSC 

PCF2110 

DATA 

MASTER 
VSS 

I--

I--

r---

PCF2110 

LCD 

~ .. '). 

~ I + 1 
BP1 BP2 S1 to S30 BP1 BP2 S1 to S30 

r-- DLEN - DLEN 

r--
osc - osc -

CLB PCF2110 r-- CLB PCF2110 

- DATA r- DATA 

SLAVE 1 VSS - SLAVE 2 VSS -

7283450.3 

(1) I n the slave mode, the serial resistors between BP1 and BP2 of the PCF211 0 and the backplane of the 
LCD must be> 2 7 kn. I n most applications the resistance of the interconnection to the LCD already 
has a higher value. 

Fig. 11 Diagram showing expansion possibility. 

Note to Fig. 11 

By connecting OSC to VSS the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF2100, PCF211 0 and PCF2111 ICs up to the 
BP drive capability of the master. 

PCF2100 is a 40 LCD-segment driver. 
PCF2111 is a 64 LCD-segment driver. 
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LCD DUPLEX DRIVER PCF2110 

PINNING 

S6 Supply 

54 2 39 S7 11 VDD Positive supply 

13 VSS. NJlgative supply 
53 3 38 58 

52 4 59 Inputs 

51 5 510 12 OSC Oscillator input 

8 DATA Data line 
BP2 6 35 511 

9 OLEN Data line enable CBUS 
BP1 7 34 512 

10 CLB Clock burst 
DATA 8 33 513 

9 32 514 
Outputs 

OLEN 

4 7 BP1 Backplane drivers (common of 
CLB PCF2110P 31 515 6 BP2 LCD) 

150T-1291 
516 S1 to S30 LCD driver outputs 30 

05C 12 517 S31,S32 LED driver outputs 

V55 13 518 

532 14 519 

531 15 520 

530 16 521 

529 17 24 522 

528 18 523 

527 19 524 

526 20 525 

7ZB3445.3 

Fig. 12 Pinning diagram for SOT-129 package. 
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LCD DUPLEX DRIVER PCF2110 

PINNING 

DLEN Supply 

2 VDD Positive supply 
39 DATA 

4 VSS Negative supply 
38 BP1 

37 BP2 Inputs 

3 OSC Oscillator input 
36 Sl 

39 DATA Data line 

) 
35 S2 

40 Data line enable DLEN CBUS 
34 S3 CLB Clock burst 

33 54 

Outputs 
32 S5 

38 BP1 Backplane drivers (common of 
S27 10 PCF2110T 31 S6 37 BP2 LCD) 

S26 11 
(SOT -1581 S1 to S30 LCD driver outputs S7 

S25 12 S8 
S31,S32 LED driver outputs 

S24 13 S9 

S23 14 S10 

S22 15 511 

S21 16 S12 

S20 17 S13 

S19 18 S14 

S18 19 S15 

S17 20 S16 

7Z82806.2 

Fig. 13 Pinning diagram for VSO-40; SOT-158A package. 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2111 

GENERAL DESCRIPTION 

The PCF2111 is a single chip, silicon gate CMOS circuit designed to drive an LCD (Liquid Crystal 
Display) with up to 64 segments in a duplex manner; specially for low voltage applications. A three-line 
bus structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS compatible. 

Features 

• 64 LCD-segment drive capability 
• Supply voltage 2.25 to 6.5 V 
• Low current consumption 
• Serial data input 
• CBUS control 
• One-point built-in oscillator 
• Expansion possiblity 

64-SEGMENT LCD 

BP1 Sl 

BACKPLANE & 
SEGMENT 

OLEN 

CLB 

DATA 

BUS 

CONTROL 

S32 

OSCILLATOR 

& 

DIVIDER 

PCF2111 

Fig. 1 Slack diagram. 

PACKAGE OUTLINES 

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

Signetics 

VDD 

Co 
680 
pF 

OSC 

Ro 1 M 

VSS 

7284581.2 
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LINEAR LSI PRODUCTS 

LCD DUPLEX DRIVER PCF2111 

RATINGS 

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

Supply voltage with respect to VSS VDD -03 to 8 V 

Voltage on any pin Vn VSS -0.3 to VDD + 0.3 V 

Operating ambient temperature range 

Storage temperature range 

Tamb -40 to + 85 °C 

Tstg -55 to + 125 °C 

HANDLING 

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

CHARACTE R ISTICS 

VDD = 2.25 to 6.5 V; VSS = 0 V; Tamb = -40 to + 85 °C; Ro = 1 MQ; Co = 680 pF; unless otherwise 
specified 

parameter condition symbol min. typo max. unit 

Supply current no external load 100 --- 10 50 f.J.A 

Supply current no external load; 
Tamb=-25to+850C 100 - - 30 f.J.A 

Display frequency see Fig. 8; T = 680 f.J.S flCD 60 80 100 Hz 

D.C. component 
of LCD drive with respect to Vsx VBP - ±10 - mV 

load on each segment - - 10 MQ 
driver - - 500 pF 

load on each backplane - - 1 MQ 
driver - - 5 nF 

Input voltage HIGH } VIH 2 - - V 
see Fig. 9 

Input voltage lOW Vil - - 0.6 V 

Rise time 
VBP to VSx max. load tr - 20 - f.J.S 

Inputs CLB, DATA, OLEN see note on next page 

Input capacitance for SOT-129 package CIN - - 10 pF 
for SOT-158A package CIN - - 5 pF 

Rise and fall times see Fig. 2 t r, tf - - 10 f.J.S 

ClB pulse width HIGH see Fig. 2 tWH 1 - - f.J.S 

ClB pulse width lOW see Fig. 2 tWl 9 - - f.J.S 
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LCD DUPLEX DRIVER PCF2111 

CHARACTERISTICS (continued) 

parameter condition symbol min. typo max. unit 

Data set-up time 
DATA - CLB see Fig. 2 tSUDA 8 - - IlS 

Data hold time 
DATA - CLB see Fig. 2 tHDDA 8 - - Ils 

Enable set-up time 
OLEN - CLB see Fig. 2 tSUEN 1 - - IlS 

Disable set-up time 
CLB - OLEN see Fig. 2 tSUDI 8 - - IlS 

Set-up time (load pulse) 
OLEN - CLB see Fig. 2 tSULD 8 - - IlS 

Busy-time from load 
pulse to next start of 
transmission see Fig. 2 tBUSY 8 - - IlS 

Set-up time (leading zero) 

DATA -- CLB see Fig. 2 tSULZ 8 - - IlS 

Note 

All timing values are referred to V I H min and V I L max (see Fig. 2). If external resistors are used in the 
bus lines (see Fig. 9), the extra time constant has to be added. 

ENAB LE 

OLEN 

lV,Hm;, 

__ --Clj~ILmax VILmax 

CLB 

DATA 

tHODA 
-- tSUDI -- - tSULD--- -tBUSY---

_tWL __ tWH __ -tWl ___ 

LEADING ZERO DATA Sl LOAD BIT LOAD PULSE 

Fig. 2 CBUS timing. 
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LCD DUPLEX DRIVER 

DLEN ~ 

CLB 

_111...-1 
test leading zero 

DATA 

bit no. 0 
output t 51 

leading zero 

Notes to Fig. 3 

3 4 5 6 

2 3 4 
52 53 54 55 

8 

6 
56 57 

1 
32 33 34 t 35 

load pulse 

=~ 31 32 33 
531 532 t 
'----.r----' . 
LED outputs load bit 

7Z83444.3 

Fig. 3 CBUS data format. 

An LCD segment is activated when the corresponding DATA-bit is HIGH. 

PCF2111 

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-Iatches 
(BP2) are loaded. CLB-pulse 35 transfers data from shift register to selected latches. 

The following tests are carried out by the bus control logic: 

a. Test on leading zero. 
b. Test on number of DATA-bits. 
c. Test of disturbed DLEN and DATA signals during transmission. 

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with DLEN 
is LOW) and the driver is ready to receive new data. 
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LCD DUPLEX DRIVER 

2 

RON 
(K) 

a 
a 

\ 
Sx \ \ 

\ \ 

\ 

BP :::::::; 

"-, 
~ 

r--... " .... " 
..... r" 

::..-".. typ -
4 

7Z86695 

~yp 

1'''':-~ --r:: 

6 8 
V DD IV) 

Fig. 4 Output resistance of backplane and 
segments. 

PCF2111 

7Z82809.1 

100 f---+-+--+--t---f--+--+---i 

f lCD 
1Hz) f---+-+--+--+ typ-t---f-_-f--i 

-- --

2 4 6 8 
VDDIV) 

Fig. 5 Display frequency as a function of 
supply voltage; RoCo = 680 }.Is. 

-- Tamb = -40 oC; - - - Tamb = + 25 oC; -- Tamb = -40 °C; - - - Tamb = + 25 oC; 
- . - . T amb = + 85 °C. 

200 

f lCD 
I Hz) 

100 

a 
a 

1\ 
\ 
\ 
\ 
I, typ 

"-
......... 

400 800 

7Z82808 1 

.-;---

---I--

1200 1600 
RoC o Ills) 

Fig. 6 Display frequency as a function of 
Ro x Co time; T amb = 25 °C. 

- . -. T amb = + 85 °C. 

20 

IDD 

lilA) 

15 

10 

a 
a 

typ 16 
lf~ 

./.' 

~ 

4 

7Z82810 1 

1-';-
l«~' 

6 VDD IV) 8 

Fig. 7 Supply current as a function of 
supply voltage. 
-- T amb = -40 oC; - - - T amb = + 25 oC; 
- . - . T amb = + 85 °C. 
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LCD DUPLEX DRIVER PCF2111 

OFF/OFF ON/OFF OFF/ON ON/ON 

A A A A BPT 

0 0 0 0 BP2 

..J1 U- JL LJ Sx 

fiu .J\ 0 f1 BPT-Sx 

V A if Jl BP2-Sx 

1 1 
_I T/I LCD 1_ 7Z84580.1 

Fig.8 Timing diagram. 

BUS DRIVER PCF2TTT 

Vss vss ______ ~ L-________ _ 

7Z83448.2Q 

Fig. 9 Input circuitry. 

Note to Fig. 9 

VSS line is common. In systems where it is expected that VDD2 > VDD1 + 0.5 V, a resistor should 
be inserted to reduce the current flowing through the input protection. 
Maximum input current ~ 401lA. 
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LCD DUPLEX DRIVER 

DATA 
CLB 

DLENl 
DLEN2 

.-

PCF2111 

Ir1 16-DIGIT PLUS 16 DECIMAL POINTS LCD 
LC7020160-400 

(11 
A /).. 

- 1 + 
BPl BP2 Sl to S32 BPl BP2 Sl to S32 

V DD i--

r----"" OLEN :~ r--- OLEN 

- CLB PCF2111 DSC - - CLB PCF2111 OSC f0-

r- DATA r- DATA 

MASTER VSS - SLAVE VSS f-

7ZB4579.4 

(1) In the slave mode, the serial resistors between BPl and BP2 of the PCF2111 and the backplane of 
the LCD must be > 2.7 kn. In most applications the resistance of the interconnection to the LCD 
already has a higher value. 

Fig. 10 Diagram showing expansion possibility for a 16-digit plus 16 decimal points LCD. 

Note to Fig. 10 

By connecting OSC to VSS the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thiJs allowing expansion of several PCF2111, PCF2110 and PCF2100 ICs up to 
the BP drive capability of the master. 

PCF2100 is a 40 LCD-segment driver; PCF2110 is a 60 LCD-segment driver plus 2 LED driver outputs. 
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LCD DUPLEX DRIVER 

OLEN 

DATA 

BP1 

BP2 

Sl 

S2 

S30 7 34 S3 

S29 8 33 S4 

S28 9 32 S5 

S27 10 31 S6 
PCF2111 

S26 11 30 S7 

S25 12 29 S8 

S24 13 28 S9 

S23 14 27 510 

S22 15 26 Sll 

S21 16 25 S12 

S20 17 24 S13 

S19 18 23 S14 

S18 22 S15 

S17 21 S16 

7Z82806.2P 

Fig. 11 Pinning diagram. 
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PINNING 

Supply 

2 VDD 

4 VSS 

Inputs 

3 OSC 

39 

40 
DATA 
OLEN 

CLB 

Outputs 

38 BP1 
37 BP2 

S1 to S32 

Signefics 

Positive supply 

Negative supply 

Oscillator input 

Data line 

Data line enable 

Clock burst 

PCF2111 

I CBUS 

Backplane drivers (common of 
LCD) 

LCD driver outputs 
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LCD DRIVER PCF2112 

GENERAL DESCRIPTION 

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

Features 

• 32 LCD-segment drive capability. 
• Supply voltage 2.25 to 6.5 V. 
• Low current consumption. 
• Serial data input. 
• CBUS control. 
• One-point built-in oscillator. 
• Expansion possibility. 

BP 

BACKPLANE & 

DLEN-f---t 
BUS 

CLB 
CONTROL 

DATA-f-~-t 

OSCI LLATOR 

& 

DIVIDER 

PCF2112 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF2112P : 40-lead 01 L; plastic (SOT-129). 
PCF2112T: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 

Signetics 

voo 

Co 1.5 nF 

OSC 

Ro 1 M 

VSS 

7Z86381.2 

4-201 

4 



LINEAR LSI PRODUCTS 

LCD DRIVER PCF2112 

RATINGS 

Limiting values in accordancewith the Absolute Maximum System (lEC 134) 

Supply voltage with respect to VSS VDD 

Voltage on any pin 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

Vn 

Tamb 

T stg 

-0.3 to 8 V 

VSS-0.3 to VDD + 0.3 V 

-40 to +85 oC 

-55 to + 125 0C 

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

CHARACTERISTICS 

VDD = 2.25 to 6.5 V; VSS = 0 V; Tamb = -40 to + 85 oC; Ro = 1 Mn; Co = 1.5 nF; unless otherwise 
specified. 

parameter condition symbol min. typo max. unit 

Supply current no external load IDD - 10 50 jJ.A 

Supply current no external load; 
T amb = -25 to +85 °C IDD - - 30 J1A 

Display frequency T = 1.5 ms flCD 30 40 50 Hz 

Output resistance 

l'o < 10.A 
of each segment Rs - - 10 kn 

Output resistance 
of backplane RBP - - 2 kn 

Input voltage HIGH 
}see Fig: 8 

VIH 2 - - V 

Input voltage lOW Vil - - 0.6 V 

Inputs CLB,DATA,DLEN see note on next page 

I nput capacitance for SOT -129 package CIN - - 10 pF 
for SOT -158A package CIN - - 5 pF 

Rise and fall times see Fig. 2 t r, tf - - 10 I1S 

ClB pulse width HIGH see Fig. 2 tWH 1 - - J1S 

ClB pulse width lOW see Fig. 2 tWl 9 - - J1S 

4-202 Signetics 





LINEAR LSI PRODUCTS 

LCD DRIVER PCF2112 

1 
32 33 34 P5 

load pulse 

=~ 31 32 33 

S31 S32 t 
load bit 

7Z83444.3P 

Fig.3 Data format. 

Notes to Fig. 3 

An LCD segment is activated when the corresponding DATA-bit is HIGH. 
When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from shift register to 
latches. 

The following tests are carried out by the bus control logic: 

a. Test on leading zero. 
b_. Test on number of DATA-bits. 
c. Test of disturbed 0 LE N and DATA signals during transmission. 

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with 
OLEN is LOW) and the driver is ready to receive new data. 
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LCD DRIVER 

7Z86695 

\ 
2 SX" ' 

\ \ '\ 
\ , 

"- , 
typ 

i'... "--...:: --..: ......... --,..:: 

BP~ ~ 
typ 

o 
o 2 4 6 8 

VDD IVI 

Fig. 4 Output resistance of backplane and 
segments. 

60 

fleD 
1Hz) 

40 

20 

o 
o 

=- = 

2 4 

PCF2112 

7Z86696 

typ 

- ~. -

6 8 
VDD IVI 

Fig.5 Display frequency as a function of 
supply voltage; RoCo = 1.5 ms. 

-- Tamb = -40 oC; - - - Tamb = + 25 oC; -- Tamb = -40 °C; - - - Tamb = + 25 oC; 
- . - T amb = + 85 °C. 

200 

f lCD 

I Hzl 

100 

o 

\ 

o 

!\ 
\ 
\ 

\. 
'\., typ 

I ............ 

400 800 

7Z86697 

....... r---
1200 1600 

RaCa IllS) 

Fig.6 Display frequency as a function of 
Ro x Co time; T amb = 25 °C. 

- . - T amb = + 85 °C. 

16 

100 

(IlAI 

12 
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4 

o 
o 

typ 

4 
i«~ 
'i' 

7Z86698 

/; 

Ii. 'II 
/.~1 

~'l 

4 6 8 
VDD IV) 

Fig. 7 Supply current as a function of 
supply voltage. 

-- Tamb = -40 oC; - - - Tamb = + 25 °C; 
- . - T amb = + 85 °C. 
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LCD DRIVER PCF2112 

BUS DRIVER PCF2112 

VDD2 VD D1 

~ R • 1K 
:- .J 

JI.+ 
100 K 

...., 

VSS VSS 

7Z83448.2R 

Fig. 8 Input circuitry. 

Note to Fig. 8 

VSS line is common. In systems where it is expected that VDD2 > VDD1 + 0.5 V, a resistor should 
be inserted to reduce the current flowing through the input protection. 
Maximum input current";;;; 40 fJA. 

---t B-DIGITPLU58 DECIMAL POINTS LCD 

DATA 

CLB 
DLEN1 
OLEN2 

-+--

(1) 

BP 

r--- OLEN 

- CLB 

;- OATA 

/';.. 

51 to 532 
VDD 

PCF2112 OSC 

MASTER VSS 

0-

+ 
BP 51 to 532 

~ r-- OLEN 

I"-'" r-- CLB PCF2112 OSC -

r- DATA 

!-- SLAVE VSS -

7 Z86380.2 

(1) In the slave mode, the serial resistor between BP of the PCF2112 and the backplane of the LCD 
must be> 2.7 kn. In most applications the resistance of the interconnection to the LCD already 
has a higher value. 

Fig. 9 Diagram showing expansion possibil ity for an 8-digit plus 8 decimal points LCD. 

Note to Fig. 9 

By connecting asc to VSS the BP-pin becomes input and generates signals synchronized to the single 
oscillator frequency, thus allowing expansion of several PCF2112 ICs up to the BP drive capability 
of the master. 
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LCD DRIVER PCF2112 

PINNING 

OLEN Supply 

DATA 2 VDD Positive supply 

BP 
4 VSS Negative supply 

n,c, Inputs 

51 3 OSC Oscillator input 

52 

53 

39 DATA Data line 

) 40 OLEN Data line enable CBUS 

1 CLB Clock burst 
54 

55 

527 56 
PCF2112 

Outputs 

38 BP Back plane driver (common 4 of LCD) 

57 S1 to S32 LCD driver outputs 

525 58 37 n.c. not connected 

524 59 

523 510 

522 15 26 511 

521 16 25 512 

520 17 24 513 

519 18 514 

518 19 515 

517 20 21 516 

7Z86379.1 

Fig. 10 Pinning diagram. 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 

DESCRIPTION 
These high-voltage, high-current Darling
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN2003 has a series base resis
tor to each Darlington pair, and thus 
allows operation directly with TTL or 
CMOS 5V supply voltage. 

The Type ULN2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs uti
lizing supply voltages of 6 to 15V. The 
required input current is below that of the 
Type ULN2003. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic package. 

FEATURES 
• Peak inrush current 600mA 
• Protected internally against induciive 

loads 
• Open collector topology 
• Compatible with most logic technologies 

EQUIVALENT SCHEMATICS 

TYPE ULN2003 
(each driver) 

COM 

2.7K 

I 
I 

i$ 
, 

__ J 

TYPE ULN2004 
(each driver) 

COM 

10.5K 

~ 

ABSOLUTE MAXIMUM RATINGS at 25' C Free-Air temperature for anyone 
Darlington pair unless otherwise specified. 

PARAMETER RATING 

VCE Output voltage 50 
VIN Input voltage 30 
VESO Emitter base voltage 6 
Ic Continuous collector current SOD 
Is Continuous base current 25 
Po Power dissipation 1.3 

Derating factor above 25'C 95 
TA Ambient temperature range (operating) a to +85 
Ts Storage temperature range -65 to +150 

·NOTE 
Under normal operating conditions, these units will sustain 350mA per output with 
VCE(SP.T) "" 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%. 
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V 
V 
V 

mA 
mA 
W 

'C/W 
'C 
vC 

PIN CONFIGURATION 

D,N,F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
ULN2003D.N.F 
ULN2004D.N.F 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS 

DC ELECTRICAL CHARACTERISTICS TA = 25'C unless otherwise specified 1.2.3 

PARAMETER TEST CONDITIONS 

ICEX Output leakage current VCE = 50V, TA = 70'C 
Type ULN2004 VCE = 50V, TA = 70'C, VIN = 1V 

VCEISAT) Collector-emitter Ic = 350m A, Is = 500pA 
Saturation voltage Ic = 200mA, Is = 350pA 

Ic = 100mA, Is = 250"A 

IINION) Input current 
Type ULN2003 VIN = 3.85V 
Type U LN2004 VIN = 5V 

VIN=12V 

IINIOFF) I nput current Ic = 500pA, TA = 70'C 

VINION) Input voltage 

Type ULN2003 VCE - 2V. Ic - 200mA 
VCE = 2V, Ic = 250m A 
VCE = 2V, Ic = 300mA 

Type ULN2004 VCE = 2V, Ic = 125mA 
VCE = 2V, Ic = 200mA 
VCE = 2V, Ic = 275mA 
VCE = 2V, Ic = 350mA 

CIN Input capacitance 

IR Clamp diode leakage VR - 50V 
current 

VF Clamp diode forward voltage IF = 350mA 

NOTES 

1 Aillimits stated apply to the complete Darlington series except as speCified for a single 
device type. 

2 The IIN(OFFI current limit guarantees against partial turn-on of the output 
3. The VIN{ON) voltage limit guarantees a minimum output sink currenl per the speCified 

test conditions 

Test 
Fig. 

1A 
18 

2 
2 
2 

3 
3 
3 

4 

5 
5 
5 
5 
5 
5 
5 

-
6 

7 

AC ELECTRICAL CHARACTERISTICS TA = 25'C unless otherwise specified. 1.2.3 

PARAMETER TEST CONDITIONS 

tpLH Turn-on delay 0.5 EIN to 0.5 EOUT 

tpHL Turn-off delay 0.5 EIN to 0.5 EOUT 

NOTES 
1 All limits stated apply to the complete Darlington series except as specified for a single 

device type 
2 The IINIOFF) current limit guarantees against partial turn-on of the output 
3 The VIN(ONI voltage limit guarantees a minimum OLltput sink current per the specified 

test conditions 

Signetics 

Test 
Fig. 

-

-

ULN2003/04 

LIMITS 
UNIT 

Min Typ Max 

- - 100 pA 
- - 500 pA 

- 1.25 1.6 V 
- 1.1 1.3 V 
- 0.9 1.1 V 

- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 

50 65 - pA 

2.4 V- 4 
- - 2.7 V 
- - 3.0 V 

- - 5.0 V 
- - 6.0 V 
- - 7.0 V 
- - 8.0 V 

- 15 30 pF 

- - 50 p.A 

- 1.7 2 V 

4 

LIMITS 
UNIT 

Min Typ Max 

- 1.0 5 pS 

- 1.0 5 pS 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 

TYPICAL PERFORMANCE CHARACTERISTICS 

COLLECTOR CURRENT AS A FUNCTION 
OF 

COLLECTOR CURRENT AS A FUNCTION 
OF 

ALLOWABLE AVERAGE PACKAGE 
POWER 

~ 
z 
w 

80 

60 

~ 40 

U 
~ 

~ 
~ 20 

8 

0 

0 

0 

0 

0 

SATURATION VOLTAGE INPUT CURRENT DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 

ff J/ 
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SATURATION VOLTAGE VCE(SAT) INPUT CURRENT IN I-,A - 'iN AMBIENT TEMPERATURE IN 'C 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN2003 
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ULN·200J 
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INPUT VOL TAGE . V IN 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN2004 
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TEST FIGURES 

OPEN . SOY OPEN 

I 
Figure 1A Figure 1B 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS 

TEST FIGURES ICont'd) 

OPEN 

"N 
OPEN 

Figure 3 

OPEN 

Figure 6 

TYPICAL APPLICATIONS 

TTL TO LOAD 

ULN2003 

+SOV 

OPEN * sov 

Figure 4 

BUFFER FOR HIGHER 
CURRENT LOADS 

ULN2004 

Signetics 
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OPEN 

Figure 7 

ULN2003/04 

OPEN 

Figure 5 
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L VOY SIGNAL CONDITIONER 

DESCRIPTION 

The NE5520 Is a signal conditioning. cir.· 
cult for use with Linear Variable Differen· 
tlal Transformers (LVD1). The chip includeS 
a low distortion amplitude stable sine 
wave osciilator with programmable fre· 
quency to drive the primary of the LVDT; a 
synchronous demodulator to convert the 
LVDT output amplitude and phase to posi· 
tion information; and an output amp to 
provide gain and filtering. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Split supply voltage 
Operating temperature range 
Storage temperature range 
Power Dissipation (Note 1) 

BLOCK DIAGRAM 

12 

13 
CT osc 

14 

FEATURES 

• Oscillator frequency: 1 kHz to 20kHz 

• Low distortion 
• Capable of ratiometric operation 
• Single supply operation SV to 20V or 

dual supply ± 2.SV to ± 10V 

• Low power consumption 

APPLICATIONS 

• LVDT signal conditioning 

• RVDT signal conditioning 

RATING 

+20 
±10 

o to + 70 
-65to +165 

840 

SINE 
CONV, 

UNIT 

V 
V 
·C 
·C 

mW 

+v BIAS CKT 

DEMOO 
OUT +v 

0 
-IN 

+IN 

OUT 

NOTES, 
1. Supplied only in large SO (Small Outline) package. See package diagram. 
2. Pin numbers are for N package. 
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NE5520 

PIN CONFIGURATION 

0\ FPACKAGE 

N PACKAGE 

AMP OUT 1 

11 FEEDBACK 

DEMODOUT 5 

NOTES, 

GND 7 

TOP VIEWS 

ORDER NUMBERS 

NE552001 

NE5520F(16·Pini. NE5520N (14·Pini 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 

11 

10K 
FEEDBACK 

0sC 

10 
OSC 

VREF/2 

""'"1--+-0 LVOT IN 

SYNC 
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LVDT SIGNAL CONDITIONER NE5520 

DC ELECTRICAL CHARACTERISTICS TA= 25°C, VR= V + = 10V unless otherwise specified. 

PARAMETER 
NE5520 

TEST CONDITIONS UNIT 
Min Typ Max 

Supply current Over temp. 7.0 10 rnA 

Reference current Over temp. 5.5 10 rnA 

Reference voltage range Over temp. 5 V+ V 

Power dissipation 120 220 mW 

Oscillator sBctlon 

Oscillator output 
VR 

Vrms 8.7 
Sine wave distortion 4 % 

Initial amplitude error ±3 % 

Tempco of amplitude 0.05 %IOC 

Voltage coet. of amplitude error 2.5 %IV 

Initial accuracy of osc. frequency 20 % 4 
Tempco of frequency error 0.05 %IOC 

Voltage coef. of frequency 2.5 %IV (VR) 

15 rnA (rms) 
Oscillator output load current 

Over temp. S rnA (rms) 

Demodulator sBction 

Linearity error Over temp. 0.05 0.1 % 

Maximum demodulator Input Over temp. range ~-0.5 
2 

VR 05 '2+ . V 

Demodulator offset voltage Over temp. range 65 mV 

Demodulator Input current Over temp. -1000 -300 nA 

VR/2 accuracy Over temp. -3 ±0.5 +3 % 

Auxiliary Output Amplifier 

Input offset voltage Over temp. -10 10 mV 

Input bias current Over temp. range -500 -300 nA 

Input offset current -100 100 nA 

Gain RL = 10kll over temp. 100 V/mV 

Slew rate 1.5 V/l'sec 

Gain bandwidth Av= 1 1 MHz 

Output voltage swing RL = 10K over temp. 1.5 V+ -1.5 V 

Output short circuit current 50 rnA 

NOTE 
Rating applies to ambient temperatures up to 70·e. Above 70·C derate linearly at 7.6mW/oC for the plastic package and 7.3mW/·C for the cerdlp package. 
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L VOl SIGNAL CONDITIONER 

TYPICAL PERFORMANCE; ~HARACTERISTICS 

4~214 

IR AND I + VB TEMPERATURE, 

~ .s 6 

~ 

............... 

~ 

r---..... IR 

.............. 
N+ 

- 55 0 25 70 125 

~ 
~ 

10 

Q 0.1 

0.01 

0.001 

I'" 

.T. ('C) 

FO VB CT 

V· =VR=10V 

(TYP: F=C1(~,~)) 

I'" I' 
100 1K 10K 100K 1000K 

! 

Fo(Hz) 

DISTORTION OF SINE WAVE 
VB REFERENCE VOLTAGE 

20 
RL = 1 ~o: OSC TO OSC 

15 

V 
" 10 
i!' 

V I--'" 

10 15 20 
V· .VR(VOlTS) 

Signefics 

NE5520 

IR AND I + VB VOLTAGE 

20 

y 
? j+ 

~ 

15 

~ .s 10 

V 
10 15 20 

V+ =VR(VOlTS) 

DEMODULATOR OFFSET 
VB TEMPERATURE 

(NORMALIZED TO 25°C) 

40 , I. v:+ =VR~ 10V 
(TVP: + 250 •. VI, 

20 

./ 
/' 

/ 
V 

/ 
-20 

-40 
-55 o 25 70 126' 

TA ('C) 

OSCILLATOR AMPLITUDE VARIATION 
WITH TEMPERATURE 

15 

10 

VR=5V 

V":...~ i'.. 
vr 20V ......... 

t--
-5 

- 55 o 25 70 125 
TA ('C) 



LINEAR LSI PRODUCTS 

LVDT SIGNAL CONDITIONER 

TYPICAL SINGLE SUPPLY LVOT CIRCUIT 
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For additional Information, refer to the Applications Section. 

Signetics 4-215 

4 



LINEAR LSI PRODUCTS 

SAMPLE AND HOLD CIRCUITS-SYMBOLS AND DEFINITIONS 

Acquisition Time 
The time required to acquire a new analog input voltage with an 
output step of 10V. Note that acquisition time Is not just the 
time required for the output to settle, but also includes the time 
required for all internal nodes to settle so that the output 
assumes the proper value when switched to the hold mode. 

Aperture Delay Time 
The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 
Also called "aperture uncertainty time", it's the time variation or 
uncertainty with which the switch opens, or the time variation In 
aperture delay. 

Aperture Time 
The delay required between "hold" command and an input 
analog transition, so that the transition does not affect the hold 
output. 

Dynamic Sampling Error 
The error Introduced into the held output due to a changing 
analog input at the time the hold command is given. Error is ex· 
pressed in mV with a given hold capacitor value and Input slew 
rate. Note that this error term occurs even for long sample times. 

Effective Aperture Delay 

The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 
The ratio of the available charging current during sample mode 
to the leakage current during hold mode. 

Gain Error 
The ratio of output voltage swing to Input voltage swing in the 
sample mode expressed as a percent difference. 

Hold·Mode Droop 
The output voltage change per unit of time while in hold. Com· 
monly specified In Vis, liVllis or other convenient units. 

Hold·Mode Feed Through 
This percentage of an input sinusoidal signal that is measured at 
the output of a sample·hold when It's In hold mode. 

Hold Settling Time 
The time required for the output to settle within 1 mV of final 
value after the "hold" logic command. 

Hold Step 
The voltage step at the output of the sample and hold when 
switching from sample mode to hold mode with a steady (dc) 
analog Input voltage. Logic swing Is 5V. 

Sample· To· Hold Offset Error 
The difference in output voltage between the time the switch 
starts to open, and the time when the output has settled com· 
pletely. It Is caused by charge being transferred to the hold 
capacitor switch as it opens. 

Slew Rate 
The fastest rate at which the sample & hold output can change 
(specified in ViliS). 

Threshold 
Level shall be defined as that level which causes the switch con· 
trol to change state. 
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LINEAR LSI PRODUCTS 

MONOLITHIC SAMPLE AND HOLD CIRCUITS LF198/LF298/LF398 

DESCRIPTION 

The Signetics LF198/LF298/LF398 are 
monolithic sample and hold circuits which 
utilize high·voltage Ion Implant JFET tech· 
nology to obtain ultra·high DC accuracy 
with fast acquisition of signal and low 
droop rate. Operating as a unity gain fol· 
lower, DC gain accuracy is 0.002% typical 
and acquisition time is as low as 6"s to 
0.01 %. A bipolar input stage is used to 
achieve low offset voltage and wide band· 
width. Input offset adjust is accomplished 
with a single pin and does not degrade 
input offset drift. The wide bandwidth 
allows the LF198 to be included inside the 
feedback loop of 1 MHz op amps without 
having stability problems. Input imped· 
ance of 101°0 allows high source imped· 
ances to be used without degrading accu· 
racy. 

P·channel junction FET's are combined with 
bipolar devices in the output amplifier to 
give droop rates as low as 5mV Imin with a 
II'F hold capacitor. The JFET's have much 
lower noise than MOS devices used in pre· 
vious designs and do not exhibit high tern· 
perature instabilities. The overall design 
guarantees no feed·through from input to 
output in the hold mode even for input sig· 
nals equal to the supply voltages. 

Logic inputs are fully differential with low 
input current, allowing direct connection 
to TIL, PMOS, and CMOS. Differential 
threshold is l.4V. The LF198/LF298/LF398 
will operate from ± 5V to ± 18V supplies. 
They are available in an 8·lead TO·5 pack· 
age, or an 8·pin plastic DIP. 

FUNCTIONAL DIAGRAM 
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INPUT / 
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CAPACITOR 

FEATURES 

• Operates from ± 5V to ± 18V supplies 
• Less than lOI'S acquisition time 

F,N PACKAGE 

• TTL, PMOS, CMOS compatible logiC 
input 

• 0.5mV typical hold step at Ch = O.OlI'F 
v+O. LOGIC OFFSET 1 LOGIC 

VOLTAGE 2 REFERENCE 

• Low Input offset INPUT 3 6 Ch 

• 0.002% gain accuracy y- 4 5 OlITPUT 

• Low output noise In hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio In sample or 

hold 
• Wide bandwidth 

APPLICATIONS 

• The LF198/LF298/LF398 are ideally 
suited for a wide variety of sample and 
hold applications Including data 
acquisition, analog·to·dlgital 
conversion, synchronous demodu· 
lation, and automatic test setup. 

NOTES: 
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ORDER NUMBERS 
LF198F, LF298F, LF398F 

LF198N, LF298N. LF398N 

H PACKAGE 
LOGIC 

v-

TOP VIEW 
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03 PACKAGE 

TOP VIEW 
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1. SOL· Released in Large SO package only. 

OUTPUT 

2. SOL and non·standard pinout. 
3. SO and non·standard pinouts. 

TYPICAL APPLICATIONS 
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LINEAR LSI PRODUCTS 

MONOLITHIC SAMPLE AND HOLD CIRCUITS LF198/LF298/LF398 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage ±18 V 
Power dissipation (package limitation)' 500 mW 
Op~rating ambient temperature range 

LF198 -55 to + 125 ·C 
LF298 -25 to +85 ·C 
LF398 Oto +70 °C 

Storage temperature range -65 to +150 °C 

Input voltage Equal to 
supply voltage 

Logic to logic reference differential voltage' +7,-30 V 
Output short circuit duration Indefinite 
Hold capacitor short circuit duration 10 sec 
Lead temperature (soldering, 10sec) 300 °C 

DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, 

PARAMETER 

Input offset voltage6 

Input bias current6 

Input impedance 

Gain error 

Feedthrough attenuation ratio at 1kHz 

Output impedance 

"HOLD" step4 

Supply current6 

Logic and logic reference input current 

Leakage current into hold capacltor6 

Acquisition time to 0.1 % 

Hold capacitor charging current 

Supply voltage rejection ratio 

. Differential logic threshold 

NOTES 

Vs = ± 15V, Tj = 25°C, -11.5V S VIN S +11.5V, Ch = O.Ol/LF, and RL = lOki"!. Logic 
reference voltage = OV and logic voltage = 2.5V. 

LF198/LF298 LF398 
TEST CONDITIONS UNIT. 

Min Typ Max Min Typ Max 

TI=25°C 1 3 2 7 mV 
5 10 mV 

Tj =25°C 5 25 10 50 nA 
Full temperature range 75 100 nA 

Tj =25°C 1010 1010 0 

Tj = 25°C, RL = 10K 0.002 0.005 0.004 0.01 % 
Full temperature range 0.02 0.02 % 

T)= 25°C, Ch = O.OlI'F 86 96 80 90 dB 

Tj = 25°C, "HOLD" mode 0.5 2 0.5 4 0 
Full temperature range 4 6 0 

Tj =25°C, Ch =O.OlI'F, VOUT=O 0.5 2.0 1.0 2.5 mV 

TJ's25°C 4.5 5.5 4.5 6.5 mA 

T=25°C 2 10 2 10 ~ 
T) = 25°C5, Hold mode 30 100 30 200 pA 

Ll.VOUT = 10V, Ch = 1000pF 4 4 I'S 
Ch =O.OlI'F 20 20 I'S 

VIN - VOUT= 2V 5 5 mA 

VOUT=O 80 110 80 110 dB 

Tj = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

1. The maximum Junction temperature of the LF398I, 160°C. When operating at elevated 
ambient temperatur., the TO'6 and plaatic DIP packages mUll be derated based on a 
thermal reelefance (BIA) 0' 150°C/W. 

4. Hold step is sensitive to stray cspacltlve coupling between Input logic signals and fhe 
hold capaCitor. 1pF, for Instance, will create an additional O.5mV step with a 5V logic 
swing and a O.01p.F hold capaCitor. Magnitude of the hold atep is inversely proportional 
to hold capacitor value. 2. Although the differential Yoltage may not exc.ed the limits givan, the common·mode 

vollage on the logic pin. may be equal to the supply yoltages without cauelng damage 
to the circuit. For proper logic operation, however, one of the logic pins must always be 
01 loasl 2V below the positive supply and 3V above the negative supply. 

3, Unlen otherwise specified, the following conditions apply. Unit is In "sample" mOde, 
Vs - ± 15V, T) - 25°C. -11.5V ::S VIN::S +1'.6V, Ch - O.Olp.F, and RL .iii 10k, L'Ogic 
reterence voltage. OV and laglc voltage - 2.6V. 

5. Leakage current ia measured at a junction temperature 01 25°C. The effects of junction 
temperature rise due to power dissipation or elevated ambient can be calculated by 
doubling the 25°C value for each 11 °C Incraaae In chip temperature. Leakage is 
guaranteed over full Input algnal range. 

8. The parametars guarantaed over a supply voltage of ±5 to ± l8V, 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 

TYPICAL AC PERFORMANCE CHARACTERISTICS (cont'd) 
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LINEAR LSI PRODUCTS 

SAMPLE AND HOLD AMPLIFIER 

DESCRIPTION 
The NESS37 monolithic Sample and Hold 
amplifier combines the best features of ion 
Implanted JFET's with bipolar devlc8sto ob
tain high accuracy, fast acquisition time, 
and low droop rate. This device Is pin com
patible with the LF 19B, and features supe
rior performance in droop rate and output 
drive capability. The circuit shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the Sam
ple mode. The first amplifier has bipolar In
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve low leak
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NES537 a low droop rate at higher tempera
ture. The output stage has the capability to 
drive a 2KO load. The logic input is compati-

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation (package limitation)' 
Operating ambient temperature range 

SE5537 
NE5537 

Storage temperature range 

Input voltage 

ble with TTL, PMOS or CMOS logic. The dif
ferential logic threshold is 1.4V with the 
Sample mode occurring when the logic input 
is high. It is available in B-Iead TO-5 and 8-
pin plastic DIP packages. 

FEATURES 

• Operates from ± 5V to ± 18V supplies 
• Hold leakage current 6pA @ TJ25'C 
• Less than 4~s acquisition time 
• TTL, PMOS, CMOS compatible logic 

Input 
• 0_5mV typical hold step at Ch = O.OII'F 
• Low Input ollset: ·1 MV (typical) 
• 0.002% gain accuracy with RL = 2kO 
• Low output noise In hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio In sample or 

hold 
• Wide bandwidth 

RATING UNIT 

±18 V 
500 mW 

-55 to +125 'C 
o to +70 'C 

-65 to + 150 'C 
Equal to supply 

voltage 
Logic to logic reference differential voltage2 +7, -30 V 
Output short circuit duration Indefinite 
Hold capacitor short circuit duration 10 
Lead temperature (soldering. 10see) 300 

NOTES 

,. The maximum junction temperature 01 the SE5537 is 150°C and lor the NESS37 
is10Q"C. When operating at elevated ambient temperature. the TO-S and plastic DIP 
packages must be derated basad on a thermai resistance (/;lje) 01 150"C/W. 

2. Although the differentialvollage may not exceed the limits given, the common mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must always 
be at least 2V below the positive supply and 3V above the negative supply. 
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PIN CONFIGURATION 
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LINEAR LSI PRODUCTS 

SAMPLE AND HOLD AMPLIFIER SE/NE5537 

ELECTRICAL CHARACTERISTICS3 

SESS37 NESS37 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input offset voltage6 Tj = 25°C 1 3 2 7 mV 
Full temperature range 5 10 mV 

Input bias current6 Tj = 25°C 5 25 10 50 nA 
Full temperature range 75 100 nA 

Input impedance Tj = 25°C 10 '0 1010 n 
Gain error Tj = 25°C, 0.002 0.007 0.004 0.01 % 

-10V :s: VIN :s: 10V, RL = 2K 
-11.5V:S: VIN:S: 11.5V, 

RL = 10K 
Full temperature range 

Feedthrough attenuation ratio at 1 kHz Tj = 25°C, Ch = 0.011'F 

Output impedance Tj = 25°C, "HOLD" mode 
full temperature range 

"HOLD" Step4 Tj = 25°C, Ch = 0.01I'F, 
VOUT = 0 

Supply current6 Tj=2SoC 

Logic and logic reference 
input current Tj = 2SoC 

Leakage current into hold capacitor6 Tj = 2SoC hold mode6 

Acquisition time to 0.1% VOUT = 10V, 
Ch = 1000pF 
Ch = 0.011'f 

Hold capacitor charging current VIN - VOUT = 2V 

Supply voltage rejection ratio VOUT = 0 

Differential logic threshold Tj = 2SoC 

NOTES 
3. Unless otherwise specified, the following conditions apply. Unit Is in "sample" mode, 

Vs = :!:: 15V, TJ c::: 25°C, -1 t.5V:5 VIN:S; It.5V, Ch == Q,Ql/-lF, and RL = 2kf!, Logic 
reference voltage == OV and logic voltage = 2.5V. 

4. Hold step Is sensitive to stray capacitive coupling between inpullogic signals and tne 
hold capacitor. tpF, lor instance, will creale an additional O.5mV step with a 5V logic 
swing and a 0,0' F hold capacitor. Magnitude of the hold step is inversely proportional 
to hold capacitor value. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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5. Leakage current Is measured at 8 junction temperature 01 25°C. The effects of 
Junction temperature rise due to power dissipation or elevated ambient can be calcu· 
lated by doubling the 25°C value lor each 11°C increase In chip temperature. Leak
age Is guaranteed over full Input signal range. 

6. These parameters guaranteed over a supply voltage range of ±5 to ± laV. 

OUTPUT SHORT CIRCUIT CURRENT 

30 

2. I\.. 
2. 

2. 
;( 

22 ~ 
~ 20 

i ,. 
u ,. 

SOURCING 

r--... "-
SINKIN~ I' 

r-..... r...... 
r-

" 
12 

10 

-50 -25 25 SO 75 100 125 150 

JUNCTION TEMPERATURE te) 

4·222 Signetics 



LINEAR LSI PRODUCTS 

SAMPLE AND HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

"HOLD" SETTLING TIME 
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20 
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SAMPLE AND HOLD 

INTRODUCTION 

10K lOOK 

For many years designers have used the 
sample and hold (or track and hold) to oper
ate on analog information in a time frame 
which is expedient. 

By sampling a segment of the information 
and holding it until the proper timing for con
verting to some form of control signal or 
readout allows the designer ceitain freedom 
in performing predetermined manipulative 
functions. Therefore, the sample and hold 
can be defined as a "selective analog mem
ory cell". 

The memory is volatile and will also decay 
with time. 

When using the sample and hold method for 
evaluating signal information, the designer 
is given the added feature of eliminating out
side noise elements. With the analog to digi
tal converter products available today the 
"dc memory" of the sample and hold can be 
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easily converted to digital format and further 
incorporated info microprocessor based 
systems. 

Parametric evaluation of the sample 
and hold will be discussed in the following 
paragraphs. 

DEFINITION OF TERMS 
ACQUISITION TIME:, The time required to 
acquire a new analog input voltage with an 
output step of 10V. Note that ,acquisition 
time is not just the time required for the out
put to settle, but also includes the time re
quired for all internal nodes to settle so that 
the output assumes the proper value when 
switched to the hold mode. 

APERTURE DELAY TIME: The time 
elapsed from the hold command to the open
ing of the switch. 

APERTURE JITTER: Also called "aperture 
uncertainty time", it's the time variation or 
uncertainty with which the switch opens, or 
the time variation in aperture delay. 
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POWER SUPPLY REJECTION 
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APERTURE TIME: The delay required be
tween "hold" command and an input analog 
transition, so that the transition does not 
affect the held output. 

BANDWIDTH: The frequency at which the 
gain is down 3dB from its dc value. It's mea
sured in sample (track) mode with a small
signal sine wave that doesn't exceed the 
slew rate limit. 

EFFECTIVE APERTURE DELAY: The time 
difference between the hold command and 
the time at which the input signal is at the 
held voltage. 

FIGURE OF MER,IT: The ratio of the avail
able charging current during sample mode to 
the leakage current during hold mode. 

HOLD-MODE DROOP: The' output voltage 
change per unit of time while in hold. Com
monly specified in V I s, !'V I!'s or other con
venient units. 

HOLD-MODE FEEDTHROUGH: The per
centage of an input sinusoidal signal that is 
measured at the output of a sample-hold 
when it's in hold mode. 

HOLD SETTLING TIME: The time required 
for the output to settle within 1 mV of final 
vaiue after the "hold" logic command. 

SAMPLE· TO-HOLD OFFSET ERROR: The 
difference in output voltage between the 
time the switch starts to open, and the time' 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 

SLEW RATE: The fastest rate at which the 
sample & hold output can change (specified 
in V/!'s). 

HOLD STEP: The voltag"estep at the output 
of the sample and hold when switching from 
sample mode to hold mode with a steady 
(dc) analog input voltage. Logic swing is 5V. 
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DYNAMIC SAMPLING ERROR: The error 
introduced into the held output due to a 
changing analog input at the time the hold 
command is given. Error is expressed in mV 
with a given hold capacitor value and input 
slew rate. Note that this error term occurs 
even for long sample times. 

GAIN ERROR: The ratio of output voltage 
swing to input voltage swing in the sample 
mode expressed as a percent difference. 

THRESHOLD: Level shall be defined as 
that level which causes the switch control to 
change state. 

BASIC BLOCK DIAGRAM 
The basic circuit concept of the sample and 
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which determines sample, hold 
or track conditions). Reference figure 1. 

The block diagram of the NE5537 is a 
closed loop non·inverting unity gain sample 
and hold system. The input buffer amplifier 
supplies the current necessary to charge 
the hold capacitor, while the output buffer 
amplifier closes the loop such that the 
output voltage is identical to the input volt· 
age (with consideration for input offset volt· 
age, offset current, and temperature vari· 
ations which are common to al/ sample and 
hold circuits, be they monolithic, hybrid or 
modular). 

When the sampling switch is open (in the 
hold mode) the clamping diodes close the 
loop around the input amplifier to keep it 
from being overdriven into saturation. 

The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample and hold device. Reference figure 2. 
The switch control has a floating reference 
(pin 7), referred to as the logic reference 
which makes the sample and hold device 
compatible to several types of external log· 
ic signals (TTL, PMOS, & CMOS). The 
switching device operates at a threshold 
level of I.4V. 

The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (pin 8 is 1.4 volts higher than pin 7) and 
presents a load of 5 microamperes to the 
input logic signal. The analog sampled sig' 
nal is amplified, stored (in the external hold· 
ing capacitor), and buffered. At the end of 
the sampling period the internal switch 
mechanism turns off (switch opens) and the 
"stored analog memory" information on the 
externa'l capacitor (pin 6) is loaded down by 
an operational amplifier connected in the 
unity gain non·inverting configuration. This 

amplifier, whose input impedance is effec
tively: 

R = RIN(AOL)/(1 + 1/ A) 

where R = Effective input impedance 
RIN = Open loop input impedance 
AOL = Open loop gain 
A = AC loop gain 

Therefore, the higher the open loop gain of 
the second operational amplifier, the 
larger the effective loading on the capac
itor. The larger the load, the lower the 
"leakage" current and the better the droop 
characteristics. 

In actuality the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operation (remember that the 
FET amplifiers double in required bias cur
rent for every 10 degree increase in junction 
temperature). 

Sampling time for the NE5537 is less than 
IOl'sec, (measured to 0.1% of input signal). 
Leakage current is 6pA at a rate output load 
of 2kf!. 

BASIC APPLICATIONS 

Multiplying DAC 
As depicted in the block diagram of figure 3, 
the sample and hold circuit is used to supply 
a "variable" reference to the digital to ana
log converter. As the input reference varies, 
the output will change in accordance with 
equation 1, shown in figure 3. 

Varying the input signal reference level can 
aid the system in performing both com
pression and expansion operations. The 
multiplying DAC's used are the Signetics 
SEINE 5008; however, if the rate of change 
of the reference variation is kept slow 
enough a microprocessor compatible DAC 
can be incorporated, such as the NE5018 or 
the NE5020. 

DATA ACQUISITION SYSTEMS 
As mentioned earlier, the designer may wish 
to operate on several different segments of 
an "analog" signal; however he is limited by 
the fact that only one analog to digital con
verter channel is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 

APPLICATION HINTS 

Hold Capacitor 
A significant source of error in an accurate 
sample and hold circuit is dielectric absorp
tion in the hold capacitor. A mylar cap, for 
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instance, may "sag back" up to 0.2% after a 
quick change in voltage. A long "soak" tim'e 
is required before the circuit can be put 
back into the hold mode with this type of 
capacitor. Dialectrics with very low hyster
esis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and 
polycarbonate are not nearly as good. 
Ceramic is unusable with > 1 % hysteresis. 
The advantage of polypropylene over poly
styrene is that it extends the maximum ambi
ent temperature from 85°C to 100°C. The 
hysteresis relaxation time constant in poly
styrene, for instance, is 10-50ms. If A-to-D 
conversion can be made within 1 ms, hyster
esis error will be reduced by a factor of ten. 

DC Zeroing 
DC Zeroing is accomplished by connecting 
the offset adjust pin to the wiper of a 1 kf! 
potentiometer which has one end tied to V+ 
and the other end tied through a resistor to 
ground. The resistor should be selected to 
give ",0.6mA through the 1 Kf! potentio
meter. 

Sampling Dynamic Signals 
Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample and hold cir
cuits. There exist finite phase delays 
through the sample and hold circuit causing 
an input-output phase differential for moving 
signals. In addition, the series protection re
sistor (300f! to pin 6 of the NE5537) will add 
an RC time constant, over and above the 
slew rate limitation of the input 
buffer I current drive amplifier. This means 
that at the moment the "hold" command ar
rives, the hold capacitor voltage may be 
somewhat different than the actual analog 
input. The effect of these delays is opposite 
to the effect created by delays in the logic 
which switches the circuit from sample to 
hold. For example, consider an analog input 
of 20 Vp-p at 10kHz. Maximum dV Idt is 
0.6V II'S. With no analog phase delay and 
lOOns logic delay, one could expect up to 
(0. l).1s) (0.6V II'S) = 60mV error if the "hold" 
signal arrived near maximum dV I dt of the 
input. A positive going input would give a 
± 60mV 'error. Now assume a 1 MHz (3dB) 
bandwidth for the overall analog loop. This 
generates a phase delay of 160ns. If the 
hold· capacitor seeS this exact delay, then 
error due to analog' delay will be (O.16I's) 
(O.6V II's) = -96mV (analog) for a total of 
-36mV. To add to the confusion, analog de
lay is proportional to hold capacitor value 
while digital delay remains constant. A fam
ily of curves (dynamic S"ampling error) is in
cluded to help estimate errors. 
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A curve labeled Aperture Time has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience a sudden change nearly 
coincident with the "hold" command. This 
curve is based on a 1 mV error fed into the 
output. 

A second curve, Hold Settling Time indi
cates the time required for the output to 
settle to 1 mV after the "hold" command. 

Digital Feedthrough 
Fast rise time logic signals can cause hold 
errors by feeding externally into the analog 
input at the same time the amplifier is put 
into the hold mode. To minimize this prob-

TYPICAL APPLICATIONS 

TYPICAL CONNECTION 

v+ 

OUTPUT 

SAMPLE 

HOLD 

Flguro 2 
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lem, board layout should keep logic lines as 
far as possible from the analog input. 
Grounded guarding traces may also be used 
around the input line, especially if it is driven 
from a high impedance source. Reducing 
high amplitude logic signals to 2.5V will also 
help. 

Logic signals also couple to the hold ca
pacitor. This hold capacitor should be 
guarded by a P.C. card trace connected to 
the sample-and-hold output. This will also 
minimize board leakage. 

SPECIAL NOTES 
1. Not all definitions herein defined are 

measured parametrically for the NE5537, 
but are legitimate terms used in sample 
and hold systems. 

2. Reference should be made to Design 
Engineering, volumes 23 (Nov. 8, 1978), 
25 (Dec. 6,1978) and 26 (Dec. 20,1978) 
for articles written by Eugene Zuch of 
Datel Systems, Inc. for a further discus
sion of sample and hold circuits. 

3. Reference also made to National 
Semiconductor Corporation's Special 
Functions Data Book (1976). 

MULTIPLYING DAC APPLICATION 

5' 

VOUT =' VIN X 2~6 { 20 Do + 21 0, + 27 07} EOUATION 1 

Figure 3 
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DESCRIPTION 
The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres
sor or expandor. Each channel has a full 
wave rectifier to detect 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 cellu
lar radio and radio communications systems, 
modems, telephone, and satellite broadcast! 
receive audio sytems. 

FEATURES 
• Complete compressor and expandor in 

1 IC 
• Temperature compensated 
• Greater than 110dB dynamic range 
• Operates down to 6Vdc 
• System levels adjustable with external 

components 
• Distortion may be trimmed out 

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 Ie result 
in a circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi
ased at VREF. The rectified current is aver
aged on an external filter capacitor tied to 
the eRECT 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 pro
ducing a gain error. The only error will come 
from the bias current of the rectifier (sup
plied internally) which is less than .1jJA. 

G '" 
IVIN - VREFI avg. 

R, 
or 

G u. 
IVINI avg. 

R, 

The speed with which gain changes to fol
low changes in input signal levels is deter
mined by the rectifier filter capacitor. A 
small capacitor 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 com-

Note: 
1. Supplied only in large SO (Small Outline) package. 

APPLICATIONS 
• Cellular radio 
• Telephone trunk compandor-570 
• Telephone subscriber compandor-571 
• High level limiter 
• Low level expand or-noise gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

TA Operating temperature range 
NE 
SA 

PD Power dissipation 

BLOCK DIAGRAM 
1 of 2 

R2 20K 

ll.G IN 0-----"1'1'<----1 

Rl 10K 
REel IN 0----"'1\1'<----1 

pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff 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(tl = (Ginitial - Gfinall e-tiT 

+ G,inal; T = 10K X CRECT 

R3 

The variable gain cell is a current in, current 
out device with the ratio lOUT/liN con
trolled by the rectifier. liN is the current 
which flows from the Li.G inputto an internal 
summing node biased at VREF' The follow
ing equation applies for capacitively cou
pled inputs. The output current, lOUT, is 
fed to the summing node of the op amp. 

Signetics 
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PIN CONFIGURATION 

0\ F, N PACKAGE 

Recl. Cap' 1 

Reel In 2 

fiG Cell In 2 

NOTES: 

Order Part No. 
NE570 F,N NE571 F,N 
SA571 F,N NE5710' 

vee 

1. SOL· Released in Large SO paCkage only. 
2. SOL!!!l9 non-standard pinout. 
3. SO.009 non-standard pinouts. 

RATING UNIT 

Vdc 
24 
18 

o to 70 'e 
-40 to +85 'e 

400 mW 

INVERTER IN 

R3 
20K 

output 

V REF 
R4 1,8V 
30K 

VIN-VREF VIN 
liN ~ R, R, 

A compensation scheme built into the Li.G 
cell compensates for temperature, and can
cels out odd harmonic distortion. The only 
distortion which remains is even harmoniCS. 
and they exist only because of internal 
offset voltages. The THD trim terminal pro
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal
ly compensated) has the non-inverting in
put tied to V REF, and the inverting input 
connected to the Li.G cell output aswell as 
brought out externally. A resistor, R3• is 
brought out from the summing node and 
allows compressor or expandor gain to be 
determined only by internal components. 
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The output stage is capable of ±20mA out
put current. This allows a +13dBm (3.5V 
rms) output into a 300n load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a 600n output imped
ance. 

A band gap reference provides the refer
ence voltage for all summing nodes, a regu
lated supply voltage for the rectifier and Ll.G 
cell. and a bias current for the Ll.G cell. The 
low tempco of this type of reference pro
vides very stable biasing over a wide tem
perature range. 

The typical performance characteristics il
lustration shows the basic input-output 
transfer curve for basic compressor or ex
pandor circuits. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT. 
TRANSFER CURVE 

I +20,---------" 
l! 

~ +10 

~ 
5 0 

~ -10 
« 
o 
~ -20 

: 
~ -30 
« 
0 

~ 

« 
o 

~ 

·40 

-50 

~ .8~O 30 20 10 0 -10 

U COMPRESSOR OUTPUT LEVEL 
OR 

EXPANDQR INPUT lEVEL (dBm) 

NE570/5711SA571 

TYPICAL TEST CIRCUIT 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vcc = 15 Except where indicated, the 571 specifications are identical to 570 

PARAMETER TEST CONDITIONS Min 

Vee Supply voltage 6 
ICC Supply current No signal 

Output current capability ±20 
Output slew rate 
Gain cell distortion2 Untrimmed 

Trimmed 
Resistor tolerance 
Internal reference voltage 1.7 
Output dc shift' Untrimmed 
Expandor output noise No signal, 15Hz-20kHz' 

Unity gain level -1 
Gain change2,' -40'e < T < 70'e 

o'e < T < 70'e 
Reference drift' -40'e < T < 70'e 

o'e < T < 70.'e 
Resistor drift' -40'e < T < 70'e 

o'e < T < 70'e 

Tracking error (measured relative Rectifier input, V2 = 
to value at unity gain) equals V2 = + 6dBm, V, = OdB 
[VO - Vo(unity gain)] V2 = - 30dBm, V, = OdB 
dB - V2dBm 

Channel Separation 60 

NOTES: 

1. Input to V, and V2 grounded. 
2. Measurod at OdBm, 1kHz. 
3. Expandor ac input change from no signal to OdBm. 
4. Relative to value at TA = 25'C. 
5. Electrical characteristics for the SA571 onty are specified over - 40 to + 85°C 

temperature range. 
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NE570 
Typ 

3.2 

±.5 
.3 
05 
±5 
1.8 
±20 
20 
-15 
0 

±.1 
±.1 

+2, -25 
±5 

+8,-0 
+1.-0 

±.2 

+.2 

NE/SA5715 

Max Min Typ Max UNIT 

24 6 18 V 
4.8 3.2 4.8 mA 

±20 mA 
±,5 V/us 

1.0 .5 2.0 % 
.1 

±15 ±5 ±.15 % 
1.9 1.65 1.8 1.95 V 
±50 ±30 ±100 mV 
45 20 60 J1V 

dBRNe 
+1 -1.5 a +1.5 dBm 

±.1 dB 
±.2 ±.1 ±A 

'10, -40 +2, -25 +20, -50 mV 
±10 ±5 ±20 

% 

dB 

-.5,+1 +.2 -1,+1.5 

60 dB 
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COMPANDOR 

INTRODUCTION 
Much interest has been expressed in high per
formance 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 discrete circuitry 
with many expensive, well matched compo
nents. This paper describes an inexpensive 
integrated circuit, the NE570 Compandor, 
which offers a pair of high performance gain 
control circuits featuring low distortion ( < .1 %), 
high signal to noise ratio (90dB), and wide 
dynamic range (110dB). 

CIRCUIT BACKGROUND 
The NE570 Compandor was originally 
designed 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 - BOdB is shown under
going a 2 to 1 compression where a 2dB input 
level change is compressed into a 1 dB output 
level change by the compressor. The original 
100dB of dynamic range is thus compressed 
to a 50dB range for transmission through a 
resticted dynamic range channel. A comple
mentary 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 accu
racy, since the rectifier accuracy determines 
the (input) output level tracking accuracy. The 
gain cell determines the distortion and noise 
characterics, and the phone system specifi
cations here are very loose. These specs 
could have been met with a simple opera
tional transconductance multiplier, or OTA, 
but the gain of an OTA is proportional to tem
perature and this is very undesirable. There
fore, a linearized transconductance multiplier 
was designed which is insensitive to tempera
ture and offers low noise and low distortion 
performance. These features make the Circuit 
useful in audio and data systems as well as in 
telecommunications systems. 

BASIC CIRCUIT HOOKUP 
AND OPERATION 
Figure 2 shows the block diagram of one 
half of the chip, (there are two identical 

channels on the I.C'). The full wave averag
ing rectifier provides a gain control current, 
IG, for the variable gain (AG) cell. The output 
of the AG cell is a current which is fed to the 
summing node of the operational amplifier. 
Resistors are provided to establish circuit 
gain and set the output dc bias. 

RESTRICTED DYNAMIC 
RANGE CHANNEL 

z 
~ ~ 
f3 in 

INPUT f I ~ OUTPUT 
LEVEL 8: : LEVEL 

+2D~+20 

OdS I OdD ----, ---
_4.~-N~~~~_4. 
-&OJ : ~-BO 

I 

Figure 1 

CHIP BLOCK DIAGRAM 
(1 OF 2 CHANNELS) 

THO TRIM A3 INY. IN 

FIgure 2 

NE570/571/SA571 

The circuit is intended for use in single 
power supply systems, so the internal sum
ming nodes must be biased at some voltage 
above ground. An internal band gapvollage 
reference provides a very stable, low noise 
I.B volt reference denoted Vr.,. The non
inverting input of the op amp is tied to Vr." 
and the summing nodes of the rectifier and 
AG cell (located, at the right, of Rt and R2) 
have the same potential. The THD trim pin is 
also at the V r.' potential. 

Figure 3 shows how the circuit 'is hooked up 
to realize an expandor. The input signal. Yin, 
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 Voutwill thus drop 12dB, 
giving us the desired 2 to 1 expansion. 

Figure 4 shows the hookup for a compres
sor. This is essentially an expandor placed 
in the feedback loop of the op amp. The AG 
cell is set up to provide ac feedback only, so 
a separate dc feedback loop is provided by 
the two Rdc and Cdc. The values of Rdc will 
determine the dc bias at the output of the op 
amp. The output will bias to: 

Vout dc = 1+ Rdc,+Rdc2 Vr., =(, + Rdc ,ot\ I.BV 
R4 ~ 30K J 

The output of the expand or will bias up to: 

R3 (20K ) Vou' dc =1 + R4 Vr.! = 1+ 30K I.BV = 3.0V 

The output will bias to 3.0V when the inter
nal resistors are used. External resistors 
may be placed in series with R3, (which will 
affect the gain), or in parallel with R4 to raise 
the dc bias to any desired value. 

BASIC EXPANDOR 

·CIN1 R, 

'{NI----'\I\2 RA.----l' r----'----1 

·external components 
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GAIN = 2 R3 V,N (avg.l 
R, R21e 

Ie = 140~ 

Figure 3 

R, 

VOUT 
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BASIC COMPRESSOR 

GAIN =[ R1 R2 Ie \ 1/2 
~ R3 VIN (avg.~ 

*external 
components 

le= '40~ 

Figure 4 

VOUT 

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, Vin/R" 
is supplied by the output of the op amp. If we 
can mirror the op amp output current into a 
unipolar curront, we will have an ideal recti
fier. The output current is averaged by Rs, 
Cr, which set the averaging time constant, 
and then mirrored with a gain of 2 to become 
IG, the gain control current. 

RECTIFIER CONCEPT 

v+ 

Figure 5 

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 0,1, which is shown grounded, is actually 
tied to the internal 1.8V Vr.,. The inverting 
input is tied to the op amp output, (the 
emitters of as and 061, and the input sum
ming resistor R,. The single diode between 
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SIMPLIFIED RECTIFIER SCHEMATIC 

R, 
10K 

::J---lr--------<,....~-I_--'\M----<> V,N 

Y,N 8vg. 

R. 
10k 

IG=2 -R1-
Figure 6 

the bases of Os and 06 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 Os 
and 06. 06 will conduct when the input 
swings positive and Os conducts when the 
input swings negative. The collector cur
rents will be in error by the a of Os or 06 on 
negative or positive signal swings, respec
tively. IC's such as this have typical npn (3's 
of 200 and pnp (3'S of 40. The a'S of .995 and 
.975 will produce errors of .5% on negative 
swings and 2.5% on positive swings. The 
1.5% average of these errors yields a mere 
.13dB gain error. 

At very low input signal levels the bias 
current of 02, (typically 50nAI, will become 
significant as It must be supplied by Os. 
Another low level error can be caused by dc 
coupling into the rectifier. If an offset vol
tage exists between the Vln Input pin and the 
base of 02, an error current ofVos/R, will be 
generated. A mere 1 mv of offset will cause 
an input current of 100na which will pro
duce twice the error of the Input bias cur
rent. For highest accuracy, the rectifier 
should be coupled Into capacltively. At high 
input levels the (3 of the pnp 06 will begin to 
suffer, and there will be an increasing error 
until the circuit saturates. Saturation can be 
avoided by limiting the current Into the 
rectifier Input to 250l'a. If necessary, an 
external resistor may be placed in series 
with R, to limit the current to this value. 
Figure 7 shows the rectifier accuracy vs 
input level at a frequency of 1 kHz. 

At very high frequencies, the response of 
the rectifier will fall off. The rolloff will be 
more pronounced at lower input levels due 
to the increasing amount of gain required to 
switch between Os or 06 conducting. The 

Signetics 

rectifier frequency response for input levels 
of OdBm, -20dBm, and -40dBm is shown in 
Figure 8. The response at all three levels is 
flat to well above the audio range. 

RECTIFIER ACCURACY 

-1~--_~4~0--_~'~0--~--~ 

RECTIFIER INPUT dIm 

Figure 7 

RECTIFIER FREQUENCY RESPONSE 
VB INPUT LEVEL 

INPUT =. OdBm 

-. 

10K 
FREQUENCY (Hz) 

Figure 8 
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VARIABLE GAIN CELL 
Figure 9 is a diagram of the variable gain 
cell. This Is a linerarized two quadrant trans
conductance multiplier1.2. 0,. 02 and the 
op amp provide a predistorted drive signal 
for the gain control pair, 03, 04. The gain is 
controlled by IG and a current mirror pro
vides the output current. 

The op amp maintains the base and collec
tor of 01 at ground potential (V,el) by con
trolling the base of 02. The input current lin 
(= Vin/R2) is thus forced to flow through 01 
along with the current 11, so ICI = 11 +lln. 
Since 12 has been set at twice the value of 11, 
the current through 02 is 12-(I1+lln)= l1-lin = 
IC2. The op amp has thus forced a linear 
current swing between 01 and 02, by pro
viding the proper drive to the base of 02. 
This drive signal will be linear for small 
signals, but very non-linear for large sig
nals, since It Is compensating for the non
linearity of the differential pair 01, 02 under 
large signal conditions. 

The key to the circuit is that this same 
predistorted drive signal is applied to the 
gain control pair 03 and 04. 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: 

Ic, IC4 

IC2 IC3 11-lin 

plus the relationships IG = IC3+IC4 and lout= 
IC4-lc3Will yield the multipliertransferfunc
tion, 

IG Vln IG 
lout - lin =..-:--

h R2 h 

this equation is linear and temperature in
sensitive, but it assumes ideal transistors. 

If the transistors are not perfectly matched, 
a parabolic, non-linearity is generated, 
which results in 2nd harmonic distortion. 
Figure 10 gives an indication of the magini
tude of the distortion caused by a given 
input level and offset voltage. The distortion 
is linearly proportional to the magnitude of 
the offset and the input level. Saturation of 
the gain cell occurs at a +8dBm level. At a 
nominal operating level of OdBm, a 1mv 
offset will yield .34% of second harmonic 
distortion. Most circuits are somewhat bet
ter than this, which means our overall off
sets are typically about 1/2mv. The distor
tion is not affected by the magnitude of the 
gain control current, and it does not in
crease 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 

NE510/511/SA511 

SIMPLIFIED ~G CELL SCHEMATIC 

". zo. 

y+ 

y-

Figure 9 

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

~G CELL DISTORTION 
vs OFFSET VOLTAGE 

INPUT LEVEL (dBm) 

Figure 10 

THD TRIM NETWORK 

·IF TRIM NETWORK NOT USED, 
CONNECT CAPACITOR AS SHOWN. Vee 

3.SV 

UK 
o .tIt..... ZOK 

To THO Trim , 
T-200Pf , .". 

~ 

Figure 11 
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Figure 12 shows the noise performance of 
the ~G cell. The maximum output level 
before 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 11 OdB. 

Control signal feed-through is generated in 
the gain cell by imperfect device matching 
and mismatches in the current sources 11 
and 12. 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 feed-through, but in gen
eral, the null for minimum feed-through will 
be different than the null in distortion. The 
control signal feed-through can betrimmed 
independently of distortion by tying a cur
rent source to the ~G input pin. This effec
tively trims 11. Figure 13 shows such a trim 
network. 

DYNAMIC RANGE OF NE570 

,_ .. 
QOda 

110dB 

~ _40 

Q 
_ID 

-.. 
_1~,,". --'--_":,"". --'---7'---' 

veA QAIN (dB) 

Figure 12 
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CONTROL SIGNAL 
FEEDTHRU TRIM 

VCC 

R - SELECT FOR ) 

3.6V _____ ~ 

4701( 

lOOK ~ TOPlN30R'4 

Figure 13 

OPERATIONAL AMPLIFIER 
The main op amp shown in the chip block 
diagram is equivalent to a 741 with a 1 MHz 
bandwidth. Figure 14 shows the basic cir
cuit. Split collectors are used in the input 
pair to reduce gm, so t~at a small compensa
tion capacitor of just 1 Opf 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 Figure 3 
and 4 will show that the basic compressor 
and expandor circuit gains may be set en
tirely by resistor ratios and the internal 
voltage reference. Thus, any form of resis
tors that match well would suffice for these 
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simple hookups, and absolute accuracy and 
temperature coefficient would be of no im
portance. However, as one starts to modify 
the gain equation with external resistors, 
the internal resistor accuracy and tempco 
become very significant. Figure 15 shows 
the effects of temperature on the diffused 
resistors which are normally used in inte
grated circuits, and the ion implanted resis
tors 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 forthe diffused reSistors, to a .5% 
change for the implemented resistors. The 
implanted resistors have another advantage 
in that they can be made 117 the size of the 
diffused resistors due to the higher resistivi
ty. This saves a significant amount of chip 
area. 

OPERATIONAL AMPLIFIER 

Figure 14 

NE570/571/SA571 

RESISTANCE vs TEMPERATURE 

1.15 

-40 40 80 120 

T£MP~RATURE 

Figure 15 

1400 /0 
DIFFUSED 
RESISTOR 

1!CO J CJ 
lOWTC 
IMPLANTED 
RESISTOR 

·For additional information, consult the Applications Section. 
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PROGRAMMABLE ANALOG COMPANDOR 

DESCRIPTION 
The NE572 is a dual channel, high perfor· 
mance gain control circuit in which either 
channel may be used for dynamic range 
compression or expansion. Each channel 
has a full wave rectifier to detect the aver· 
age value of input signal; a linearized, tem· 
perature compensated variable gain cell 
(AG) and a dynamic time constant buffer. 
The buffer permits independent control of 
dynamic attack and recovery time with mini· 
mum external components and improved low 
frequency gain control ripple distortion over 
previous compandors. 

The NE572 is intended for noise reduction in 
high performance audio systems. It can also 
be used in a wide range of communication 
systems and video recording applications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
TA Operating temperature range 
Po Power dissipation 

BLOCK DIAGRAM 

FEATURES 
o Independent control of attack and 

recovery time. 
o Improved low frequency gain control 

ripple 
o Complementary gain compression and 

expansion with external Op Amp 
o Wide dynamic range-greater than 

110dB 
o Temperature compensated gain 

control 
o Low distortion gain cell 
o Low noise-6"V typical 
o Wide supply voltage range-6V-22V 
o System level adjustable with external 

components. 

APPLICATIONS 
o Dynamic noise reduction system 
o Voltage control amplifier 
o Stereo expandor 
o Automatic level control 
o High level limiter 
o Low level noise gate 
o State variable filter 

RATING UNIT 

22 voe 
o to 70 'e 

500 mW 

(5,11) (7.9).-I_ .. R .. ' '¥-_---. r-----------------------------_t_ 
(6.10) 

(3,'3).-1_+-..... --1 

(16) 

(8) 

Note: 
1. Supplied only in large SO (Small Outline) package. 

(4,12) 

(1.15) 
,----j---t--t-

(2.14) 

Signetics 

SA/NE572 

PIN CONFIGURATION 

D, N PACKAGE 

Vcc 

TRACK TRIM B 

RECOY. CAP. B 

RECT.IN B 

ATTACK CAP B 

THO TRIM B 

(Top view) 

ORDER PART NO. 

NES72N SA572N 
SA572F NE572D SA572D 
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PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) Vee = 15V TA = 25°C Expandor mode (see test 
circuit) Input signals at unity gain level (OdB) = 100mV RMS at 1KHz, V, = V2, R2 = 3.3K, R3 = 17.3K 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

VCC Supply voltage 6 22 VOC 

ICC Supply current No Signal 6 mA 

internal voltage reference 2.3 2.5 2.7 VOC 

THO (untrimmed) 1kHz CA = 1.0l'F .2 1.0 % 

THO (trimmed) 1kHz CR = 10l'F .05 % 

THO (trimmed) 100Hz .25 % 

No signal output noise Input to V 1 and V2 grounded (20-20kHz) 6 25 uV 

DC level shift (untrimmed) Input change from no signal to 100mV RMS ±20 ±50 MV 

Unity gain level -1 0 +1 dB 

Large signal distortion VI = V2 = 400mV 0.7 3.0 % 

Tracking error (measured relative Rectifier input ±.2 dB 
to value at unity gain output) = V2= +6dB, V,=OdB 
[Vo - Vo(unity gain)] dB - V2 (dBm) V2 = - 30dB, V, = OdB ±.5 -1.5 

+.8 

Channel crosstalk 200mV RMS into channel A, measured output on 60 dB 
channel B 

Power supply rejection ratio 120Hz 70 dB 

TEST CIRCUIT 

.1,uF 100n 
r-1-"f"""---¥.A.--- -, 5V 

2.2,uF 
(7,9) 6.aK 

v, o----j (5,11) 

A, 

sn (2.14) 
>--+---oVO 

CR 

= 'O"F 1- BUFFER 

(6,10) 

CA 
(4,12) 

= 1,uF ~ 
18} 

(1,15) 

2.2"F 3.3K(3,'3) 
V2 o----j t-.A.Ai\---t---i 

lOOt! 

1------------+--....... -'\1""- +,sv 
('6) 

+ 
.",F I J 22"F 
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PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

AUDIO SIGNAL PROCESSING IC 
COMBINES VCA AND FAST AT
TACK-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 usual
ly 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 distor
tion, high frequency channel overload and 
noise modulation. Because of the expense 
in hardware, multiple band signal process
ing 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. The novel level sensor which pro
vides gain control current for the VCA gives 
lower gain control ripple and independent 
control of fast attack, slow recovery dynam
ic response. An attack capacitor CA with an 
internal 10K resistor RA defines the attack 
time TA. The recovery time TR of a tone 
burst is defined by a recovery capacitor CR 
and an internal 10K resistor RR. Typical at
tack time of 4MS for the high frequency 
spectrum and 40MS for the low frequency 
band can be obtained with .11'F and 1.01'F 
attack capaCitors respectively. Recovery 
time of 200MS can be obtained with a 4.71'F 
external capacitor. With the recovery ca
pacitor added in the level sensor, the gain 
control ripple for low frequency signals is 
much lower than that of a simple RC ripple 
filter. As a result the residual third harmonic 
distortion of low frequency signal in a two 
quad transconductance amplifier is greatly 
improved. With the 1.01'F attack capacitor 
and 4.71'F recovery capacitor for a 100HZ 
signal the third harmonic distortion is im
proved by more than 10db over the simple 
RC ripple filter with a single 1.01'F 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 
SO (Small Outline) package. It operates over 
wide supply range from 6V to 22V. Supply cur
rent is less than 6mA. The NE572 is designed 
for consumer application over a temperature 

range 0-70°C. The SA572 is intended for appli
cations from - 40°C to + B5°C. 

NE572 BASIC APPLICATIONS 

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

Gain Cell 
Figure 1 shows the circuit configuration of 
the gain cell. Bases of the differential pairs 
01 - 02 and 03 - 04 are both tied to the 
output and inputs of OPA A 1. The negative 
feedback through 01 holds the VSE of 01 -
02 and the VBE of 03 - 04 equal. The 
following relationship can be derived from 

the transistor model equation in the forward 
active region. 

_ (Il+lin)_ (12-ll-lin) 
- VT In -I-S- VT In IS 

--(2) 

Yin 
where lin = "'R'1 

Rl = 6.8K 
11 = 140"A 

12 = 280"A 

10 is the' differential output current of the 
gain cell and IG is the gain control current of 
the gain cell. 

ff all transistors 01 through 04 are of the 
same size, equation (2) can be simplfied to: 

2 1 
10 = 12· lin • IG - 12 (12 - 21 1) • IG (3) 

The first term of eqn. (3) shows the multiplier 
relationship of a linearized two quadrant 
transconductance amplifier. The second 
term is the gain control feed through due to 
the mismatch of devices. In the design this 

BASIC GAIN CELL SCHEMATIC 
v+ 

+ 

Vin 

Figure 1 
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PROGRAMMABLE ANALOG COMPANDOR 

has been minimized by large matched de· 
vices and careful layout. Offset voltage is 
caused by the device mismatch and illeads 
to even harmonic distortion. The offset volt· 
age can be trimmed out by feeding a current 
source within ± 2Sp.A into the THO trim pin. 
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 improves rip· 
pie distortion significantly. At the unity gain 
level of 100mV, the gain cell gives THO (to' 
tal harmonic distortion) of .17% riP. Output 
noise with no input signals is only 6p.V in the 
audio spectrum (10HZ-20KHZ). The output 
current 10 must feed the virtual ground input 
of an operational amplifier with a resistor 
from output to Inverting input. The non·invert· 
ing input of the operational amplifier has to 
be biased at VREF if the output current 10 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 R2 and 
turns on either 05 or 06 depending on the 
signal polarily. Oeadband of the voltage to 
current converter is reduced by the loop 
gain of the gain block A2. If AC coupling is 
used, the rectifier error comes only from in· 
put bias current of gain block A2. The input 
bias current is typically about 70nA. Fre· 
quency response of the gain block A2 also 
causes second order error at high frequen· 
cy. The collector current of 06 is mirrored 
and summed at the collector of 05 to form 
the full wave rectified output current IR. The 
rectifier transfer function is 
V,N - VREF 
--R-2--

(4) 

If Yin is A.C. coupled, then the equation will 
be reduced to: 

I Vin(AVG) 
RAe= R;-

The internal bias scheme limits the maxi· 
mum output current IR to be around 300p.A. 
Within a ± 1 dB 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 reo 
duces transient channel overload but also 
causes low frequency ripple distortion. The 
low frequency ripple distortion can be im· 
proved with the slow recovery time. If differ· 
ent attack times are implemented in corre· 
sponding frequency spectrums in a split 
band audio system, high quality perfor· 
mance can be achieved. The buffer amplifier 
is designed to make this feature available 
with minimum external components. Refer· 
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SIMPLIFIED RECTIFIER SCHEMATIC 

VREF 0------1 

,--------- -----j 
I I 06 
I R2 I 
I I 
I Vin I I I 
I I 
I I L ______________ ~ 

Figure 2 

BUFFER AMPLIFIER SCHEMATIC 
V+ 

010 

'R 
= Vin 

10K IRl 

CA 

I 
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ring to Figure 3, the rectifier output current is 
mirrored into the input and output of the 
unipolar buffer amplifier A3 through 0a, 09 
and a 10· Diodes D 11 and D 12 improve 

tracking accuracy and provide common 
mode bias for A3. For a positive going input 
signal, the buffer amplifier acts like a volt
age follower. Therefore, the output imped
ance of A3 makes the contribution of ca
pacitor CR to attack time insignificant. 
Neglecting diode impedance the gain Ga(t) 
for toG can be expressed as follows. 

-=!. 
Gam = (Ga'NT - GaFNL) eTA + GaFNL 

GalNT = Initial Gain 

TA = RA • CA = 10K· CA GaFNL = Final Gain 

where TA is the attack time constant and RA 
is a 10K internal resistor. Diode D 15 opens 
the feedback loop of A3 for a negative going 
signal if the value of capacitor CR is larger 
than capacitor CA. The recovery time de
pends only on CR • RR- If the diode imped
ance is assumed negligible, the dynamic 
gain GR (I) for toG is expressed as follows_ 

-I 

GR(I) = (GR INT - GR FNL) e TR + GR FNL 

TR = RR • CR = 10K· CR 

where TR is the recovery time constant and 
RR is a 10K internal resistor_ The gain con
trol current is mirrored to the gain cell 
through a 14. The low level gain errors due 
to input bias current 01 A2 and A3 can be 
trimmed through the tracking trim PIN into 
A3 with a current source of ± 31lA. 

Basic Expandor 
Figure 4 shows an application of the circuit 
as a simple expand or. The gain expression 
of the system is given by 

VOUT = ~_ R3-V,N(AVG) 
(5) 

I, 

Both the resistors R 1 and R2 are tied to 
internal summing nodes. R1 is a 6.aK inler
nal resistor. The maximum input current into 
the gain cell can be as large as 1401lA. This 
corresponds to a voltage level of 140llA • 
6.aK = 952mV peak. The input peak current 
into the rectifier is limited to 300llA by the 
internal bias system. Note that the value of 
R 1 can be increased to accommodate high
er input level. R2 and R3 are external resis
tors. It is easy to adjust the ratio of R3! R2 
for desirable system voltage and current 
levels_ A small R2 results in higher gain con
trol current and smaller static and dynamic 

BASIC EXPANDOR SCHEMATIC 

A4 

SA/NE572 

tracking error. However, an impedance buff
er A 1 may be necessary if the input is volt
age drive with large source impedance. 

The gain cell output current feeds the sum
ming node of the external OPA A2. R3 and 
A2 convert the gain cell output current to the 
output voltage. In high performance applica
tions, A2 has to be low noise, high speed 
and wide band so that the high performance 
output of the gain cell will not be degraded. 
The non-inverting input of A2 can be biased 
at the low noise internal reference PIN 6 or 
10. Resistor R4 is used to biased up the 
output DC level 01 A2 for maximum swing. 
The output DC level of A2 is given by 

( R3) R3 
VaDC = VREF 1 + R4 - VB R4 (6) 

VB can be tied to a regulated power supply 
for a dual supply system and be grounded 
for a single supply system. CA sets the at
tack time constant and CR sets the recovery 
time constant. 

A3 
+VB --'V""--.---.-JoNv-----, 

CIN1 

VIN~f-~~-I 
2.2pF 

A5 

+vcc 

Figure 4 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

Basic Compressor 
Figure 5 shows the hook-up of the circuit as 
a compressor. The IC is put In the feedback 
loop of the OPA A ,. The system gain ex
pression is as follows: 

VaUT (11 R2· R, )'/2 
YiN =\2'. Ra· V,N (AVG) (7) 

RDC1, RDC2, and CDC form a dc feedback 
for A ,. The output DC level of A 1 is given by 

( ROCI + ROC2) 
vaoc = VREF 1 + R4 

( ROCI + ROC2) 
- VB· R4 (8) 

The zener diodes O,and 02 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 sys
tem design techniques such as bandlimiting, 
band splitting, pre-emphasis, de-emphasis 
and equalization are easy to incorporate. 
The Ie is a versatile functional block to 
achieve a high performance audio system. 
Figure 6 shows the system level diagram for 
reference. 

For additional information, refer 10 Iho Appli
cations Section. 

3.0V 

~ 547.6MV 
400MV 

-----100MV 

10 MV / 

~ 1 MV 

100/JV 

10,uV 
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BASIC COMPRESSOR SCHEMATIC 
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NE572 SYSTEM LEVEL 

INPUT TO .o.G 
AND REeT 

Figure 6 

/ 
-----
~ 

~ 

EXPANDOR 
OUT 

REL lEVEL ASS LEVEL 

os dBM 

+29.54 +11.76 

+14.77 -3.00 
+12.0 -S.7S 

0.0 -17.78 

-20 -37.7S 

-40 -57.78 

-60 -77.78 

-so -97.78 

·For additional Information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND 

DESCRIPTION 
The LM1870 combination FM Stereo 
Demodulator and Blend Circuit is a PLL 
circuit with a D.C. control pin whose pur· 
pose is to reduce switching noise by de· 
creasing separation under low signal am· 
plitude conditions. The part is designed 
specifically for automobile applications 
where fluctuating signal strength can 
cause demodulation noise. 

FEATURES 
• Stereo blend control 
• Wide Input dynamic range 
• Low total harmonic distortion 
• VCO disable function 
• Monophonic override pin 
• Supply range 7V-1SV 

APPLICATIONS 
• Auto radios 
• High fidelity tuners 

LM1870 

PIN CONFIGURATION 

N PACKAGE 

QUICK MONO 1 20 e~I~28~NTROL 

PlLlNPUT 2 19 AUDIO INPUT 

18 BLEND FILTER 

Lt~t6IHa~ 4 17 BLEND FILTER 

LAMP FILTER 5 16 ~k~~~ ~~~~s~grN~ 
LOOP FilTER 6 15 6~~1~~~sts 
LOOP FILTER 7 14 S~~~Tp~~~~s& 

• High performance portable radios veo TUNING B 13 LEFT OUTPUT 

• Electronic tuned radios 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage, pin 3 15 
Lamp driver voltage, pin 11 18 
Output voltage, pin 12, 13 supply off 7 
Quick mono input (pin 20) V+(pin 3) 
Blend input (pin 20) 15 
Operating temperature range O'C to + 70'C 
Power dissipation (note 1) 1 
Storage temperature - 65'C to + 125'C 
Lead temperature (soldering, 10 seconds) 300'C 

TYPICAL APPLICATION AND TEST CIRCUIT 

12V 

CONTROL 
VOLTAGE 

COMPOSITE 
INPUT 

R6 
3K 

Signetics 

veo TUNING 9 12 RIGHT OUTPUT 

UNIT 

V 
V 
V 

V 

W 

VLAMP 

R11 
160 

11 L.AMP DRIVER 

TOP VIEW 
ORDER NUMBER 

LM1870N 

2W 

"'LED 

R6 
33K 

131211 

C8 R9 
0.0047L C9 8K2 

,F .,,1000PFJ 

LEFT OUT 
RIGHT OUT 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND LM1870 

DC ELECTRICAL CHARACTERISTICS TA =25°C, v+ =8V unless otherwise noted (Figure 1) 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Operating supply voltage 7 8 15 V 

Supply current 26 45 mA 

Input DC voltage Pin 19 4 V 

Input DC voltage Pin 2 1.8 V 

Supply rejection 15 30 dB 

Lamp leakage current Lamp off, pin 11 = 16V 0.1 100 p.A 

Lamp saturation voltage Lamp on, pin 11 @ 75mA 1.4 2.0 V 

VCO stop voltage Voltage @ pin 4 to stop VCO 0.2 0.4 V 

VCO stop current Pin 4=0.2V -30 -100 p.A 

Blend input bias current -2 -20 p.A 

Quick mono switch voltage 4 V 

Quick mono bias current Pin 1 =8V 2 p.A 

Output leakage Pin 12 or 13 = 6.5V, pin 3 = OV 0.1 20 p.A 

AUDIO ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Mono gain 1kHz -4 -1 +2 dB 

Mono THO 1kHz @ 200mVrms 0.05 0.25 % 

Channel balance ±0.4 ±1.5 dB 

Gain shift Mono to stereo ±0.1 ±1.0 dB 

Channel separation Pin 20", 1.1V 30 45 dB 

Output DC shift Mono to stereo ±15 ±100 mV 

Input resistance Pin 19 20 40 k!l 

Output resistance Pin 12, 13 65 200 .!l 

Ultrasonic rejection 19kHz+ 38kHz 30 dB 

SCA rejection (Note 2) 70 dB 

Signal to noise 1kHz @ 200mVrms MONO 68 dB 

PLL ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Lamp ON voltage 19kHz 01) pin 2 15 20 mV 

Lamp OFF voltage 19kHz on pin 2 2.5 5 mV 

Lamp hysteresis 10 dB 

Capture range 25mVrms on pin 2 ±2 ±4 ±6 % 

Hold in range 25mVrms on pin 2 ±12 % 

Input resistance Pin 2 8 14 k!l 

5-16 Signetics 



LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND LM1870 

BLEND ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER 
TEST CONDITIONS 

MIN TYP MAX UNIT 
(Pin 20 from 1.1V to 0.2V) 

Stereo gain change 1kHz L= - R input -25 -35 dB 

Mono gain change 1kHz L= R input -1.5 - 0.5 0.5 dB 
10kHz L=R input -8 -14 -20 dB 

Output DC shift ±40 ± 100 mV 

NOTES 
1. For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance 01 125°CrN junction 

to ambient. 
2. Input is 10% SeA (74.5kHz), 9% pilot and 1kHz left or right. Rejection is ratio of 1kHz output to 1.5kHz output. 

TYPICAL CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND LM1870 

LAMP ON/OFF vs RESISTANCE TOTAL HARMONIC DISTORTION 

GAIN vs RL (PIN 14, 15) PIN 4 TO 5 V8 INPUT LEVEL 

6 BO 1.0 

1=11kHZ L 70 
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/ :;- 60 0 .-
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP NE542 

DESCRIPTION 
The NE542 is a dual preamplifier for the 
amplification of low level signals in applica
tions requiring optimum noise perform
ance. Each of the two amplifiers is com
pletely independent, with individual internal 
power supply decoupler-regulator, provid
ing 11 OdS supply rejection and 70dS chan
nel separation. Other outstanding features 
include high gain (1 04dS), large output volt
age swing (Vee -2Vp-p), and internal com
pensation to 10dS. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 

FEATURES 
• Low nolse-.7"V total Input noise 
• High galn-104dB open loop 
• Single supply operation 
• Wide supply range 9 to 24V 
• Power supply rejection 110dB 
• Large output voltage swing 

(V CC -2V pop) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 100kHz (15V pop) 
• Internally compensated (stable at10dB) 
• Short circuit protected 
• High slew rate 5V / "s 

PIN CONFIGURATION 

NPACKAGE 

+IN(1)Oa +IN(2) 
-IN (1) 2 7 -IN (2) 

GND 3 6 vcc 

OUTPUT (1) 4 5 OUTPUT (2) 

TOP VIEW 

ORDER NUMBER 
NE542N 

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

PARAMETER 

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 60sec) 

EQUIVALENT CIRCUIT 

,----
I 
I I R3 

i~D~1~~~~ ______ ~ 
I 
I 
I 
I Z1 

I 
I 
I 
I 

RATING 

+24 
500 

Oto+70 
-65 to+150 

+300 

UNIT 

V 
mW 
'C 
'C 
'C 

-------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

(4,5) 

L ___ -L __ _ _____ l ____ .-J 

DC ELECTRICAL CHARACTERISTICS TA=25'C, Vee=14V 
unless otherwise specified. 

NE542 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Supply voltage 9 24 
Supply current Vee = 9 to 18V, RL =., 9 15 

Input resistance 
Positive input 100 
Negative input 200 

Output resistance Open loop 150 

UNIT 

V 
mA 

kO 
kO 

0 
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP NE542 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop 

Input current 
Negative input 

Output current Source 
Sink (linear operationi 

Output voltage swing 

Small signal bandwidth 
Slew rate 

Power bandwidth 15V pop 

Maximum input voltage Linear operation, < 2.5% distortion 

Supply rejection ratio f = 60, 120Hz 
f = 1kHz 

Channel separation f = 1 kHz 

Total harmonic distortion 40 dB gain, f= 1kHz 
Total equivalent input 

Noise RS = 6000, 100 - 10,000Hz 

Noise figure RS = 50kO, 10 - 10,000Hz 
RS =20kO, 10 10,000Hz 
RS = 10kO, 10 - 10,000Hz 
RS = 5kO, 10 -1 O,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL FREQUENCY RESPONSE 
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

PSRR vs FREQUENCY GAIN AND PHASE RESPONSE 
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TYPICAL APPLICATIONS 

TYPICAL TAPE PLAYBACK AMPLIFIER 

O.5Vrms 

240K 

TWO-POLE FAST TURN-ON NAB TAPE PREAMP 
12V 

NOTE' All resistors values are typical and in ohms 
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"For additional information, consult the Applications Section. 
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DOUBLE BALANCED MIXER AND OSCILLATOR 

'ilG""ihi.14i 
DESCRIPTION APPLICATIONS 
The SA/NE602 is a monolithic Double • HF and VHF frequency conversion 
Balanced Mixer with on-board oscillator and • Cellular radio mixer/oscillator 
voltage regulator. The oscillator can be used 
as a buffer for external injection. The design 
is optimized for frequency conversion applica
tions up to 200MHz and has excellent noise 
and 3rd order intermodulation performance. 
The SA/NE602 is available in a 8 lead dual in 
line plastic package and 8 lead SO (Surface 
mounted miniature package). 

FEATURES 
• Low current consumption: 2_4mA 
typical 

• High input and oscillator frequency 
operation up to 200MHz 

• High third order intercept point: - 15 
dBm referred to matched input 

• Excellent noise figure: 5.0dB typical 
at 45 MHz 

• Low external count; suitable for 
crystal/ceramic filters 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 

Storage temperature 

Operating temperature 
NE602 
SA602 

BLOCK DIAGRAM 

5-22 

• Communication receivers 
• Instrumentation frequency converters 
• VHF walkie talkie 

RATING UNIT 

9 V 

-65 to +150 °C 

o to + 70 'C 
-40 to +85 °C 

Signetics 
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PIN CONFIGURATION 

D, N PACKAGES 

TOP VIEW 

ORDER PART NUMBERS 

NE602N SA602N 
NE602D SA602D 



LINEAR LSI PRODUCTS 

DOUBLE BALANCED MIXER AND OSCILLATOR 

'W""JIeI.iij 

DC ELECTRICAL CHARACTERISTICS: TA 25"C, Vee = 6V. 

SA/NE602 
SYMBOL AND PARAMETER UNIT 

Min Typ Max 

Power supply voltage range 4.5 - 8.0 V 

D.C. current drain - 2.4 2.7 mA 

Input signal frequency - - 200 MHz 

Oscillator frequency - - 200 MHz 

Noise figure @ 45MHz - 5.0 6 dB 

Third order intercept point - -15 -17 dBm 

Mixer input resistance 1.5 - - kr! 

Mixer input capacitance - 3 3.5 pF 

Mixer output resistance 1 - 2 x 1.5 - k[! 

NOTE: 

1. Each output pin is internally connected to Vee through a 1.5 (nominal) kO resistor. 

CIRCUIT DESCRIPTION 
The NE602 utilizes an active double balanced 
mixer. The RF input port (pins 1 and 2) can be 
used in either a symmetrical or an asym
metrical configuration. The RF input port has 
a resistance of 1.5Kr! shunted by 3.0pF. In 
order to be used as an asymmetrical configura
tion, one of the two input pins (1 or 2) must be 
bypassed to ground with a capacitor. The RF 

TYPICAL APPLICATION 

0.5 to 1.3/-tH 

vee 

input port does not need any external bias and 
should not be DC grounded. An external DC 
path between pins 1 and 2 is allowed. 

The local oscillator is an emmitter-follower cir
cuit and is capable of many types of oscillator 
configurations. Pin 6 (oscillator base) and pin 
7 (oscillator emitter) do not need any external 
bias circuitry, but only pin 6 may have a DC 

NE602 

~ 
34.2MHz THIRD OVERTONE CRYSTAL 

1.5 to 
4.2"H 

Signetics 

150pF 

120pF 

SA/NE602 

path to V cc. Pin 6 can be used for external 
oscillator or for frequency synthesizer injection. 

The NE602 output pins can be used in a single
ended or push-pull configuration. There are in
ternal 1.5Kr! resistors connected to V cc for 
each output pin (4 and 5); therefore no exter
nal bias is needed. Pins 4 andlor 5 may have 
a DC path to V cc. 

5·23 
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LINEAR LSI PRODUCTS 

LOW POWER FM IF SYSTEM 

':m1"uilel·"i 
DESCRIPTION 
The SA/NE604 is a monolithic low power FM 
IF system incorporating two limiting inter
mediate frequency amplifiers, quadrature 
detector, muting, logarithmic signal strength 
indicator, and voltage regulator. The 
SA/NE604 is available in a 16 lead dual-in-line 
plastic package and 16 lead SO (surface 
mounted miniature package). 

FEATURES 
• Low power consumption: 2.3mA typical 
• Logarithmic Received Signal Strength 

Indicator (RSSI) with a dynamic range in 
excess of 90dB 

• Separate data output 
• Audio output with muting 
• Low external count; suitable for 

crystal/ceramio filters 
• Excellent sensitivity: t .5~V across input 

pins (0.27 ~V into 5P!l matching network) 
for 12dB SINAD (Signal to Noise and 
Distortion ratio) at 455kHz 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Maximum operating voltage 

Storage temperature 

Operating temperature 

NE604 
SA604 

BLOCK DIAGRAM 

5-24 

APPLICATIONS 
• Cellular Radio FM IF 
• Communications receivers 
• Intermediate frequency amplification and 

detection up to 10. 7MHz 
• RF level meter 
• Spectrum analyzer 

RATING UNIT 

9 V 

-65 to + 150 °C 

o to +70 °C 
-40 to +85 °C 

Signetics 
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PIN CONFIGURATION 

IF AMP 
DECOUPUNG 

QUADRATURE 
INPUT 

N, D PACKAGE 

TOP VIEW 

ORDER NUMBERS 

NE604N, NE604D 
SA604N. SA604D 

IF AMP INPUT 

IF AMP 
DECOUPllNG 

IF AMP 
OUTPUT 

GNO 

LIMITER 
INPUT 

LIMITER 
OECOUPllNG 

LIMITER 
DECOUPUNG 



LINEAR LSI PRODUCTS 

LOW POWER FM IF SYSTEM 

'W",,1IeI.ifJ 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = + 6 volts, unless 
otherwise stated. 

SA/NE604 
SYMBOL AND PARAMETER 

Min Typ Max 

Power supply voltage range 4.5 8.0 

D.C. current drain 2.3 2.7 

I.F. frequency 10.7 

RSSI range TBo 90 

RSSI accuracy ±1.5 

I.F. input impedance 1.5 

I.F. output impedance 1.0 

Limiter input impedance 1.5 

Quadrature detector data output impedance 50 

Muted audio out impedance 50 

Mute· switch input threshold (on) 1.7 
(off) 1.0 

TYPICAL APPLICATION 

Signetics 

UNITS 

V 

mA 

MHz 

dB 

dB 

kll 

kll 

kn 

k!l 

kll 

V 
V 

SA/NE604 

CIRCUIT DESCRIPTION 
The SAl NE604's IF amplifier has a gain of 
30dB, bandwidth of 15MHz, with an input 
impedance of 1.5Kn and an output impedance 
of 1.0KIl. The limiter has a gain of 60dB, 
bandwidth of 15MHz, and an input impedance 
of 1.5K!l. An interstage filter between the IF 
Amplifier and Limiter is recommended to 
reduce wideband noise. The quadrature 
detector input (pin 8) impedance is 40K!l. 

The data (unmuted output) and audio (muted 
output) both have 50K!l 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. 

The logarithmic signal strength indicator is a 
current source output with maximum source 
current of 50 microamps. The signal strength 5 
indicator's transfer function is approximately 
10 microamp per 20dB and is independent of 
IF frequency. The interstage filter must have 
a 6dB insertion loss to optimize slope linearity. 

Pins 1, 16, 15, 14, 12, 11, 10, 9, and 8 do not 
need external bias and should not have a 
DC path. 

kHz IF 

5-25 
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DOLBY NOISE REDUCTION CIRCUIT 

DESCRIPTION FEATURES 
The NE645/646 Is a monolithic audio noise • Accurate record mode frequency 
reduction circuit designed as a direct 
replacement device for the NE645BI 
NE646B in Dolby' B·Type noise reduction 
systems. The NE645/646 is used to reduce 
the level of background noise introduced 
during recording and playback of audio 
signals on magnetic tape, and to improve 
the noise level in FM broadcast reception. 
This circuit is available only to licensees 
of Dolby Laboratories Licensing Corpora· 
tion, San Francisco, California. 

NOTE 
"T,M. Dolby Laboratories Licensing Corporation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering, 60 sec) 

BLOCK DIAGRAM 

16 

5·26 

response 
• Excellent frequency response tracking 

with temperature and V cc ± 0.4 dB 
typical 

• Excellent back· to· back dynamic 
response - D.C. shift less than 20 mV 
typical 

• Improved stability of all op amps 
• High reliability packaging 

RATING UNIT 

24 V 

o to +70 ·C 
-65 to +150 ·C 

+300 ·C 

Signetics 

NE645/46 

PIN CONFIGURATION 

N PACKAGE 

ORDER NUMBERS 

NE645N. NE646N 



LINEAR LSI PRODUCTS 

DOLBY NOISE REDUCTION CIRCUIT 

ELECTRICAL CHARACTERISTICS Vcc= 12 volts, f= 20 Hz to 20 kHz. 
All levels referenced to 5BO mVrms (0 dB) at Pin 3, T A = + 25'C 
Unless otherwise noted. 

NE645 
PARAMETER TEST CONDITIONS 

Min Typ Max Min 

Supply Voltage Range B 20 B 

Supply Current, Icc Vcc= 12V 16 24 

Voltage gain (Pins 5·3) f = 1 kHz (Pins 6 and 2 connected) 24.5 26 27.5 24.5 

Voltage gain (Pins 3·7) f = 1 kHz, 0 dB at pin 3, noise -0.5 0 +0.5 - 0.5 
reduction out 

Distortion 
THD, 2nd and 3rd harmonic f= 20 Hz -10 kHz, OdB 0.05 0.1 

f=20 Hz -10 kHz, + 10 dB 0.15 0.3 

Signal handling' (Vcc= 12V) 1% dist at 1 kHz + 12 + 15 + 12 

Signal·to·noise rati02 Record mode 67 72 64 
Playback mode 77 B2 74 

Record mode 
Frequency response f = 104kHz 
(at pin 7) referenced OdB -1 0 +1 -1.5 
to encode monitor point - 20dB -16.6 -15.6 -14.6 -17.1 
(pin 3) - 30dB - 23.5 - 22.5 - 21.5 -24.0 

f = 5kHz 
OdB -0.7 +0.3 + 1.3 - 1.2 
-20dB -17.B -16.B -15.B -1B.3 
- 30dB - 22.B - 21.B - 20.B -23.3 
- 40dB -30.2 -29.7 -2B.7 -30.2 

f= 20kHz 
OdB -0.3 +0.7 + 1.7 -O.B 
-20dB -18.3 -17.3 -16.3 -1B.8 
-30dB - 24.5 - 23.5 - 22.5 - 25.0 

Back·to·back frequency Using typical record mode -1 0 +1 -1.5 
response frequency response test points 

Input resistance Pin 5 35 50 65 35 
Pin 2 3.1 4.2 5.3 3.1 

Output resistance Pin 6 1.9 2.4 3.1 1.9 
Pin 3 80 120 
Pin 7 80 120 

Back·to·back frequency 
response shift 

Versus temperature 0'-70'C ±Oo4 
Versus supply voltage B-20V ±Oo4 

NOTES 
1. See maximum signal handling versus supply voltage characteristics. 
2. All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 

Signetics 
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NE646 

Typ Max UNIT 

20 V 

16 24 mA 

26 27.5 dB 

0 +0.5 dB 

0.05 0.2 % 
0.2 0.5 % 

+ 15 dB 

72 dB 
B2 dB 

0 + 1.5 dB 
-15.6 -14.1 dB 
- 22.5 - 21.0 dB 5 
+0.3 + 1.B dB 
-16.B -15.3 dB 
- 21.B -20.3 dB 
- 29.7 -28.2 dB 

+0.7 +2.2 dB 
.:.. 17.3 -15.B dB 
- 23.5 -22.0 dB 

0 + 1.5 dB 

50 65 kQ 
4.2 5.3 kQ 

2.4 3.1 kQ 
BO 120 Q 
BO 120 Q 

±Oo4 dB 
±Oo4 dB 
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DOLBY NOISE REDUCTION CIRCUIT 

PERFORMANCE CHARACTERISTICS 
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THO vs FREQUENCY PLAY MODE 
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DOLBY NOISE REDUCTION CIRCUIT NE645/46 

APPLICATION INFORMATION 
The NE645/646 is a direct replacement for 
the NE645B/646B. The NE645/646 incorpo· 
rates improved design techniques to in· 
sure excellent performance required in 
Dolby Band C Type Audio Noise Reduc· 
tion Systems. Critical component values 
are unchanged except for C309 on Pin 1 
which is now an optional component in 
specific applications defined by Dolby 
Laboratories. All circuit parameters are 
guaranteed at 12V V cc. 

TEST CIRCUIT NE645/646 

I +BTO+20V I 

<b.lee 
1. 

9 I POWER 

~ I 
SUPPLY 

R309 R314 
1K 1K 

DOLBY ENCODER Output for constant level input (single tone frequency response) 

Input Level (dB) 

Frequency 0 
(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40 

Level) 

0.1 0 0.1 a 0.1 a a a a a 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 a 0.3 0.4 0.5 0.5 0.6 0.6 0.5 0.5 
0.3 a 0.3 0.6 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 2.0 2.1 2.2 2.3 2.1 
0.5 a 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9 
0.6 3.6 3.7 3.8 3.7 
0.7 a 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4 
0.8 4.8 5.0 5.3 5.1 
0.9 5.6 5.8 5.6 
1.0 a 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2 
1.2 6.9 7.1 7.1 
1.4 a 0.3 0.9 2.3 4.4 6.6 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 6.6 8.8 9.7 9.7 
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4 

10.0 0.4 0.7 1.1 1.7 2.6 4.2 6.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 6.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3 

~ 5 
The figures given In this table are the average response of many of Dolby Laboratories' professional encoders, and are 
not intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 

C206 
1Ol'-F 

15VDC - : r--8 EK 
+ o dB 

INTERNAL OVERSHOOT ~ 
BIAS SUPPRESSOR 
SUPPLY 

REFERENCE 

4 

C202 + 

f 
VARIABLE 

1~~0~~I '~ ~ 
IMPEDANCE 

L[ ~ ~ REC;'FIER I 5 

C20!1 
SIDE 

~ 
CHAIN AMP 

15VDC 6 2 3 1 11 12 ,. 
14 R304 15 

0----

LJ~ 270K 

C208 ~l R306 47K C304 INPUT 1. 470pF 180 C303 1Ol.tF C306 C307 5% 
rO.0471.tF 4700pF = + ·C30. 15VDC JO.1I-'F JO.33I.tF 1% 5% 

10I-'F 

" 
15VDC 

NOTE C301 C302 

All resistors standard and are measured in OHMS. 5600pF 0.02~~rI R301 R305 
1% 3.3K 180K 

·Optlonal capacitor in specific applications defined 1% 

by Dolby Laboratories. 
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lOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

DESCRIPTION PIN CONFIGURATION 
The N E6481649Is an audio nols8 reduction 
circuit designed for use In low voltage en- N PACKAGE 
tertalnment systems. The circuit Is used 
to reduce the level of background noise In
troduced during the recording and play
back of audio signals on magnetic tape 
and Improve the noise level In FM broad
cast reception. The circuit Is Intended for 
use In automotive and portable cassette 
Dolby· B-Type noise reduction systems. 
This circuit Is available only to licensees 
of Dolby Laboratories Licensing Corp., 
San Francisco. 

NOTE 
tT.M. Colby Laboratories Licensing Corporation 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply vollage 
Temperature range 

Operating 
Siorage 

Lead temperature (soldering 60see) 

BLOCK DIAGRAM 

1. 

5-30 

RATING 

16 

-40 to +85 
-6510 + 150 

+300 

Signetics 

UNIT 

V 

·C 
·C 
·C 

ORDER NUMBERS 

NE648N. NE649N 
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LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

DC ELECTRICAL CHARACTERISTICS Vcc =9V, f= 20Hz to 20kHz. 
All levels referenced to 580mVrms (OdB) at pin 3, T A = + 25'C unless otherwise noted. 

NE648 NE649 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Supply voltage range3 6 9 14 6 9 14 V 

Minimum voltage supply for 
f=1.4kHz 8dB headroom 6.5 6.5 V 

1 Od B headroom THD<1% 7.5 7.5 V 

Supply Current, Icc 11 18 11 18 mA 

Supply Current,1 Icc 20 20 mA 

Voltage gain (pins 5-3) f=1kHz 24.5 26 27.5 24.5 26 27.5 dB (pins 6 and 2 connected) 

Voltage gain (pins 3-7) f= 1kHz, OdB at pin 3, 
-0.5 0 +0.5 -0.5 0 +0.5 dB noise reduction out 

Distortion f = 20kHz to 10kHz, OdB 0.05 0.1 0.05 0.2 % 
f = 20Hz to 10kHz, + 10dB 0.2 0.3 0.2 0.5 % 

Signal Handling 
(See Performance Characteristics) 

Record 
67 72 64 72 dB 

Signal-to-noise rati02 (pins 6 and 2 connected) 
Playback 

77 82 74 82 dB (pins 6 and 2 connected) 5 
f = 1.4kHz 

OdB -1 0 +1 -1.5 0 + 1.5 dB 
-20dB -16.6 -15.6 -14.6 -17.1 -15.6 -14.1 dB 
-30dB - 23.5 -22.5 - 21.5 -24.0 -22.5 -21.0 dB 

f= 5kHz 
Record mode frequency OdB -0.7 +0.3 + 1.3 -1.2 +0.3 + 1.8 dB 
response (at pin 7) referenced -20dB -17.8 -16.8 -15.8 -18.3 -16.8 -15.3 dB 
to encode monitor point -30dB -22.8 - 21.8 -20.8 -23.3 - 21.8 -20.3 dB 
(pin 3) -40dB -30.2 -29.7 -28.7 -30.2 -29.7 -28.2 dB 

f= 20kHz 
OdB -0.3 +0.7 + 1.7 -0.8 +0.7 +2.2 dB 
-20dB -18.3 -17.3 -16.3 -18.8 -17.3 -15.8 dB 
-30dB - 24.5 - 23.5 -22.5 -25.0 - 23.5 -22.0 dB 

Back-to-back frequency Using typical record mode 
± 1.0 ± 1.5 dB response response 

Input resistance Pin 5 35 50 65 35 50 65 kO 
Pin 2 3.1 4.2 5.3 3.1 4.2 5.3 kO 

Pin 6 1.9 2.4 3.1 1.9 2.4 3.1 kO 
Output resistance Pin 3 80 120 80 120 0 

Pin 7 80 120 80 120 0 

Record mode frequency 
response shift 

Versus temperature o to 70'C ±0.3 dB 
- 40 to 85'C ±0.5 dB 

Versus Vcc 6 to 14V : 0.2 dBN 

NOTES 
1. With electronic switching. 
2. All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby l.aboratorles Bulletin 19. 
3. The circuit will function as low as Vee= 4.5V (I.e. output signal present). See graphs of ICC and signal handllng va Veo: 
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LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

PERFORMANCE CHARACTERISTICS 

5·32 
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LINEAR LSI PRODUCTS 

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT 

DOLBY ENCODER Output for constant level input (single tone frequency response) 

Input Level (dB) 

Frequency 0 
(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40 

Level) 

0.1 0 0.1 0 0.1 0 0 0 0 0 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0 0.3 0.4 0.5 0.5 0.6 0.6 0.5 0.5 
0.3 0 0.3 0.8 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 2.0 2.1 2.2 2.3 2.1 
0.5 0 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9 
0.6 3.6 3.7 3.8 3.7 
0.7 0 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4 
0.8 4.8 5.0 5.3 5.1 
0.9 5.6 5.8 5.6 
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2 
1.2 6.9 7.1 7.1 
1.4 0 0.3 0.9 2.3 4.4 6.8 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 6.6 8.8 9.7 9.7 
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4 

10.0 0.4 0.7 1.1 1.7 2.6 4.2 6.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 8.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3 

NOTE 
The figures given In this table BrB the average response of many of Dolby laboratories' professional encoders, and are 
not Intended to be taken as required consumer equipment performance characteristics. Thus, no Inference should be 
drawn on the tolerances which licensees must retain In consumer equipment. The figures can, however, be used to 
plot typical characteristics. 

TEST CIRCUIT NE648/49 

L +8TO+14V I 

Qlee 
18 

9 I POWER I 
~ I SUPPLY I 

··R309 "R314 
lK lK ./ REFERENCE 

4 

C202 + 

f 
VARIABLE 

1~~G~I I~ 
INPUT AMP IMPEDANCE 

5 + L[ ~ 
C20;1 

SIDE 

~ 
CHAIN AMP 

10VDC 8 2 3 1 11 
..-- Ljt C208 1:-INPUT I 470pF 

R308 C303 47K 
10"F 180 4700P~T 5% 1% + ·C309 

15VDC 

10#4F 

~~1 C30~J: 
15VDC 

·Optlonal capacitor in specific applica-
tions defined by Dolby Laborator.les. 5600pF O.0271'FI R301 

1% 1% 3.3K 
··Optlonal R309, R314 as determined 1% 

by customer. 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT 

DESCRIPTION 
The NE650 is a monolithic audio noise reo 
ductlon circuit designed for use in Dolby' 
8 Type noise reduction systems. The 
NE650 is used to reduce the level of back· 
ground noise introduced during recording 
and playback of audio signals on magnetic 
tape. The N E650 features excellent dy· 
namlc characteristics over a wide range of 
operating conditions and Is pin compatl· 
ble with NE645/646. This circuit Is avail· 
able only to licensees of Dolby Laborator· 
ies licensing Corp., San Francisco. 

NOTE 
*T.M. Dolby Laboratories licensing Corporation. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering 60sec) 

BLOCK DIAGRAM 

16 

5·34 

RATING 

24 

o to + 70 
-65to +150 

+300 

Signetics 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT NE650 

DC ELECTRICAL CHARACTERISTICS vcc = 12V, I = 20Hz to 20kHz. 
All levels relerenced to 560mVrms (OdB) at pin 3, T A = + 25·C unless otherwise noted. 

NE6S0 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage range 6 20 V 

Supply current, Icc Electronic switching on 16 24 mA 

Voltage gain (pins 5-3) 1= 1 kHz (pins 6 and 2 connected) 25.5 26 26.5 dB 

Voltage gain (pins 3-7) I = kHz, OdB at pin 3, noise reduction out -0.5 0 +0.5 dB 

Voltage gain (pins 2-3) 1= 1kHz 13 dB 

Distortion I = 20Hz to 10kHz, OdB 0.05 0.1 % 
THO; 2nd and 3rd harmonic I = 20Hz to 10kHz, + 10dB 0.15 0.3 % 

Signal handling 1% distortion at 1kHz +12 + 15 dB 

Signal·to·noise ratio' 
Record mode 68 72 dB 

Playback mode 78 62 dB 

Back·to·back Irequency response Using typical record mode response ±0.5 dB 

1= 1.4kHz 
OdB -0.5 0 +0.5 dB 
-20dB -16.1 -15.6 -15.1 dB 
-30dB -23.5 -22.5 -21.5 dB 

1=5kHz 
OdB -0.7 +0.3 + 1.3 dB 5 

Record mode Irequency response (at pin 7) -20dB -17.3 -16.6 -16.3 dB 
relerenced to encode monitor point (pin 3) -30dB -22.3 -21.6 - 21.3 dB 

-40dB -30.2 -29.7 -29.2 dB 

1= 20kHz 
OdB -0.3 +0.7 + 1.7 dB 
-20dB -16.3 -17.3 -16.3 dB 
-30dB -24.5 -23.5 -22.5 dB 

I np ut resistance 
Pin 5 35 50 65 kIl 
Pin 2 3.1 4.2 5.3 kO 

Pin 6 1.9 2.4 3.1 kO 
Output resistance Pin 3 80 120 0 

Pin 7 80 120 0 

Back·to·back Irequency response shilt 
Versus TA O·Cto -70·C ±0.4 dB 
Versus Vcc 8 to 20V ±0.4 dB 

-All noise levels are measured CeIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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DOLBY B TYPE NOISE REDUCTION CIRCUIT 

PERFORMANCE CHARACTERISTICS 

THO VI FREQUENCY RECORD MODE THO VI FREQUENCY RECORD MODE 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT 

DOLBY ENCODER Output for constant level Input (single tone frequency response) 

Input Level (dB) 
Frequency 0 

(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40 
Level) 

0.1 0 0.1 0 0.1 0 0 0 0 0 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0 0.3 0.4 0.5 0.5 0.6 0.6 0.5 0.5 
0.3 0 0.3 0.6 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 2.0 2.1 2.2 2.3 2.1 
0.5 0 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9 
0.6 3.6 3.7 3.8 3.7 
0.7 0 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4 
0.8 4.8 5.0 5.3 5.1 
0.9 5.6 5.8 5.6 
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2 
1.2 6.9 7.1 7.1 
1.4 0 0.3 0.9 2.3 4.4 6.6 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 6.6 8.8 9.7 9.7 
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4 

10.0 0.4 0.7 1.1 1.7 2.8 4.2 6.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 8.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3 

NOTe 
The figures given In this table are the average response of many of Dolby Laboratories' professional encoders, and are 
not Intended to be taken as required consumer equipment performance characteristics. Thus, no Inference should be 
drawn on the tolerances which licensees must retain In consumer equipment. The figures can, however, be used to 
plot typical characteristics. 

TEST CIRCUIT NE650 

I +8TO+20V I 

O'ee 
16 

I ~ 9 POWER INTERNAL OVERSHOOT 

-:;:- I SUPPLY BIAS SUPPRESSOR 
SUPPLY 

R309 R314 
1K 1K 

REFERENCE 

4 

C202 + 

f 
VARIABLE 

220p.F INPUT AMP INPUT AMP IMPEDANCE 

15VDCJ 
5 ~ + ---[ ~ C20:1 

SIDE 

~ 
CHAIN AMP 

15VDC 6 2 3 1 11 

>-- Ljt;-C20a ~l" R306 C303 47K INPUT 
1470PF 180 10I<F 

4700P~ T 5% 1% + ·C309 
15VDC 

10l<F 

-j01 

15VDC 

NOTE C30~.:L 
All resistors standard and are measured in OHMS. 5600pF O.0271<FI R301 

1% 1% 3.3K 
·Optional capacitor in specific applications defined 1"/" 

by Dolby Laboratories. 
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DOLBY NOISE REDUCTION SYSTEM 

DESCRIPTION 
The NE660 is a monolithic audio noise 
reduction circuit designed for low power 
supply voltage applications. It is used to 
reduce the level of background noise in· 
troduced during recording and playback of 
audio signals on magnetic tape. This cir· 
cuit is available only to licensees of 
Dolby' Laboratories Licensing Corpora
tion, San Francisco, California. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

BLOCK DIAGRAM 

11 

FEATURES 
Low voltage operation 

• Large headroom (17dB typical at 1.8V) 
• Single or dual supply operation 
• Excellent channel to channel matching 
• Low noise 
• Very low distortion 
• Electronic Record/Play, on/off switch 
• Minimum external part count 

RATING UNIT 

8 V 

- 20 to + 70 'C 
-65to+150 'C 

---------------, 
I 
I 
17 

I 
I 
I ______________ -1 

20 

PIN CONFIGURATION 

SWA 

D' PACKAGE 

TOPVIEW 

ORDER NUMBER 

- NE660D' 

NE660 

SC B 

IN B 

vee 

1. Switch output channel B 
2. Output channel B 
3. Control voltage B 
4. Integrating filter B 
5. Ground 
6. Mode 
7. Integrating filter A 
8. Control voltage A 
9. Output channel A 

10. Switch output channel A 
11. High pass filter channel A 
12. AC ground channel A 
13. Side chain channel A 
14. Input channel A 
15. Reference 
16. Vcc 
17. Input channel B 
18. Side chain channel B 
19. AC ground channel B 
20. High pass filter channel B 

1. SOL· Released In Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non·standard pinots. 

·Available only to licensees of Dolby Laboratories Corporation, San Francisco, from whom licenSing and application information must be obtained. 
Dolby Is a reglstored trademark of Dolby Laboratories Corporation, San Francisco, California. 
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DOLBY NOISE REDUCTION SYSTEM NE660 

'WiI"ihi·'d 
ELECTRICAL CHARACTERISTICS STANDARD CONDITIONS: Vcc= 3V, frequency range: 20Hz-20kHz, TA = 25'C. All levels 

referenced to 77.5mV = OdB at test point (T.P.) In test circuit of Fig. 1. 

FREQ. LIMITS 
SYMBOL & PARAMETER MODE Hz TEST CONDITIONS UNIT 

MIN TYP MAX 

Supply Voltage Range 1.8 3 7 V 

Supply Current Off No input signal 6 9 mA 

Voltage Gain Off 1K 20 log V (Pin 2 or 9) 7.25 8.25 9.25 dB 
V (Pm 17 or 14) 

Off 1K THD=1% 20 dB 
Signal Handling at Output, THD=1% 18 22 dB Note 1 R 1K 

Vcc= 1.8V, THD= 1% 12 17 dB 

Distortion, Note 4 OdB 
Off 1K 

.02 .1 % 

Distortion + Noise + 12dB .03 .15 % 

Distortion, Note 4 OdB .03 .25 % 
R 1K 

Distortion + Noise +12dB .04 .2 % 

R 64 69 dB 
Signal to Noise Ratio, Note 2 P CCIR/ARM 80 dB 

1K -1 
T.P. Level = OdB 

0 +1 dB 

10K -1 +.3 + 1.5 dB 

Frequency Response, Note 3 R 2K T.P. Level = - 25dB -19.5 -18 -16.5 dB 

10K T.P. Level = - 30dB -25 - 23.5 -22 dB 

5K T.P. Level = - 40dB -30.2 - 29.7 -28.7 dB 

Channel to Channel Unbalance R 2K T.P. Level = - 20dB .2 1.3 dB 

Channel to Channel Crosstalk R 2K OdB in Channel "A" 50 dB 

Ripple Rejection R 50 48 dB 

Input Resistance No input termination 35 50 65 kOhm 

Off -.5 +.5 V 
Switching Thresholds (Relative R Voltage at Pin 6 +.8 V 
to Voltage on Pin 15) 

P -.8 V 

Maximum Frequency Response 
Shift vs. Temperature R 20Hz 
(Relative to T A = 25 'C) to -20 ;§ TA ;§ 70'C ±1 dB 

20K 

Maximum Frequency Response 
T.P. Level = - 20dB Shift vs. Supply Voltage R 2K 

1.8;§ Vcc :5 7V 
±.2 ±.6 dB 

(Relative to Vcc =3V) 

NOTES: 
1. 12dB headroom guaranteed at 1.BV; however, system remains operational to Vee == 1.6V. 
2. See Dolby Laboratories bulletin No. 19. 
3. In DC coupled configuration when Pins 12 and 19 are connected to Pin 15, the RECORD curves might read slightly different than in AC coupled mode (Fig. 1). The variation is 

typically .5dB at the worst case input level/frequency combination. A slight degradation of Channel to Channel Crosstalk will also occur. When device is intended for use in DC 
coupled configuration, factory test is to be requested accordingly. 

4. OdB distortion is specified with each harmonic measured in a 20Hz B.W. 12dB distortion is specified as the wideband (20Hz-20kHz) measurement of the harmonics plus noise. 
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DOLBY NOISE REDUCTION SYSTEM NE660 

'm"nhrl.'" 

TP 

A INPUT 
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TP 

5-40 
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47K 
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I 
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Vee 

NOISE REDUCTION 
AMP 

NOISE REDUCTION 
AMP 

CONTROL 
AMP 

SUMMING 
AMP 

CONTROL 
AMP 

FULL 
WAVE 
RECT 

VII 
CONV. 

VII 
CONV. 

FULL 
WAVE 
RECT 

10.~PUT 

110K 

10t;fPUT 

110K 

r=--l-fL.~~l. 

L....;..:.......J-'f: :....o--1-i.q 
I 

19---- ______________ ...J 

20 

Figure 1. Test Circuit 
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DOLBY NOISE REDUCTION SYSTEM 
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Figure 2. Supply Current vs. V CC 
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LINEAR LSI PRODUCTS 

DC CONTROLLED DUAL POTENTIOMETERS TDA1074A 

GENERAL DESCRIPTION 

The TOA 1 074A is a monolithic integrated circuit designed for use as volume and tone control circuit 
in stereo amplifiers. This dual tandem potentiometer I C consists of two ganged pairs of electronic 
potentiometers with the eight inputs connected via impedance converters, and the four outputs driving 
individual operational amplifiers. The setting of each electronic potentiometer pair is controlled by an 
individual d.c. control voltage. The potentiometers operate by current division between the arms of 
cross-coupled long-tailed pairs. The current division factor is determined by the level and polarity of 
the d.c. control voltage with respect to an externally available reference level of half the supply voltage. 
Since the electronic potentiometers are adjusted by a d.c. control voltage, each pair can be controlled 
by single linear potentiometers which can be located in any position dictated by the equipment styling. 
Since the input and feedback impedances around the operational amplifier gain blocks are external, the 
TOA1074A can performs bass/treble and volume/loudness control. It also can be used as a low-level 
fader to control the sound distribution between the front and rear loudspeakers in car radio installations. 

Features 

• High impedance inputs to both 'ends' of each electronic potentiometer 
• Ganged potentiometers track within 0.5 dB 
• Electronic rejection of supply ripple 
• Internally generated reference level available externally so that the control voltage can be made to 

swing positively and negatively around a well-defined 0 V level 
• The operational amplifiers have push-pull outputs for wide voltage swing and low current consumption 
• The operational amplifier outputs are current limited to provide output short-circuit protection 
• Although designed to operate from a 20 V supply (giving a maximum input and output signal level 

of 6 V), the TOA 1 074A can work from a supply as low as 7.5 V with reduced input and output 
signal levels 

QUICK REFERENCE DATA 

Supply voltage (pin 11) 

Supply current (pin 11) 

Input signal voltage (r.m.s. value) 

Output signal voltage (r.m.s. value) 

Total harmonic distortion 

Output noise voltage (r.m.s. value) 

Control range 

Cross-ta I k atten uati on· ( LI R) 

Ripple rejection (100 Hz) 

Tracking of ganged potentiometers 

Supply voltage range 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102CS). 
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DC CONTROLLED DUAL POTENTIOMETERS TDA1074A 
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Fig. 1 Block diagram and basic external components; Ic1 (at pin 9) and Ic2 (at pin 10) are control in
put currents;Vc1 (at pin 9) and Vc2 (at pin 10) are control input voltages with respect to Vref = Vp/2 
at pin 8; Z1 = Z2 = Z3 = Z4 = 22 kn; the input generator resistance RG = 60 n; the output load 
resistance R L = 4.7 kn; the coupling capacitors at the inputs and outputs are Ci = 2,2 p.F and Co = 10 p.F 
respectively. 
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DC CONTROLLED DUAL POTENTIOMETERS 

RATINGS 

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

Supply voltage (pin 11) Vp 

Control voltages (pins 9 and 10) 

Input voltage ranges (with respect to pin 18) 
at pins 3,4,5,6, 13, 14, 15, 16 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From crystal to ambient 

REMARK 

± Vc1; ± Vc2 

Vi 

Ptot 
Tstg 

Tamb 

Rth cr·a 

max. 

max. 

TDA1074A 

23 V 

1 V 

Oto Vp V 

max. 800 mW 

-55 to + 150 0C 

-30 to + 80 OC 

80 K/W 

The difference between the TDA 1074 and its successor the TDA 1074A is shown in Fig. 2 as the 
different component configuration at pin 8. 
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33 rllOonF 
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15 K 

Fig.2 Component configuration at pin 8 showing the 
difference between the TDA 1074 and the TDA 1074A. 
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DC CONTROLLED DUAL POTENTIOMETERS 

APPLICATION INFORMATION 

Treble and bass control circuit 

TDA1074A 

Vp = 20 V; Tamb = 25 oC; measured in Fig. 3; RG = 60 n; RL > 4.7 kn; CL < 30 pF; f = 1 kHz; with 
a linear frequency response (V c1 = V c2 = 0 V); unless otherwise specified 

parameter symbol min. typo max. unit 

Supply current (without load) Ip 14 22 30 mA 

Frequency response (-1 dB) 
Vc1 = Vc2 = 0 V f 10 - 20000 Hz 

Voltage gain at linear fr~quency 
response (Vc1 = Vc2 = 0 V) G * v - 0 - dB 

Gain variation at f = 1 kHz 
at maximum bass/treble boost or 
cut at ± Vc1 = ± Vc2 = 120 mV AGv* - ± 1 - dB 

Bass boost at 40 Hz (ref. 1 kHz) 
Vc2 = 120 mV - 17.5 - dB 

Bass cut at 40 Hz (ref. 1 kHz) 
-Vc2 = 120 mV - 17.5 - dB 

Treble boost at 16 kHz (ref. 1 kHz) 
Vc1 = 120 mV - 16 - dB 

Treble cut at 16 kHz (ref. 1 kHz) 
-Vc1 = 120 mV - 16 - dB 

Total harmonic distortion 
at Vo(rms) = 300 mV 
f = 1 kHz (measured selectively) THO - 0.002 - % 

f = 20 Hz to 20 kHz THO - 0.005 - % 

at Vo(rms) = 5 V 
f = 1 kHz THO - 0.015 0.1 % 

f = 20 Hz to 20 kHz THO - 0.05 0.1 % 

Signal level at THO = 0.7% 
(input and output) Vi; o(rms) 5.5 6.2 - V 

Power bandwidth at reference 
level Vo(rms) = 5 V (-3 dB); 
THO = 0.1% B - 40 - kHz 

Output noise voltages 
signal plus noise (r.m.s. value); 
f = 20 Hz to 20 kHz Vno(rms) - 75 - IlV 

noise (peak value); weighted to 
OIN 45405; CCITT filter Vno(m) - 160 230 IlV 
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DC CONTROLLED DUAL POTENTIOMETERS 

Treble and bass control circuit 

parameter symbol min. typo max. 

5·46 

Cross-talk attenuation (stereo) 
f = 1 kHz act - 86 -
f = 20 Hz to 20 kHz act - 80 -

Control voltage cross·talk to 
the outputs at f = 1 kHz; 
Vc1(rms) = Vc2(rms) = 1 mV ~ct - 20 -

Ripple rejection at f = 100 Hz; 
VP(rms) < 200 mV al00 - 46 -

Vp 1'20VI 

470K i~e F-17OK lin. lin, 

-=- 68 K 68 K 
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Fig.3 Application diagram for treble and bass control. 
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LINEAR LSI PRODUCTS 

DC CONTROLLED DUAL POTENTIOMETERS 

APPLICATION INFORMATION (continued) 
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Fig.4 Frequency response curves; voltage gain (treble and bass) as a function of frequency. 
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Fig.5 Control curve; voltage 
gain (bass) as a function of 
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f = 40 Hz. 
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DC CONTROLLED DUAL POTENTIOMETERS 
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Fig.8 Circuit diagram for 
measuring curves in Fig. 7. 
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UNEAR LSI PRODUcrs 

DC CONTROLLED DUAL POTENTIOMETERS TDA1074A 

APPLICATION INFORMATION (continued) 
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Fig. 10 Total harmonic distortion as a function of the output level; Vp = 20 V; RL = 4.7 kil; 
Vc1 = Vc2 = 0 V (linear, Gvtot = 1 ). --- f = 1 kHz; - - - - f = 20 kHz. 
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RG =60 il; RL = 4.7 kil. 
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LINEAR LSI PRODUcrs 

DC CONTROLLED DUAL POTENTIOMETERS TDA1074A 

Application recommendations 

1. If one or more electronic potentiometers in an IC are not used, the following is recommended: 
a. Unused signal inputs of an electronic potentiometer should be connected to the associated output, 

e.g. pins 3 and 4 to pin 2. 
b. Unused control voltage inputs should be connected directly to pin 8 (Vref)' 

2. Where more than one TDA 1074A IC are used in an application, pins 1 can be connected together; 
however, pins 8(Vref) may not be connected together directly. 

3. Additional circuitry for limiting the frequency response in the ultrasonic range. 

4 (15) 

TDA1074A 1~0 
K 

2 (17) 

(1~ .120 12 
pF K 

3 (16) 

from pin 
7 (12) 

1 
+ 

12 
K 

33 
nF 

7Z 

(1) L3 dB = 110 kHz at linear setting 

output 

87193 

Fig. 13 Circuit diagram for frequency response limiting. 

4. Alternative circuitry for limiting the gain of the treble control circuit in the ultrasonic range. 
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For RS1 = RS2 = 0 0; f -3 dB ~ 100 kHz at linear setting 

Fig. 14 Circuit diagram for limiting gain of treble control circuit. 
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Li'JEAR LSI PRODUCTS 

CASSETTE PREAMPLIFIER 

GENERAL DESCRIPTION 

The TDA 1522 is a playback ampl ifier for car radio/cassette players. 

Features 

• Two independent amplifiers with open loop gain of typo 90 dB 
• Internal d.c. feedback via a 140 kn resistor from output to feedback point 
• A.C. characteristics that can be determined externally by an RC network 
• Electronic on/off switching with transient suppression for switch on 
• Head input at d.c. ground that eliminates the input coupling capacitor 
• Minimal external component requirement 
• Stability down to a gain of 30 dB 
• Low input noise 
• Low distortion 
• D.C. input current < 2 /lA 
• Wide supply voltage range 

QUICK REFERENCE DATA 

Supply voltage range (pin 8) 

Supply current (pin 8) 

Operating ambient temperature range 

Total harmonic distortion 

Channel separation at R S = 10 kn; LS = a 

PACKAGE OUTLINE 

9-lead 51 L; plastic (SOT-142). 

Signetics 

Vp 

Ip 

Tamb 
THO 

01. 

TDA1522 

7.5 to 23 V 5 typo 5 rnA 

-30 to +85 °C 

typo 0.05 % 

min. 45 dB 
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CASSETTE PREAMPLIFIER 

R102 

B.2 
+ C102 I 220,uF 

Vi1 +--+ RS1 = 300 
LS1 = BOmH 

MUTE 

R202 

+ B.2 
C202 r 220fJF 

3 

4 

2 

6 

7 

R101 C101 

5.6K 22nF 

TDA1522 
feedback 1 

140 K 

SUPPLY 
& 

MUTE 

140 K 
feedback 2 

R201 C201 

5.6K 22nF 

TDA1522 

+ 
Cc1 output 1 

Vo1 
10,uF 

RL1 

OK 

-= 

8 

9 
Cc2 

+ output 2 
Vo2 

10,uF 
RL2 

4.7K 

-= 

V+ 7Z80260 

Fig. 1 Block diagram with external components; also used as test circuit. 
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CASSETTE PREAMPLIFIER 
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Fig. 2 Printed-circuit board component side, showing component layout for circuit of Figure 1. 
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Fig. 3 Printed-circuit board, showing track side. Dimensions 75 mm x 65 mm. 
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LINEAR LSI PRODUcrs 

CASSETTE PREAMPLIFIER TDA1522 

RATINGS 

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

Supply voltage range (pin 8) Vp 7.5 to 23 V 

Power dissipation 

Feedback current (pins 3 and 7) 

Storage temperature range 

Operating ambient temperature range 

Note 

Ptot max. 800 mW 

Ifb max. 10 mA 

Tstg -55 to +150 0C 

Tamb -30 to +85 °C 

All pins except 3 and 7 (feedback) can be connected to Vp (pin 8) or ground, (pin 5). 

CHARACTERISTICS Vp = 8.5 V; T amb = 25 oC; test circuit Fig. 1 unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin 8) 

Supply voltage range Vp 7.5 - 23 V 

Supply current Ip - 5 - mA 

Inputs (pin 4 or 6) 

Noise input voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz* Vn(rms) - 1.6 - p.V 

Noise input voltage 
at RS = 0; f = 1 kHz*, ** Vn - 5 - nV/.j'Hz 

Noise input current 
at f = 1 kHz*,'" In - 1.2 - pA/.j"Hz 

D.C. input current 
at pins 4 and 6 -14;-16 - - 2 p.A 

Outputs (pin 1 or 9) 

Output voltage 
at Vi = 0.3 mY; f = 315 Hz Vo - 0.72 - V 

at THD", 1%; f = 1 kHz Vo 1.0 - - V 

Output source current 
at V2-5;;;' 7.5 V; mute OFF -10 5 10 - mA 

D.C. output voltage Vo - 3.7 - V 

Noise output voltage (weighted) 
at RS = 300 n; LS = 80 mH 

as DIN A (r.m.s_ value) Vn(rms) - 700 -- p.V 

as CCITT (peak value) Vn(m) - 1200 - p.V 

as CCI R (peak value) Vn(m) - 1600 - p.V 

Noise output voltage (unweighted) 
at RS = 300 n; LS = 80 mH 

as DIN 45405 (peak value) Vn(m) - 1800 - p.V 

* Measured in Fig. 4. ** See also Fig. 6. ... See also Fig. 7. 
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CASSETTE PREAMPLIFIER TDA1522 

parameter symbol min. typo max. unit 

Mute on/off characteristics (pin 2)* 

Mute ON voltage 
at mute switch closed Vm a - 1 V 

Mute ON current 
at mute switch closed or V2-5 = a v 1m - 2.7 - p.A 

Mute OFF voltage 
at mute switch open Vm 7.5 - Vp V 

Impedance 

Input impedance** 
at f = 1 kHz IZil 200 - - kg 

Output impedance* * 
at f = 1 kHz IZol - - 1 kg 

General 

Internal feedback resistor** Rfb 100 140 180 kg 5 
Open-loop voltage gain** 

atf=315Hz Gv - 90 - dB 

Channel separation 
at RS = 10 kg; LS = 0; (note 1) ex 45 - - dB 

Power supply ripple rejection 
at VP(rms) = 0,1 V; f = 100 Hz (note 2) RR 90 95 - dB 

Total harmonic distortion 
at f = 1 kHz; Vo = 0.72 V (note 3) THD - 0.05 - % 

Notes 

1. Frequency range 300 Hz to 20 kHz. 
2. Referred to the input. 
3. Measured selective. 

* See also Fig. 5. 
** Applies to each amplifier. 
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CASSETTE PREAMPLIFIER 
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CASSETTE PREAMPLIFIER TDA1522 
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Fig.8 Frequency response curve for the circuit in Figure 1. 
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CASSETTE PREAMPLIFIER 

APPLICATION INFORMATION 
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CASSETTE PREAMPLIFIER 
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LINEAR LSI PRODUCTS 

STEREO AUDIO CONTROL TDA1524A 

GENERAL DESCRIPTION 

The device is designed as an active stereo· tone/volume control for car radios, TV receivers and mains·fed 
equipment. It includes functions for bass and treble control, volume control with built·in contour (can 
be switched off) and balance. All these functions can be controlled by d.c. voltages or by single linear 
potentiometers. 

Features 

• Few external components necessary 
• Low noise due to internal gain 
• Bass emphasis can be increased by a double·pole low·pass filter 
• Wide power supply voltage range 

QUICK REFERENCE DATA 

Supply voltage (pin 3) 

Supply current (pin 3) 

Maximum input signal with 
d.c. feedback (r.m.s. value) 

Maximum output signal with 
d.c. feedback (r.m.s. value) 

Volume control range 

Bass control range at 40 Hz 

Treble control range at 16 kHz 

Total harmonic distortion 

Output noise voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz; Vp = 12 V; 
for max. voltage gain 
for voltage gain Gv = -40 dB 

Channel separation 
at Gv = -20 to + 21.5 dB 

Tracking between channels 
at Gv = -20 to + 26 dB 

Ripple rejection at 100 Hz 

Supply voltage range (pin 3) 

Operating ambient temperature range 

PACKAGE OUTLINE 

l8·lead DI L; plastic (SOT·l02CS). 
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Vp = V3.18 typo 12 V 

35 mA Ip = 13 typo 

Vi(rms) typo 2.5 V 

V o( rms) typo 3 V 

Vno(rms) 
Vno(rms) 

excs 

~Gv 

RR 

Vp = V3.18 

Tamb 

-80 to + 21.5 dB 

typo ± 15 dB 

typo ± 15 dB 

typo 0.3 % 

typo 310 J.l.V 
typo 100 J.l.V 

typo 60 dB 

max. 2.5 dB 

typo 50 dB 

7.5 to 16.5 V 

-30 to + 80 °C 
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LINEAR LSI PRODUCTS 

STEREO AUDIO CONTROL 

TDA1524A 

56nF y 56nF 

flOK 

-=- 7Z87199A 

Fig. 2 Double-pole low-pass filter 
for improved bass-boost. 

RATINGS 

TDA1524A 

l5nFI 12.2 MF 

-=- 7Z87200A 

Fig. 3 D.C. feedback with filter network 
for improved signal handling. 

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

Supply voltage (pin 3) Vp = V3-18 max. 20 V 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
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Ptot 

Tstg 

Tamb 

max. 1200 mW 

-55 to + 150 °C 

-30 to + 80 °C 



LINEAR LSI PRODUCTS 

STEREO AUDIO CONTROL TDA1524A 

D.C. CHARACTERISTICS 

Vp = V3-18 = 12 V; Tamb = 25 oC; measured in Fig. 1; RG < 600 [2; RL;;;' 4.7 k[2; CL < 200 pF; 
unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin 3) 

Supply voltage Vp = V3-18 7.5 - 16.5 V 

Supply current 
at Vp = 8.5 V Ip = 13 19 27 35 mA 
at Vp = 12 V Ip = 13 25 35 45 mA 
at Vp = 15 V Ip = 13 30 43 56 mA 

D.C. input levels (pins 4 and 15) 
at Vp = 8.5 V V 4,15-18 3.8 4.25 4.7 V 
at Vp = 12 V V 4,15-18 5.3 5.9 6.6 V 
at Vp = 15 V V 4,15-18 6.5 7.3 8.2 V 

D. C. output levels (pins 8 and 11) 
under all control voltage conditions 
with d.c. feedback (Fig. 3) 
at Vp = 8.5 V V8,11-18 3.3 4.25 5.2 V 
at Vp = 12 V V8,11-18 4.6 6.0 7.4 V 
at Vp = 15 V V8,11-18 5.7 7.5 9.3 V 

Pin 17 

I nternal potentiometer supply voltage 
atVp=8.5V V17-18 3.5 3.75 4.0 V 

Contour on/off switch (control by117) 
contour (switch open) -117 - - 0,5 mA 
linear (switch closed) -117 1.5 - 10 mA 

Application without internal potentiometer 
supply voltage at Vp ;;;. 10.8 V 
(contour cannot be switched off) 

Voltage range forced to pin 17 V17-18 4.5 - Vp/2-VBE V 

D.C. control voltage range for volume, 
bass, treble and balance 
(pins 1, 9, 10 and 16 respectively) 
at V17-18 = 5 V V1,9,10,16 1.0 - 4.25 V 
using internal supply V1,9,10,16 0.25 - 3.8 V 

Input current of control inputs 
(pins 1, 9, 10 and 16) -11,9,10,16 - - 5 J.lA 
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STEREO AUDIO CONTROL TDA1524A 

A.C. CHARACTERISTICS 

Vp = V3-18 = 8.5 V; Tamb = 25 oC; measured in Fig. 1; contour switch closed (linear position); 
volume, balance, bass, and treble controls in mid-position; RG';;; 600 n; R L;;' 4.7 kn; CL .;;; 200 pF; 
f = 1 kHz; unless otherwisespecified 

parameter symbol min. typo max. unit 

Control range 

Max. gain of volume (Fig. 5) Gv max 20.5 21.5 23 dB 

Volume control range; Gv max/Gv min ~Gv 90 100 - dB 

Balance control range; Gv = 0 dB (Fig. 6) ~Gv - -40 - dB 

Bass control range at 40 Hz (Fig. 7) ~Gv ±12 ±15 - dB 

Treble control range at 16 kHz (Fig. 8) ~Gv ±12 ±15 - dB 

Contour characteristics see Figs 9 and 10 

Signal inputs, outputs I 
Input resistance; pins 4 and 15 (note 1) 

at gain of volume control: Gv = 20 dB Ri4,15 10 - - kn 
Gv =-40dB Ri4,15 - 160 - kn 

Output resistance (pins 8 and 11) R0 8,11 - - 300 n 

Signal processing 

Power supply ripple rejection 
at VP(rms}';;; 200 mV; f = 100 Hz; Gv = 0 dB RR 35 50 - dB 

Channel separation (250 Hz to 10 kHz) 
at Gv = -20 to + 21.5 dB exes 46 60 - dB 

Spread of volume control with 
constant control voltage Vl-18 = 0.5 V17-18 ~Gv - - ±3 dB 

Gain tolerance between left and right 
channel V16-18 = Vl-18 = 0.5 V17-18 ~Gv,L-R - - 1.5 dB 

Tracking between channels 
for Gv = 21.5 to -26 dB 
f = 250 Hz to 6.3 kHz; balance adjusted at 
Gv =10dB ~Gv - - 2,5 dB 
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STEREO AUDIO CONTROL TDA1524A 

A.C. CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Signal handling with d.c. feedback (Fig. 3) 

Input signal handling 
at Vp = 8.5 V; THD = 0.5%; 
f = 1 kHz (r.m.s. value) Vi(rms) 1.4 - - V 

at Vp = 8.5 V; THD = 0.7%; 
f = 1 kHz (r.m.s. value) Vj(rms) 1.8 2.4 - V 

at Vp = 12 V; THD = 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vj(rms) 1.4 - - V 

at Vp = 12 V; THD = 0.7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vj(rms) 2.0 3.2 - V 

at Vp = 15 V; THD = 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vj(rms) 1.4 - - V 

at Vp = 15 V; THD = 0.7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vj(rms) 2.0 3.2 - V 

Output signal handling (note 2 and note 3) 
at Vp = 8.5 V; THD = 0.5%; 
f = 1 kHz (r.m.s. value) Vo(rms) 1.8 2.0 - V 

at Vp = 8,5 V; THD = 10%; 5 
f = 1 kHz (r.m.s. value) Vo(rms) - 2.2 - V 

at Vp = 12 V;THD = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rms) 2.5 3.0 - V 

at Vp = 15 V; THD = 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rms) - 3.5 - V 

Noise performance (Vp = 8.5 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value) 
for maximum voltage gain (note 4) Vno(rms) - 260 - /lV 
for Gv = -3 dB (note 4) Vno(rms) - 70 140 /lV 

Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) - 890 - /lV 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) Vno(m) - 360 - /lV 

Noise performance (Vp = 12 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) Vno(rms) - 310 - /lV 
for Gv = -16 dB (note 4) Vno(rms) - 100 200 /lV 

Output noise voltage; weighted as DIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) - 940 - /lV 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) Vno(m) - 400 - /lV 
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parameter 

Noise performance (Vp = 15 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) 
for Gv = 16 dB (note 4) 

Output noise voltage; weighted as DIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) 

Notes to characteristics 

1. Equation for input resistance (see also Fig. 4) 

160 kn 
Ri=1+Gv;Gvmax=12. 

symbol 

Vno(rms) 
Vno(rms) 

Vno(m) 

Vno(m)--

min. typo max. unit 

- 350 - /lV 
- 110 220 /lV 

- 980 - /lV 

- 420 - /lV 

2. Frequencies below 200 Hz and above 5 kHz have reduced voltage swing, the reduction at 40 Hz and 
at 16 kHz is 30%. 

3. In the event of bass boosting the output signal handling is reduced. The reduction is 1 dB for 
maximum bass boost. 

4. Linear frequency response. 

5. For peak values add 4.5 dB to r.m.s. values. 

200 

Ri 4.15 

( K) 

100 

o 

r-........... --
\ 

-60 -40 -20 

7Z869~6 

1\ 
\ 

\ 
\ 

I\. 
" o 20 40 

Gv (dB) 

Fig. 4 Input resistance (Ri) as a function of gain of volume control (Gv)' Measured in Fig. 1. 
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Gv 
(dB) 

20 

o 

-20 

-40 

-60 

-80 

/ 
j 

I'""" 

o 

7Z86925 

-V 
/ 

/ 

/ 
/ 

If 

4 

Fig. 5 Volume control curve; voltage gain (Gv) 
as a function of control voltage (V1-18). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8.5 V; f = 1 kHz. 
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Fig.7 Bass control curve; voltage gain (Gv) 
as a function of control voltage (V9-18). 
Measured in Fig. 1 with single-pole filter 
(internal potentiometer supply from pin 17 used); 
Vp = 8.5 V; f = 40 Hz. 
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\ 

4 
V16 - 18 (VI 

Fig.6 Balance control curve; voltage gain (Gv) 
as a function of control voltage (V16-18). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8.5 V. 
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Fig. 8 Treble control curve; voltage gain (Gv) 
as a function of control voltage (V 10-18)' 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8.5 V; f = 16 kHz. 
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Fig.9 Contour frequency response curves; voltage gain (Gv) as a function of audio input frequency. 
Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 
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Fig. 10 Contour frequency response curves; voltage gain (Gv) as a function of audio input frequency. 
Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 
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Fig. 11 Tone control frequency response curves; voltage gain (G v) as a function of audio input 
frequency. Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 

Signetics 



LINEAR LSI PRODUCTS 

STEREO AUDIO CONTROL TDA1524A 

20 

Gv 
(dB) . 

o 

Fig. 12 Tone control frequency response curves; voltage gain (Gv) as a function of audio input 
frequency. Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 
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Fig. 13 Total harmonic distortion (THO); as a function of audio input frequency. Measured in Fig. 1; 
Vp = 8.5 V; volume control voltage gain at 

Vo 
Gv = 20 log -- = 0 dB. 

Vi 
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TDA1524A 

Fig. 14 Total harmonic distortion (THD); as a function of output voltage (Vo). Measured in Fig. 1; 
Vp=8.5V;fi=1 kHz. 

(1)Vp=15V. 
(2)Vp=12V. 
(3) Vp = 8.5 V. 
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2 1/ 
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50 
-60 -40 -20 0 

7Z86921 

20 40 60 
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Fig. 15 Noise output voltage (V no(rms); unweighted); as a function of voltage gain (Gv)' Measured in 
Fig. 1; f = 20 Hz to 20 kHz. 
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SPATIAL, STEREO, PSEUDO·STEREO PROCESSOR 

DESCRIPTION 
The TDA3810 is an integrated circuit which can 
provide three switched functions for radio and 
television equipment: spatial sound from a 
stereo source; stereo sound from a stereo 
source; pseudo-stereo sound from a mono 
source. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 18) 

Icc Supply current (pin 18) 

TsTa Storage temperature range 

FEATURES 
• Three switched functions: 

spatial 
stereo 
pseudo-stereo 

• Muting circuit prevents LED flickering 
• LED driving outputs (pins 7 and 8) 
• TTL compatible Inputs for selecting 

operating mode 

RATING UNIT 

18 V 

12 mA 

-25 to +150 'C 

TA Operating ambient temperature range -20to+70 °C 

Thermal Resistance 

Rlh cr-a From crystal to ambient 

TRUTH TABLE 

CONTROL INPUT STATE 
MODE 

PIN 11 

Mono pseudo-stereo HIGH 
Spatial stereo HIGH 
Stereo LOW 

LOW = 0 to 0.8V (the less positive voltage) 
HIGH = 2V to Vee (the more positive voltage) 
X = state is don't care 

PIN 12 

LOW 
HIGH 

X 

80 KlW 

LED LED 
SPATIAL PSEUDO 

PIN 7 PIN 8 

Off On 
On Off 
Off Off 

Signetics 

TDA3810 

PIN CONFIGURATION 

N PACKAGE 

FUNCTIONAL PIN DESCRIPTION 
PIN NO_ NAME AND FUNCTION 

1 VREF 
2 Left channel input 
3 Left channel buffer output 
4 Left channel spatial feedback 
5 Left channel pseudo feedback 5 
6 Left channel output 
7 Spatial indicator driver 
8 Pseudo indicator driver 
9 Mute 

10 Ground 
11 81 
12 82 
13 Right channel output 
14 Right channel pseudo feedback 
15 Right channel spatial feedback 
16 Right channel buffer output 
17 Right channel input 
18 VDD 
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BLOCK DIAGRAM 

(1) r
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RIGHT 
INPUT 
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10K 

Pin 13 

iJ, 11K J 

r--..__""""fv--o Pin 6 
20K 

16 

16K 

-::-
100K 

22K Pin 13 

20K 18K 

22K 16K I 22nF 

Vee 

18 

f-o Pin 6 

10nF 

(1) Recommended in spatial mode for correction of high frequency (optimal performance) 
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SPATIAL, STEREO, PSEUDO-STEREO PROCESSOR TDA3810 

DC ELECTRICAL CHARACTERISTICS V cc = 12V; T A = 25'C; Test circuit Figure 1 stereo mode (pin 11 to ground) unless 
otherwise specified. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vcc Supply voltage range (Pin 18) 4.5 16.5 V 

Vee Supply current 6 12 mA 

Vs Reference voltage 5.3 6 6.7 V 

V;(rms) Input voltage (Pin 2 or 17) THD = 0.2% 2 V 

R; Input resistance (Pin 2 or 17) 50 75 k[J 

Gv Voltage gain VoN; 0 dB 

a Channel separation (R/L) 60 70 dB 

THD Total harmonic distortion f = 40 to 16000 Hz; Vo(rms) = 1V 0.1 % 

RR Power supply ripple rejection 50 dB 

Vn(rms) Noise output voltage (Unweighted) left and right output) 10 ~V 

Spatial mode (Pins 11 and 12 HIGH) 

a Antiphase crosstalk 50 % 

Gv Voltage gain 1.4 2.4 3.4 dB 

PSEUDO-STEREO MODE The quality and strength of the pseudo-stereo effect is determined by external filter components. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Control inputs (Pins 11 and 12) 

R; Input resistance 70 120 k[J 

-I; Switching current 35 100 ~A 

LED drivers (Pins 7 and 8) 

-10 Output current for LED 10 12 15 mA 

VF Forward voltage 6 V 
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Figure 1. Pseudo Filter I 

5·74 Signetics 



LINEAR LSI PRODUCTS 

SPATIAL, STEREO, PSEUDO·STEREO PROCESSOR 

'qmlllllld.I'i 
10 

ITLTER CHANNEL PSEUDOl .1 
~ .0 ~-6_+-+=~::;;;;;:::3;:::;~F~R=:::,*~~-444--4 MONO FILTER 

N IP" I ~ ~i ~I'-... I /~...... CHANNEL 
~ V " Vi" 1/ . ....... PSEUDO 
;; -10 r-.... 

~ // \ / ~ 
~ -20r--~-+-~~-~--r-r~~,+--+--+-~~-~-~-~~ 

BANDiASS FTILTER i 
I DOUBLE·T·FILTER 

_30L-_L-_L-J-~ __ ~ __ L-L-~ __ ~ __ ~~~J-__ J-__ ~~~ 

101 102 103 104 105 

f(Hz) 

3.9nF (1) 

1--11--1 
~7~"F ____ ~~~ ________ ~1~~_~1~ ____________________ -, 
I I 10K 10K Vcc=+12V 

>SOK 

>SOK 

15 14 12 
SPATIAL! 

PSEUDO 

O. 22eF1 

r--

18 

6 

MUTE 
9 

VS!2 

1 

~~:.-p1~~~~~16~K~+-~8~2K~ _____________________ S_PA_~_IA_L __ P_S_~_D_O __ ~ 
11K 

20K 18K -l~1 . T 
T 10nF r 3.9nF -

t 12nF 

22K 22K 

10K 

Figure 2. Pseudo Filter II 

Signetics 

TDA3810 

LEFT 5 
OUTPUT 

4.7 flF 

+ f--o 

47/-lF 

+~ 

100!-,F 

+~ 

5-75 



LINEAR LSI PRODUCTS 

SPATIAL, STEREO, PSEUDO-STEREO PROCESSOR 

'W il ,,1i,j.IW 

LEFT 
INPUT 

iii 
~ 

~ 

10 

; -10 

~ 

,....-
/' 

V 
~ -20 BANDrSS FilTER 

-30 
101 

10K 

o--j I-t---;:t---,..-j 
O.l"F 

>50K 

>50K 

RIGHT 
INPUT 

o--j 
17 

O.1~F 

"~"' 11K 

22K 22K 

J22nF 

5-76 

...... 1-" 

102 

15K 

16K 

........... 

[ r !IL TER CHANNEL PSE 

/ . 

'" V 
I 

\ I 
IV 

DOUBLE· T·FIL TER 

103 

I(Hz) 

3.9nF (1) 

r-ll-i 

20K 

STEREO 

~DD 

.......... 

12 
SPATIAL! 

PSEUDO 

lOOK 

20K 

Figure 3. Pseudo Filter III 

Signefics 

TDA3810 

lr LINEAR CHANNEL PSEUDO 

MONO 

i'-i', 

"" 
104 105 

VCC=+12V 

18 

LEFT 
OUTPUT 

4.7"F 

+ !-o 

MUTE 
47"F 

+~ 

VS/2 
100"F 

+~ 

-=- 10 

-=-
4.7"F 

13 
+1-<> 
RIGHT 

OUTPUT 

SPATIAL PSEUDO 



LINEAR LSI PRODUCTS 

FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP JLA758 

DESCRIPTION 
The MA758 is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de
vice decodes an FM stereo multiplex signal 
into right and left audio channels while 
inherently suppressing SeA information 
when it is contained in the composite input 
signal. The device includes automatic 
mono-stereo mode switching and drive for 
an external lamp to indicate stereo mode 
operation. 

The MA758 operates over a large voltage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla
tor frequency. No coils are required. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Supply voltage (:5 15 seconds) 
Voltage at lamp driver terminal 

(Lamp OFF) 
I nternal power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (60see) 

BLOCK DIAGRAM 

SWITCH FILTER 

I 
I 

I 
~NE:~;T~~ I 

9 10 

FEATURES 
.. 45dB channel separation 
• Automatic stereo/mono switching 
• 70dB SeA rejection 
• 10V to 16V supply range 
• High Impedance input-low impedance 

output 

RATING UNIT 

+18 V 
+22 V 

+22 V 
730 mW 

-40 to +85 'e 
-55 to +125 'e 

300 'e 

LOOP FILTER 
V' 

OSCILLATOR RC NETWORK 

PIN CONFIGURATION 

N PACKAGE 

MULTIPLEX INPUT 1 

AMPLIFIER OUTPUT 2 

LEFT CHANNEL J 
DE·EMPHASIS 

LEFT CHANNEL 4 
OUTPUT 

RIGHT C~~;~~i 5 

RIGHT CHANNEL 
DE-EMPHASIS 

STEREO INDIC~~= 1 

GROUND 8 

OSCILLATOR RC 
NETWORK 

14 LOOP fiLTER 

13 LOOP filTER 

12 OETECTOR INPUT 

11 19k Hz TEST SIGNAL 

10 SWITCH FILTER 

9 SWITCH FIL TEA 

TOP VIEW 

ORDER NUMBERS 
.A758N 

19kHz TEST 

'-------------+---t----------------:==:!::=---r-'"- SIGNAL 
LEFT 

f--+-- CHANNEL 

LEFT CHANNEL 
DE·EMPHASIS 

Signetics 

RIGHT CHANNEL 
DE·EMPHASIS 

OUTPUT 

RIGHT 
f--+-- CHANNEL 

OUTPUT 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP /LA758 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +12V, 19kHz pilot level = 30mVRMS, multiplex signal 
IL = R, pilot OFF) =, 300mVRMS, modulation frequency = 400Hz or 1 Hz, 
test circuit 1, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Icc Supply current Lamp OFF 
IL Maximum available lamp current 

V7 Voltage at lamp driver terminal Lamp = SOmA 

r, I nput resistance 
ro Output resistance 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

':'IV4&V5) DC voltage shift at either output Stereo to mono operation 
terminal 

PS.R.R Power supply ripple rejection 200Hz, 200rilVRMS 
SEP Channel separation 100Hz 

400Hz 
10kHz 

BAL. Channel balance 

Av Voltage gain 1kHz 

Pilot input level Lamp turn-on 
Lamp turn-off 

Pilot input level hysteresis Lamp turn-off to turn-on 

Capture range 
T.H.D. Total harmonic distortion Multiplex level = 600mVRMS pilot OFF 

19kHz rejection 
38kHz rejection 
SCA rejection 1 

VCO Tuning resistance2 

VCO Frequency drift O°C S TA S 25°C 
25°C S TA S 70°C 

NOTES 

1 Measured with a stereo composite signal consistency 0180% stereo, 10% pilot and 1 0% 
SeA as defined in the FCC Rules on Broadcasting. 

2 Total resistance from pin 15 to ground. in test circuit, required to set reference 
frequency at pin 11 to 19kHz = 10hz 

TYPICAL PERFORMANCE CHARACTERISTICS 

'" ." 

Z 
0 

CHANNEL SEPARATION vs 
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c~ ib"~ 
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en 
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a: :. 
w 
en C=0.47"F 
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z 
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MA7S8 
UNIT 

Min Typ Max 

31 38 mA 
75 150 mA 

1.3 1.8 V 

20 35 kll 
0.9 1.3 2.0 kll 

MA7S8 
UNIT 

Min Typ Max 

30 150 mV 

35 dB 
40 dB 

30 45 dB 
45 dB 
0.3 1.5 dB 

0.5 0.9 1.4 VIV 

18 25 mVRMS 
2.0 7.0 mVRMS 

3.0 7.0 dB 

2.0 4.0 6.0 % 
0.4 1.0 % 

25 35 dB 
25 45 dB 

70 dB 

21.0 23.3 25.5 kll 

+0.1 ±2 % 
-0.4 ±2 % 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR vs AMBIENT 

TEMPERATURE 
2.0 

a: 1.5 
o 
a: 
a: 1.0 
w 

~ 0.5 
z 
w 
:::> 

~ -0.5 
u. 

~ -1.0 

~ -1.5 

C3 -2.0 

-V~12~ 

- -...... 

en 
o -~-~-H 0 H ~ ~ ~ 1~ 

TEMPERATURE - 'C 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

LAMP TURN ON & TURN OFF CAPTURE RANGES vs PILOT LEVEL 
SENSITIVITY vs AMBIENT 

TEMPERATURE 
20 

-VI='2J 

8 

la 
6 f- Vl'2V + 25°C;-fr 

I -l--~ 16 .. I .J. / ""-:=1--.,--- LAMP ON I 4 TA= -40°C // 
> 14 ~ -- +85°C E 

------

w 
I " 2 12 z ~- I ~ <[ ..., 

w 10 a: 0 > ~ I ~ w ~ ..... 8 ~ -::::.!:AMP OFF a: ... ::> -2 
'-~ g 6 ... _~= +85°C 

0-

0: <[ -4 
- 40' C '-.:::):'::) ..... 4 <.> 

-6 2 
+25°C::::-.i~ 

0 -a 

-40 -20 0 20 40 60 ao 100 0 10 20 30 40 50 

TEMPERATURE - 'C PILOT LEVEL - mVrms 

TEST CIRCUIT AND TYPICAL APPLICATION 

NOTE 

V+ '" +12V 

0.1 

1"F 
COMPOSITE 

C, 
.0025 I' F -r 

MUl TIPLEX --f--If---+--I 
UNIT 

LED 
STEREO 

INDICATOR 
LAMP 

LEFT 
OUTPUT 

C5 
O.33jlF 

(TOP VIEW) 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. Cl tolerance = +100%; -20%, C6 tolerance = ±1% in test circuit and ±5% in 
typical applications, R3 tolerance =: ±1 %, R4 tolerance = ±1 0%, Rl and R2 tolerances == ±1% 
in Icst circuit and ±5% in typical application. 

5-80 Signetics 

60 

fJ-A758 

CHANNEL SEPARATION vs 
OSCILLATOR FREE RUNNING 

FREQUENCY ERROR 
80 

!g TA=25°C 
70 V=12V 

I f= 1kHz 
z 60 
0 
;:: 50 <[ V "-a: 
;t 40 
w 
en 
~ 30 
w 
z r-INPUT SIGNAL= 30mVrms z 20 '--
<[ MULTIPLEX SIGNAL 
J: 10 I-r-(L=l, R=O, PILOTOFFI= <.> 

1S0mVrms 
0 

-2.0 -1.0 0 1.0 

R3 
21 kn 

OSCILLATOR FREE RUNNING 
FREOUENCY ERROR - % 

R, 
5 kll 
OSCILLATOR 

ADJ 

2.0 



LINEAR LSI PRODUCTS 

FM IF SYSTEM CA3089 

DESCRIPTION o Single·coll tuning capability PIN CONFIGURATION 
CA3089 is a monolithic Integrated circuit 
that provides all the functions of a com· 
prehensive FM·IF system. Figure Sis a 
block diagram showing the CA3089 fea· 
tures, which include a three·state FM·IF 
amplifierllimiter configuration with level 
detectors for each stage, a doubly· 
balanced quadrature FM detector and an 
audio amplifier that features the optional 
use of a muting (squelch) circuit. 

The advanced circuit design of the IF sys· 
tem includes desirable features such as 
delayed 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 
power supply regulators maintain a nearly 
constant current drain over the voltage 
supply range of + 8 to + 18 volts. 

The CA3089 is ideal for high·fldelity opera· 
tion. Distortion In a CA3089 FM·IF system. 
is primarily a function of the phase linear· 
ity characteristic of the outboard detector 
coil. 

The CA3089 utilizes a lS·lead dual·in·line· 
plastic package and can operate over the 
ambient temperature range of - 40 'C to 
+85'C. 

FEATURES 
o Exceptional limiting sensitivity: 10"V 

typo at - 3dB point 
o Low distortion: 0.1"10 typo (with double· 

tuned coli) 

BLOCK DIAGRAM 

10K 

o High recovered audio: 400inV typo 
o Provides specific signal lor control of 

Interchannel muting (squelch) 
o Provides specilic signal for direct drive 

of a tuning meter 
o Provides delayed AGC voltage lor RF 

amplilier 
o Provides a specilic circuit lor lIexlble 

AFC 
o Internal supply/voltage regulators 

APPLICATIONS 
o Hlgh·lldellty FM receivers 
o Automotive FM receivers 
o Communications FM receivers 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

DC supply voltage: 
Between terminals 11 and 4 
Between terminals 11 and 14 

DC Current (out of terminal 15) 
Device dissipation: 

Up to TA = BO'C 
Above TA = BO°C 

Ambient temperature range: 
Operating 
Storage. 

Lead temperature (during soldering): 
At distance not less than 1/32" (0.79mm) 
from case for 10 seconds'max 

r-w\,-+''----------<l TO STEREO 
TUNING METER OUTPUT THRESHOLD 

IF INPUT 
BYPASSING 

IF INPUT 
BYPASSING 

TOP VIEW 
ORDER NUMBER 

CA3089N 

RATING 

18 
18 
2 

BOO 
derate linearly 

B.7 

-40 to +85 
-65 to +150 

+265 

12 470 

.FC 
OUTPUT 

AUDIO 
OUTPUT 

LOGIC CIRCUITS 

NOTE 

All resistors values are typical and in ohms. 00:::;' 75 (G.I. EX27825 or equivalent) 
-L tunes with 100pF (C) at 10.7MHz 

Signetics 

NC 

DELAyeD AGe 

SUBSTRATE 

TUNE METER 

MUTE lOGIC 

REF. BIAS 

QUADRATURE 
INPUT 

UNIT 

V 
V 

mA 

mW 

mW/oC 

'C 
'c 

'c 

MUTING 
SENSITIVITY' 

5-81 

5 



LINEAR LSI PRODUCTS 

FM IF SYSTEM CA3089 

EQUIVALENT SCHEMATIC 

~ 
t 
.5 
e · · · i 
B 

S t z :;;: 
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FM IF SYSTEM CA3089 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12V unless otherwise specified. 

CA3089D2 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

STATIC (DC) CHARACTERISTICS 

1" Quiescent circuit current No signal input, non-muted 16 23 30 mA 
DC Voltages: 4 

V, Terminal 1 (IF input) No signal input, non·muted 1.2 1.9 2.4 V 

V2 Terminal 2 (ac return to input) No signal input, non· muted 1.2 1.9 2.4 V 
V3 Terminal 3 (de bias to input) No signal input, non-muted 1.2 1.9 2.4 V 

V6 Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 V 
V7 Terminal 7 (A.F.C.) No signal input, non' muted 5.0 5.6 6.0 V 
VlO Terminal 10 (de reference) No signal input, non-muted 5.0 5.6 6.0 V 

DYNAMIC CHARACTERISTICS 
VI (lim) Input limiting voltage (-3dB point)3 10 25 p.V 

AMR AM Rejection (terminal 6)4 VIN - 0.1 V, Fa - 1O.7MHz, 
'mod = 400Hz, AM Mod = 30% 45 55 dB 

Va Recovered audio voltage (terminal 6)3 400 500 600 mV 

Total harmonic distortion: 1 
THD Single tuned (terminal 6)3 0.5 1.0 % 
THD Double tuned (terminal 6)4 'mod = 400Hz, VIN = 0.1 0.1 % 

S+N/N Signal plus noise to noise ratio (terminal 6)3 Deviation - ± 75kHz VIN = 0.1 V 60 70 dB 
MUIN Mute input (terminal 5) V5 = 2.5V 50 70 dB 

MUaUT Mute output (terminal 12) VIN = 50p.V .5 V 
VIN = OV 4.0 V 5 

MTR Meter output (terminal 13) VIN - O.lV 2.5 3.5 V 
VIN =500p.V 1.0 1.5 V 

VIN = OV .7 V 

AGC Delayed AGC (terminal 15) VIN = .0lV .5 V 
VIN = 10p.V 4.0 5.0 V 

THD Double tuned (terminal 6)4 'mod = 400Hz. 0.1 % 
VIN=O.l 

NOTES 
1. THO characteristics and Audio Level are essentially 8 function of the phase and Q 

characteristics of the network connected between terminals B,9, and 10. 
2. Test circuit Figure 1. 
3. Test circuit Figure 2. 
4. Test circuit Figures 1 and 2. 
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FM IFSVSTEM CA3089 

TEST CIRCUITS 

TYPICAL FM TUNER (With a single-tuned detector coil.) 

SYSTEM DESIGN 
CONSIDERATONS 
The CA3089 Is a very high gain device and 
therefore careful consideration must be 
given to the layout of external compo
nents to minimize feedback, The Input by
pass capacitors should be located close 
to the Input terminals and the values 

y+ ",12V 

Figure 3 

should not be large nor should the capac
Itors be of the type which might Introduce 
Inductive reactance to the circuit. An ex
ample of good by-pass capacitors would 
be. ceramic disc with values In the range of 
.01 to .05 microfarad. 

The Input. .Impedance of the CA3089 Is 
approximately 10,000 ohms, It Is not 

TYPICAL PERFORMANCE CHARACTERISTICS 

NOTES 

All resistors valUBS are typical and In ohms. 
1. Waller 4SN3FIC or equivalent 
2. Murate SFG 10.7mA or equivalent 
3. AS will affect stability depending on circuit layout. 

To Increase stability RS is decreased. Range of RS 
Is 330 to 50U, R t + RS '" 3300 

4. L lunss with 100pF (0) at 10.!MHz 
00 unloaded == 75 (G,I. EX27825 or equivalent) 

Performance data at fa = 98MHz, 'MOD = 400Hz, devi
ation = 

± 74kHz: 
-3dB limiting sensitivity 
20dB quieting Isnaltlvlty 
30dB quieting sensitivity 

21lV (antenna level) 
'1lV (antenna level) 

1.5".V (antenna level) 

recommended to match this Impedance, 
The value of the Input termination resistor 
should be a8 low as possible without 
degrading system operation. The lower 
the value of this resistor the greater the 
system stability. An Input terminating 
resistor between 50 and 100 ohms Is 
recommended, 

MUTING ACTION, TUNER AGC AFC CHARACTERISTICS 
(Tuning meter output as a (Current at Term. 7 as a 

function of input function of change in 
signal voltage. I frequency.l 

w DC VOLTAGE SUPPLY V. " 12V 
125 

~;~~:i~E:'::;:T~:J ~T~~V" 2~C u AMBIENT TEMPERATURE (T Al • 25"C I-z 100 -~ 0 
TEST CIRCUIT SEE FIGURE 3 SEE TEST CIRCUIT FIGURE 3 • 

• ~ If ~:g~v,.~c~ OAu"~~T -j 1 75 ~ i: -10 t----f-(LEFT CO·OROINATE) • 50 

~ 
,A 

V O~ g! ··20 I-- !~~~:G"eG;TDC """'" 4 ~ 
os 

V ~ .. TERMINAL NO. 151 t- ~ 0 
~ 5 -30 r- (RIGHT CO· ORDINATE) ----: 3 

0 1/ 
§~-40 I~ 

Ii -25 

/ 
2 I -50 

~~ AVOLTAGE~.\. 
U AT TERMINAL -75 

~ -so V NO. 13 METER CIRC~:\ 1 

§ ..J !~~~~/gO~~:6INATE' 
-100 

V ::I! -60 -125 
1 " "0 1K "K 100K -100 -50 0 50 100 

INPUT SIGNAL - p.V CHANGE IN FREQUENCY (.0.1)- kHz 
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FM IF SYSTEM 

TEST CIRCUITS 

TEST CIRCUIT 
(Using a single-tuned detector coiL) 

SIGNAL 
INPUT 

VOL TAGE 

'NOTE 

L tunes with 100pF (e) at 10.7MHz, 
All reslslors values are typical and In ohms. 
00 (unloaded) ;:;; 76 (G.I. automatic mfg. dlv. EX27825 or equivalent). 

Figure 1 

CA3089 

TEST CIRCUIT 
(Using a double-tuned detector coiL) 

:00:': I I 
I C1 I 

V~"12V I-_IT' 

SIGNAL 
INPUT 

VOLTAGE 

'NOTE 

All resistors values are typical and in ohms. 

I I 
I I 5K 

AFC OUTPUT 

T: PrJ. - 0 0 (unloaded) == 75 (tunes with 100pF (C1) 20 t of 349 on 7/32" die. form) 
Sec. - 0 0 (unloaded) == 75 (Iunes with,: 100pF (C2) 20 t of 349 on 7/32" dis. form) 
kQ (percent 01 critical coupling) > 70% 
(Adjusted for coil voltage Ve) "" 15QmV 

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

Figure 2 
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FM RADIO CIRCUIT 

DESCRIPTION 
The TDA7000 is a monolithic integrated circuit 
for mono FM portable radios where a minimum 
of peripheral components is important (small 
dimensions and low costs). 

FEATURES 

• R. F. input stage 
• Mixer 
• Local oscillator 
• I.F. ampllfierllimiter 
• Phase demodulator 

The IC has an FLL (Frequency-Locked-Loop) • Mute detector 
system with an intermediate frequency of 70 • Mute switch 
kHz. The I.F. selectivity is obtained by active 
RC filters. The only function which needs align-
ment is the resonant circuit for the oscillator, 
thus selecting the reception frequency. 
Spurious reception is avoided by means of a 
mute circuit, which also eliminates too-noisy 
input signals. Special precautions are taken 
to meet the radiation requirements. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER RATING 

Vce Supply voltage (pin 5) 12 

V6-S Oscillator voltage (pin 6) VecO.5 to Vec+0.5 

UNIT 

V 

V 

Total power dissipation See derating curve Figure 2 

TSTG Storage temperature range -55 to +150 ·C 

TA Operating ambient temperature range o to +60 ·C 

5·86 Signetics 

TDA7000 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 

PIN NO NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 Noise source 
4 Loop filter capacitor 
5 Supply voltage 
6 VCO 
7 1 st integrator capacitor (to pin 9) 
8 2nd integrator capacitor 
9 1 st integrator capacitor (to pin 7) 

10 IF filter capacitor (to pin 11) 
11 IF filter capacitor 
12 IF limiter capacitor 
13 RF input 
14 Mixer 
15 Current source capaCitor 
16 Ground 
17 Demodulator capacitor 
18 Correlator capacitor 
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FM RADIO CIRCUIT TDA7000 

'gmil"lI,x.iW 
BLOCK DIAGRAM 

RF INPUT 

Cv Cs 

(+~;V)·o-~--+----------4----~-----------4------------------------~-------------

AF OUTPUT 
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FM RADIO CIRCUIT TDA7000 

':m1 ii"lId."·j 
DC ELECTRICAL CHARACTERISTICS Vee = 4.5V; TA = 25°C: measured in Figure 3; unless otherwise specilied 

TDA7000 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vee Supply voltage (Pin 5) 2.7 4.5 10 V 

Icc Supply current Vee = 4.5V 8 rnA 

16 Oscillator current (Pin 6) 280 flA 

V ,4.,6 Voltage (Pin 14) 1.35 V 

12 Output current (Pin 2) 60 fIA 

V2.16 Output voltage (Pin 2) RL = 22 kO 1.3 V 

AC ELECTRICAL CHARACTERISTICS Vee = 4.5 V; TA = 25°C; measured in Figure 3 (mute switch open, enabled); Irf = 96 
MHz (tuned to max. signal at 5 flV e.m·.I.) modulated with M = ±22.5 kHz; 1m = 1 kHz; 
EMF = 0.2 mV (e.m.l. voltage at a source impedance 01 75 0); r.m.s. noise voltage 
measured un weighted (I = 300 Hz to 20 kHz); unless otherwise specified . 

.. 

TDA7000 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 1.5 

EMF 
Sensitivity (see Figure 2) 

-3 dB muting 6 flV (e.m.l. voltage) 

SIN = 26 dB 5.5 

EMF Signal handling (e.m.!. voltage) THO < 10%; lil = ± 75 kHz 200 mV 

SIN Signal-to-noise ratio 60 dB 

lil = ±22.5 kHz 0.7 
THO Total harmonic distortion % 

lil = ±75 kHz 2.3 

(ratio 01 the AM output signal relerred to the FM 

AMS AM suppression 01 output voltage 
output signal) 

50 dB FM signal: 1m = 1 kHz; Ll.f = ±75 kHz 
AM signal: 1m = 1 kHz; m = 80% 

RR Ripple rejection (liVee = 100 mY; 1= 1 kHz) 10 dB 

V6.5(rms) Oscillator voltage (r.m.s. value) (Pin 6) 250 mV 

Mosc Variation 01 oscillator Irequency Supply voltage (liVee = 1V) 60 kHzlV 

S+300 45 
Selectivity dB 

S-300 35 

Ll.frl A.F.C. range ±300 kHz 

B Audio bandwidth liVo = 3 dB 
measured with pre-emphasis (t = 50 flS) 

10 kHz 

VO(rms) A.F. output voltage (r.m.s. value) RL = 22 kO 75 mV 

RL Load resistance 
Vec = 4.5V 22 

kO 

Vee = 9.0V 47 

NOTES: 

1. The muling system can be disabled by feeding a cUrrent of about 20 ~A into pin 1. 
2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 
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FM RADIO CIRCUIT 
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Figure 1. Power Derating Curve. 

s 1 N 
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NOISE 

10-4 10-3 10- 2 

EMF (V) ., RS = 75 n 

10 ~ 
THO 

1/ 

10-1 

Figure 2. AF output voltage (Vo) and total harmonic distortion (THO) as a function of 
the e.m. f. input voltage (EMF) with a source impedance (Rs) of 75 0: (1) muting 
system enabled; (2) muting system disabled. 

NOTES: 

Conditions: OdB = 75mV; frf = 96 MHz 
for S + N curve: t.f = ± 22.5 kHz fm = 1 kHz 
for THO curve: t.f = ± 75 kHz fm = 1 kHz 

1. The muting system can be disabled by feeding a current of about 20~A into pin 1. 

TDA7000 

2. The interstation noise level can be decreased by choosing a lowNalue capaCitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 
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FM RADIO CIRCUIT TDA7000 

220pF 330pF 100nF 3.3nF" 
330pF 

18 17 15 14 13 12 11 10 

-=-CORRE-
LATOR 

2.7K 

700K 

IF FILTER 

12K 

4.7K 4.7K 

2.2K 2.2K 

MUTE CONTROL MUTE 

10K 
150 Cp 

180pF 
nF 

ENABLED DISABLED J 
Cv Cs 

Vee 
MUTE SWITCH 

AF OUTPUT 

Figure 3_ Test Circuit 
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FM RADIO CIRCUIT (SO PACKAGE) 

'tmll,,)htelfJ 

DESCRIPTION 

The TDA7010T is a monolithic integrated cir
cuit for mono FM portable radios, where a 
minimum of peripheral components is impor
tant (small dimensions and low costs). 

The IC has an FLL (Frequency-Locked-Loop) 
system with an intermediate frequency of 
70 kHz. The I.F. selectivity is obtained by ac
tive RC filters. The only function which needs 
alignment is the resonant circuit for the 
oscillator, thus selecting the reception fre
quency. Spurious reception is avoided by 
means of a mute circuit, which also eliminates 
too noisy input signals. Special precautions are 
taken to meet the radiation requirements. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vce Supply voltage (pin 4) 

V6•5 Oscillator voltage (pin 5) 

FEATURES 

• R. F. input stage 
• Mixer 
• Local oscillator 
• I.F. amplifier/limiter 
• Phase demodulator 
• Mute detector 
• Mute switch 

RATING 

12 

Vec-O.5 to Vee+0.5 

UNIT 

V 

V 

Total power dissipation See derating curve Figure 2 

TSTG Storage temperature range -55 to +150 °C 

TA Operating ambient temperature range o to +60 °C 

Signetics 

TDA7010T 

PIN CONFIGURATION 

D PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 

PIN NO. NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 Loop filter capacitor 
4 Supply voltage 
5 VCO 
6 1 st integrator capacitor (to pin 8) 5 
7 2nd integrator capacitor 
8 1 st integrator capacitor (to pin 6) 
9 IF filter capacitor 

10 IF limiter capacitor 
11 RFinput 
12 Mixer 
13 Current source capacitor 
14 Ground 
15 Demodulator capacitor 
16 Correlator capacitor 

5·91 



LINEAR LSI PRODUCTS 

FM RADIO CIRCUIT (SO PACKAGE) 

Iqmii"ihi.ifl 

BLOCK DIAGRAM 

16 

CORRE· 
LATOR 

15 

2.7K 

TDA7010T 

R.F. INPUT 

13 12 11 10 

1.4V 

I.F. FILTER 

12K 

4.7K 

Cv Cs 

Vcco-~-i--------------+---------~~--------------------~----------~ 

A.F. OUTPUT 
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FM RADIO CIRCUIT (SO PACKAGE) TDA7010T 

DC ELECTRICAL CHARACTERISTICS Vee = 4.5V; TA = 25°C: measured in Figure 3; unless otherwise specified. 

SYMBOL AND PARAMETER TEST CONDITION 
TDA7010T 

UNIT 
Min Typ Max 

Vce Supply voltage (Pin 4) 2.7 4.5 10 V 

Ice Supply current Vee = 4.5V 8 mA 

15 Oscillator Current (Pin 5) 280 JJA. 

V'2.'4 Voltage (Pin 12) 1.35 V 

12 Output current (Pin 2) 60 JJA. 

V2.'4 Output voltage (Pin 2) RL = 22 kO 1.3 V 

AC ELECTRICAL CHARACTERISTICS Vee = 4.5 V; TA =25°C; measured in Figure 3 (mute switch open, enabled); frf = 96 
MHz (tuned to max. signal at 5 I'V e.m.f.) modulated with l>f = ±22.5 kHz; fm = 1 kHz; 
EMF = 0.2 mV (e.m.f. voltage at a source impedance of 75 0); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

TDA7010T 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 1.5 

EMF 
Sensitivity (see Figure 2) 

-3 dB muting 6 I'V (e.m.t. voltage) 

SIN = 26 dB 5.5 

EMF Signal handling (e.m.f. voltage) THD < 10%; l>f = ± 75 kHz 200 mV 

SIN Signal-to-noise ratio 60 dB 

THD Total harmonic distortion l>f = ±22.5 kHz 0.7 % 
l>f = ±75 kHz 2.3 % 

(ratio of the AM output signal referred to the FM 

AMS AM suppression of output voltage 
output signal) 

50 dB FM signal: fm = 1 kHz; ilf = ±75 kHz 
AM signal: fm = 1 kHz; m = 80% 

RR Ripple rejection (ilVee = 100 mY; 1= 1 kHz) 10 dB 

Vs.4(rms) Oscillator voltage (r.m.s. value) (Pin 5) 250 mV 

illasc Variation 01 oscillator Irequency Supply voltage (il V ee = 1 V) 60 kHziV 

S+300 43 
Selectivity dB 

S-300 28 

ilfn A.F.C. range ±300 kHz 

B Audio bandwidth ilVo = 3 dB 
measured with pre-emphasis (t = 50 I's) 10 kHz 

VO(rms) A.F. output voltage (r.m.s. value) RL = 22 kO 75 mV 

RL Load resistance 
Vee = 4.5V 22 

kO 

Vee = 9.0V 47 
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FM RADIO CIRCUIT (SO PACKAGE) 
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Figure 1. Power Derating Curve 

sL 

" r-... 
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10-4 10- 3 10- 2 

EMF (V) 01 R, = 75 n 

TDA7010T 

40 

! 
0 
:c 
I-

0 
10-1 1 

Figure 2. AF output voltage (Vo) and total harmonic distortion (THO) as a function of the E.M.F. input 
voltage (EMF) with a source impedance (Rs) 01 75 0: (1) muting system enabled; (2) muting 
system disabled. 

NOTE: 

Conditions: 0 dB = 75mV; Irf = 96 MHz 
lor S + N curve: M = ± 22.5 kHz: 1m = 1 kHz 
lor THO curve: Af = ± 75 kHz: fm = 1 kHz 

1. The multing system can be disabled by feeding a current of about 20 ~A into pin 1. 
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FM RADIO CIRCUIT (SO PACKAGE) TDA7010T 

11 'rl~EMF -!-
1, 220pF J: 1BOpF 

75 

220pF 330pF r,p 100nF 220pF 3.9nF 

16 15 14- 13 12 11 10 9 

-b 
CORRE-
LATOR 

UK 

'1V 10K 10K 700K 700K 

~ 
~d}- '-- I~ 12K AP 

IF LIMITER 

~LATOR 1> 
4.7K 4.7K 

L-..-

L 13.6K X l 2.2K 2.2K 

~ MIXER r 
MUTE CONTROL ""Mui'E <J- LOOP I ! FILTER 

I VCO I 
l T -i.-\j" 1 ~I-

Vee I "" ... I 

5 

V 

ENABLE 

1 2 3 4 5 6 7 S 
Vee 

~ yl"F 
10K -9''"' 150 10nF 

10nF~ 
Cp 

1S0pF 

~-
nF 

22K 

D 9 DISABLED 
" If---=- ~~ Cs 

Vee 
MUTE SWITCH 

AF OUTPUT 

Figure 3. Test Circuit 
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BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

DESCRIPTION APPLICATIONS PIN CONFIGURATIONS 
The MC1496 is a monolithic Double- • Suppressed carrier and amplitude modu-
Balanced Modulator/Demodulator de- lation F, N PACKAGE 
signed for use where the output voltage is a 
product of an input voltage (signal) and a 
switched function (carrier). The MC1596 will 
operate over the full military temperature 
range of --55°C to +125°C. The MC 1496 is 
intended for applications within the range of 
DoC to +70°C. 

FEATURES 
• Excellent carrier suppression 

65dB typ @ O.5MHz 
50dB typ @ 10MHz 

• Adjustable gain and signal handling 
• Balanced Inputs and outputs 
• High common-mode rejection-85dB typ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Applied voltage 
Differential input signal (V S'V 10) 
Differential input signal (V,-V,) 
Input signal IV2-V" V3-V.) 
Bias current 1/5) 
Power disSipation Ipkg. limitation) 

N package 
Operating temperature range 
MC1496 
MC1596 
Storage temperature range 

EQUIVALENT SCHEMATIC 

• Synchronous detection 
• FM detection 
• Phase detection 
• Sampling 
• Single sideband 
• Frequency doubling 

RATING 

30 
±5.0 

15 ± 15 Re) 
5.0 
10 

900 

o to +70 
-55 to +125 
-65 to +150 

CARRIER 1-) 0-'-100-___ +_+_--" 
INPUTI+) 8 

5·96 

SIGNAL(-) 

INPUTI+) 

BIAS 

V- 0 1""4'--__ +.-__ ...... ___ --' 

GAIN 
ADJUST 

Signetics 

UNIT 

V 
V 
V 
V 

mA 

mW 

°C 
°C 
°C 

POSITIVE 
SIGNAL INPUT 

GAIN ADJUST 2 

GAIN ADJUST 3 

SIG~A~GI~TJG~ 4 

BIAS 5 

POSITIVE 
OUTPUT 

10 ~!~:i~~~NPUT 
9 NC 

POSITIVE 
CARRIER INPUT 

TOP VIEW 

ORDER NUMBERS 
MC149SF,N MC'59SF 
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BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

DC ELECTRICAL CHARACTERISTICS v+ = +12Vdc, v- =-B.OVdc, 15 = 1.0mAdc, RL = 3.9kO, Re = 1.0kO, 
T A = 25° C unless otherwise specilied. 

PARAMETER TEST CONDITIONS 
Min 

Single-ended input impedance Signal port, 1 = 5.0MHz 
RiP Parallel input resistance 
CiP Parallel input capacitance 

Single-ended output impedance 1 = 10MHz 
Rop Parallel output resistance 
Cop Parallel output capacitance 

Input bias current 

IbS IbS=~ 
2 

Ibc Ibs=~ 
2 

Input offset current 
I;os lioS = i1 - 14 
lioC lioC = Is-110 

Average temperature coefficient 
Telio 01 input offset current 

Output offset current 
100 16- 1,2 

Teloo Average temperature coefficient 
01 output offset current 
Common-mode quiescent 

Vo Output voltage (Pin 6 or Pin 12) 

Power supply current 
10+ 16+ 1'2 
10- 1'4 
Po DC power dissipation 

TEST CIRCUIT 

OUTPUT 

CARRIER REJECTION AND SUPPRESSION 

10K 10llF Is INPUT 

Ie INPUT 

~~--~~~~~----~------~~----~o 

.01 1·, 
+ sv 

.01 I 1.SK 

Signetics 

MC1596 MC1496 

Typ Max Min Typ Max 
UNIT 

200 200 kO 
2.0 2.0 pF 

40 40 kO 
5.0 5.0 pF 

p.A 

12 25 12 30 

12 25 12 30 p.A 

p.A 
0.7 5.0 0.7 7.0 
0.7 5.0 0.7 7.0 p.A 

2.0 2.0 nAloC 

14 50 15 BO p.A 

90 90 nAlOC 

B.O B.O Vdc 

mAdc 
2.0 3.0 2.0 4.0 
3.0 4.0 3.0 5.0 

33 33 mW 

TEST CIRCUIT 

SIGNAL GAIN AND OUTPUT SWING 

+ 12VOC 

-SVDC 
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LINEAR LSI PRODUCTS 

BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

AC ELECTRICAL CHARACTERISTICS v+ = +12Vdc, v- = -9.0Vdc. 15 = 1.0mAdc, RL = 3.9kn, Re = 1.0kn, 
TA = +25°C unless otherwise specilied. 

PARAMETER TEST CONDITIONS 

VeFT Carrier leedthrough Vc = 60mVrms sinewave and 
ollset adjusted to zero 

Ie = 1.0kHz 
Ie = 10MHz 

Vc = 300mVp-p squarewave: 
Ollset adjusted to zero Ie = 1.0kHz 
Ollset not adjusted Ie = 1.0kHz 

Ves Carrier suppressions Is = 10kHz, 300mVrms sinewave 
Ie = 500kHz, 60mVrms sinewave 
Ie = 10MHz, 60mVrms sinewave 

BW3dB Transadmitlance bandwidth Carrier input port, Ve = 60mVrms 
(Magnitude) (RL = 50!1l sinewave Is = 1.0kHz, 

300mVrms sinewave 
Signal input port, Vs = 300mVrms 

sinewave IVel = 0.5Vdc 

AVs Signal gain Vs = 100mVrms; 1= 1.0kHz 
IVel = 0.5Vdc 

CMV Common-mode input swing Signal port, Is = 1.0kHz 
ACM Common-mode gain Signal port, Is = 1.0kHz 

IVel = 0.5Vdc 

DVOUT Differential output voltage 
swing capability 

TEST CIRCUIT 

CARRIER REJECTION AND SUPPRESSION 

SIGNAL 
INPUT 

+ 12VDC 

RL 

3.9K 

8;>-<>--f-4+vo 

K>---~-vo 

>TY~~ 

CARRIER NULL 
-8VOC 

MC1596 MC1496 

Min Typ Max Min Typ 

40 40 
140 140 

0.04 0.2 0.04 
20 100 20 

50 65 40 65 
50 50 

300 300 

80 80 

2.5 3.5 2.5 3.5 

5.0 5.0 
-85 -85 

B.O 8.0 

UNIT 
Max 

I'Vrms 

0.4 mVrms 
200 

dB 

MHz 

MHz 

VIV 

Vp-p 
dB 

Vp-p 

"For additional information, consult the Applications Section. 

5-98 Signetics 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER 

DESCRIPTION 
The NE5080 is the transmitter chip, of a 
two chip set, designed to be the heart of an 
FSK modem. (The NE5081 is the receiver 
chip.) The chips are compatible with the 
IEEE 802.4 standard for a "Single Channel 
Phase-Continuous-FSK Bus." The specifi
cations shown in this data sheet are those 
guaranteed when the transmitter is tuned 
for the frequencies given in the 802 stan
dard. However, both the NE5080 and the 
NE5081 may be used at other frequencies. 
The ratio of logic high to logic low frequen
cies remains fixed at 1.67 to 1.00atanycenter 
frequency. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL & PARAMETER 

Supply Voltage 
Vec, 
VCC2 

Input Voltage Range (Data, Gate) 
Power Dissipation 
Operating Temperature Range 
Max Junction Temperature 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 

BLOCK DIAGRAM 

DATA ,. 
INPUT 

FEATURES 
• Meets IEEE 802.4 standard 
• Data rates to several Megabaud 
• Half or full duplex operation 
• Jabber function on chip 

APPLICATIONS 
• Local Area Networks 
• Point-to-point communications 
• Factory automation 
• Process control 
• Office automation 

RATING 

+6 

- 0.3 to + Vce 
800 

o to + 70 
+ 150 

- 65 to + 150 
300 

C1 

R1 
2.1K 

UNIT 

V 

V 
mW 
°C 
°C 
°C 
°C 

NE5080 

PIN CONFIGURATION 

N PACKAGES 

JABBER FLAG 2 
REGULATOR 
BYPASS 

JABBER DATA INPUT 
CONTROL 

VCCl 4 GND1 

TRANSMIT 
GATE 

OSC 3 

FSK OUTPUT 6 GND2 

CABLE GND 1 N.C. 

TOP VIEW 

ORDER NUMBER 

NE50BQN 

+5V 

r~:;;:;;--'~~-¥,---c JABBER FLAG 

TRANSMITC~~------~==I-~~~----~~---=~------~~L __ ~::=-__ t----t~----i 
GATE GND, GND, 

Signetics 

TRANSMITTER 
FSK OUTPUT 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER NE5080 

GENERAL DESCRIPTION 
The NE5080 Is designed to transmit high 
frequency asynchronous data on coaxial 
cable, at rates from DC to 2 Megabaud 
(see note 1). The chip accepts serial data 
and transmits it as a periodic signal whose 
frequency depends on whether the data is 
high or low. 

The device is meant to operate at a fre
quency of 6.25M Hz for a logic high and 
3.75MHz for a logic low (see note 2). The 
frequency is set up by external trimming 
components; however, the ratio of the 
high and low frequencies is set internally 
and cannot be altered. 

The FSK output can be turned off by use of 
the transmit gate pin. When turned off, the 
transmitter has a high output impedance and 
the oscillator is disabled. 

The length of time a transmitter can 
transmit can be controlled by the use of 
the Jabber control pin (see description of 
Jabber Control Pin). 

Jabber Control Pin 
During the time the transmitter is transmit
ting, this pin sources a current. This current 
can be used to set the maximum timethatthe 
transmitter can be on. There are three 
options that can be used: 
1. Use the current to charge a capacitor. 

When the voltage across the cap gets to 
approx. 1.4V the transmitter will turn off. A 
logic low applied to pin 3 will reset the 
Jabber function; an open collector output 
should be used for this purpose. A logic 
high applied to the pin will disable the 
transmitter. 

2. Use to externally sense the current and 
have external circuitry to control the 
length of time the transmitter is on. 

5-100 

NE5080 PIN FUNCTION 
PIN FUNCTION 

1 OSC l-one end of an external capacitor used to set the carrier 
frequency 

2 JABBER FLAG-this pin goes to a logic high if the transmitter 
attempts to transmit for a longer time than allowed by the Jabber 
control function 

3 JABBER CONTROL-used to control transmit time. See note on Jabber 
function 

4 Vccl -voltage supply 

5 TRANSMIT GATE-a logic low on this pin will enable the transmitter; 
a logic high will disable it 

6 TRANSMITTER FSK OUTPUT 
7 CABLE GROUND-the shield of the coax cable should be connected 

to this pin and to Pin 11 
8 VCC2-Connect to pin 4 close to device 

9 No Connection 

10 No Connection 

11 GROUND 2-connect to Analog ground close to device 

12 OSC 3-a variable resistor between this point and ground is used to set 
the carrier frequencies. 

13 GROUND 1-connect to Analog ground close to device 

14 DATA INPUT 

15 REGULATOR BYPASS-a bypass capacitor between this pin and VCCl 
is required for the internal voltage regulator function 

16 OSC 2-one end of a capacitor that is between pin 1 and pin 16 and is 
used to set the carrili'r frequency 

3. The pin can be tied to ground and is then 
not active. Transmission is then controlled 
solely by the signal althe transmit gate pin. 

Notes: 
1. The NE5080 is capable of transmitting up 

to 1 Megabaud of differential Manchester 
code at a center frequency of 5MHz. 

Jabber Flag Pin 
This pin will go to a logic high when the 
Jabber Control pin is used to shut off the 
transmitter. It will latch and can be reset 
by applying a logic low to the Jabber 
Control pin. 

Signetics 

2. Although the chip is designed to meet the 
requirements of IEEE standard 802.4 
(Token-Passing Single Channel Phase
Continuous-FSK Bus). it can be used at 
other frequencies. See "Determining 
Component Values." 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER NE5080 

ELECTRICAL CHARACTERISTICS VCCf 2 = 4.75-5.25V TA = O'C to +70'C 

PARAMETER SYMBOL TEST CONDITIONS 
Min. 

NE5OBO 
Typ. Max. UNIT 

Output Frequency (Logic High) Ff Data Input "'2.0V (See Note 1) 6.17 6.25 6.33 MHz 

Output Frequency (Logic Low) Fa Data Input :SO.BV (See Note 1) 3.67 3.75 3.83 MHz 

Data Input .,,2.0V or ",0.8V 
Output Amplitude Va Output Load = 37.5fl 0.5 1.0 YAMS 

Output Impedance (gated off) ROff Transmit gate", 2.0V 100 Kfl 

Output Impedance (gated on) Ron Transmit gate ",O.BV 37.5 fl 

Output Capacitance Co Transmit gate .,,2.0V or ",O.BV 10 pF 

Transmit gate "'2.0V 
Feed through VF 2.0MHz sq. wave (TTL Levels) Input 1 mVAMS 

Transmit gate ",O.BV 
Jabber Current IJ Input .,,2.0Vor ",O.BV 1.25 p.A 

Supply Current Icc Vcc, connected to VCC2 75 100 mA 

LOGIC LEVELS 

Data Input 
Logic High V,H Input high voltage 2.0 Volts 
Logic Low V,L Input low voltage O.B Volts 

Input Current I'H Vln = 2.4V 40 p.A 
Input Current I'L Vin=0.4V -1.6 mA 

Transmit Gate 5 
Logic High V,H Input high voltage 2.0 Volts 
Logic Low V,L Input low voltage O.B Volts 

Input Current I'H VG = 2.4V 40 p.A 
Input Current I'L VG=0.4V - 1.6 mA 

Jabber Flag 
Logic High VOH 10H = -400p.A 2.4 Volts 
Logic Low VOL 10L= 4.0mA 0.4 Volts 

Jabber Control 
Logic High V,H Input high voltage 2.0 Volts 
Logic Low V,L Input low voltage O.B Volts 

NOTE 

(f) Tuned per instructions in Applications section. 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PARAMETER TO FROM TEST CONDITIONS 
NE5OBO 

UNIT 
Min. Typ. Max. 

Set Up Time - Ts Data In Gate On Figure 1 2 0.1 p.S 

Output Freq. Data 
Delay Time - T A Change Transition Figure 2 150 nS 

Output 
Delay Time - T B Disabled Gate Off Figure 3 0.4 2 p.S 

Output Jabber 
Delay Time - T c Disabled Control Figure 4 100 nS 

Jabber Jabber 
Delay Time - T D Flag Control Figure 5 100 nS 

Jabber Control Reset 
Pulse Width (Logic Low) 100 nS 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER 

TIMING DIAGRAMS 

TRANSMITTER 
GATE 

, I 
~Ts_ VALID DATA 

DATA INPUT ------.. ' ---Ln .... __ _ 
Figure 1. Sel-up Time, Ts 

DATA INPUT 

OUTPUT 

Figure 2. Delay Time, TA 

TRANSMITTER ---I' 
GATE ~ TB ~I 

--_....... I 

I 
OUTPUT 'V\.N---

Figure 3. Delay Time, T B 
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NE5080 

JABBER CONTROL =-jTcl-

-----II 
I 

OUTPUT f\/\f'J-
I 

Figure 4. Delay Time, Tc 

JABBER CONTROL 

JABBER FLAG 

I 
I 

~TDF 
I 
I 

Figure 5. Delay Time, T D 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER 

DESCRIPTION 
The NE5081 is the receiver chip of a two 
chip set designed to operate as an FSK 
modem (the N E5080 is the transmitter 
chip). The chips are compatible with the 
IEEE 802.4 standard for a "Single Channel 
Phase-Continuous-FSK Bus." The specifi· 
cations given in this data sheet are those 
guaranteed when the receiver is tuned to 
the frequencies in the 802 standard. 
However, the receiver will work at other 
frequencies. 

FEATURES 
• Meets IEEE 802.4 standard 
• Data rates to several Megabaud 
• Half or full duplex operation 
• Low bit rate error (10-12 typical) 

APPLICATIONS 
• Local Area Networks 
• Point-to-point communications 
• Factory automation 
• Process control 
• Office automation 

ABSOLUTE MAXIMUM RATINGS TA=25°C 

SYMBOL & PARAMETER RATING UNIT 

Supply Voltage 
VCC1 
VCC2 

+6 Volts 

Input Voltage Range -0.3 to +Vcc Volts 
Output (Data, L.evel Detect) 

Max Sink Current 20 mA 
Power Dissipation 800 mW 
Operating Temperature Range o to + 70 °C 
Storage Temperature Range -65 to + 150 °C 
Lead Temperature (soldering, 10 sec) 300 °C 
Max Differential Voltage between 100 mV 

Analog and Digital Grounds 

BLOCK DIAGRAM 

+5V 

R4 

F 
13 

NE5081 

PIN CONFIGURATION 

VCC2 9 

INPUT 
LEVEL 
FLAG 

N PACKAGES 

N.C. 

FSK INPUT 

INPUT BYPASS 

ANALOG GND 
INPUT 
DETECTION TIMING 
INPUT 
DETECTION TIMING 
INPUT 
LEVEL DETECTION 
INPUT LEVEL 
DETECT 
DIGITAL GND 

DATA OUTPUT 

TOP VIEW 

ORDER NUMBER 
NE5081N 

L1 C7 

Note: Either 
L1 or C7 is 
variable. 

r---,. .... l.!.:--o OUTPUT DATA 
INPUT 

L--------~~::::~Jr~~--oLEVELFLAG 
DIGITALGND 

12 
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LINEAR LSI PRODUCTS 

HIGH SPEED F5K MODEM RECEIVER NE5081 

GENERAL DESCRIPTION 
The NE5081 will accept an FSK encoded 
signal and provide the demodulated digital 
data at the output. It is optimized to work at 
frequencies specified In IEEE 802.4 
(Token-Passing Single Channel Phase
Continuous FSK Bus) i.e., 3.75MHz and 
6.25MHz. However, it will work at other 
frequencies (see note 1). 

Its normal acceptable input signal level range 
is from 16mV RMS to IV RMS. (This can be 
adjusted, see note 2 below.) 

The receiver will yield an undetected "'Bit 
Error Rate"' of 10-9 or lower when receiving 
signals with a 20dB signal-to-noise ratio. It 
has a maximum output Jitter of ±40nSec 
(see definition of "'Jitter"' note 3). 

Notes: 
1. The receiver can be tuned to accept diffe

rent frequencies by adjustment of the lC 
circuit shown in Fig. 7. However, the ex
ternal components have been optimized 
for 3.75MHz and 6.25MHz. See "'Deter
mining Component Values" for use at' 
other frequencies. 

2. Input level Detect 
This is a method of turning off the output 
of the receiver when the input signal falls 
below an acceptable level. This level is 
adjustable within the range given in the 
electrical specification section. The pur
pose of this function is to minimize the 
effect of noise on receiver performance 
and to indicate when there is an accepta
ble signal present at the input. All specifi
cations given in this data sheet are with 
the input level detection set at 16mV RMS. 

3. Jitter Definition 
This is a measure of the ability of the 
receiver to accurately reproduce the 
timing of its FSK coded digital input. The 
spec indicates the error band in the timing 
of a logic level change. 

5-104 

NES081 PIN FUNCTION 
PIN FUNCTION 

1 Vcc,-should be connected to the 5 volt supply and pin 9 
2 CT -one end of an external capacitor that is used to tune the receiver 

3 IT -one end of an Inductor that is used to tune the receiver 

4 MT -the junction of the capacitor and Inductor used for tuning the 
receiver 

5 

~} 6 Fl Pins 5, 6, 7, 8 are used for a low pass filter to remove carrier 
7 F3 harmonics from the data output 

8 F4 

9 VCC2-connect to Pin 1 (see Pin 1 function) close to the device 
10 INPUT lEVEL FLAG-this pin is used to indicate when there is a signal 

at the input that is greater than the level set by the input level 
detection circuitry. A logic high indicates an input greater than the 
set level 

11 DATA OUTPUT -supplies T2 l level data that corresponds to 
the FSK input received 

12 DIGITAL GROUND-should be connected to digital ground 

13 and INPUT LEVEL DETECT-These pins are used to set the level of input signal 
14 that the device will accept as valid 

15 INPUT DETECTION TIMING-an external capacitor between this pin and 
ground is used to determine the time from carrier turn-off to output 
disable 

16 INPUT DETECTION TIMING-same as pin 15, except that a resistor goes 
between this pin and ground. The values of the C and R depend on 
the carrier frequency. The values given in this data sheet are for a 
5MHz carrier center frequency 

17 ANALOG GROUND-connect to analog ground close to the device 

18 INPUT BYPASS-A capacitor between this pin and ground is used to bypass 
the input bias circuitry 

19 INPUT-the FSK signal from the cable goes to this pin 

20 NO CONNECTION 

Signetics 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER 

ELECTRICAL CHARACTERISTICS VCC',2 = 4,75-5.25V. External LC circuit tuned to 5MHz, Input level detect 
set at 16mV Rms, TA = O°C to + 70°C, 

PARAMETER SYMBOL TEST CONDITIONS 
NE5081 

Min. Typ. Max, 

Logic Low Frequency Fa External LC tuned to 5MHz 3.67 3,75 3,83 

Logic High Frequency F, External LC tuned to 5MHz 6,17 6,25 6,33 

Minimum input level that is detected as 
Minimum Input Detect Level INoL carrier, See Note 2 in General Description 5 50 

LOGIC LEVELS: 
Data Output VOL IOL = 4,OmA VIN > 16mV RMS Freq = Fa 0,4 
Data Output VOH IOH = - 400~A VIN> 16mV RMS Freq = F, 2.4 
Data Output VOH 10H = - 400~A VIN <5mV RMS Freq = Fa 2.4 

Input Detect Flag VOL 10L = 4,OrnA VIN = OV RMS 0.4 
VOH 10H= -400~A VIN >16mV 2,4 

V cc = 5.25V (V cc, connected to V CC2) 
Supply Current Icc VIN = 1,OV RMS Freq = F, or Fa 50 

Input Signal> 16mV RMS, 
10-'2 10- 9 Bit Error Rate B,E,R maximum in·band noise= 1,6mV RMS 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PARAMETER TO FROM TEST CONDITIONS 
NE5081 

Min, Typ. Max. 

Input Level 
Delay Time T8 Detect Flag Input On Figure 1 0,05 1 

Input Level 
Delay Time Tc Detect Flag Input Off Figure 1 ,5 1.5 2,5 

Output 
Delay Time To Enabled Input On Figure 2 2 

Output 
Delay Time TE Disabled Input Off Figure 2 ,5 1,5 2.5 

Carrier Valid Data 
Required Delay Turn Off End 2 

Signetics 

NE5081 

UNIT 

MHz 

MHz 

rnV RMS 

Volts 
Volts 
Volts 

Volts 
Volts 

mA 

5 

UNIT 

I'S 

~S 

I'S 

I'S 

I'S 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER NE5081 

TIMING DIAGRAMS 

Fe, F1 16mV RMS 

INPUT ----tllllllllllllllllllllllllll----
II [I 

TB~~""'- Tc~~ 

INPUT LEVEL I I 
DETECT OUTPUT __ ---' .... __ _ 

Figure 1. Delay Time, T s, T C 

Fa. F1 16mV RMS 

INPUT ---111111111111111111111111111---
I I I I 

TD~ ~ TE~ r--L VALID DATA4i----
DATA OUTPUT 

Figure 2. Delay Time, T D, T E 
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LINEAR LSI PRODUCTS 

RIC RECEIVER; RIC TRANSMITTER SAF1032P/39P 

The SAF 1032P (receiver/decoder) and the SAF 1039P (transmitter) form the basic parts of a sophis
ticated remote control system (pcm: pulse code modulation) for infrared operation. The ICs can be 
used, for example, in TV, audio, industrial equipment, etc. 
Features: 

SAF1032P receiver/decoder: 
• 16 programme selection codes 
• automatic preset to stand-by at power 'ON', including automatic analogue base settings to 50% and 

automatic preset of programme selection '1' code 
• 3 analogue function controls, each with 63 steps 
• single supply voltage 
• protection against corrupt codes. 

SAF1039P transmitter: 
• 32 different control commands 
• static keyboard matrix 
• current drains from battery only during key closure time 
• two transmission modes selectable. 

The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 
Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 

SELC illsCI DATA TRSL TRill1 
SELD I I H¢LD TRY3 TRill 2 I 

SAF1032P SAF1039P 

2 4 6 2 4 6 

L31ZlT I L1illT I BINC I BINA TRXO I TRX2 I TROT I TRills 
L21ZlT BIND BINB TRX1 TRX3 TINH 

7Z74348 7Z74349.1 

Fig. 1 Pin designations. 

PACKAGE OUTLINES 

SAF 1032P: 18-lead 01 L; plastic (SOT-1 02A). 
SAF1039P: 16-lead OIL; plastic (SOT-38Z). 
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LINEAR LSI PRODUcrS 

RIC RECEIVER; RIC TRANSMITTER SAF1032P/39P 

PINNING 

To facilitate easy function recognition, each integrated circuitpin has been allocated a code as shown 
below. 

SAF1032P 

1 L3(/)T linear output 10 H(/)LD control input 
2 L2(/)T linear output 11 DATA data input 
3 L1(/)T linear output 12 MAIN reset input 
4 BIND binary 8 output 13 (/)SCI clock input 
5 BINC binary 4 output 14 SELD binary 8 output 
6 BINB binary 2 output 15 SELC binary 4 output 
7 BINA binary 1 output 16 SELB binary 2 output 
8 TV(/)T on/off input/output 17 SELA binary 1 output 
9 VSS 18 VDD 

SAF1039P 

1 TRXO keyboard input 9 TR(/)1 oscillator control input 
2 TRX1 keyboard input 10 TR(/)2 oscillator control input 
3 TRX2 keyboard input 11 niSL keyboard select line 
4 TRX3 keyboard input 12 TRY3 keyboard input 
5 TROT data output 13 TRY2 keyboard input 
6 TINH inhibit output/mode select input 14 TRY1 keyboard input 
7 TR(/)S oscillator output 15 TRYO keyboard input 
8 VSS 16 VDD 
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LINEAR LSI PRODUcrS 

RIC RECEIVER; RIC TRANSMITTER SAF1032P/39P 

BASIC OPERATING PRINCIPLES 

The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit·locations BO to B4 represent the generated key·command code. To cope with I R 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 

Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with" code defined by 
the stored data bits, and an internal operation can abo take place. See operating code table. 

The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 
can be obtained by using simple integrated networks. For local control a second transmitter chip 
(SAF 1 039P) is used (see Fig. 7). 

DATA 
MODE1 

DATA 
MODE2 

~--~~------~~----~------~~~~------~~~~~------------~ 

,rkey down 

TINH 

�-.. --.,.----- start code -----------..,~ ..... I-------- data bits --------I.~I 

1 ... _------------------ one data word _____________ -.j 

32xTo =32x 27 msl21 
f t 

(1) TO = 1 clock period = 128 oscillator periods. (2) ft in kHz. 

Fig.2 Pattern for data to be transmitted. 

TIMING CONSIDERATIONS 

The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, but correlation between them must exist. Calculation of these timing 
requirements shows the following. 

7Z74351.2 

With a tolerance of ±10% on the oscillator frequency (ft ) of the transmitter, the receiver oscillator 
frequency (fr = 3 x ftl must be kept constant with a tolerance of ±20%. 
On the other hand, the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary ±25% in duration. 
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LINEAR LSI PRODUcrS 

RIC RECEIVER; RIC TRANSMITTER SAF1032P/39P 

GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 

SAF1039P 
1 TRXO TRDT S 

2 TRX1 
ENCODING -=> 

OUTPUT 

3 TRX2 GATING 

TINH 6 4 TRX3 

f 1S TRYO INPUT 
CONTROL 

{ 14 TRY1 

13 TRY2 

12 TRY3 ~ 
SCALER 

OSCILLATOR 27 

11 TRSL 

& '" (f) 
IS> IS> 

Voo 
0:: 0:: 0:: Vss l- I-- I--

116 9 10 7 18 7Z743S0.1 

Fig.3 Block diagram of SAF1039P transmitter. 

Any keyboard activity on the inputs TRXO to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TRDT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 

This means that for each key·bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 

The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x TO ms, where TO = 271ft . 

Operation mode 

2 

DATA 

unmodulated: LOCAL operation 

modulated: REMOTE control 

FUNCTION OF TINH 

output, external pull-up resistor to VDD 

input, connected to VSS 
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GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 

7 6 5 4 17 16 15 14 

< III U 0 « III u 0 z z z Z ..J ..J ..J ..J 

iii iii iii iii l1J l1J l1J l1J 
(/) (/) (/) (/) 

10 H!IlLD I BINARY OUTPUT J t BINARY SELECT J LINEAR 1 
DIGITAL TO 

l FLAGS (BIN F) FLAGS (SELF) REGISTER I"'+-
ANALOGUE L1!1lT 3 

CONVERSION 
(LlN1) 

(D/A) 

LINEAR 2 DIGITAL TO 

IT REGISTER t-+- ANALOGUE L2!1lT 2 

CONVERSION 
(LlN2) 

(D/A) 

LINEAR 3 
DIGITAL TO 

I I I I 
ANALOGUE L30T 1 BUFFER ANALOGUE REGISTER I-+-REGISTER DECODER CONVERSION 

(BFR) (ANDEC) (LlN3) (D/A) 

i, f ill 

~ { 

I 
DATA SHIFT 

COMPARATOR I COMPARATOR 

I 
MAIN MAIN 12 

REGISTER COUNTER FLAG 
(SRDT) (K!IlM) (C0MP) (MAINF) 

+ t 
I '0 / '1' DETECTOR 

BIT COUNTER I 
TV ON/OFF TV0T 8 

I (BITC) 
FLAG 

(TV!IlNF) 

j J 1 
11 DATA I START CODE I I TIMER COUNTER I PRESET 

OSCI 

I 
DETECTION TIl FLAG 13 

(CST0) (CTIM) (PREST) 

Voo 
SAF1032P 

Vss 

118 19 7Z74352 

Fig.4 Block diagram of SAF 1 032P receiver/decoder. 

The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 
diagram above. 

Part I 

This part decodes the applied DATA information into logic '1' and '0'. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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Part II 

This part stores the programme selection code in the output group (BINFl and memorizes it for 
condition H0LD = LOW. 

It puts the functional code to output group (SE LFl during data accept time, and decodes the internally 
used analogue commands (ANDECl. 

Part III 

This part controls the analogue function registers (each 6-bits long). and connects the contents of the 
three registers to the analogue outputs by means of D/A conversion. During sound mute, output L 10T 
wi II be forced to HI G H level. 

Part IV 

This part keeps track for correct power 'ON' operation, and puts chip in 'stand-by' condition at supply 
voltage interruptions. 

The logic design is dynamic and synchronous with the clock frequency (0SCll, while the required 
control timing signals are derived from the bit counter (BITCl. 

Operation 

Serial information applied to the DATA input wi II be translated into logic '" and '0' by means of a 
time ratio detector. 

After recognizing the start code (CST0l of the data word, the data bits will be loaded into the data 
shift register (SRDTl. At the first trailing edge of the following data word a comparison (K0Ml takes 
place between the contents of SRDT and the buffer register (BFRl. If SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (C0MPl. 

As shown in the operating code table on the next page, the 4-bit wide binary output buffer (BIN Fl will be 
loaded for BFRO= '0', while for BFRO = '1' the binary output buffer (SELFl, also 4-bit wide will be 
activated during the data accept time. 

At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits longl are controlled over 63 steps, with minimum and maximum 
detection, while the 0/ A conversion results in a pulsed output signal with a conversion period of 
384 clock periods (see Fig. 5l. 

First power 'ON' will always put the chip in the 'stand-by' position. This results in an internal 
clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base valuel. The programme selection '1' code will also be prepared and all the outputs will be non
active (see operating output code tablel. 

From 'stand-by' the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OF F output (TV0Tl to zero for at least 
2 clock periods of the oscillator frequency. 

For POWER ON RESET a negative-going pulse should be applied to input MAIN, when VDD is 
stabilized; pulse width LOW ~ 100 MS. 

....11--6 clock periods 

ANALOGUE n n n n n n n n J1J1JlJl 
OUTPUT .J U U U U U U U L __ 

(SQ%contents) I.. 384 clock periods .. I 
7Z76078 

Fig.5 Analogue output pulses. 
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OPERATING CODE TABLE 

key-matrix buffer BINF SELF 
position BFR (BIN.) (SEL.) function 

TRX. TRY. TRSL 0 1 2 3 4 A B C D A B C D 

0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 
0 1 0 0 0 0 1 0 1 0 0 0 1 1 1 1 
0 2 0 0 0 1 0 0 0 1 0 0 1 1 1 1 
0 3 0 0 0 0 0 0 1 1 0 0 1 1 1 1 programme 
1 0 0 0 1 1 1 0 0 0 1 0 1 1 1 1 select + ON 
1 1 0 0 1 0 1 0 1 0 1 0 1 1 1 1 
1 2 0 0 1 1 0 0 0 1 1 0 1 1 1 1 
1 3 0 0 1 0 0 0 1 1 1 0 1 1 1 1 

2 0 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
2 1 0 0 0 0 1 1 1 0 0 1 1 1 1 1 
2 2 0 0 0 1 0 1 0 1 0 1 1 1 1 1 
2 3 0 0 0 0 0 1 1 1 0 1 1 1 1 1 programme 
3 0 0 0 1 1 1 1 0 0 1 1 1 1 1 1 select + ON 
3 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 5 
3 2 0 0 1 1 0 1 0 1 1 1 1 1 1 1 
3 3 0 0 1 0 0 1 1 1 1 1 1 1 1 1 

0 0 1 1 0 1 1 0 X X X X 0 1 1 1 analogue base 
0 1 1 1 0 0 1 0 X X X X 0 0 1 1 reg. (LlN3) + 1 
0 2 1 1 0 1 0 0 X X X X 0 1 0 1 reg. (LlN2) + 1 
0 3 1 1 0 0 0 0 X X X X 0 0 0 1 reg. (LI N 1) + 1 
1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 OFF 
1 1 1 1 1 0 1 0 X X X X 1 0 1 1 reg. (LlN3) - 1 

1 2 1 1 1 1 0 0 X X X X 1 1 0 1 reg. (LlN2) - 1 
1 3 1 1 1 0 0 0 X X X X 1 0 0 1 reg. (LI N 1) - 1 

2 0 1 1 0 1 1 1 X X X X 0 1 1 0 mute (set/reset) 
2 1 1 1 0 0 1 1 X X X X 0 0 1 0 
2 2 1 1 0 1 0 1 X X X X 0 1 0 0 
2 3 1 1 0 0 0 1 X X X X 0 0 0 0 
3 0 1 1 1 1 1 1 X X X X 1 1 1 0 spare functions 
3 1 1 1 1 0 1 1 X X X X 1 0 1 0 
3 2 1 1 1 1 0 1 X X X X 1 1 0 0 
3 3 1 1 1 0 0 1 X X X X 1 0 0 0 

Note 

Reset mute also on programme select codes, (LI N 1) ± 1, and analogue base. 

Signetics 5-113 



LINEAR LSI PRODUCTS 

RIC RECEIVER; RIC TRANSMITTER SAF1032P/39P 

OPERATING OUTPUT CODE 

(BIN.) (SEL.) (UZlT) 

A B C D A B C D 1 2 3 TV0T 

'stand-by' 0 F F 
0 0 0 0 0 0 0 0 1 0 0 1 

via remote 

ON - 'not hold' condition 
1 1 1 1 1 1 1 1 X X X 0 

non-operati ng 

ON - 'hold' condition 
X X X X 1 1 1 1 X X X 0 

non-operating 

RATINGS 

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

Supply voltage VDD-VSS -0.5 to 11 V 

Input voltage 

Current into any terminal 

Power dissipation (per output) 

Power dissipation (per package) 

Operating ambient temperature 

Storage temperature 
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VI 

±II 

Po 

Ptot 

Tamb 
Tstg 

max. 11 V 

max. 

max. 

max. 

10 mA 

50 mW 

200 mW 

-40 to +85 °C 

-65 to +150 °C 
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CHARACTERISTICS 

T amb = 0 to +85 °C (unless otherwise specified) 

SAF1039P only 

symbol min. typo max. VDD Tamb 
V °C 

Recommended supply voltage VDD 7 - 10 V 

Supply current 

quiescent IDD 
- - 10 J1A 10 25 
- 1 50 J1A 7 65 

operating; TR(lJ1 at VSS; 
outputs unloaded; 
one keyboard switch 

- - 1.7 mA 10 all 
closed IDD - 0.8 - mA 10 25 

Inputs (note 1) 
TR(lJ2; TINH (note 2) 

input voltage HI G H VIH 0.8VDD - VDD V 7 to 10 all 
input voltage LOW VIL 0 - 0.2VDD V 7 to 10 all 5 
input current II - 10-5 1 J1A 10 25 

Outputs 
TRDT; TR(lJS; TR(lJ1 

output current HIGH 
at VOH = VDD -0.5 V -IOH 0.4 - - mA 7 all 

output current LOW 
atVOL=Oo4V IOL 004 - - mA 7 all 

TRDT output leakage 
current when disabled 
Vo = VSS to VDD IOL - - 1 /.lA 10 25 

TINH 
output current LOW 

IOL 0.4 - - mA 7 all 
VOL = 0.4 V 

I Oscillator 

I 
maximum oscillator 
frequency fosc 120 - - kHz 

frequency variation with 
supply voltage, temperature 
and spread of IC properties 
at fnom = 36 kHz (note 3) ~f - - 0.15fnom 7 to 10 all 

oscillator current drain 
at fnom = 36 kHz losc - 1.3 2.5 mA 10 25 

Notes follow characteristics_ 
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CHARACTERISTICS 

Tamb = 0 to +85 °C (unless otherwise specified) 

SAF1032P only 

symbol min. typo max. VDD Tamb 
V °C 

Recommended supply voltage VDD 8 - 10 V 

Supply current 

quiescent IDD 
- - 50 J.lA 10 25 
- 1 300 J.lA 10 85 

operating; 10 = 0; at 
IDD - - 1 rnA 10 all 

QlSCI frequency of 100 kHz 

Inputs 
DATA; QlSCI; HQlLD; 
TVQlT (see note 4) i 

input voltage HIGH VIH 0.7VDD - VDD V 8 to 10 all 
input voltage LOW VIL 0 - 0.2VDD V 8 to 10 all 

MAIN; tripping levels 
input voltage increasing Vti OAVDD - 0.9VDD V 5 to 10 all 
input voltage decreasing Vtd O.1VDD - 0.6VDD V 5 to 10 all 

input current; all inputs 
II - 10'5 1 J.lA 10 25 

except TVQlT 

input signal rise and fall 
times (10% and 90% VDD) trl tf - - 5 J.lS 8 to 10 all 
all inputs except MAl N 

Outputs 
programme selection: 

BINA/B/C/D 
auxiliary: 

SELA/B/C/D 
analogue: 

L3QlT; L2QlT; L 1 QlT 
TVQlT (note 4) 

all open drain n·channel 
output current LOW 

at VOL = 0.4 V 10L 1.6 - - rnA 8 all 

output leakage current 
at Vo = VSS to VDD 10L - - 10 J.lA 10 all 

For note 4 see next page. 
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Notes to characteristics 

1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 

If one key is depressed, the circuit generates the corresponding code. The number of keys 
depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (VOO) and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 

If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys> 1 
depressed at the same time with VOO = 7 V. At a leakage due to a 1 Mn resistor connected to each 
keyboard input and returned to either VOO or VSS, the circuit recognizes at least 2 keys depressed 
at a time with VOO = 7 V. 

The highest permissible values of the contact series resistance of the keyboard switches is 500 n. 

2. Inhibit output transistor disabled. 

3. Llf is the width of the distribution curve at 2 a points (a = standard deviation). 

4. Terminal TV(7)T is input for manual 'ON'. When applying a LOW level TV(7)T becomes an output 
carrying a LOW level. 5 
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APPLICATION INFORMATION 

+ + 
9V 

~ 

I 

SAF1039P 

R2 100 K 

7Z74353.2 

SAF1032P/39P 

C1 
150pF 
(2%) 

s: saturation 
B: brightness 
V:volume 

Fig.6 Interconnection diagram of transmitter circuit SAF 1 039P in a remote 
control system, for a television receiver with 12 programmes. 
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5·120 

VDO +12V 

volume 
(pin 5; TBA750) 

Voo +12V 

brightness 
2 -+--+--llJv\'O....--<..--IV'.rv~~>---"".Ar-+ (pin 11; T DA 2560 I 

Voo +12V 

10K 180 K 

10 K 100K 1K saturation 
(pin 16; TDA25601 

33K 
~""".,,,-.. to pin 9 of TDA2581 

39 K .....--_-.. to pin 4 of TDA2581 

r100nF 

7Z743S4.1 

Fig. 8 Additional circuits from outputs L 1 CZlT (1), L2CZlT (2), L3CZlT (3) and 
TVCZlT (4) of the SAF1032P in circuit of Fig. 7. 
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The TDA3047 is for infrared reception with low power consumption. 

Features 

• H.F. amplifier with a control range of 66 dB 
• Synchronous demodulator and reference amplifier 
• A.G.C. detector 
• Pulse shaper 

T DA3 047 

• Q·factor killing of the input selectivity, which is controlled by the a.g.c. circuit 
• I nput voltage limiter 

QUICK REFERENCE DATA 

Supply voltage (pin S) 

Supply current (pin S) 

Input signal (peak-to-peak value) 
(100% AM; f = 36 kHz) 

Output signal (peak-to-peak value) 

4 13 5 6 

.----

-

2 
f-+- f.-~I-- CONTROLLED 

~ -- H.F. AMPLIFIER +--

I 

J 2 -+- Q- FACTOR 

~ :-+- KILLER 

.2. INPUT 
t--

LIMITER 

17 110 

I I 
REFERENCE 

AMPLIFIER 

t t 
SYNCHRONOUS 

DEMODULATOR 

A.G.C. 

DETECTOR 

12 

............... 

-

VP=VS-16 

Ip = IS 

V2-15(p-p) 

V9-16(p-p) 

PULSE 
f-+-

SHAPER 

11 

Fig. 1 Block diagram of TDA3047. 

PACKAGE OUTLINE 

16-lead DIL;plastic (SOT-3S). 
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5 V 

2.1 mA 

0.02 to 200 mV 
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+ 
98 
-I-

OUTPUT ~ --BUFFER 

TDA3047 

-fl 
.l.!6 7287197.1 A 
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FUNCTIONAL DESCRIPTION 

General 

TDA3047 

The circuit operates from a 5 V supply and has a current consumption of 2 mAo The output is a current 
source which can drive or suppress a current of> 75 p.A with a voltage swing of 4.5 V. The a-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of > 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 

Controlled h.f. amplifier 

The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 

Reference amplifier 

The reference amplifier amplifies and limits the input signal. The voltage gain is approximately a dB. The 
output signal of this amplifier is applied to the synchronous demodulator. 

Synchronous demodulator 

In the synchronous demodulator the input signal and reference signal are multiplied. The demodulator 
output current is 25 p.A peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 

A.G.C. detector 

The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amplified and applied to the first and second stages 
of the amplifier and to the a-factor killer circuit. 

Pulse-shaper 

The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 

Output buffer 

The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 is active high. 

Q·factor killer 

Figure 3 shows the a-factor killer in the narrow-band application. In this application it is necessary to 
decrease the a-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the a-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 
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Input limiter 

I n the narrow-band application high voltage peaks can occur on the input of the selectivity circuit_ The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at 11 = 3 mAo 

RATINGS 

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

Supply voltage (pin S) Vp = VS-16 

Output current pulse shaper (pin 11) 111 

Voltages between pins* 
pins 2 and 15 
pins 4 and 13 
pins 5 and 6 
pins 7 and 10 
pins 9 and 11 

Storage temperature range 

Operating ambient temperature range 

* All pins except pin 11 are short-circuit protected. 

Signetics 

V2-15 
V4-13 
V5-6 
V7-10 
V9-11 

max. 13.2 V 

max. 10 mA 

max_ 4.5 V 
max. 4.5 V 
max. 4.5 V 
max. 4.5 V 
max. 4.5 V 

-65 to + 150 0C 

-25 to + 125 0C 
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CHARACTERISTICS 

Vp = V8-16 = 5 V;Tamb = 25 °C;measured in Fig. 4; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin 8) 

Supply voltage VP=V8-16 4.65 5.0 5.35 V 

Supply current Ip = 18 1.2 2.1 3.0 mA 

Controlled h.f. amplifier (pins 2 and 15) 

Minimum input signal (peak-to-peak value) 
, at f = 36 kHz (note 1) V2-15(p-p) - 15 25 IJ-V 

at f = 36 kHz (note 2) V2-15(p-p) - - 5 IJ-V 

A.G.C. control range (without Q-killing) 60 66 - dB 

I nput signal for correct operation 
(peak-to-peak value; note 3) V2-15(p-p) 0.02 - 200 mV 

Q-killing inactive (13 = 114 < 0.5IJ-A ) 
(peak-to-peak value) V2-15(p-p) - - 140 IJ-V 

Q-killing active (114 = 13 = max.) 
(peak-to-peak value) V2-15(p-p) 28 - - mV 

Q-killing range see Fig. 2 

Inputs 

Input voltage (pin 2) V2-16 2.25 2.45 2.65 V 

Input voltage (pin 15) V15-16 2.25 2.45 2.65 V 

Input resistance (pin 2) R2-15 10 15 20 kn 

Input capacitance (pin 2) C2-15 - 3 - pF 

Input limiting (pin 1) 
at 11 = 3 mA Vl-16 - 0.8 O.g V 

Outputs 

Output voltage high (pin g) 
at -Ig = 75IJ-A -V9-8 - 0.1 0.5 V 

Output voltage low (pin g) 
at Ig = 75IJ-A V9-16 - 0.1 0.5 V 

Output current; output voltage high 
at V9-16 = 4.5 V -Ig 75 120 - IJ-A 
at V9-16 = 3.0 V -19 75 130 - IJ-A 
at V9-16 = 1.0 V -19 75 140 - p.A 

Output current; output voltage low 
at V9-16 = 0.5 V 19 75 120 - IJ-A 

Output resistance between pins 7 and 10 R7-10 3.1 4.7 6.2 kn 

Notes 

1. Voltage pin 9 is high; -19 = 751J-A. 
2. Voltage pin 9 remains low. 
3. Undistorted output pulse with 100% AM input. 
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parameter 

Pulse shaper (pin 11) 

Trigger level in positive direction 
(voltage pin 9 changes from high to low) 

Trigger level in negative direction 
(voltage pin 9 changes from low to high) 

Hysteresis of trigger levels 

A.G.C. detector (pin 12) 

A.G.C. capacitor charge current 

A.G.C. capacitor discharge current 

Q-factor killer (pins 3 and 14) 

Output current (pin 3) 
at V12-16 = 2 V 

Output current (pin 14) 
at V12-16 = 2 V 

8 

13; 14 
(IlA) 

6 

4 

2 

o 
0.01 0.1 -

V 
V 

symbol 

V11·16 

Vll-16 

AVll-16 

-112 

112 

-13 

-114 

./ 
V 

V 

II 

1/ 

min. typo max. unit 

3.75 3.9 4.05 V 

3.4 3.55 3.7 V 

0.25 0.35 0.45 V 

3.3 4.7 6.1 p.A 

67 100 133 p.A 

2.5 7.5 15 p.A 

2.5 7.5 15 p.A 

7Z67246 

I-

10 V2- 15 (mV) 100 

Fig.2 Typical O-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V2-15); 13, 14 is measured to ground, V2-15(p-p) is a symmetrical square wave. Measured in Fig. 4; 
Vp = 5 V. 
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(1) N1 = 3.21 
N2 = 1 
Q = 16 

47 
nF 

16 15 

(2) Q =6 

TDA3047 

22 
VS·5V 

+ 
100 MFJ 

10nF 

a v+ 
fo • 36 kHz 

TDA3047 2,72 
mH 

6,a nF 

121 

~2nF ~7nF 

'----7Z-S-7-24-9-. 1-A- ~~\aput 

Fig. 3 Narrow-band receiver using TDA3047. 

22r1 
r-----------------------------------------~~----~----~AA----__oVS=5V 

12 K 

5-126 

16 15 

V2 - 15 = JUL (symmetrical square-wave) 

+ 
100MF I 

~2nF ,J6,anF 

Fig.4 Wide-band receiver with TDA3047. 

a v+ 

2,2 
nF 

'--------------+ ~~~aput 

7ZS7250A 

For better sensitivity both 12 kn resistors may have a higher value. 
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The TDA3048 is for infrared reception with low power consumption. 

Features 

• H.F. amplifier with a control range of 66 dB 
• Synchronous demodulator and reference amplifier 
• A.G.C. detector 
• Pulse shaper 
• Q-factor killing of the input selectivity, which is controlled by the a_g.c. circuit 
• Input voltage limiter 

QUICK REFERENCE DATA 

Supply voltage (pin 8) 

Supply current (pin 8) 

Input signal (peak-to-peak value) 
(100% AM; f = 36 kHz) 

Output signal (peak-to-peak value) 

4 13 5 6 

r-

-

2 - -- CONTROLLED +-f->-

~ -- H.F. AMPLIFIER +---

I 
.2 -- Q- FACTOR J 
14 KILLER - --

INPUT 
- -

LIMITER 

17 110 
I I 
REFERENCE 

AMPLIFIER 

t j 
SYNCHRONOUS 

DEMODULATOR 
~r+-

A.G.C. 
r--

DETECTOR 

12 

Vp = V8-16 

Ip = 18 

V2-15(p-p) 

V9-16(p-p) 

PULSE 

SHAPER 
r-

+ 
98 
-I' 

typo 

typo 

5 V 

2.1 mA 

0,02 to 200 mV 

typ_ 4.5 V 

OUTPUT 
~ -.-

BUFFER 

TDA3048 

~ 
11 J!6 7Z87197.1 

Fig. 1 Block diagram of TDA3048. 

PACKAGE OUTLINE 

16-lead D I L; plastic (SOT -38). 
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FUNCTIONAL DESCRIPTION 

General 

TDA3048 

The circuit operates from a 5 V supply and has a current consumption of 2 mA. The output is a current 
source which can drive or suppress a current of> 75 I1A with a voltage swing of 4,5 V. The a-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of> 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 

Controlled h.f. amplifier 

The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 

Reference amplifier 

The reference amplifier amplifies and limits the input signal. The voltage gain is approximately a dB. The 
output signal of this amplifier is applied to the synchronous demodulator. 

Synchronous demodulator 

In the synchronous demodulator the input signal and reference Signal are multiplied. The demodulator 
output current is 2511A peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 

A.G.C. detector 

The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amp I ified and applied to the first and second stages 
of the amplifier and to the a-factor killer circuit. 

Pulse-shaper 

The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 

Output buffer 

The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 is active low. 

a-factor killer 

Figure 3 shows the a-factor killer in the narrow-band application. In this application it is necessary to 
decrease the a-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the a-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 
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Input limiter 

I n the narrow-band application high voltage peaks can occur on the input of the selectivity circuit. The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at 11 = 3 rnA. 

RATINGS 

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

Supply voltage (pin S) Vp = VS-16 

Output current pulse shaper (pin 11) 111 

Voltages between pins* 
pins2and15 
pins 4 and 13 
pins 5 and 6 
pins 7 and 10 
pins 9 and 11 

Storage temperature range 

Operating ambient temperature range 

* All pins except pin 11 are short-circuit protected. 

Signetics 

V2-15 
V4-13 
V5-6 
V7-10 
V9-11 

max. 

max. 

max. 
max. 
max. 
max. 
max. 

13.2 V 

10 mA 

4.5 V 
4.5 V 
4.5 V 
4.5 V 
4.5 V 

-65 to + 150 °C 

-25 to + 125 °C 
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CHARACTERISTICS 

Vp = VS-16 = 5 V; T amb = 25 oC; measured in Fig. 4; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin SI 

Supply voltage Vp = VS-16 4.65 5.0 5.35 V 

Supply current Ip = IS 1.2 2.1 3.0 rnA 

Controlled h.f. amplifier (pins 2 and 151 

Minimum input signal (peak-to-peak valuel 
at f = 36 kHz (note 11 V2.15(p-pl - 15 25 p.V 
at f = 36 kHz (note 21 V2-15(p-pl - - 5 p.V 

A.G.C. control range (without a-killingl 60 66 - dB 

I nput signal for correct operation 
(peak-to-peak value; note 31 V2-15(p-pl 0.02 - 200 mV 

a-killing inactive (13 = 114 < 0.5 p.AI 
(peak-to-peak valuel V2-15(p·pl - - 140 p.V 

a·killing active (114 = 13 = max.1 
(peak-to-peak valuel V2-15(p,pl 2S - - mV 

a-killing range see Fig. 2 

Inputs 

Input voltage !pin 21 V2·16 2.25 2.45 2.65 V 

Input voltage (pin 151 V15-16 2.25 2.45 2.65 V 

Input resistance (pin 21 R2-15 10 15 20 kn 

Input capacitance (pin 21 C2-15 - 3 - pF 

Input limiting (pin 11 
at 11 = 3 rnA Vl-16 - O.S O.g V 

Outputs 

Output voltage high (pin gl 
at -Ig = 75 p.A -Vg-S - 0.1 0.5 V 

Output voltage low (pin gl 
at Ig = 75 p.A V9-16 - 0.1 0.5 V 

Output current; output voltage low 
-V9-S = 4.5 V 19 75 120 - p.A 
-V9-S = 3.0 V 19 75 130 - p.A 
-V9-S = 1.0 V 19 75 140 - p.A 

Output current; output voltage high 
-V9-S = 0.5 V -19 75 120 - p.A 

Output resistance between pins 7 and 10 R7-10 3.1 4.7 6.2 kn 

Notes 

1. Voltage pin 9 is low; 19 = 75 p.A. 
2. Voltage pin 9 remains high. 
3. Undistorted output pulse with 100% AM input. 
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parameter 

Pulse shaper (pin 11) 

Trigger level in positive direction 
(voltage pin 9 changes from high to low 

Trigger level in negative direction 
(voltage pin 9 changes from low to high 

Hysteresis of trigger levels 

A.G.C. detector (pin 12) 

A.G .C. capacitor charge current 

A.G.C. capacitor discharge current 

Q-factor killer (pins 3 and 14) 

Output current (pin 3) 
atV12-16=2V 

Output current (pin 14) 
at V12-16 = 2 V 

8 

13; 14 
(J1AI 

~ 

o 
0.01 0.1 

V -
V 

symbol 

V11·16 

V11-16 

,lV11-16 

-112 

112 

-13 

-114 

L 
V 

V 

1/ 

V 

TDA3048 

min. typo max. unit 

3.75 3.9 4.05 V 

3.4 3.55 3.7 V 

0.25 0.35 0.45 V 

3.3 4.7 6.1 JlA 

67 100 133 JlA 

2.5 7.5 15 JlA 

2.5 7.5 15 JlA 

7Z87248 

I-

10 V2_ 15 1mVI 100 

Fig.2 Typical Q-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V2-15); 13, 14 is measured to ground, V2-15(p-p) is a symmetrical square wave. Measured in Fig. 4; 
Vp = 5 V. 
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APPLICATION INFORMATION 

(1) N1 = 3.21 
N2 = 1 
Q = 16 

(2) Q =6 

Fig.3 Narrow-band receiver using TDA3048. 

TDA3048 

L..-_____ -+ ~~~~ut 
7Z87249.1 A 

22 
r---------------------~--~---~VS=5V 

12K 

5-132 

16 15 

V2 - 15 = .J1.JL (symmetrical square-wave) 

+ 
100~F I 

~2nF 16.8nF 

Fig.4 Wide-band receiver with TDA3048. 

f 0 = 36 kHz 

2.2 
nF 

L..-_____ --+ data 
output 

7Z87250A 

For better sensitivity both 12 kn resistors may have a higher value. 
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PHASE-LOCKED LOOPS-SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 
. Operating safe zones exceeding these limits could cause perma· 

nent damage to the device and are not meant to imply that 
devices can operate at these limits. 

Capture Range (2Ic' 2",C>·· 

Although the loop will remain in lock throughout its lock range, 
it may not be able to acquire lock at the tracking range extremes 
because of the selectivity afforded by the low·pass filter. The 
capture range also is centered at fo' with the equal deviations 
called the Lock·ln or Pull·ln Ranges. The capture range can never 
exceed the lock range. 

Closed Loop Gain (CLG) 
The output signal frequency and phase can be determined from 
a product of the CLG and the input signal where the CLG is given 
by 

Ky 
CLG= 1 + Ky (Equation 1.4) 

Damping Factor m 
The standard damping constant of a second order feedback 
system. For the PLL, I refers to the ability of the loop to respond 
quickly to an input frequency step without excessive overshoot. 

Free·Runnlng Frequency (10" "'0') 
Also called the center frequency, this is the frequency at which 
the loop VCO operates when not locked to an input signal. The 
"prime" superscripts are used to distinguish the free·running 
frequency from fo' and "'0' which are used for the general ascii· 
lator frequency. (Many references use fo' and "'0' for both the 
free·running and general oscillator frequency and leave the prop· 
er choice for the reader to infer from the context). the ap· 
propriate units for fo' and "'0' are Hz and radians per second 
respectively. 

Lock Range (2fL• 2"'d· 
The range of frequencies over which the loop will remain in lock. 
Normally the lock range is centered at the free·running fre· 
quency unless there is some nonlinearity in the system which 
limits the frequency deviation on one side of fo'. The deviations 
from f 0' are referred to as the Tracking Range or Hold'in Range. 
(See figure 1.6.) The tracking range is therefore one·half of the 
lock range. 

Lock·Up Time (td··· 

The transient time required for a free·running loop to lock. This 
time depends prinCipally upon the bandwidth selectivity de· 
Signed into the loop with the low·pass filter. The lock·up time is 
inversely proportional to the selectivity bandwidth. Also, lock·up 
time exhibits a statistical spreading due to random initial phase 
relationships between the input and oscillator phases. 

Loop Gain (K,,) 

The product of Kd, Ko' and the low·pass filters gain at dc. Kd is 
evaluated at the appropriate input signal level and Ko at the ap· 
propriate "'0' . Ky has units of (sec) -1. 

Loop Noise Bandwidth (Bd 
A loop property relating "'n and r which describes the effective 
bandwidth of the received signal. Noise and Signal components 
outside this bandwidth are greatly attenuated. 

Natural Frequency ("'n) 

The characteristic frequency of the loop, determined mathe· 
matlcally by the final pole positions in the complex plane or 
determined experimentally as the modulation frequency for 
which an underdamped loop gives the maximum frequency 
deviation from fo' and at which the phase error swing Is the 
greatest. 

Package Type Designation 
See full package designations In Appendix. 

Phase Comparator Conversion Gain (~) 

The conversion constant relating the phase comparators output 
voltage to the phase difference between Input and VCO signals 
when the loop is locked. At low input signal levels, Kd is also a 
function of signal amplitude. Kd has units of volts per radian 
(V/rad). 

Power Dissipation 
The power that the device can safely handle at 25·C. The dissi· 
pation must be derated as indicated for the individual package 
type. 

TA 
Ambient temperature range. Range of the surrounding environ· 
ment of the operating device. 

TJ 

Junction Temperature. The maximum temperature of the device. 
150·C is standard for silicon devices. 

TSOLD 

Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor· 
mally specified for a duration of 10 sec). 

TSTG 

Storage temperature range. Temperature range that the device 
can be stored in a non·operating condition. 

Truth Tables 
o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit condi· 
tions listed. 

• Also called Synchronization Range. 
~. Also called Acquisition Range. 

-·-Also called Acquisition Time. 

Signetics 5-133 

5 



LINEAR LSI PRODUCTS 

PHASE LOCKED LOOP 

DESCRIPTION 
The N E564 Is a versatile, high guaranteed 
frequency Phase Locked Loop designed 
for operation up to 50MHz. As shown In 
the block diagram, the NE564 consists of 
a veo, limiter, phase comparator, and 
post detection processor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 
• Various satcom/TV systems 

ABSOLUTE MAXIMUM RATINGS 

PARAMEl'ER 

V+ Supply voltage 
Pin 1 
Pin 10 

PD Power dissipation 
TA Operating temperature NE 

Operating temperature SE 
tstg Storage temperature 

NOTE: 

FEATURES 
• Operation with single 5V supply 
• 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 

Controlled) 

RATING UNIT 

V 
14 
6 

600 mW 
o to 70 °C 

-55 to +125 
-65 to 150 °C 

Operation above 5 volts will require hentsinking of the case. 

BLOCK DIAGRAM 

1------- --------
5 

I ....... -...J...., 
I 

PHASE 
COMPARATOR 

,. 
-0-------

PROCESSOR 

,.-------1 

15 

I 
I 
I 
I 
I 
I 
I 
I 

~-------~--------------~ 
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PIN CONFIGURATION 

D, I, N PACKAGE 

LOOP GAIN 
CONTROL 2 

INPUT TO PHASE: 
COMPARATOR 3 

FROM veo 
LOOP FILTER 4 

L.OOP FILTER 5 

FM/RF INPUT 6 

BIAS FILTER 7 

TTL. OUTPUT 

HYSlER/SIS seT 

ANALOG OUTPUT 

FREQ. SET CAP. 

FREO. SET CAP. 

11 veo OUTPUT #2 

v+ 

9 veo OUTPUT TTL 

TOP VIEW 

ORDER NUMBERS 
NElSE5641 NEISE564N 

NE564D 



LINEAR LSI PRODUCTS 

PHASE LOCKED LOOP SE/NE564 

ELECTRICAL CHARACTERISTICS Vee = 5V, TA = 25'C, fo= 5MHz, Ie = 400~A unless otherwise specified 

PARAMETER TEST CONDITIONS 

Maximum VCO frequency C, = 0 (stray) 

Lock range Input", 200mVrms TA= 25'C 
= 125'C 
= - 55'C 
=O'C 
=70'C 

Capture range Input", 200mVrms, R2 = 27rl 

VCO frequency drift with fo= 5MHz, TA= - 55'C to 125'C 
temperature = O'C to 70'C 

fo=500KHz, TA= -55'Cto 125'C 
= O'C to 70'C 

VCO free running frequency 
C, =91pF 
Re = 100[) "Internal" 

VCO frequency change with Vee = 4.5V to 5.5V 
supply voltage 

Demodulated output voltage Modulation frequency: 1 KHz 
fo = 5MHz, input deviation: 

2%T=25'C 
1%T=25'C 

=O'C 
= - 55'C 
=70'C 
= 125'C 

Distortion Deviation: 1 % to 8% 
Signal to noise ratio Std. condition, 1 % to 10% dev. 
AM rejection Std. condition, 30% AM 

Demodulated Output at Modulation frequency: 1 KHz 
operating voltage fo = 5MHz, input deviation: 1 % 

Vee= 4.5V 
Vee =5.5V 

Supply current Vee= 5V I" 110 

Output 
"1" output leakage current Vour = 5V, Pin 16, 9 
"0" output voltage lour = 2mA, Pin 16, 9 

lour = 6mA, Pin 16, 9 

TYPICAL PERFORMANCE CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT 

t- t- _I lit- I-
IpIN1 " 400tlA 

t-t7'1 I 1""1-

H--f+--FV IPIN, ~ O"A ''l-+l-f-< 

100 H-4+-I+-l--+'H-I-+-i 

\ I 

\~ IV,,, 'v 

1\ \!I ( 'r']' 
10~0~.7~0~.8~0~'~1~0-U,~1~1.~2~'3~ 

NORMALIZED LOCI( RANGE 

VCO CAPACITOR vs FREQUENCY 
H,. 

10 
~ 

10 ~ 

10 ~ 
l\.. 

'\ 
10 

\. , 
10 101 10' 10' 10' 

fREQUENCY kH~ 
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Min Typ Max Min Typ Max 

50 65 45 60 

40 70 40 70 
20 30 
50 80 

70 
40 

20 30 20 30 

400 1000 
400 1250 

250 500 
400 850 

4 5 6 3.5 5 6.5 

3 8 3 8 

16 28 16 28 
8 14 8 14 

13 
6 10 

15 
12 16 

1 1 
40 40 
35 35 

7 12 7 12 
8 14 8 14 

45 60 45 60 

1 20 1 20 
0.3 0.6 0.3 0.6 
0.4 0.8 0.4 0.8 

SEINE 564 TEST CIRCUIT 

INPUT C3 

o-1l-~r---f 6 ' 2 

564 

.3 

" 9 3 

" 

UNIT 

MHz 

% of fo 

% of fo 

PPM/'C 

MHz 

% of fo 

mVrms 
mVrms 
mVrms 
mVrms 
mVrms 
mVrms 

% 
dB 
dB 

mVrms 
mVrms 

mA 

~A 
V 
V 

,CO 
OUTPUT 

390 

OEMOOU-= LATED 

O.'~O~TPUT 
Cl 
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TYPICAL NORMALIZED VCO TYPICAL NORMALIZED VCO NORMALIZED VCO FREQUENCY 
FREQUENCY AS A FUNCTION OF FREQUENCY AS A FUNCTION OF AS A FUNCTION OF TEMPERATURE 

PIN 2 BIAS CURRENT PIN 2 BIAS CURRENT 

J j I I 
1.10 I I I 

> veo FREQUENCV; SMH: > ; ~ 
1.05 

~ 
FREQUENCY: 50MHz 0 

1.10 1.01 ~ 
~ 

..... 0 
BIAS CURRENT: -200I'A 

1.00 

,/ ....... 1.00 ~ 1.05 FREa~ 

I 0.99 
..... 

~ 1'1'-. 1.00 

0.98 0.95 ~ , \ --F==:::: ...... '\ ~ 0.95 

FRE~UENCY: 500 KHz 
..... 0.97 

0.90 

0.96 
0.90 r- BIAi CURrNT: f200r 

-600~A 400 200 0 +200 -EiOOI'A 400 200 0 +200 +400 -50 -25 0 25 50 75 100 125 

alAS CURRENT {I'M, PIN 2 
BIAS CURRENT (J1A), PIN 2 TEMPERATURE (IN °el 

VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 

AND BIAS CURRENT (KD) 

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (Ko) 

Vo· PHASE COMPARATOR'S 
OUTPUT VOLTAGE IN mV 

800 

fa = 1.0MHz 
600 

400 

200 

40 60 

-200 

-400 

-600 

-800 

5-136 

120 140 160 

o· PHASE 
ERROR IN 
DEGREES 

-400 
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PHASE LOCKED lOOP 

FUNCTIONAL DESCRIPTION 
(figure 1) 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op
timized device geometries extends the fre
quency of operation to greater than 50MHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

(fin - fa) 
VO=~ 

KVCO = conversion gain of the VCO 
fin = frequency of the input signal 

Equation 1 

fa = free running frequency of the VCO 

The process of recovering FSK signals in
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates. a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 

EaUIVALENT SCHEMATIC 

avoid the use of complicated filters, a com
parator with hysteresis or Schmitt trigger is 
required. With the conversion gain of the 
veo fixed, the output voltage as given by 
Equation 1 varies according to the frequen
cy deviation of fin from fo. Since this differs 
from system to system, it is necessary that 
the hysteresis of the Schmitt trigger be ca
pable of being changed, so that It can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the volt
age 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 veo itself. 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 signat. This is especially 
true for narrow band signals where the devi
ation in fin itself may be less than the 
change in fo due to temperature. This effect 

,-----------------'r-------------------, 
I 11 PHASE 5 I 

II I 

SE/NE564 

can be eliminated if the de or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

VCO Section 
Due to its inherent high frequency perform
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equivalent 
schematic, transistors 0 21 and 0 23 with current 
sources 0 25 - 0 26 form the basic oscillator. 
The approximate free running frequency of the 
oscillator is shown in the following equation: 

1 
fa = 

22 Rc (C, + Cs) 

Rc = R 19 = R20 = 100!i (INTERNAL) 

Equation 2 

C 1 = external frequency setting capacItor 

Cs = stray capacitance 

Variation of V d (phase detector output volt
age) changes the frequency of the oscilla
tor. As indicated by Equation 2, the frequen
cy of the oscillator has a negative 

I 
I 
I 
I 
I 
I 
I 
I 

I I L ______ ~L __ ~ ___________ J 

Figure 1 
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temperature coellicient due to the positive 
temperature coefficient of the monolithic re
sistor. To compensate for this, a current IR 
with negative temperature coefficient is in
troduced to achieve a tow frequency drift 
with temperature. 

Phase Comparator Section 
The phase comparator con'sists of a double 
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 04 and 015 which 

effectively changes the gain of the differen
tial amplifiers. This can be accomplished by 
introducing a current at pin 2. 

Post Detection Processor 
Section 
The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
de retriever for demodulation of FSK sig
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad
justable hysteresis so that phase jitter in the 
output signal can be eliminated. 

FM DEMODULATOR AT 5V 

5-138 

FM INPUT O.47iJF 

lOOP FILTER 
O.01.uF 

q. 
ANALOG OUT 

1kHz 

POST DETECTION FILTER 

'v 5V 

FREQUENCY seT CAP 

'K 

Figure 2 

FM DEMODULATOR AT 12V 

II. LOCK RANGE ADJUSTMENT 

+ Q.01t1F 1-LOOP FILTER 

MODULATING 
INPUT 
1kHz 

O.47,uF 0.47iJF 

200 1K 

12V 

Figure 3 

ANALOG OUT 
1kHz 
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As shown in the equivalent schematic, the 
de retriever is formed by the transductance 
amplifier 042-043 together with an exter
nal capacitor which is connected at the am
plifier output (pin 14). This forms an integra
tor whose output voltage is shown in the 
following equation: 

Equation 3 

9m = transconductance of the amplifier 
C2 = capacitor at the output (pin 14) 
Vin = signal voltage at amplifier input 

With proper selection of e2, the integrator 
time constant can be varied so that the out
put voltage is the de or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysteresis is made up 
of 049-050 with positive feedback being 
provided by 047-048' The hysteresis is 
varied by changing the current in 052 with a 
resulting variation in the loop gain of the 
comparator. 'This method of hysteresis con
jrol, which is a de control, provides symmet
ric variation around the nominal value. 

Design Formula 
The free running frequency of the veo is 
shown by the following equation; 

1 
f 0 = -::2::-5"'R=-c-(C:e=-,-+--::e=-s") 

Rc = 10011 

C 1 = external cap in farads 

Cs = stray capacitance 

MODULATOR 

Equation 4 

5V FINE FREQUENCY 
ADJUSTMENT 

5V 

FREQUENCY SET CAP 

MOOUlATED OUTPUT 
(TTL I 

Figure 4 



LINEAR LSI PRODUCTS 

PHASE LOCKED LOOP 

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

F(s) = __ 1 _ (First Order) Equation 5 
1 + sRC3 

R = R12 = R13 = 1.3k!l (INTERNAL)' 

By adding capacitors to pins 4 and 5, a pole is 
added to the loop transfer function at 

1 
w= --

RCS' 
• Refer to Figure 1. 

APPLICATIONS 

FM DEMODULATOR 
The NE564 can be used as an FM 
demodulator. The connections for operation 
at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be 1 % or higher. 

MODULATION TECHNIQUES 
The NE564 phase locked loop can be modu
lated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6) as shown in 
figure 4. The approximate modulation fre
quency can be determined from the frequen
cy 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 inter
nal voltage comparator and VCO which have 
TTL compatible inputs and outputs, and it 
can operate from a single 5 volt power sup
ply. Demodulated dc voltages associated 
with the mark and space frequencies are 
recovered with a single external capacitor in 
a dc retriever without utilizing extensive fil
tering networks. An internal comparator, 
acting as a Schmitt trigger with an adjust
able hysteresis, shapes the demodulated 
voltages into compatible TTL output levels. 
The high frequency design of the 564 en
ables it to demodulate FSK at high data 
rates in excess of 1.0M baud. 

10_BMHz FSK DECODER USING THE 564 

SE/NE564 

Figure 5 shows a high-frequency FSK de
coder designed for input frequency devi
ations of ± 1.0MHz centered around a free
running frequency of 10.6MHz. The value of 
the' timing capacitance required was esti
mated from figure B to be approximately 
40pF. A trimmer capacitor was added to fine 
tune fo' to 10.BMHz. 

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 appro
priate only for 5M Hz, it can be used as a 
guide for lock range estimates at other fo' 
frequencies. 

The hysteresis was adjusted experimentally 
via the 10k!l potentiometer and 2k!l bias ar
rangement to give the waveshape shown in 
figure 7 for 20K, 500K, 2M baud rates with 
square wave FSK modulation. Note the mag
nitude 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 visible as noise on 
the phase comparators outputs. 

'" OUTPUT 

, " " 

,*10"FI6V 

300pF 

~ 300,,'1-__________ ---1 

Figure 5 
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF 

=.: -.,;.!mv - 50~S 

- - r- r-,... ".. l- I-

'-- - '-- I--

- ........ ........ 
" 

(a) 20K BAUD 

NOTE 
Top trace-pin 4 
Center trace-pin 5 
BoHom trace-pin 16 

OUTLINE OF SETUP PROCEDURE 

1. Determine operating frequency of the 
VCO-. 

If + N in feedback loop, then 
fo= N X fin. 

2. Calculate value of the VCO frequency 
set capacitor: 

1 
Co = 2500fo 

3. Set 12 (current sinking into Pin 2) for 
:= 100~A. After operation is obtained, this 
value may be adjusted for best dynamic 
behavior. 

4. Check VCO output frequency with digi· 

- ---
".. 

I'--

- ........ 

10dmv 100mV SOOnS 

, " ~~ 

1~ ~ ~ 
t- ,--

" 

" /1 ~ /' ,. , ~ , - t-

(c) 2.0M BAUD 

Figure 6 

'-\. 

~ 

l.l " ". 

I' ". 
,--

6. If pulsed burst or ramp frequency is 
used for input signal, special loop filter 
design may be required in place of sim· 
pie single capacitor filter on Pin 4 and 5. 
(See PLL application section in Analog 
Manual.) 

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, D.C. offsets will 
occur in the loop which tend to create an 

tal counter at Pin 9 of device (loop open, 8. 
VCO to ¢ det.). Adjust Co trim or fre· 
quency adj. Pin 4-5 for exact cenier fre· 
quency if needed. 

artificial or biased VCO offset. 
For multiplier circuits where phase jitter 
is a problem, loop filter capacitors may 
be increased to a value of 10-50~F on 
Pin 4, 5. Also careful supply decoupling 
may be necessary. This includes the 
counter chain Vcc lines. 

5. Close loop and inject input signal to Pin 
6. Monitor Pin 3 and 6 with two channel 
scope. Lock should occur with d¢3_6 
equal to 90' (phase error). 

(b) SOOK BAUD 

NE564 
PHASE LOCKED FREQUENCY 

MULTIPLIER WITH VCXO 

1lJc-j 

BIASADJU$T 

10K!! 

+5V 

Figure 7 

"For additional information, consult the Applications Section. 
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PHASE LOCKED LOOP 

DESCRIPTION 
The SE/NE565 Phase-Locked Loop (PLLI is 
a self-contained, adaptable filter and de
modulator for the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
vOltage-controlled oscillator of exceptional 
stability and linearity, 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-running 
frequency of the VCO; this frequency can be 
adjusted externally with a resistor or a ca
pacitor. The low-pass filter, which deter
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 
• Highly stable center frequency 

(200ppm/'C typ.) 
• Wide operating voltage range (±6 to ±12 

volts) 
• Highly linear demodulated output (0.2% 

typ.) 
• Center frequency programming by 

means of a resistor or capacitor, voltage 
or current 

• TTL and OTL compatible square-wave 
output; loop can be opened to insert 
digital frequency divider 

• Highly linear triangle wave output 
• Reference output for connection of com

parator in frequency discriminator 
• Bandwidth adjustable from < ±1% to 

>±60% 
• Frequency adjustable over 10 to 1 range 

with same capacitor 

APPLICATIONS 
• Frequency shift keying 
• Modems 
• Telemetry receivers 
• Tone decoders 
• SCA receivers 
• Wideband FM discriminators 
• Data synchronizers 
• Tracking filters 
• Signal restoration 
• Frequency multiplication & division 

NOTES: 
1. SOL - Released in large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinout. 

SE/NE565 

PIN CONFIGURATIONS 

INPUT 2 

INPUT 3 

VCO OUTPUT 4 
PHASE 

COMPARATOR 5 
VCO INPUT 

REFERENCE 6 
OUTPUT 

DEMODULATED 7 

F,N PACKAGE 

NC 

NC 

NC 

NC 

V+ 
EXTERNAL C 
FOR VCO 

OUTPUT L-______ ~ 
B EXTERNAL R 

FOR VCO 

TOP VIEW 
ORDER NUMBER 

SEINE565F.N 

INPUT 1 

veo OUTPUT 4 
PHASE 

COMPARATOR 5 veo INPUT 
NC 6 

REFERENCE 
OUTPUT 

0 3 PACKAGE 

TOPVIEW 
ORDER NUMBER 

NE565D 

V

NC 

V+ 

EXTERNAL C 
FOR veo 
EXTERNAL R 
FOR veo 

DEMODULATED 
OUTPUT 

ABSOLUTE MAXIMUM RATINGS TA = 25'C unless otherwise specified. 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE565 
SE565 

Power dissipation 

BLOCK DIAGRAM 

v' 

EQUIVALENT SCHEMATIC 

1 ____ H _____ 9 

RATING 

26 
3 

-65 to +150 

o to +70 
-55 to +125 

300 

" 
I--w-.L.,--t;-...... -o DEMOD OUTPUT 

f.--'="'--+-+---oREF. OUTPUT 

v- C1 FREQUENCY SETTING veo PHASE 
CAPACITOR OUTPUT COMPARATOR 

Signetics 

UNIT 

V 
Vp-p 
'C 

'C 
'C 
mW 
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PHASE LOCKED LOOP SE/NE565 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±6V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

SUPPLY REQUIREMENTS 
Supply voltage 
Supply current 

INPUT CHARACTERISTICS 
Input impedance' 
Input level required for fo = 50kHz, ±10% 
tracking frequency deviation 

VCO CHARACTERISTICS 
Center frequency 

Maximum value 
Distribution2 Distribution taken about 

fo= 50kHz, R, = 5.0kO, C, = 1200pF 

Drift with temperature fo - 50kHz 
Drift with supply voltage fo= 50kHz, Vee = ±6 to ±7 volts 

Triangle wave 
Output voltage level 
Linearity 

Square wave 
Logical "1" output voltage fo = 50kHz 
Logical "0" output voltage fo = 50kHz 

Duty cycle fo = 50kHz 

Rise time 
Fall time 

Output current (sink I 
Output current (sou rcel 

DEMODULATED OUTPUT CHARACTERISTICS 
Output voltage level Measured at pin 7 

Maximum voltage swing3 
Output voltage swing ±100/0 frequency deviation 
Total harmonic distortion 
Output impedance4 

Offset voltage (V6-V71 
Off SA! voltage vs temperature (drift) 

AM rejection 

NOTES 

1. Both Input terminals (pins 2 and 3) must recOIvo identical de bias. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adJust mont fAll must have a value between 2kU 
and 20kn. 

3. Output voltage swings negative as Input frequency increases. 
4. Output not buffered. 
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Min Typ 

±6 
8 

7 10 
10 

300 500 

-10 0 

200 
0.1 

1.9 2.4 
0.2 

+4.9 +5.2 
-0.2 

45 50 

20 
50 

0.6 1 
5 10 

4.25 4.5 

2 
250 300 

0.2 
3.6 

30 
50 

30 40 

NE565 
UNIT 

Max Min Typ Max 

±12 ±6 ±12 V 
12.5 8 12.5 mA 

5 10 kO 
10 mVrms 

500 kHz 

+10 -30 0 +30 % 

300 ppm/DC 
1.0 0.2 1.5 %N 

3 1.9 2.4 3 Vp-p 
0.5 % 

+4.9 +5.2 V 
+0.2 -0.2 +0.2 V 

55 40 50 60 0/0 

100 20 ns 
200 50 ns 

0.6 1 mA 
5 10 mA 

4.75 4.0 4.5 5.0 V 

2 Vp-p 
200 300 mVp-p 

0.75 0.4 1.5 0/0 
3.6 kO 

100 50 200 mV 
100 /-IV/oC 

40 dB 
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PHASE LOCKED LOOP 

TYPICAL PERFORMANCE CHARACTERISTICS 

POWER SUPPLY CURRENT 
AS A FUNCTION OF 

SUPPLY VOLTAGE 
20r----T----~----r---~ 

" E 
I 

.... z 
"' a: 
a: 

" " ~ 
"
"-

" til 
a: 
"' ~ 
"-

> 
I 

t 
~ 
.... 
" "-.... 
" 0 

10 

R, = FREQUENCY SETTING 
RESISTOR 

14 lB 22 

TOTAL SUPPLY VOLTAGE - V 

LOCK RANGE 
AS A FUNCTION OF 

GAIN SETTING RESISTANCE 
(PIN 6-7) 

V+ =6V 
V- =6V 

II, it" 
-1 

~ JILJ! " lJ.. ~J a: I.l) =L/)(\lO "'-

-2 

26 

0.20.4 0.6 O.B 1.0 1.2 1.4 1.6 I.B 2.0 

RELATIVE FREE·RUNNING FREQUENCY - '0 

DESIGN FORMULAS 
(See Figure 1) 
Free-running frequency of VCO: fo~...l:L in Hz 

4R,C, 
8fo 

Lock-range: fl = ± Vee in Hz 

1 J2TrTfL Capture-range: fe "" ± 2; 

where T ~ (3.6X1031 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 fre
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the VCO to shift its frequency 
to match that of the input. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 

0 

" > 

> 

" z 
"' " c 
"' a: 
"-

'" z 
Z 
z 
" a: 
W 
"' a: 
"-

" "' N 
:::; 

" ::;; 
a: 
o 
z 

~~ 
Z I 
z> 
"" ~ffi 
"''' a:c 
"-w 
za: 
-"-

"' '" z 
" :I: 

" 

VCO CONVERSION GAIN 

2.0 
v+ = + 6V 
v- = -6V 

..J 

l/V 1.5 

V 
V 

,/ 
/ 

1.0 

0.5 

0.5 1.0 1.5 2.0 2.5 3.0 

VOLTAGE BETWEEN PIN 7 AND PIN 10 - v,..V, 

CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 

FUNCTION OF TEMPERATURE 

2.5 

2.0 

1.5 

1.0 

0.5 

_~- =6V 
v+ =6V /' 

/' 
V 

1/ 
-0.5 

-1.0 

-1.5 

/' 
/ 

/' 
,-

- 2.0 

-2.5 
-75 - 50 -25 25 50 75 100 125 

TEMPERATURE _ °C 

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%1 with very high linearity 
(typically, within 0.5%1. 

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

fo= -1.2C and should beadjusted to be at 
- 4R1 1 

the center of the input signal frequency 
range, C1 can be any value, but RI should be 
within the range of 2000 to 20,000 ohms with 
an optimum value on the order of 4000 ohms. 
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 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 resistance is con
nected 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 
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SE/NE565 

LOCK RANGE 
AS A FUNCTION OF 

INPUT VOLTAGE 

I JLL 
l,f' Il-

1\ )~=J-~)v V \ II 
'\ 

~ II 
v 

0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 I.B 

NORMALIZED LOCK RANGE 

17' 

VCO OUTPUT 
WAVEFORM 

17\ Il\ 

"\ / :\ / 

'-- 1= 

'-- F 

V+=V-=6V 

i\ / 

:::;:. 

:...... 

with little change in the free-running fre
quency. In this manner the lock range can be 
decreased from ± 60% of fo to approximately 
± 20% of 10 (at ± 6V). 

A small capaCitor (typically 0.001 IlFI should 
be connected between pins 7 and Btoelimi
nate possible oscillation in the control cur
rent source. 

A single-pole loop filter is formed by the 
capacitor C2, connected between pin 7 and 
the positive supply, and an internal resist
ance of approximately 3600 ohms. 

'--_.1..-__ ----0 -6V 

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 "a" and "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 fre
quency and tracks it between the two fre
quencies with a corresponding dc shift at 
the output. 

The loop filter capacitor C2 is chosen small
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo
nent 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 output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
fiN ~ 1070Hz. 

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 a 600-
ohm 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 fre
quency 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 
constant with little tracking required, the 
loop can generally be locked to anyone 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 desirable. An example of this might be 
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r--~-~-~-~-~------Oo+6V 

'--'-----------'------0- 6V 

Figure 2 

PHASE LOW PASS 
COMPARATOR FILTER AMPLIFIER 

Figure 3 

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 compara
tor, and a frequency divider is inserted. The 
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 multiplication is determined by the fre
quency divider. 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 ad
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filtercapaci
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda
mental will be the desired multiple of the 
input frequency (fiN) as long as the loop is in 
lock. 

seA (Background Music) Decoder 
Some FM stations are authorized by the 
FCC to broadcast uninterrupted back
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency is chosen so 

Signetics 

Figure 4 

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 cir-

o cuits. 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 estab
lish 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 80mVand 300mV, is required atthe 
input. Its source should have an impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm pote~tiometer; only ap
proximate tuning is required, since the loop 
will seek the signal. 

The demodulated output (pin 7l passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom
panies SCA transmission. Note that no ca
pacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to 7kHz. 
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Figure 5 
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-For additional information, consult the Applications Section. 
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FUNCTION GENERATOR 

DESCRIPTION 
The SEINE 566 Function Generator is a volt
age controlled oscillator of exceptional linear
ity with buffered square wave and triangle 
wave outputs. The frequency of oscillation is 
determined by an external resistor and capac
itor and the voltage applied to the control ter
minal. The oscillator can be programmed over 
a ten to one frequency range by proper selec
tion of an external resistance and modulated 
over a ten to one range by the control voltage, 
with exceptional linearity. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE566 
SE566 

Power diSSipation 

BLOCK DIAGRAM 

EQUIVALENT SCHEMATIC 

5·146 

FEATURES 
• Wide range 01 operating vollage 

(up to 24 volta) (8lngle or dual) 
• High linearity of modulation 
• Highly stable center frequency (200 

ppm'·C typical) 
• Highly linear triangle wave output 
• Frequency programming by means of a 

re81stor or capacitor, voltage or current 
• Frequency adjustable OYer 10 to 1 range 

with 8ame capacitor 

APPLICATIONS 
• Tone generators 
• Frequency shift keying 
• FM modulators 
• Clock generators 
• Signal generators 
• Function generators 

RATING UNIT 

26 V 
3 Vp_p 

-65 to +150 ·C 

o to +70 ·C 
-55 to +125 ·C 

300 mW 

V' 

Signetics 

SE/NE566 

PIN CONFIGURATIONS 

D,NPACKAGE 

GRDUNDO'V' 
NC 2 7 'c, 

SQUA~EU~:~; 3 , R, 

TRIANGLE WAVE • 5 MODULATION 
OUTPUT INPUT 

TOP VIEW 
ORDER NUMBERS 

SEiNE566N NE566D 

F PACKAGE 

NC , 

GROUND 3 

SQUARE WAVE • 

TRIANGLE 
WAVE 5 . 

TOP VIEW 
ORDER NUMBERS 

SE/NE566F 

.. MODULATION 
INPUT 
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FUNCTION GENERATOR SE/NE566 

ELECTRICAL CHARACTERISTICS TA = 25°C; Vcc = :I: 6V unless otherwise specified. 

PARAMETER 
Min 

GENERAL 
Operating temperature range -55 

Operating supply voltage :1:6 
Operating supply current 

VCO' 
Maximum operating frequency 

Frequency drift with temperature 
Frequency drift with supply voltage 

Control terminal Input impedance2 
FM distortion (±10% deviation) 

Maximum sweep rate 
Sweep range 

OUTPUT 
Triangle wave output 

Impeda'nce 

Voltage 1.9 
Linearity 

Square wave input 
Impedance 

Voltage 5 
Duty Cycle 45 

Rise time 
Fall Time 

NOTES 

1. The external resistance for frequency adjustment (R,) must have a value between 2kO 
and 20Kn. 

2. The bias voltage {Vel applied tothecantrolterminal (pin 51 should be in the range 

3/4V·:S: Vc:S: V· 

TYPICAL PERFORMANCE CHARACTERISTICS 

SESS6 

Typ Max 

125 

:1:12 
7 12.5 

1 

200 
.1 1 

1 
0.2 0.75 

1 
10:1 

50 

2.4 
0.2 

50 

5.4 
50 55 

20 
50 

NORMALIZED FREQUENCY AS A 
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FUNCTION GENERATOR SE/NE566 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

POWER SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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OPERATING INSTRUCTIONS 
The SEINE 566 Function Generator is a 
general purpose voltage controlled oscilla
tor designed for highly linear frequency 
modulation. The circuit provides simul
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal (pin 51 must be biased 
externally with a voltage (Vel in the range 

3/4 V''5 Vc '5 V-

where Vee is the total supply voltage. In 
Figure 1, the control voltage Is set by the 
voltage divider formed with R2 and R3. The 
modulating signal is then ac coupled with 

FIGURE 1 
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FREQUENCY AS A FUNCTION 
OF CAPACITANCE (C1) 
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the capacitor C2. The modulating signal can 
be direct coupled as well, if the appropriate 
de bias voltage is applied to the control 
terminal. The frequency is given approxi
mately by 

2[IV'1 - 1Vcl] 

R,C,V' 

and R, should be in the range 2kD < R, < 
20kn. 

A small capacitor (typically 0.001 ,ufl should 
be connected between pins 5 and 6 to elimi
nate possible oscillation in the control cur
rent source. 
If the VCO is to be used to drive standard 

veo OUTPUT WAVEFORMS 
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::> 
"- 4 .... 
::> 
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> 12 t-t- 1-1-
I 10 

M 

z 8 
0: 6 .... 
::> 4 "-.... 
::> 
0 

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 prop· 
er dc levels for logic circuitry. RTL can 
be driven directly from pin 3. For DTL or T2L 
gates, which require a current sink of more 
than 1 mA, It is usually necessary to connect 
a 5kD resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter
face shown uses a saturated transistor be
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
whi.ch requires a fast fall time «50nsl and a 
large current sinking capability. 

+8 VOLTS 

15K 

10K 

FIGURE 2 

• For additional information, consult the Applications Section. 
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TONE DECODER/PHASE LOCKED LOOP 

DESCRIPTION 
The SE/NE56? tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ
ently determined by means of four external 
components. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Operating temperature 
NE56? 
SE56? 

Operating voltage 
Positive voltage at input 
Negative voltage at input 
Output voltage (collector 
of output transistor) 

Storage temperature 
Power dissipation 

BLOCK DIAGRAM 

FEATURES 
• Wide frequency range (.01 Hz to 500kHz) 
• High stability of center frequency 
• Independently controllable bandwidth 

(up to 14 percent) 
• High out-band signal and noise rejection 
• Logic-compatible output with 100mA 

current sinking capability 
• Inherent Immunity to false signals 
• Frequency adjustment OYer a 20 to 1 

range with an external resistor 
• Military processing available 

APPLICATIONS 
• Touch Tone'" decoding 
• Carrier current remote controls 
• Ultrasonic controls (remote TV, etc.) 
• Communications paging 
• Frequency monitoring and control 
• Wireless Intercom 
• Precision oscillator 

RATING 

o to +70 
-55 to +125 

10 
0.5 + Vs 

-10 
15 

-65 to +150 
300 

LOOP 
LOW 
PASS 
FILTER 

*" 
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UNIT 

'C 
'C 
V 
V 

Vdc 
Vdc 

'C 
mW 

SE/NE567 

PIN CONFIGURATIONS 

FE, D, N PACKAGE 

~~~~~;~~T~~ 0 8 OUTPUT 
LOW·PASS FILTER 2 7 GROUND 

CAPAC ITO A C2 
TIMING 

INPUT 3 6 ELEMENTS R 1 

VOL T;~;P:~ 4 5 :1~~N~1 
ELEMENT Rl 

TOPVIEW 

F PACKAGE 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE. LOCKED LOOP SE/NE567 

DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; TA = 25DC unless otherwise specified. I 

PARAMETER TEST CONDITIONS 
Min 

SE567 
Typ Max 

NE567 
Min Typ Max 

UNIT 

CENTER FREQUENCY' 
Highest center frequency (fol 500 500 kHz 
Center frequency stability2 -55 to +1250 C 35±140 35±140 ppm/"C 

o to +70DC 35±60 35±60 ppm/DC 
Center frequency distribution fo= 100kHz=1.1/R,C, -10 0 +10 -10 0 +10 % 

Center frequency shift with supply voltage fo = 100kHz=1.1/R,C, 0.5 1 0.7 2 %IV 
DETECTION BANDWIDTH 
Largest detection bandwidth fo= 100kHz=1.1/R,C, 12 14 16 10 14 18 % offo 
Largest detection bandwidth skew 2 4 3 6 % of fo 
Largest detection bandwidth- Vi = 300mVrms ±0.1 ±0.1 'Io/"C 
variation with temperature 
Largest deiection bandwidth- Vi = 300mVrms ±2 ±2 %IV 
variation with supply voltage 

INPUT 
Input resistance 15 20 25 15 20 25 kfl 

Smallest detectable input voltage (Vii IL = 100mA, fi;" fo 20 25 20 25 mVrms 
Largest no-output input voltage IL = 100mA, fi = fo 10 15 10 15 mVrms 

Greatest simultaneous outband +6 +6 dB 
signal to inband signal ratio 
Minimum input signal to wideba-nd Bn = 140kHz -6 -6 dB 
noise ratio 

OUTPUT 
Fastest on-off cycling rate fo/20 fo/20 

"1" output leakage current Va= 15V 0.01 25 0.01 25 p.A 
"0" output voltage IL = 30mA 0.2 0.4 0.2 0.4 V 

IL = 100mA 0.6 1.0 0.6 1.0 V 
Output fall time3 RL = 50n 30 30 ns 
Output rise time3 RL = 50n 150 150 ns 

GENERAL 
Operating voltage range 4.75 9.0 4.75 9.0 V 

Supply current quiescent 6 8 7 10 mA 
Supply current-activated RL = 20kn 11 13 12 15 mA 

Quiescent power dissipation 30 35 mW 

NOTES 
1. Frequency determining resistor Rl should be between 2 and 20kD. 
2. Applicablp. over 4.75 to 5.75 volts. See graphs for more detailed information. 

3. Pin 8 to Pin 1 feedback AL network selected to eliminate pulsing during turn-on and 
turn-off. 

TYPICAL PERFORMANCE CHARACTERISTICS 

BANDWIDTH VB fNPUT LARGEST DETECTION DETECTION BANDWIDTH AS 
SIGNAL AMPLITUDE BANDWIDTH VB A FUNCTION OF C2 and C3 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP 

DESIGN FORMULAS 
1.1 

fo= --
R,C, 

BW= 1070} V, 
fOC2 

Where 

in % of fa, Vi :::; 200mVrms 

V, = Input Voltage (Vrms) 
C2 = Low-Pass Filter Capacitor (.uF) 

PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 
The free-running frequency of the current 
controlled oscillator (CCOI in the absence 
of an input signal. 

Detection Bandwidth (BW) 
The freq uency range, centered about fo. 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 
The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 
A measure of how well the detection band is 
centered about the center frequency, fa. The 
skew is defined as (fmax + fm'n -2fol/2fo 
where fmax and fmin are the frequencies 
corresponding to the edges of the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center
ing adjustment. 

OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection dia
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo
nents Rl, C" C2 and C3. 

1. Select R, and C, for the desired center 
frequency. For best temperature stability, 
Rl Sllould be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R,C, product should have sufficient stabili
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the Ipw pass capacitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli
tude variation is known, the appropriate 
value of foC2 necessary to give the desired 
bandwidth may be found. Conversely, an 
area of operation may be selected on this 
graph and the input level and C2 may be 
adjusted accordingly. For example, con-

TYPICAL RESPONSE 

-. -
Input 

- - -
Output 

--- --- ----

Response to 100mVrms tone burst. 
RL = toO ohms. 

-- - --
Output . .. 

.. . .... _=:---L-=-:-- -

Input 
-'-- _ ~ i 1_ _I 

Response to same input tone burst 
with wideband noise. 

S = -6db RL = 100 ohms 

N Noise Bandwidth = 140Hz 

stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC2 product (fo 
(Hzl, C2 (M fdll. 

3. The value of C3 is generally non-critical. 
C3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out
puts. If C3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen
cy. or the output may pulse on and off 
during the turn-on transient. If C3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.! A typical 
minimum value for C3 is 2C2. 

AVAILABLE OUTPUTS (Figure 21 
The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input signal is present, this transis
tor saturates; its collector voltage being less 
than 1.0 volt (typically 0.6VI 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 fo with a slope of about 20mV per 
percent of frequency deviation. The average 
voltage at pin 1 is, during lock, a function of 
the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 

Signetics 
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.v 

567 

Figure 1 

output of magnitude (+V -2Vbel ~ (+V -1.4VI 
having adcaverage 0I+V/2. A 1kf1load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of +V/2. Only high imped
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. 

OPERATING PRECAUTIONS 
A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high input level mode 
(above 200mVI 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 in
band signal is suppressed. Also, the limiting 
action wi!1 create in-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at f0l3, fo/5, etc. 

2. The 567 will lock onto signals near (2n + 
11 fo, and will give an output for signals near 
(4n + 11 fo where n = 0,1,2, etc. Thus, signals 
at 5fo and 9fo can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out
band signals is afforded in the low input 
level (below 200mVrmsi and reduced band
width operating mode. However, decreased 
loop damping causes the worse-case lock
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 

4. Due to the high switching speeds (20nsl 
associated with 567 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a 0.011'F or greater 
capacitor; grounding paths should be 
carefully chosen to avoid ground loops and 
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TONE DECODER/PHASE LOCKED LOOP SE/NE567 

unwanted voltage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current altum-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec
tion band of narrow-band systems suffi
ciently 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 tran
sient. Thus, maximum operating speed is 
obtained when C2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the Incoming frequen
cy rather than toward it. Under this condi
tion, 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 
C2 and C3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital informa
tion may be c!etected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre
sponding to an information transfer rate of 
foll0 baud. 

C2=~I'F 
to 

In cases where turn-off time can be sacri
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C3 vol\age lower (closer 
to the threshold voltagel. However, sensItiv
ity to beat frequencies, noise·and extrane
ous signals will be increased. 

OPTIONAL CONTROLS (Figure 3) 

The 567 has been designed so that, fbr most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 
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Figure 3 

taken of the added control possibilities 
available through the use of additional ex
ternal components. ·In the diagrams given, 
typical values are suggested where appli
cable. For best results the resistors used, 
except where noted, should have the same 

Signetics 

temperature coefficient. Ideally, silicon di
odes would be low-resistivity types, such 
as forward-biased transistor base-em miter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli
cations. 
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SENSITIVITY ADJUSTMENT 
(Figure 3) 
When operated as a very narrow band de
tector (less than 8 percent), both C2 and C3 
are made quite large In order to improve 
noise and outband signal rejection. This will 
inevitably slow the response time. If, how
ever, the output stage is biased closer to the 
threshold level, the turn-on time can be 
Improved. This Is accompiished by drawing 
additional current to terminal 1. Under this 
condition, the 567 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 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, C2 and 
C3 are made very small. Normally, frequen
cies just outside the detection band could 
cause false outputs under this condition. By 
desensitizing the output stage, the outband 
beat notes do notfeed 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 
signals) is also improved. 

CHATTER PREVENTION (Figure 4) 

Chatter occurs in the output stage when C3 
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 itsthresh
old more than once. Many loads, for exam
ple 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 tran
sient conditions are over. It is only neces
sary to assure that the feedback time con
stant 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 operation 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 example, stepping relays. 

DETECTION BAND CENTERING 
(OR S'KEW) ADJUSTMENT 
(Figure 5) 

When it is desired to alter the location olthe 
detection band (corresponding to the loop 
capture range) within the lock range, the 

+V +v +~ +~ 

R. 
RL RL 2DDTO lK 

61' 81-- 61' 8t- t--
, -FCt , 

Rt RL 
I 

, Rt 

,!:::C3 
'OK 'OK 

,1,. Rt· 61' .f-~ r 310K 
f--

RA 
·OPTlIlNAL - PERMITS 211DTO LOWER VALUE OF Ct 'K 

'=' 
Figure 4 

--:::1 ITIc, 
LOWERS fo "':'" 

+v 

:1-_",R",A..-..·>~;rSIO 

RAISES 10 

RAISESfo 
RC 
1.0K 

} 
SILICON 
DIODES 
FOR 

TEMPERATURE 
COMPENSATION 
(OPTIONAL) 

Figure 5 

circuits shown above can be used. By mov
ing the detection band to one edge of the 
range, for example, input signal 'variations 
will expand 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 frequen
cy. Since As also alters the duty cycle slight
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 
(Figure 6) 

Although a large value of C2 will reduce the 
bandwidth, it also reduces the loop damp
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band condi
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 
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value of C2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of As and Ac can be 
eliminated and the AA resistors 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 11. Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF C1 VALUE 
(Figure 8) 
For precision very low-frequency applica
tions, where the value of C, becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the A, 
C, junction and pin 6, so as to allowa higher 
value of A, and a lower value of C, for a 
given frequency. 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP SE/NE567 

PROGRAMMING TYPICAL APPLICATIONS 
To change the center frequency, the value 
of R, can be changed with a mechanical or 
solid state switch, or additional C, capaci
tors may be added by grounding them 
through saturating npn transistors. 

NOTE 

0 

OS< 0.91( 1.41( 1.9'" 2.51( 3.21<. 4.01( , 
II / / 1/ 

0 I / II I // ,,< 

III / / '/ / 
1 I II '/ /' ,0< 

II! th /' ./" '00< 

I/,V//,V ...... -f--i 
0 

@~ % ...- , -

0 
~~ 

"DETECTION BAND - % 0110 

PlN2r 
567 1_ . RaRe 

A=RA+--t As + Ac 

r 
(RC 

OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 

~ tiOK + R) < C, < ~ ('OK + R) 
10 \" R 10 A 

Adjust control for symmetry of detection band 
edges about fo . 

Figure 6 

OUTPUT LATCHING 

Lr 
UNLATCH 

CA prevents latch-up when power supply is turned on. 

Figure 7 
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TOUCH-TONE® DECODER 

Component values (Typicall 

Rl 6.8 to 15K ohm 
R, 4.7K ohm 

R3 20K ohm 
C, O.iOmfd 
C, i.Omld 5V 
C3 2,2mfd 6V 
C, 250 "F 6V 

PRECISION VLF 

R'~ 
~ 
*C1 5741 

Figure 8 



LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP 

TYPICAL APPLICATIONS (Cont'd) 

~~';:'JNEL 0--7 
OR RECEIVER 

CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 

+5to 15V 

LLLOAO 
K, 

c, -----<l 

1::C, I· ... I C3 

~.OO4tnfd-=--=-D2 

DUAL-TONE DECODER 

.v 

20K 

AUDIO OUT 
(IF INPUT IS 
FREQUENCY 
MODULATEDI 

1, Resistor and capacitor values chosen for desired frequencies and bandwidth. 
2. If Ca Is made large so as to delay turn·on of the top 567, decoding of sequential 1f1 '2) 

tones Is possible. 
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SE/NE567 

24% BANDWIDTH TONE DECODER 

INPUT SIGNAL 
l>l00mVnml 

o---? 

.v 

o· to 180· PHASE SHIFTER 

R, - R,/5 

OUTPUT 
(lNT01K 
OHM MIN. 
LOAD) 

~ "'.. ,. 

Adjust R1 so that tP = 900 with control midway 
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TONE DECODER/PHASE LOCKED LOOP SE/NE567 

TYPICAL APPLICATIONS (Cont'd) 

5-158 

OSCILLATOR WITH 
QUADRATURE 

OUTPUT 

CONNECT PIN 3 
TO 2,8V TO 
INVERT OUTPUT 

PULSE GENERATOR 
WITH 25% 

DUTY C!YCLE 

R, 

-=-~e, 

OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

R, 
10K 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

veo 
TERMINAL 
(±6%) 

R, 

PRECISION OSCILLATOR 
WITH 20nB SWITCHING 

I. ~7 .1 
f- .I111 

R, 

PULSE GENERATOR 

1Kn(MIN) 

'For additional information, consult the Applications Section. 
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SPEECH SYNTHESIZER 

'W""!ul.',, 
DESCRIPTION 
The MEA8000 is a 24-pin NMOS integrated 
circuit for generating good quality speech 
from digital code with a programmable bit 
rate. The circuit is primarily intended for 
applications in microprocessor controlled 
systems, where the speech code is stored 
separately in a Read-Only Memory. An effi
cient, easy-to-use speech editing and en
coding system with EPROM programming 
capability, has been specially developed. 

APPLICATIONS 
• Telephony 
• Automotive 
• Computer response/prompt. 
• Video games. 
• General industrial. 

BLOCK DIAGRAM 

FEATURES 
• Microprocessor interface cabillty In

cluding an 8-bit data bus, an enable and a 
read/write input control signals_ 

• 32-bit data buffer holding speech frame 
codes. 

• Digital filter of 8th order with 3 program
mable formant frequencies, one fixed for
mant frequency, and 4 programmable for
mant bandwidths_ 4 KHz bandwidth. 

• Programmable amplitudes_ 
• Programmable duration of each frame: 8, 

16, 32, or 64 milliseconds_ 
• Low data rate: average 1000 bits/sec_ 
• Operates from standard EPROMs/ROMs_ 
• Minimal external audio filter requirement. 
• Crystal controlled oscillator or external 

(TIL) clock_ 
• Single + 5V power supply. 

MICROPROCESSOR INTERFACE 

MEA8000 

PIN CONFIGURATION 

N PACKAGE 

TEST 

Vi 

R/W 

ClK OUT 

OUT 

REF 

ClK IN 

OSC OUT 

OSC IN 

DO NC 

AO REOEN 

CE VCC 

TOP VIEW 

r-------------------~~~~~~~~~--~~~~----~---------

I OSC IN 16 

·XTAl OSC OUT -"17T-----Oi.!~~~~ 
ClK IN "'18'f-_____ ....!r 

ClK OUT .::.21'+-__ 00-____ --' 

64kHz 

DATA 
HANDLING 

FORMANT 
SYNTHESIZER 

OUTPUT 
CIRCUIT 

L-----~--~~~~~----------------------------~2·0--------~~19.-------~---------
OUT REF 

SPEECH OUTPUT 
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SPEECH SYNTHESIZER MEA8000 
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FUNCTIONAL PIN DESCRIPTION 

N PACKAGE 

Vss II '--' :EI TEST 

REQ [[ mW 
07 II :w RlW 

06 IT: :m ClK OUT 

05 [I ]2] OUT 

04 [I m REF 

03 II :rn ClK IN 

02 [[ ill! OSC OUT 

01 II m OSCIN 

00 lIT 1m NC 

AO ill :m REQEN 

i:E@: TIl VCC 

TOP VIEW 

PIN NO. SYMBOL NAME AND FUNCTION 

CONTROL 

2 REO 
DATA REQUEST output signal (open drain) which follows the inverse of the status REO bit, but 
only if enabled by either the ROE bit in the command register or the external REOEN input pin. 

3 to 10 D7 to DO 
Data bus to which command or encoded speech parameters can be written. D7 is a bidirectional 
line through which the status bit can be read. 

11 AO 
Data/control input. Discriminates between speech code input buffer (AO = '0') and command register 
(AO = '1') during a 'write' operation. 

12 CE Chip enable, Read/Write, Write These control signals provides an easy interface to most 
22 R/W microprocessors or microcomputers (see timing 
23 W diagrams). 

14 REOEN 
Request enable input. REOEN = '0' enables the status REO bit to appear inverted on the REO out-
put, independent of the command register. 

TIMING 

16 OSCIN Connections for internal clock oscillator. Nominal crystal frequency is 3.84 MHz. OSC IN must be 
17 OSC OUT tied to ground if ClK.IN Is used. 

18 ClKIN Clock input for external clock, TTL compatible, 3.84 MHz. Must be tied to ground when not used. 
21 ClK OUT A buffered output of the internal clock cycle (= ClK IN divided by 3). 

OUTPUT 

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

20 OUT 
Speech output. This output is a 64 kHz pulse, modulated in both width and amplitude. It is 
configured as a current sink with a saturating voltage of about 3V. 

SUPPLY 

1 Vss Ground. 

13 Vee Single supply voltage. Nominally 5V, but battery operation is also possible. 

15 NC No connection. 

24 TEST Used for testing purposes. Changes other pin functions. Must be tied to ground for user operation. 
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SPEECH SYNTHESIZER MEA8000 

ABSOLUTE MAXIMUM RATING 

SYMBOL AND PARAMETER RATING UNIT 

Vcc Supply voltage -0.5 to +7 V 

VI Voltage on any pin with respect to V ss -0.5 to +7 V 

VREQ• VOUT Output voltage on pins 2 and 20 15 V 

TSTG Storage temperature range -20 to + 125 °C 

TA Operating ambient temperature range o to + 70 °C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C: Vcc = 5V. unless otherwise stated. All voltages referenced to Vss 

MEA8000 
SYMBOL AND PARAMETER TEST CONDITION 

Min Typ Max 
UNIT 

Vcc Supply voltage (note 1) 4.5 5.0 5.5 V 

Icc Supply current (No audio load) 30 50 rnA 

DO to 07. AO. CEo W. R/W. REOEN. ClK IN: 

V'H Input HIGH voltage 2.0 Vcc V 

V'L Input lOW voltage -0.5 0.8 V 

I'R Input leakage current (note 2) 10 ~A 
C, Input Capacitance 7 pF 

07 (1/0) • ClK OUT: 
5 

VOH Output HIGH voltage IOH = -100 ~A 2.4 V 

VOL Output lOW voltage IOL = 1.6 rnA 0.4 V 
CL Output load capacitance 50 pF 

REO: 
VOH Output HIGH voltage Open drain 13.2 V 

VOL Output lOW voltage IOL = 1.6 rnA 0.4 V 
CL Output load capacitance 50 pF 

Audio output 

IREF Reference current (note 8) - Pin 19 0.3 rnA 

lOUT Output current (peak) - Pi n 20 
IREF = 0 rnA 100 ~A 

IREF = 0.1 rnA 1.7 rnA 

IREF = 0.3 rnA 5 rnA 
VOUT VOUT (pin 20) for linear operation (note 3) IREF = 0.1 rnA 2.5 13.2 V 

Oscillator 

fXTAL Crystal frequency Internal 3.84 4.00 MHz 

fCLK Clock frequency External 3.84 4.00 MHz 

NOTES 
1. The circuit will continue to operate from a supply of up to 6.5V, but without necessarily meeting the specification. 
2. This is also valid for Vee = av. 
3. This permits connection of the output load to a supply higher than that supplying the synthesizer. 
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SPEECH SYNTHESIZER MEA8000 

':m1,."lIe1.I'i 
AC ELECTRICAL CHARACTERISTICS (note 4) (Figure 4 and 5) 

SYMBOL AND PARAMETER TEST CONDITION 
MEA8000 

UNIT 
Min Typ Max 

tWA Write enable pulse width. 200 ns 
tAS Address set·up time. 30 ns 
tAH Address hold time. 30 ns 
tos Data set·up time for write operation. 150 ns 

tOH Data hold time for write operation. 30 ns 
tAH Request hold time (note 5) 350 ns 
tAN Request next (note 6) Clock frequency = 3.84 MHz 3 1"5 

tAD Read enable time. 200 ns 
too Data delay for read operation (note 7) 150 ns 
tOF Data floating for read operation (note 7) 150 ns 
tAV Request valid before a write operation. 0 ns 
tAOE Request output enable response. 750 ns 
tcs Control set·up time. 20 ns 
tCH Control hold time. 20 ns 

NOTES 

4. Timing reference level is 1.5V. 
5. An external pull up resistor is required, as this is an open drain output. The time (tAH) to reach 2.0V is specified at a load to 5V of 3.3 kG and 50 pF. 
6. Between two data write operations of one speech frame. 
7. Levels greater than 2.0V for a '1' or less than o.ev for a '0' are reached with a load of one TTL input and 50 pF. 
e. Typical voltage level at the REF pin is 2.5V. 
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SPEECH SYNTHESIZER 

PRINCIPLE OF OPERATION 
The MEA8DDD voice synthesizer implements 
the vocal tract modeling technique of voice 
synthesis (also known as formant 
synthesis). This technique results in produc
ing good quality speech with the lowest 
possible bit rates; this will in turn mean 
small memory size requirements. 

Figure 1 shows an electronic model of the 
human vocal tract. A mixture of a periodic 
signal, representing the pitch of the original 
speech, and an aperiodic signal, represen
ting the unvoiced sound in the speech, is fed 
via an amplifier stage to a variable filter 
comprising of four resonators. The amplifier 
controls the amplitude of the synthesized 
sound while the resonators model the sound 
in accordance with the formants in the 
original speech. Each resonator is controll
ed by two parameters, one for the resonant 
frequency and one for the bandwidth. The 
information required to control such a syn
thesizer system is defined by the pitch fre
quency, the amplitude values, the voiced/un
voiced source selection and the resonator 
settings. By periodic updating of this control 
information one can obtain a good replica of 
the original speech. 

Operation 
The MEA80DO generates speech output by 
suitable filtering of a relatively low frequency 
sawtooth waveform for voiced sounds or for 
random noise for unvoiced sounds. 

PITCH PI AMPL 

y~~~-

~GAIN 
VOICED 

Speech encoded parameters, controlling the 
on-chip periodic source and digital filter, are 
transmitted on the 8-bit data bus from exter
nal memory to the MEA80DO under the con
trol of an external microprocessor or 
microcomputer. 

At first, a byte containing the starting pitch 
code must be transmitted to the M EABDDD. 
This byte goes directly to the pitch 
generating circuitry via the input interface 
logic. Subsequent pitch frequencies are 
then specified using the pitch increment 
parameter; this method of encoding pitch 
contributes to the low bit rate requirements. 

After receiving the starting pitch code, the 
codes of each speech frame (32 bits), when 
received, are shifted into a four-byte input buf
fer before being translated into control 
parameters by the code-to-parameter ROM 
(See Block Diagram). The parameter interpola
tion logic calculates the difference, and inter
polates linearly between consecutive 
parameters to smooth the parameter transients. 
The interpolation interval is decoded using the 
two Frame Duration (FD) bits in each speech 
frame. Because the FD bits specify a frame 
duration of 8, 16, 32 or 64ms, the resulting 
average bit rate is about 1DDD bits/sec. 

Since the on-chip output sampling rate is 
64KHz, the need for an external analog out
put filter is greatly reduced. 

FMl 
BWl 

2nd ORDER 
DIGITAL 
FILTER 

FM2 
BW 

2nd ORDER 
DIGITAL 
FILTER 

FM3 
BW3 

2nd ORDER 
DIGITAL 
FILTER 

MEA8000 

Modes of Operation 

1. STOP mode: characterized by a silent out
put and the status REO bit set to '1'. This mode 
is entered from power up or by STOP com
mand. The mode is entered automatically if at 
the end of an active speech frame the next four 
parameter bytes are not yet received while the 
CaNT bit in the command register is a 'D'. In 
the latter case the final speech frame will be 
repeated once but with a decaying amplitude 
and the same pitch. 

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

3. CONTINUOUS mode: entered if an active 
speech frame is finished and new data is not 
supplied in time while the CaNT bit in the com
mand register is a '1'. The synthesizer will 
repeat the last speech frame indefinitely until 
all four new data bytes are received, a STOP 
command has been issued or the CaNT com
mand bit has been reset. 

Control Signals 

With the three control signals CE, IN and RIW, 
provided on 3 external pins, the MEABDDD voice 
synthesizer chip is made compatible with most 
popular microprocessors and microcomputers. 
Please refer to the timing diagrams for timing 
requirements. 

BW4 

2nd ORDER 
DIGITAL 
FILTER 

DAC OUT 

\~ ______ ----, .--______ ...J1 

V 
SPECTRAL SHAPING 

RESONATORS 

Figure 1. Electronic Model of Human Vocal Tract. 
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Addressing the MEA8000 

The MEA8000 voice synthesizer chip is ad
dressed as a peripheral device to the host 
microprocessor or microcomputer. The three 
control signals, CE, IN, and RtW along with 
the AO address input, allow the MEA8000 to 

CE W R/W 

0 0 1 
0 0 1 
0 X 0 
0 1 1 
1 X X 

Speech Code Input Buffer 

The MEA8000 has a 32-bit (4-byte) input buf
fer. This buffer holds the speech encoded 
parameters for one speech frame. 

Starting from the STOP mode - see 
Modes of Operation - the first data byte 
received by the MEA8000 will be inter
preted as a starting value for the pitch. 
Every four successive data bytes received 
thereafter are treated as a group of speech 
code. The coded speech frame format is 
shown in Figure 2. 

Writing a data by1e into the MEA8000 will, 
automatically, clear the status REO bit to "a". 
Within a group of 4 bytes (i.e. one speech 
frame), the REO output (if enabled) will be acti
vated within 3).1s, measured from the trailing 
edge of CE or Vii (depending on which is used 
as the write strobe - see Timing), indicating 
a request for the next byte within the same 
group. Note that this time is extended to a multi
ple of 8ms (8, 16, 32 or 64) after writing the 
fourth, or last, byte of a group. This allows the 
host microprocessor enough time to use poll
ing, instead of interrupts, since the minimium 
time of a speech frame is 8ms. 

When in the STOP mode, the MEA8000 voice 
synthesizer will commence producing sound 
after receipt of 5 by1es (Figure 2). 

5·164 

be addressed as an 1/0 device or as a 
memory device In a memory-mapped 1/0 
system. 

The input buffer and the command register are 
write-only while the status register is a read
only, as depicted in the following table: 

AD OPERATfON 

0 Write Data 
1 Write Command Register 
X Read Status Register 
X Three-State Data Bus 
X Three-State Data Bus 

MEA8000 

Status Register 

The MEA8000 status register consists of a 
single bit: REO. The status REO bit appears 
on bit 7 of the data bus, 07, when 'reading 
the status register. The REO output carries 
the Inverse polarity of the status REO bit. 
When the status REO bit is a "0", the 
MEA8000 is busy and cannot accept any 
write data. The MEA8000 requests more 
data by setting its status REO bit to a "1"; in 
this case the REO output pin is active "0" 
only If this output Is enabled. The REO out
put Is enabled either by hardware by con
necting REOEN pin to ground, or by soft
ware by setting the ROE bit In the command 
register to a "1" while holding REOEN pin 
high. The MEA8000 voice synthesizer chip 
can then be used in an Interrupt driven en· 
vironment or In a polled type structure. 

D7 DO 

I :s+++~+: I 

Figure 2. Format of Coded Speech Frame 

SYMBOL AND PARAMETER BITS 

Starting Pitch Initial value for pitch 8 
FD Speech frame duration 2 
PI Pitch increment (rate of pitch change) or noise 

selection 5 
AMPL Amplitude 4 
FM1 Frequency of 1 st formant 5 
FM2 Frequency of 2nd formant 5 
FM3 Frequency of 3rd formant 3 
FM4 Frequency of 4th formant (fixed at 3500 Hz) a 
BW1 Bandwidth is 1 st formant 2 
BW2 Bandwidth of 2nd formant 2 
BW3 Bandwidth of 3rd formant 2 
BW4 Bandwidth of 4th formant 2 
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Command Register 

The MEABOOO has a 5-bit command register. 
A command word is written into the command 
register by performaing a write operation with 
AO input being set to "1". 

The following explains the various command 
bits in the command register: 

STOP results in an immediate reset of the 
synthesizer to the STOP mode. The 
ROE and CaNT are not affected by 
this command. 

07 I 06 I 05 

CaNT Continuous mode. This bit can be set 
or cleared only if the corresponding 
CaNT enable bit is programmed as a 
'1'. In the continuous mode the syn
thesizer will not revert to the STOP 
mode if all four parameters are not 
received before the end of the current 
speech frame, but will repeat it 
indefinitely. 

04 

STOP 

If CaNT = '0', the last frame will be 
repeated once with decaying ampli
tude and the same pitch before the 
stop mode is entered. 

03 I 02 01 

CaNT I CaNT RaE 
enable enable 

ROE 

MEA8000 

Request Output Enable. This bit can 
be set or cleared only if the correspon
ding ROE enable bit is a '1'. ROE 
determines whether the request in the 
status bit appears on the REO pin. 
Note: the same can be achieved by 
connecting the REOEN pin (request 
enable) to a '0'. 

After power on, the command register bits 
CaNT and ROE will both be zero. Thus power 
on equals the command 00011010 = 1 A 
(hexadecimal). 

I DO 

I 
ROE 

00 = Invalid 00 = Invalid 
'0' = Invalid 01 = Invalid 01 = Invalid 

Not used 10 = Slow stop 10 = Disable REO output 
'1' = Stop 11 = Continue 11 = Enable REO output 

ROM Mapping 
The external ROM that stores the speech 
codes of an utterance or a word (called a 
speech file) also stores the starting pitch byte 
and the file header. The header comprises 
three bytes, two that indicate the number of 
bytes in the file and one that allows additional 
data to be encoded for each file. 

Usually, more than one speech file will be 
stored in a ROM. An index is made by listing 
the 2-byte starting addresses of each file at the 
beginning of the ROM. The end of the index 
is indicated by the bytes FF FF. Figure 3 shows 
examples of ROM mapping. 

Power Supply 
During (slow) power-up or power-down, the 
MEABOOO voice synthesizer will not produce 
any spurious sound. When powering-up the 
device, the MEABOOO will be in the STOP mode 
with command bits ROE and CaNT being set 
to "0". 

Speech Editing and Encoding 
System 
A specially designed speech editing and 
encoding system, targeted for use with the 
MEA80000, has been developed. The 
system consists of a Speech Adapter Box 

(SA B), a customized software package, and 
a general purpose personal computer. 

The system is capable of programming the 
PROM's with the most efficient speech 
parameters. These parameters, when read by 
the MEA8000 voice synthesizer chip, will pro
duce the best quality speech possible that this 
chip is capable of delivering. 

Timing Diagrams 
Read and write timing diagrams are depicted 
in Figures 4, 5, and 6. Note that for a read 
operation, either CE or RIW can be used as 
the read strobe whereas for a write operation, 
either CE or Vii can be used as the write strobe. 
This allows great flexibility in system design. 

Figure 7 shows the timing sequence en
countered when writing speech code data in
to the MEA8000. In the figure, data is written 
on the rising edge of CEo Starting in the STOP 
mode, the first byte to be written is the starting 
pitch. This is followed by 4 consecutive bytes, 
representing the first speech frame to be writ
ten into the MEA8000. Note that within the 
same frame, REO output pin (if enabled) is ac
tivated within 3J.1s indicating, to the host 
microprocessor, its readiness to accept the next 
byte. After receiving the fourth byte of a speech 

Signetics 

frame, the REO output pin will not be ac
tivated until the frame duration period 
(specified by the two FD bits) has elapsed. 
This time is equivalent to 8, 16, 32 or 64ms. 

System Configurations 

Figure 8 shows a minimal system configuration 
for a voice application system using a general 
purpose microprocessor or a single chip micro
computer. In the latter case, speech code 
parameters are stored in the on-chip microcom
puter ROM. 

Figure 9 depicts a speech synthesis system us
ing the SCN8051, 8-bit single chip microcom
puter. Separate external program memory and 
speech parameters memory is shown, using 
64K ROM chips. Note that external buffers 
might be needed on PO (0-7) depending on 
loading conditions. 

Figure 10 shows a typical audio output stage 
configuration using the TDA1011 audio power 
amplifier chip. 

The oscillator/clock configurations are depicted 
in Figure 11. 
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MEA8000 

Figure 3. Examples of ROM Memory Mapping; (a) Vocabulary in One ROM, (b) and (c) Vocabulary in Two ROMs. 
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SPEECH SYNTHESIZER MEA8000 

CE 

Vi = 0 

AIW / 
(a) 

RIW\ READ / 
CE = 0 

Vi \ WRITE I 
(b) 

Figure 4. (a) Chip Enable (CE) Used as a Read or Write Strobe; (b) Separate Read and Write Strobes. 

NOTES 

CE USED 
AS STROBE 
Vi = '0' 

RIW USED 
AS READ STROBE 
CE = '0' 

~--------------~ 

R/W 

RIW 

Vi 

D7----------------r-~ 

Figure 5. Read Timing 

Address input AO is a don't care, Data bits DO to 06 remain floating. 
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SPEECH SYNTHESIZER 

'QEII"jlei.I', 

CE 

CE USED 
~S STROBE 
W = '0' 

R/W 

W USED R/W 
AS WRITE 
lITROBE 

W CE = '0' 

lAS 

AO ----<I 

00-0"'7 ______ +-__ -<1 

WHEN WRITING 
DATA INTO THE REO 
INPUT BUFFER 

WHEN WRITING 
A COMMAND WORD 
TO MANIPULATE REO 
THE ROE COMMAND 
BIT 

AO=l : AO=O 
(ADDRESS I (ADDRESS 
COMMAND I INPUT 
REGISTER) I BUFFER) 

I 
I 

STOP I 
COMMAND: 

DATA 
00-07 

I 

200ns min 

Figure 6, Write Timing 

--leH 

leH 

I..-a. 12, 32 or 64ms ..... : 

I I 
I I 

Figure 7, Speech Code Data Write Timing Sequence 
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SPEECH SYNTHESIZER MEA8000 

':m1""jf"·"2 

DATA 00--07 

SINGLE CHIP MEABOOO 
MICROCOMPUTER 

REO 

CE 

a_ Minimal System: Single Chip Microcomputer With On-chip Voice ROM. 

ROM 

..., ;.. 

~ 7-
DATA 00--07 

AO 5 
MICROPROCESSOR MEABOOO 

REO 

CE, R/W, Vi 

b. MEASOOO as a Microprocessor Peripheral 

1 
CONTROL 1 

ADDRESS I VOICE VOICE 

I 
ROM ROM 

-+ 

J J 
A-

~ '7 

" DATA 00--07 ... I' 

CONTROL AO 

PROCESSOR MEA8000 
REO 

CE.lilW. W 

c. Applications Using Separate Voice ROMs. 

Figure S. Typical Application Configurations. 
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SPEECH SYNTHESIZER 

'am""iide"i 

ENCODED SPEECH 
PARAMETERS STORE 

MEA8000 

EXTERNAL PROGRAM (UP TO 4 MINUTES OF SPEECH) 

£ ~ (2) (2) 

(1) ~ 
(1) _ 

"::" OE (0) (0) 

I'f. 74 HCT 8 13 2364 r "" 373 

1 

OK x 8 - 8K x 8 
ROM ROM 

41- P2(0-4) ~~ f2~ 
5 

,..-..-" 

O~}>-+ 
SCN8051 ALE 

~ 74HCTe--· 
138 } 

P2(5-7) PSEN 
P2(0-7) 8 

----..r 
PO (0-7)- 8 8 -6 

+5 v-- Pl (0-7) TO MISC. 1/0 '-- AO 
CE 

l WR W DB 8 
Eli Ro R/W 

iNTO REa 
ClK IN REam 11 YO +N'" (~4 MHz) MEA8000 

(1.212MHz) 

Figure 9, Speech Synthesis System Using the 8051 8-Bit Microcomputer 

'External buffers might be needed. 

"Connect EA to ground for the ROM less version (SCN 8031) . 

... +N is a single F/F when XTAL frequency is around 8 MHz 
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':m1 i1 ,,1Id.i4ll 

Vee 
(13) REF 

(19) 

MEA8000 

+ 5V 

1BK 47 
47,..F 

~ 
I10n~_ -------------1 
-=- I I 

: 470 FILTER I 

I 47"F : 

~2UO~I----+: -+..l1~00.:mT.H~-'\61\i0"0 -t--l:.J: : 100nF 

TDA10ll ___ oJ i rl00nF 22nF
r

22Kl-rf-.-----1 
: -=- -=- -=- I ----;---r--r-..., ....... L _______________ . rl~ 

Figure 10. Audio Output Stage-Typical Configuration. 

MEA8000 MEA8000 MEASOOO 

CLOCK 

Figure 11. Oscillator/Clock Configurations 
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TRANSMISSION INTERFACE WITH DTMF TEA1046 

This integrated circuit is a dual-tone multi-frequency (DTMF) generator and a speech transmission 
circuit on a single chip. It supplies frequency combinations in accordance with CCITT recommendations 
for use in push-button telephones. It can be operated with a single contact keyboard or via a direct 
interface with a microcomputer. 12 L technology allows digital and analogue functions to be implement
ed on the same chip. 

The speech-transmission part incorporates microphone and telephone amplifiers, anti-sidetone and line 
adaption. The microphone inputs, suitable for different types of transducers, are symmetrical to allow 
long cable connections with good immunity against radio-frequency interferences. 

The logic inputs contain an interface circuit to guarantee well defined states and on and off resistance 
of the keyboard contacts. 

The circuit features: 
- stabilized DTMF levels to be set externally 
- wide operating range of line current and temperature 
- no individual DTMFlevel adjustments required 
- microcomputer compatible logic inputs 
- gain setting for microphone and receiver amplifiers 
- internally generated electronic muting 
- low spreads on amplifier gains 
- low number of external components 

QUICK REFERENCE DATA 

Line voltage 

Line current 

Adjustable dynamic resistance 

Microphone signal amplification 

Telephone signal amplification 

DTMF tone levels (adjustable) 
lower frequency 
higher frequency 

Operating temperature range 

PACKAGE OUTLINES 

TEA1046P: 24-lead DIL, plastic (SOT-101). 
TEA1046D: 24-lead DIL, ceramic (SOT-149). 
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VL typo 4.8 V 

IL 10 to 120 mA 

Ri 600 to 900 .n 
AM typo 50 dB 

AT typo 20 dB 

VLG max. -6 dBm 

VHG max. -4 dBm 

Tamb -25 to + 85 0C 
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19 

17 

16 

15 

23 

22 

21 

20 

24 

13 

14 

9 

4 

ROWl 

ROW2 

ROW3 

ROW4 

COL4 

COL3 

COL2 

COLl 

OSC 

MICl 

MIC2 

F2 

AT 

VL 

TI 

TEA1046 ,- r--

=: I II Hsc2~ERt I N Fl 
~n DAC N =: P 

T U 
E T ~ ~ R 
F L 

A =: 0 ,.. ,.. 
C G 18 

I ...;.-m - r- I DAC 1-1-E =: I I SCALER 
~ C --+ 

'--
'-r;;:;UTE t t--

~ OSCI L-
l-I- +3 (4) - +3 DTMF TLS 

LATOR REF 

II 

[> I-r.. ~~ .... <J 
MICROPHONE ACTIVE VN2 

AMPLIFIER BUFFER OUTPUT STAGE 
-=!;:-

[> "--- [> If ~ ZI 
I 

[> R:- $ 
DC I REGULATOR 

TO 

I 

--<> 

~m~J1 
VR 

~ - Vre! 

-:!::- AMPLIFIER 

fl 
Vs I i.e. IVN1 

3 6 7Z89981.A 

Fig. 1 Functional block diagram. 
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PINNING 

1 VL positive line-voltage 

2 VN1 negative line-voltage 

osc 3 VS voltage stabilizer filter 

4 TI telephone amplifier input 
COL4 

5 TO telephone amplifier output 
COL3 

6 i.c. internally connected 
COL2 7 ZI impedance setting input 

COLl 8 AT anti-sidetone output 

ROW1 9 F2 second filter 

TLS 
10 F1 fi rst fi Iter 

11 VN2 negative line voltage 
ROW2 

12 VR reference voltage output 
ROW3 13 MIC1 microphone input (pos.) 

F1 ROW4 14 MIC2 microphone input (neg.) 

MIC2 15 ROW4 row input 941 Hz/BCD input 

VR MIC1 16 ROW3 row input 852 Hz/BCD input 

7Z87300 
17 ROW2 row input 770 Hz/BCD input 

18 TLS DTMF level setting 

19 ROW1 row input 697 Hz/BCD input 
Fig. 2 Pinning diagram. 20 COL1 column input 1209 Hz/mute input 

21 COL2 column input 1336 Hz/mute input 

22 COL3 column input 1477 Hz/enable input 

23 COL4 column input 1633 Hz/mute input 

24 OSC oscillator input 

FUNCTIONAL DESCRIPTION 

Voltage regulator (Fig. 3) 

Different line lengths and feeding bridge resistances of the exchange cause a large line current range to 
supply this circuit. As all functions on this chip are working within a total current of 10 mA, the rest of 
the line current is shunted by the voltage regulator circuit. It regulates the voltage drop over the circuit 
on a nominal level of 4.8 Y. 

The capacitor connected to input YS provides a low-pass filter function to avoid influence of the audio 
signals on the line. 

The static behaviour of the voltage regulator is expressed by: 

where Yo = 4.8 Y at Ta = 25 0C and R13 = 5 n, Ii = 10 mAo 

The dynamic impedance of the regulator is equivalent to a resistor in series with a simulated inductor: 

Zr (w) = Req + jwLeq 

where Req = R13 = 5 n 
Leq "" 5 H (CyS = 68 pF). 
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TEA1046 

1 VL 

R12 

t 
I L 

10 -140 
rnA 

VS VN1 
+ 

c VS 68pF 
7287299 

Fig.3 Voltage regulator principle. 

By connecting a resistor parallel to R 12 the d.c. level (V L) can be decreased. A resistor parallel CVS 
increases the level (see Fig. 3). All this with respect to limited values. The shunt regulator contains a 
thyristor which short-circuits R 12 for a short period during the switch-on time. This reduces the over
shoot voltage to only 1 V above the level set by the regulator. 

Active output stage 

The amplifier consists of a voltage to current converter with a class-A output stage. Because of the 
feedback from the line to the input the circuit acts as a dynamic resistance (Ra). This resistance can be 
adjusted by the external resistor RZI and the value can be found by: 

Ra = 8.93 x RZI (n) 

The total dynamic resistance Ri equals Ra parallel with the resistance Rp of all other circuits parts, 
which value is approximately 7 kn. 
With RZI =75 n, Ra = 670 nand Ri = 610 n. 
For RZI = 120n, Ra = 1070 nand Ri = 900 n. 

Microphone amplifier 

Pins 13 and 14 respectively are the non-inverting and inverting inputs for the microphone. The purely 
symmetrical inputs are suitable for low ohmic dynamic or magnetic capsules. The input impedance 
equals 4 kn. The voltage amplification from microphone input to pin 1 (V L) is 50 dB and if a lower 
gain is required the attenuation for a series resistor RMS will be: 

7Z89994.A 
(a) 

AM(RMS i 0) 

AM(RMS = 0) 

AM= I~~ I 
4 

Fig.4 Symmetrical microphone connection. Resistor RMP may be used to lower the microphone 
termination resistance. 
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The microphone amplifier also has an excellent behaviour for connection of an electret microphone 
with built in FET-source follower. In this condition pin 14 is decoupled for a.c. and the amplifier is 
driven at pin 13. The input impedance in this asymmetrical mode is 22 kn. If attenuation of the 
amplification is required the value of RMA is given by: 

r-___ 11 __ ---'-14---j MIC 2 

7Z89994.A 

(b) 

Fig.5 Electret microphone circuit. 

Telephone amplifier and anti-sidetone network 

AM(RMA 1- 0) 

AM(RMA = 0) 

22 + RMA 

22 + 11 RMA 
(RMA in kn) 

This amplifier is a non-inverting fixed feedback amplifier with a class-A output stage. The gain is fixed 
and measures 20 dB from pin 4 (TI) to pin 5 (TO). The output is intended to drive capsules ZT of 
nom. 350 n. For ZT smaller than 350 n the maximum output voltage swing is determined by the bias 
current of 3.5 mA and ZT. For ZT greater than 350 n the maximum voltage swing is determined 
internally. The received line signal is attenuated by the anti-sidetone network and can be adjusted by 
RAT. The amplification from the line to the telephone output is given by: 

Zs is the impedance of the anti-sidetone network 
ZT is the capsule impedance 
RO is the amplifier output resistance 

(see Fig. 14) 

Optimum side-tone suppression is obtained as Zs (RA 1, RA2 and CAl equals 

ZL = line terminating impedance 
Ri = output stage impedance II passive circuit impedance 
K = 237 

In the application of Fig. 14 the network is optimized for 5 km of twisted copper wire (¢0.5 mm) cable 
with a d.c. resistance of 176 n/km. The side-tone suppression in the range from 0 - 10 km is at least 
10 dB compared with the case when no compensation is applied. 
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Keyboard inputs 

Inputs for the logic control are compatible with different types of keyboard. Using a keyboard, tone 
combinations are generated: 
- by connecting one of row inputs to one of the column inputs by means of a single switch of the matrix. 
- or by applying a dual contact keyboard having its common row contact tied to ground and the 

common column contact tied to VR. 

An anti-bounce circuit eliminates the switch bounce for up to 2 ms. Two key roll-over is provided by 
blocking other inputs as soon as one key is pressed. Single tones can be generated if the column input is 
connected to V R or the row input to ground. The inputs for the keyboard connections can be used for 
direct connection to a microcomputer. If the column inputs are interconnected and made HI G H (= V R) 
the row inputs are changed to another mode, allowing the circuit to be driven by 4-bit data plus an 
enable signal. In this mode, it is also possible to connect a separate mute enable signal on inputs CO L 1, 
2 and 4 and a tone enable input on CO L3. 

Truth table microcomputer mode 

row column tones 
1 2 3 4 1,2,4 3 Hz 

symbol mute 

H H H H L L - - off 

X X X X H L - - on 

H H H H H H 697/1209 1 on 

H H H L H H 697/1336 2 on 

H H L H H H 697/1477 3 on 

H H L L H H 697/1633 A on 

H L H H H H 770/1209 4 on 

H L H L H H 770/1336 5 on 

H L L H H H 770/1477 6 on 

H L L L H H 770/1633 B on 

L H H H H H 852/1209 7 on 

L H H L H H 852/1336 8 on 

L H L H H H 852/1477 9 on 

L H L L H H 852/1633 C on 

L L H H H H 941/1209 * on 

L L H L H H 941/1336 0 on 

L L L H H H 941/1477 # on 

L L L L H H 941/1633 D on 
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5·178 

1/0ll-----------tROWI 

1/02 ROW2 

1/03 Row3 

1/04 ROW4 

ROWI, 
ROW2, 
ROW3, 
R~~4 __ ..J\ __ --' 

C~~~~~ER TEAI046 
I/O 51-_--'M"'U:..:.T.::.E _" ",E N;.:A.:::BOOLE=----,--I CO LI 

COLI 
COL2 
COL3 

and 

MICRO-
COMPUTER 

1/06 

COL2 

COL3· 

COL4 

COL4 

LINE 
SIGNAL 

SPEECH DTMF SPEECH DTMF SPEECH 

(a) 

Fig. 6 MicrocomplJter mode. 
All column inputs interconnected. 

Fig. 7 Tone/speech waveform in circuit 
diagram Fig. 6. 

1/01 ROWI 

1/02 ROW2 

1/03 ROW3 

1/04 ROW4 

TEA 1046 

1/05 MUTE 
COL I 

COL2 

1/06 
ENABLE 

COL3 

COL4 

ROWI, 
ROW2, 
ROW3, 

or 
ROW4 

COLI 
COL2 

and 
COL4 

COL3 

LINE 
SIGNAL 

SPEECH OTMF SILENCE DTMF SIL. SPEECH 

7Z91000.A 
(b) 

Fig. 8 Microcomputer mode. 
Column inputs COL 1,2 and 3 
interconnected. 

Fig. 9 Tone/speech waveform in circuit 
diagram Fig. 8. 

ROWI ,-----.. 

------Ii i'---
I I 

ROW2~ 
I I 

~ 
ROW3 ---1, "-----

I I 
I I 

ROW4 I I 
: I 
~ 

COL3 ---'. "-----

I I 

COLI'2.4~ 
I I I 
I I I 

LlNE~ 
SIGNAL 

I I I 
SPEECH DTMF SIL. SPEECH 

7287296 

Fig. 10 Waveform tones 697/1336 Hz (dialling number 2). 
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Dial tone generator 

The crystal oscillator frequency is twelve or nine times the clock frequency i.e. 4.782720 MHz or 
3.579 545MHz (mask option). The CCITT recommends that the tones should be within 1.5% of the 
specified frequencies. Many authorities however require a closer tolerance. The application using a 
crystal of 4.78 MHz gives a maximum dividing error of 0.11 % whilst for an application with a 3.58 MHz 
crystal the error is 0.25% maximum. 

The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave 
pulses which contain considerable odd-numbered harmonics. The lower order odd numbered harmonics 
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxima
tions. Each half cycle of the tone waveform comprises seven discrete amplitudes for the higher frequency 
tone. Each amplitude increment is generated by switching on and off an individual current source for 
the duration of each step of the sinewave. The frequency of the tones is varied by changing the duration 
of each step. This circuit allows the connecting of two low-pass first order filters to pins 9 and 10 if 
CEPT 203 recommendations have to be achieved. 

The second filter is also used for filtering the microphone signal. If lower requirements for the distortion 
can be applied the filter at pin 10 can be deleted. In that case the filter at pin 9 must have a lower 
cut-off frequency (1800 Hz)to achieve a correct pre-emphasis since the roll-off of the filters is 
compensated internally. 

RATINGS 

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

Supply current Ip 

Surge current (tp < 250 !ls) IS 

Operating ambient temperature range 

Storage temperature range 

Junction temperature 

CHARACTERISTICS 

Tamb = 25 oC; I L = 15 rnA, unless otherwise specified. See also Fig. 11. 

description symbol min. 

Supply 

Line voltage d.c. 
IL = 15 rnA VL 4.5 
IL = 50mA VL 4.7 
IL = 100mA VL 5.0 

Temperature coefficient TC -
Line current range IL 10 

Stabilized voltage (pin 3) 
IL = 15 rnA Vs -
IL = 100mA Vs -

Reference voltage (pin 12) VR -

Signetics 

max. 

max. 

150 rnA 

850 rnA 

-25 to . +85 0C 

-55 to + 125 0C 

max. 150 0C 

typo max. unit 

4_8 5.1 V 
5_0 5.3 V 
5.4 6.5 V 

-8 - mV/K 

- 120 rnA 

3.3 - V 
3.8 - V 

1.0 - V 
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description symbol min. typo max. unit 

Microphone 

Input resistance (symmetrical) Ri 13-14 - 4 - kn 
Input resistance (asymmetrical) Ri 13 - 22 ~ kn 
Voltage amplification 

f = 800 Hz; R L = 600 n AM 48 50 52 dB 

Temperature coefficient 
IL = 50 mA; Tamb= -5 to +45 °C TC t.b.f. dB 

Common mode rejection ratio CMRR 60 - - dB 

Distortion at VL = 3 dBm dt - 2 - % 

Noise output voltage 
Z L = 600 n; psophometrically weighted 
(P53 curve) VNO - -70 - dBmp 

Amplification reduction 
during dialling AAM - 70 - dB 

Anti·sidetone 

Voltage amplification, microphone to 
anti-sidetone output (RAT = 3.9 kn) AAT - 25.8 - dB 

Transmitter output stage 

Dynamic resistance setting range Ri 600 - 900 n 
Variation over line current 

Ri = 600 n AZo - 100 - n 
Balance return loss from 300 up to 3400 Hz 

at 600 n (RZI = 75 n, CL = 10 nF) BRL 20 - ,- dB 

at 900 n (RZI = 120 n, CL = 30 nF) BRL 20 - - dB 
.' 

Telephone amplifier 

Voltage amplification 
RT = 350 n AT 1B 20 22 dB._ 

Amplification variation 
f = 300 to 3400 Hz AAT/f - 0 - dB 

Amplification variation --T = -5 to + 45 0C AAT/T - 0 - dB 

Output voltage swing (dt = 10%) Vo(p-p) - 1300 - mV 

Output impedance Zo - 5 10 n 
Input impedance Zi - 100 - kn 
Output distortion 

level < -7 dBV do - 2 - % 

Output noise voltage psophometrically 
weighted (P53 curve) Vno (rms) - - 500 /lV 

Bias cu rrent 1M 3 3.5 4 mA 
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CHARACTERISTICS (continued) 

description symbol min. typo max. unit 

DTMF generator 

Tone frequencies 
low tones (row inputs) 697, 770, 852, 941 Hz 
high tones (column inputs) 1209,1336,1477,1633 Hz 

Dividing error. 
crystal frequency = 4.78 MHz Md -0.04 - +0.11 % 
crystal frequency = 3.58 MHz ~fd -0.25 - -0.05 % 

Tone output level 
IL> 10 rnA 
lower tones VLG - -11 - dBm 
higher tones VHG - -9 - dBm 

Tone output level 
IL> 12 rnA 
lower tones VLG -11 - -6 dBm 
higher tones VHG -9 - -4 dBm 5 

Tolerance on output level 
over temp. and current range ~Vo -2 - 2 dB 

Pre-emphasis higher tones 
over temp. and current range ~VHG 1.3 2 2.7 dB 

Tone delay 
after key actuation td - 10 - p,s 

Switch delay time speech/mute 
after key release td - 10 - p,s 

Switch bounce elimination tsb - 2 - ms 

Keyboard inputs 

Contact off resistance RKoff .250 - - kn 

Contact on resistance RKon - - 10 kn 

Lower frequency inputs (ROW1, 2, 3, 4) 
voltage LOW VIL - 0.7 t.b.f. V 
voltage HIGH VIH t.b.f. 1.7 - V 
current (d.c.) at V I L IlL - 20 1000 p,A 
current (d.c.) at VIH IIH - - - p,A 

Higher frequency inputs (COL 1,2,3,4) 
voltage LOW VIL - 0.3 t.b.f. V 
voltage HIGH VIH t.b.f. 1.0 - V 
current (d.c.) at VI L IlL - - - p,A 
current (d.c.) at VIH IIH - 20 1000 p,A 
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ROW4 

ROW3 

ROW2 

ROWl 

TEA1046 

TO 331lF 

5 + t 
22nF VTO 350 

VNl ~ 
2 

RZI 
3.9 7.5 10nF 
K K 

+ 
331lF 

7Z87302 -= 

Fig. 11 Test circuit for measuring amplifier voltage gains and frequencies and levels of DTMF generator. 
X = 3.58 or 4.78 MHz. 
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o 

tone 
level 

(dBm) 

-5 

-10 

·l 

I 
I 

.1 

I 
1 
1-
I 
I 

35 

t-t-

--l-t-
RTLS min 

t-l-I--
t--l-I--

l-t-I--

II-I-t-
low frequency 

to"!e griUP 

40 45 50 

high frequency 
tone g;ou p -'-!.. -I-

t--l---- I-- -l-

55 

7287320 

RTLS max 

I-t--I--

t--t--I-- I 

60 RTLS ( K) 65 

Vrms 
(mV) 

600 

500 

400 

300 

200 

Fig. 12 DTMF level selection. The curve is valid for a dynamic impedance of 600 n (RZI = 75 n). 

Some values: 

LOW HIGH RTLS 
dBm dBm kn 

-6 -4 35.2 

-8 -6 44.8 

-11 -9 62.6 

-_--~>--- VL 

VL 

to. 5 K logic 

5K r- logic 
COLi 

r 

7287298 VN '""7=-:28:-7""29:-7--~- VN 

(a) (b) 

Fig. 13 Configuration inputs. (a) ROW1, 2, 3 and 4. (b) COL 1,2,3 and 4. 
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VL 

RX 11M) asc 
RLP 24 
18 

CL i.e. 

10nF 6 
2x 

BASll CF2 
F2 

lOnF 
9 

VN2 
11 

RAl RTLS 
line 36 K 

TLS 
18 

RA2 
56 K CT1 

TI 

22nF 
4 

CVS 
CAT 681l F 
2.2nF 

23 22 

TEA1046 

COL4 
COL3 
COL2 
COLl 

ROW1 
19ROW2 

17ROW3 

16 
ROW4 

15 

TEA1046 

ITI0rn0 
m[§]l]J[[) 
[2][[)rn@] 
~[Q][!]@J 

7ZB7301.1 -=-

Fig. 14 Application diagram TEA1046 using dynamic transducers, RMS, RAT, RZI and RTLS 
determined by transducers and system requirements. 
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TIMER 

DESCRIPTION 
The 555 monolithic timing circuit is a highly 
stable controller capable of producing ac
curate time delays, or oscillation. In the time 
delay mode of operation, the time is precise
ly controlled by one external resistor and 
capacitor. For a stable operation as an oscil
lator, the free running frequency and the 
duty cycle are both accurately controlled 
with two external resistors and one capaci
tor. The circuit may be triggered and reset 
on falling waveforms, and the output struc
ture can source or sink up to 200mA. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE555 
NE555, SE555C 

Power dissipation 
Operating temperature range 

NE555 
SE555, SE555C 

Storage temperature range 
Lead temperature (soldering, 60secl 

EQUIVALENT SCHEMATIC 

FEATURES 
• Turn oil time less than 21's 
• Maximum operating frequency greater 

than 500kHz 
• Timing from microseconds to hours 
• Operates In both astable and monostable 

modes 
• High output current 
• Adlustable duty cycle 
• TTL compatible 
• Temperature stability of 0.005% per ·C 

APPLICATIONS 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modulation 
• Missing pulse detector 

RATING UNIT 

+18 V 
+16 V 
600 mW 

o to +70 ·C 
-55 to +125 ·C 
-65 to +150 ·C 

300 ·C 

FM 

SE/NE555/SE555C 

PIN CONFIGURATIONS 

D, N, FE PACKAGE 

::I:~:: 01 : :::HARGE 
OUTPUT 3 6 THRESHOLD 

RESET 4 5 CONTROL 
IJOLTAGE 

TOP VIEW 
ORDER NUMBERS 

SEINE555N.FE NE5550 
SE555CN.CFE 

ONO 

Ne 

TRIGGER 

OUTPUT 

Ne 

RESET 

Ne 

ORDER NUMBERS 
SEINE555F SE555CF 

BLOCK DIAGRAM 

Vee 

• 

CONTROL 
VOlTAGE 

f------j--<> 5 

DIS-
CHARGE -=-

OUTPUT GROUND 
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LINEAR LSI PRODUCTS 

TIMER SE/NE555/SE555C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15 unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current (low state)1 Vee - 5V RL -., 

Vee ='15V RL =., 

Timing error (monostable) RA = 2KO to 100KO 
Initial accuracy2 C = O.lI'F 
Drift with temperature 
Drift with supply voltage 

Timing error (astable) RA, Rs = 1 kO to 100kO 
Initial accuracy2 C=O.lI'F 
Drift with temperature Vee = 15V 
Drift with supply voltage 

Control voltage level Vee - 15V 
Vee = 5V 

Threshold voltage Vee = 15V 
Vee = 5V 

Threshold current3 

Trigger voltage Vee = 15V 
Vee = 5V 

Trigger current VTRIG = OV 

Reset voltage4 

Reset current 
Reset current VRESET = OV 

Output voltage (low) Vee = 15V 
ISINK = 10mA 
ISINK = SOmA 

ISINK = 100mA 
ISINK = 200mA 

Vee = 5V 
ISINK = BmA 
ISINK = 5mA 

Output voltage (high) Vee = 15V 
ISOUReE = 200mA 
IsouReE = 100mA 

Vee = 5V 
IsouReE = 100mA 

Turn off time5 VRESET = Vee 

Rise time of output 
Fall time of output 
Discharge leakage current 

NOTES 
1 Supply current when output high typically 1 mA less. 
2. Tosted at Vee = 5V and Vee = 15V. 
3. This will determine the maximum value of AA + Rs, for 15Voperation, the max total 

A ~ 10 megohm, and for SV operation, the max total R = 3.4 megohm. 
4. Spocifiod with trigger input high. 
S Tlmo moasured from a positive going input pulse from 0 to 0.8 x Vee into the threshold 

10 tho drop from high to low of the output. Trigger is tied to threshold. 
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Min Typ 

4.5 
3 
10 

0.5 
30 

0.05 

4 

0.15 

9.6 10.0 
2.9 3.33 
9.4 10.0 
2.7 3.33 

0.1 

4.B 5.0 
1.45 1.67 

0.5 

0.3 

0.1 
0.4 

0.1 
0.4 
2.0 
2.5 

0.1 
0.05 

12.5 
13.0 13.3 

3.0 3.3 

0.5 

100 
100 
20 

NE555/SE555C 
UNIT 

Max Min Typ Max 

18 4.5 16 V 
5 3 6 mA 
12 10 15 mA 

2.0 1.0 3.0 % 
100 50 150 ppm/DC 
0.2 0.1 0.5 %N 

6 5 13 % 
500 500 ppm/DC 
0.6 0.3 1 %/V 

10.4 9.0 10.0 11.0 V 
3.8 2.6 3.33 4.0 V 
10.6 8.8 10.0 11.2 V 
4.0 2.4 3.33 4.2 V 

0.25 0.1 0.25 I'A 

5.2 4.5 5.0 5.6 V 
1.9 1.1 1.67 2.2 V 

0.9 0.5 2.0 I'A 

1.0 0.3 1.0 V 

0.4 0.1 0.4 mA 
1.0 0.4 1.5 mA 

0.15 0.1 0.25 V 
0.5 0.4 0.75 V 
2.2 2.0 2.5 V 

2.5 V 

0.25 0.3 0.4 V 
0.2 0.25 0.35 V 

12.5 V 
12.75 13.3 V 

2.75 3.3 V 

2.0 0.5 2.0 I'S 

200 100 300 ns 
200 100 300 ns 
100 20 100 na 



LINEAR LSI PRODUCTS 

TIMER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SE/NE555/SE555C 
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LINEAR LSI PRODUCTS 

TIMER SE INE555/SE555C 

TYPICAL APPLICATIONS 

5-188 

ASTABLE OPERATION 

VCC 

8 555 OR 1/2 556 ----------------l 
I 

DISCHARGE 

R I 

CONTROL I 
,- VOLTAGEo--t-----''t-"-1>---l I 

..L THRESHOLD 6' I 

Tm~ I 

~ 

I 
21 

TRIGGER o-~-+-"+--+--l 

I 

I 

I 

R 

L_=- _______ _ 
- ---
4 

RESET 

MONOSTABLE OPERATION 

VCC 

R 
8 555 OR 1/2 556 

i 
I 
I 
I 

__J 
1.49 ,=---

(RA +2RB)C 

DISCHARGE 
----------------l 

R 

CONTROL 
,-VOLTAGE 0--+-+ ...... _-1 

..1 THRESHOLD 0-....... -,--"f--+--1 
T·01 • F 

-:1 

I 
I 
I _ 

R 

FLIP 
FLOP 

OUTPUT 

I 
I 
I 
I 

I 
I 

I 

i OUTPUT 

I 

I 

I 
I 
I 
I L_=- ______ _ _______ J 

RESET ~T=1.1RC 
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TIMER 

Trigger Pulse Width Requirements 
and Time Delays 
Due to the nature of the trigger circuitry, the 
timer will trigger on the negative going edge of 
the input pulse, For the device to time out pro
perly, it is necessary that the trigger voltage 
level be returned to some voltage greater than 
one third of the supply before the time out 
period, This can be achieved by making either 
the trigger pulse sufficiently short or by AC 
coupling into the trigger, By AC coupling the 
trigger, see Figure I, a short negative going 
pulse is achieved when the trigger signal goes 
to ground, AC coupling is most frequently used 
in conjunction with a switch or a signal that 
goes to ground which initiates the timing cycle, 
Should the trigger be held low, without AC 
coupling, for a longer duration than the timing 
cycle the output will remain in a high state for 
the duration of the low trigger signal, without 
regard to the threshold comparator state, 
This is due to the predominance of 0'5 on the 
base of 0'6' controlling the state of the bi
stable flip-flop, When the trigger signal then 
returns to a high level, the output will fall 
immediately, Thus, the output signal will fol
low the trigger signal in this case, 

TYPICAL APPLICATIONS 

AC COUPLING OF THE TRtGGER PULSE 

Vee r-------, 

I/JVCC 

°VOl TS '--------,--l-L-:-Ii.---'''-,-,,-,O-;-''O-f-''~~GER PULSE 

-I ASSEENBV THE TIMER 

SWITCHGROUNOECl 
ATTHISPOINT Figure 1 

SCHEMATIC 555 OR 1/2 556 DUAL TIMER 

FM 

'::- '00 '::- '::- '::-

Figure 2 

Signetics 

SE/NE555/SE555C 

Another' consideration is the "turn off time", 
This is the measurement of the amount of time 
required after the threshold reaches 2/3 Vcc to 
turn the output low, To explain further, 0, at the 
threshold input turns on after reaching 2/3 Vee, 
which then turns on 0 5, which turns on 0 6, 
Current from 0 6 turns on Q'6 which turns 0'7 
off, This allows current from 0'9 to turn on 0 20 

and 0 24 to give an output low, These steps 
cause the 2~s maximum delay as stated in the 
data shee\. 

Also, a delay comparable to the turn off time is 
the trigger release time, When the trigger is 
low, 010 is on and turns on 0" which turns on 
0'5' 0'5 turns off 0'6 and allows O'7to turn on, 
This turns olf current to 0 20 and 0 24, which 
results in output high, When the trigger is 
released, 010 and 0" shut off, 0'5 turns off, 
0'6 turns on and the circuit then follows the 
same path and time delay explained as "turn 
off tirne", This trigger release time is very 
important in designing the trigger pulse width 
so as not to interfere with the output signal as 
explained previously, 

R'2 

S,BK 

R1S 

4.7K 
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DUAL TIMER SA/SE/NE556/SA/SE/NE556·1/SE556·1 C 

DESCRIPTION 
Both the 556 and 556·1 Dual Monolithic 
timing circuits are highly stable control· 
lers capable of producing accurate time 
delays or oscillation. The 556 and 556·1 are 
a dual 555. Timing is provided by an exter· 
nal resistor and capacitor for each timing 
function. The two timers operate Indepen· 
dently of each other, sharing only Vcc and 
ground. The circuits may be triggered and 
reset on failing waveforms. The output 
structures may sink or source 200 mAo 

APPLICATIONS 
• Precision timing 

FEATURES 
• Turn off time less than 2 P.s (556·1, 1C) 
• Maximum operating frequency greater 

than 500 kHz (556·1, 1C) 

• Timing from microseconds to hours 
• Replaces two 555 timers 
• Operates In both astable and mono· 

stable modes 

• High output current 
• Adjustable duty cycle 

• TTL compatible 
• Temperature stability of 0.005% per °C 
• SE556 MIL·STD·883A, B, C available, 

N38510 (JAN planned, 38510 processing 
available) 

PIN CONFIGURATION 

CONTROL 
VOL TAGE 

D, F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

Vee 

DISCHARGE 

CONTROL 
VOLTAGE 

RESET 

• Sequential timing 
• Pulse shaping 

SAiSEINE556·lF.N SE556·1CF. CN 

• Pulse generator 
SEINE556F,N NE556D 

SA556N SE556CN 
• Missing pulse detector 
• Tone burst generator 
• Pulse width modulation 
• Time delay generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance liming 
• Traffic light control 
• Touch tone encoder 

BLOCK DIAGRAM 

r-----------r-----------, ~C 
DISCHARGE 1----------, ,-----------1 DISCHARGE 

5-190 

THRESHOLD 

CONTROL VOLTAGE 

RESET 1-+--......, 

OUTPUT I-+-----J 

TRIGGER 

THRESHOLD 

CONTROL VOL rAGE 

RESET 

'----t-..., OUTPUT 

TRIGGER 

GROUNDL----_______ L-_________ ~ 
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DUAL TIMER SA/SE/NE556/SAlSE/NE556·1/SE556·1 C 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

FM 

CONTROL VOLTAGE 
vccD----+----~----+-~~----~----~---+--~-+--~ 

THRESHOLD 

OUTPUT 

TRIGGERD------1f-+--Ir 

RESET "-----

5 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SA/NE556, 556·1, SE556C, 556·1 C + 16 V 
SE556·1, 556 + 18 V 

Power dissipation 600 mW 
Operating temperature range 

N ElSA556·1, N E556 o to + 70 'C 
SA556-1, SA556 -40 to +85 'C 
SE556-1, SE556-1C, SE556, 556C -55to +125 'C 

Storage temperature range -65to +150 'C 
Lead temperature (soldering, 60 sec) +300 'C 

Signetics 5·191 
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DUAL TIMER SA/SE/NE556/SA/SE/NE556-1/SE556-1 C 

ELECTRICAL CHARACTERISTICS TA = 25'C, vcc = + 5V to + 15V unless otherwise specified 

PARAMETER 

Timing error (monostable) 
Initial accuracl 
Drift with temperature 
Drift with supply voltage 

Timing error (astable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 

Control voltage level 

Threshold voltage 

Trigger voltage 

Trigger current 

Reset 
Reset current 
Reset current 

Output voltage (low) 

Output voltage (high) 

Matching characteristics4 

Initial accuracl 

NOTES 

Drift with temperature 
Drift with supply voltage 

TEST CONDITIONS 

RA = 2k!l to 100k!l 
C=0.1~F 

T=1.1 RC 

RA, RB = 1k!l to 100k!l 
C=0.1~F 

Vcc= 15V 

Vcc= 15V 
Vcc=5V 

Vcc= 15V 
Vcc=5V 

=OV 

ISINK = 200mA 
Vcc=5V 

ISINK = 8mA 
ISINK = 5mA 

Vcc=15V 
ISOURCE = 200mA 
ISOURCE= 100mA 

Vcc=5V 
= 100mA 

1. Supply curront whon output is high is typically 1.0mA less. 
2. Tested al Vee = 5V and Vee= 15V. 
3. This will determine maximum value of AA + RS- For 15Voperation, the maximum 

total R = 10 megohms, and for 5V operation, the max. total A = 3.4 megohms. 

9.6 
2.9 

9.4 
2.7 

4.8 
1.45 

0.3 

13.0 

SE556/556·1 

0.5 
30 

0.05 

4 
400 
0.15 

10.0 
3.33 

10.0 
3.33 

5.0 
1.67 
0.5 

0.7 
0.1 
0.4 

0.1 
0.05 

12.5 
13.3 

0.5 
10 
0.1 

100 
0.2 

6 
500 
0.6 

10.4 
3.8 

10.6 
4.0 

5.2 
1.9 
0.9 

1.0 
0.4 
1.0 

0.2 
0.15 

1.0 

0.2 

SA/NE556/SE556C 
NE556·1/SE556·1 C 

9.0 
2.6 

8.8 
2.4 

4.5 
1.1 

0.3 

12.75 

0.75 
50 
0.1 

5 
400 
0.3 

10.0 
3.33 

10.0 
3.33 

5.0 
1.67 
0.5 

0.7 
0.1 
0.4 

0.25 
0.15 

12.5 
13.3 

1.0 
±10 
0.2 

3.0 
150 
0.5 

13 
500 

1 

11.0 
4.0 

11.2 
4.2 

5.6 
2.2 
2.0 

1.0 
0.6 
1.5 

0.3 
0.25 

2.0 

0.5 

% 
ppm/'C 

%IV 

% 
ppm/'C 

%IV 

V 
V 

V 
V 

V 
V 
~A 

V 
mA 
mA 

V 
V 

V 
V 

% 
ppml'C 

%IV 

4. Matching characteristics referte the difference between performance character
istics for each timer section in the monostable mode. 

5. Specified with trigger input high. 
6. Time measured from a positive going input pulse from 0 to 0.4 Vee into the 

threshold to the drop from high to low of the output. Trigger Is tied to threshold. 
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DUAL TIMER SA/SE/NE556/SAlSE/NE556-1/SE556-1 C 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DUAL TIMER 

TYPICAL APPLICATIONS 

One feature of the dual timer Is that by 
utilizing both halves It is possible to ob
tain sequential timing. By connecting the 
output of the first half to the Input of the 
second half via a .0011'fd coupling capaci
tor sequential timing may be obtained. 
Delay t, Is determined by the first half and 
t2 by the second half delay. 

The first half of the timer Is started by 
momentarily connecting pin 6 to ground. 
When It Is timed out (determined by 
1.1 R,C,) the second half begins. Its dura
tion Is determined by 1.1 R2C2. 

5·194 

SA/SE/NE556/SA/SE/NE556·1/SE556·1 C 

SEQUENTIAL TIMER 

Vee Vee Vee Vee Vee 

'OK 
R, R2 

'OK 1mtg 130K 

12 

e2 
'3 ~ SO" 

SS6 

Ie, ,001 

':" llJ F OUTPUT 1 
,001 

INPUT o-j OUTPUT 2 

ALL RESISTOR 'vALUES ARE IN OHMS 

• For additional Information, consult the Applications Section. 
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QUAD TIMER 

DESCRIPTION 
The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely independent timing functions. The 
558 output sinks current. These highly sta
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter
nal resistor and one capacitor. A stable 
operation can be achieved by using two of 
the four timer sections. 

The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 
current capability of 100mA is provided in 
both devices. 

FEATURES 
• 100mA output current per section 
• Edge triggered (no coupling capacitor) 
• Output Independent of trlggercondltlons 
• Wide supply voltage range 4.SV to 1 BV 
• Timer intervals from microseconds to 

hours 
• Time period equals RC 
• Military qualifications pending 

APPLICATIONS 
• Sequential timing 
• Time delay generation 
• Precision timing 
• Industrial controls 
• Quad one-shot 

558 EaUIVALENT CIRCUIT 

TIMING 

PIN CONFIGURATION 

01 F,N PACKAGE 

OUTPUT A 

CONTROL 
VOLTAGE 

ORDER NUMBERS 
NE/SA/SE55BF NE/SA/SE55BN 

NE55BD 

NOTES: 
1. SOL· Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
NE/SA558 
SE558 

Power dissipation 
Operating temperature range 

NE55~ 

SA558 
SE558 

Storage temperature range 
Lead temperature (soldering, 60secl 

Vee 

VCONTROL. 0-++-+---' 

SA/SE/NESS8 

OUTPUT 0 

TIMING 0 

TIMING C 

RATING UNIT 

+16 V 
+18 V 
1.25 W 

o to +70 ·C 
-40 to +85 ·C 

-55 to +125 ·C 
-65 to +150 ·C 

+300 ·C 

;----0 TRIGGER 

OUT 

ONO 
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LINEAR LSI PRODUCTS 

QUAD TIMER SA/SE/NE558 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to. +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current Vee - Reset - 15V 

Timing accuracy (T = RC) R = 2kn to 100kn 
C= l/,F 

Initial accuracy 
Drift with temperature 
Drift with supply voltage 

Trigger voltage1 Vee -15V 
Trigger current Trigger = OV 

Reset voltage2 

Reset current Reset 

Threshold voltage 
Threshold leakage 

Output voltage3 IL -10mA 
IL = 100mA 

Output leakage 

Propagation delay 

Risetime of output IL -100mA 
Falltime of output IL = 100mA 

NOTES 

1. The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts. trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vee to 
sink current. The output is normally low sinking current. 
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SE558 

Min Typ Max Min 

4.5 18 4.5 
16 32 

±1.0 3 
30 100 
0.1 0.9 

0.8 2.4 0.8 
5 30 

O.B 2.4 O.B 
50· 300 

0.63 
15 

0.1 0.2 
0.7 1.5 

10 500 

1.0 

100 
100 

SA/NE558 
UNIT 

Typ Max 

16 V 
16 36 mA 

±2 5 % 
30 150 ppm/oC 
0.1 0.9 %N 

2.4 V 
5 100 /,A 

2.4 V 
50 500 /'A 

0.63 xVee 
15 nA 

0.1 0.4 V 
1.0 2.0 V 
10 500 nA 

1.0 /,s 

100 ns 
100 ns 



LINEAR LSI PRODUCTS 

QUAD TIMER 

vcc 

R1 

T 

*C1 

TRIGGER 

558 LONG·TIME DELAY 

R~ R1 R~ R1 R~ A2 R~ 

T T T 

*C1 *C1 *C2 

TR 0 OUTPUT 4 

558 RING COUNTER 

vcc 

A1 R~ R1 R~ A1 A~ 

STAAT o-iM-...-I 

AESETo---~~~------~*-------~~----~ 

START 

RESET 

01 

10K 

(a) 

EXPECTED WAVEFORMS 

(b) 

SA/SE/NE558 

TAIGGERU 

OUTPUT~~ 

""'"'~ 
OUTPUT 3 ~ 

• TDE~AY "I TOUTPUTC 
OUTPUT 4 

TDE~AY 3(R1C) 
TOUT R2C2 

R1 R~ 

L 

"For additional information, cQnsult the Applications Section. 

Signetics 5·197 

5 



LINEAR LSI PRODUCTS 

CLOCK/TIMER 

32768Hz 

OSCO 

c=J 14 
ascI 

13 

VDD 2 

FSO 

Features 

OSCILLATOR 

CONTROL 

DATA DLEN 

PRESCALER 

CLB 

SECONDS 
COUNTER 

1: 60 
LS 

MIN SEC 

9 10 

TIME COUNTER 

B LEVEL SHIFTER 

Fig. 1 Block diagram. 

SAF3019P 

VDD f.,1"""6 -----, 

POWER-ON 

RESET 

SA F3019 

7Z84545.4 

VB = 
1.S V 

• serial bidirectional CBUS interface for input/output of minutes, hours, day and month 
• additional pulse outputs for seconds and minutes 
• time register for presetting a time for alarm or remote switching functions 
• battery back-up for clock function during supply interruption 
• controlled either by the 50 Hz mains frequency or a crystal oscillator (automatic switch) 

QUICK REFERENCE DATA 

Supply voltage 

Battery supply voltage range 

Crystal osci IIator frequency 

Alternative input frequency (pin 2) 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead 01 L; plastic (SOT-38D, DE). 

5·198 

Tamb = -40 to + 85 oC 
T amb = 0 to + 70 °C 
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VDD 

VB 
VB 

fosc 

fF50 

Tamb 

typo 5 V 

1.5 to 2.6 V 
1.3 to 2.6 V 

typo 32.768 Hz 

typo 50 Hz 

-40 to + 85 °C 



LINEAR LSI PRODUCTS 

CLOCK/TIMER SAF3019P 

GENERAL DESCRIPTION 

The SAF3019 is a C-MOS integrated circuit comprising a digital clock for minutes, hours, day and 
month, as well as an additional register for resetting minutes, hours, day and month. The time counter 
provides cycles of 28, 30 or 31 days automatically, depending on the length of the month. 

The time reference is the 50 Hz mains frequency or a 32.768 Hz on-chip reference oscillator with an 
external crystal. If the 50 Hz mains frequency is interrupted, the circuit is automatically switched to 
crystal oscillator operation. 

The circuit can be controlled by a microcomputer. The data transmission (e.g. TIME SET and TIME 
READ of the time counter and time register) is achieved via the CBUS. A microcomputer then controls 
the data processing and the display unit drive. 

The circuit uses a 5 V supply for data transmission. If this 5 V supply is interrupted, the clock function 
is maintained by a 1.5 V battery. The clock can then continue to function for an extended period, 
because the battery load current is only a few IlA. 

OPERATION DESCRIPTION 

Oscillator and prescaler (outputs OSCO, FSET; inputs aSCI, F50) 

The 32.768 Hz reference oscillator is achieved by connecting a quartz crystal between the output OSCO 
and the input ascI (see also Fig. 7). The oscillator frequency of 32.768 Hz is divided by 256, and again 5 
by 128, in a prescaler. This results in a pulse once every second which controls the time counter. The 
divided-by-256 oscillator frequency (128 Hz) is available at FSET, which is used for fine-adjustment 
of the oscillator without loading it. 

The circuit can also be operated by applying the 50 Hz mains frequency to input F50. This signal is 
divided-by-50 to obtain a pulse every second to drive the time counter. Input F50 has a Schmitt trigger 
characteristic which allows slowly rising pulses at this input. 

If the mains frequency is interrupted, automatic quartz crystal operation is obtained (see Fig. 8). When 
the 50 Hz operation is not used, input F50 should be connected to ground (VSS2). 

Time counter (outputs SEC, MIN) 

The one-second pulses are counted by a (no direct TIME READ) seconds counter and, after 60 seconds, 
they are transferred to successive counters for minutes, hours, day and month. This counter can be 
TIME SET and TIME READ by a microcomputer via the CBUS interface. The cycle length for the 
time counter is given in Table 1. 

The seconds and minutes pulses are avilable at output SEC and MIN respectively, with a pulse ratio of 
0.5. 

The input/output OAT A is set LOW at each transfer of seconds to the minutes counter (i.e. each 
minute). as long as the CBUS is not occupied by a OLEN = HIGH transmission. 

DATA will be set HIGH again by a TIME ADDRESS/TIME READ or TIME SET instruction. 
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CLOCK/TIMER 

Table 1 Cycle lengths of time counter 

unit 

minutes 

hours 

days 

counting 
cycle 

00 .......... 59 

00 .......... 23 

01 .......... 28 

carry for 
following unit 

59 - 00 

23 - 00 

28 - 01 
or 29 - 01* 

01 .......... 30 30 - 01 

01 .......... 31 31 - 01 

months 01 .......... 12 12 - 01 

SAF3019P 

content of 
month counter 

1 ........ 12 

1 ........ 12 

2 
2 

4,6,9, 11 

1,3,5,7,8,10,12 

* The day counter may be set to 29.2. by a TI ME SET instruction (for a leap year), then the month 
transfer occurs at 1.3. 

Comparator (output COMP; input NODA) 

The time register for a preset switching time (alarm or remote switching) is a 24-bit memory, which can 
also be set and read-out via the CBUS interface. If both the times of the time counter and the time 
register are equal, the output COMP becomes HIGH for one minute. 

It is possible to choose a comparison between time counter and the time register either based upon 
minutes, hours, day and month (i.e. clock time and date) or minutes and hours (i.e. daily). It is 
controlled by bit 'UC' and input NODA (see also Table 3) during setting of the month register; 

comparison with date: UC = 0 and NODA = LOW 

comparison daily: UC = lor NODA = HIGH. 

CBUS interface 

The data transmission of the SAF3019 to the microcomputer (TI ME READ) and vice versa (TIME 
SET) is possible via the CBUS; DATA (input/output), OLEN (input) and CLB (input). 

Data and addresses are transmitted serially via the DATA line, which are synchronized with the clock 
burst (CLB) pulses from the microcomputer. The duration of the data transmission is determined by 
the number of CLB pulses when OLEN = HIGH. 

The IC includes a word format checking function, which allows the CBUS to be used for controlling 
other circuits as well. The following word lengths are recognized as valid transmissions: 
• TIME ADDRESS (3-bits and 1 start bit); 
• TIME SET (lO-bits and 1 start bit). 

A TIME ADDRESS instruction always has to be followed by a TIME READ (7-bits) sequence. A TIME 
SET instruction combines address and data. With each instruction (each TIME ADDRESS and TIME 
READ instruction cycle) two digits of the time counter and time register can be set. The result is, that 
for a complete TIME READ and TIME SET transmission, 4 cycles TIME ADDRESS/TIME READ or 
4 TIME SET instructions are needed. 
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CLOCKITIMER SAF3019P 

DLEN ~~ 
test on start-bit 
-11- ~""'£ 

load PUlse~~~ 

H 
C LB L ="--1---' 

H 
DATA L~~:rA_L~ 

bit no. o n 7ZB4542.1 

Fig. 2 CBUS data transmission. 

VDD 
\ 

DLEN 

VSS2 

VDD 

VIH VIH 

J v lL 

L--

\ ---
VIH v lH , 

5 
CLB , , 

VIL VIL VIL VI L 

VSS2 - _tr t f - -VDD 

DATA 

VSS2 

} J 
-- -

VIH 

VIL L - - -- -- - ---- --tSUEN tSUDA tHDDA tSUDI tSULD 

_t WH - _t WL -
ENABLE DATA DATA DISABLE LDAD 

7Z86339.1 

Fig. 3 CBUS timing. 
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CLOCKITIMER SAF3019P 

TIME READ 

First the bits S, AO and A 1 are transferred from the microcomputer to the SAF3019 with the TI ME 
ADDRESS instruction. With the next instruction (TIME READ), the contents of the selected digits are 
transferred from the SAF3019 to the microcomputer. 

1 2 3 4 5 

CLS :~ __ _ 

6 8 10 11 

DLEN :J L 
I units I tens I 

DATA :a I S I AO I A1 f~w!i?f~Jm LA I Lsi LC I LD I UA I us I uc ~ 
data is input data is output 1284544.1 

TIME ADDRESS TIME READ 

Fig.4 TIME ADDRESS/TIME READ cycle. 

Table 2 Selected digits with respect to the address bits and the TIME READ instruction function. 

S AO A1 LA LB LC LD UA UB UC instruction 

0 1 1 D D D D D D D m;oo", j 
0 0 1 D D D D D D 0 hours time read 
0 1 0 D D D D D D 0 date cou nter 
0 0 0 D D D D D 0 0 month 

1 1 1 D D D D D D D m;oo,,, 1 
1 0 1 D D D D D D 0 hours time read 
1 1 0 D D D D D D 0 date register 
1 0 0 D D D D D 0 0 month 

D = data bit. 

TIME SET 

The TI M E SET instruction transfers the address bits S, AO and A 1 as well as the selected digits of the 
BCD-coded incoming data from the microcomputer to the SAF3019. The last bit (UC) can control special 
functions. A TIME SET instruction will not stop the time counter, and also will not generate a non
selected digit for transmission. 

The prescaler and seconds counter are reset with the TI ME SET instruction when S = 0, AO = 0, A 1 = 0 
(addressed for month) and UC = O. If the seconds counter is between 30 and 59, this instruction 
generates a transfer for the minutes counter. Therefore, this instruction may be used for a very simple 
correction of the time counter if the deviation is within ±30 seconds. 

5-202 Signetics 



LINEAR LSI PRODUCTS 

CLOCK/TIMER SAF3019P 

CLB H 

L 

OLEN :J 
2 345 6 B 9 10 11 12 

~ 
1 address I units I tens I 

OATA:~~~ __ ~I_s~I~A_O~I_A_1~IL_A~I_L_B~I_LC~I~L_O~I_UA~lu_BJI~u_c~~~~ 
7Z84543.1 

Fig. 5 Data format for TI ME SET instruction. 

Table 3 Selected digits with respect to the address bits and the possible TI ME SET instruction function. 

S AO A1 

0 1 1 
0 0 1 
0 1 0 
0 0 0 

0 0 0 

1 1 1 
1 0 1 
1 1 0 
1 0 0 
1 0 0 

D = data bit; X = 1 or O. 

* Compare with date. 

Level shifters 

LA 

D 
D 
D 
D 

X 

D 
D 
D 
D 
D 

LB LC LD UA 

D D D D 
D D D D 
D D D D 
D D D D 

X X X X 

D D D D 
D D D D 
D D D D 
D D D D 
D D D D 

** Compare without date. 

UB UC instruction 

D D mio",,, 1 
D X hours time set 
D X date counter 
X 1 month 

X 0 seconds I reset 
\ counter 

D D 
mio",,, I D X hours . 

D X 
d time set 

ate . 
X 0 

h * ireglster 
mont 

X 1 month** 

The circuit has been designed for low-voltage operation. However, to interface with the microcomputer, 
most inputs and outputs have level shifters to operate with the 5 V supply voltage of the micro
computer. These level shifters only function when the 5 V supply (VDD) is available. The internal 
clock function is independent of this supply. 

Power failure (output POWF) 

If the supply voltage VDD-VSS1 is below a certain internal value (VpOWF), the power-failure output 
(POWF) is set HIGH. The threshold voltage VpOWF is lower than the minimum battery voltage 
VDD-VSS1. This battery is required as back-up for the logic circuitry. It is impossible to have data 
transmission via the CBUS when VDD-VSS1 < VPOWF, however, the clock will continue running as 
long as VDD-VSS1 does not drop to a lower value. The CBUS is released directly when VDD-VSS1 
becomes larger than VpOWF, but POWF stays HIGH until the next TIME SET instruction, which sets 
POWF LOW again. 

N.B. The 5 V supply voltage (VDD-VSS2) must be switched off when exchanging the battery. 
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CLOCKITIMER SAF3019P 

TEST input 

The TEST input is used for testing purposes and it is connected to ground (VSS2) for normal operation. 

Fig.6 Pinning diagram. 

PINNING 

16 VOO common positive supply (5 V; VB = 1.5 V) 

15 VSS1 negative battery supply (VB) 

8 VSS2 ground (VOO) 

4 OATA data input/output 
} CBUS (bidirectional) 5 OLEN data line enable input 

6 CLB clock burst input 

1 NOOA comparator mode select input 

12 TEST test mode input (normally ground) 

2 F50 50 Hz mains frequency input 

13 OSCI } input and output of the on-chip oscillator 
14 OSCO 

10 SEC 1 pulse per second output 

9 MIN 1 pulse per minute output 

3 COMP comparator output 

7 POWF power failure output 

11 FSET frequency setting signal output (128 Hz) 
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CLOCKITIMER SAF3019P 

RATINGS 

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

Supply voltage ranges VOO -VSS1 
VOO - VSS2 

-0.5 to + 8 V 
-0.5 to + 8 V 

Voltage on any pin (except OSCI, OSCO) 

Voltage on pins OSCI, OSCO 

VI VSS2 -0.6 to Voo + 0.6 V 

Input currents 

Output currents 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

D.C. CHARACTERISTICS 

VI 

1II1 

1101 

Po 

Ptot 

Tamb 

Tstg 

VSS1 -0.6 to Voo + 0.6 V 

max. 10 mA 

max. 10 mA 

max. 100 mW 

max. 200 mW 

-40 to + 85 oC 

-65 to + 150 °C 

VSS2 = 0 V; VOO = 4.5 to 5.5 V; T amb = -40 to + 85 oC; unless otherwise specified 

parameter conditions symbol min. typo 

Supply voltage with respect to VSS2* VOO 4.5 5 

8attery voltage between VOO and VSS1 VB 1.5 -
at T AMB = 0 to 70 °C VB 1.3 -

Time keeping battery voltage VBO 1.3 -

Supply current 10=OmA** -ISS2 - -

Battery current VB = 1.5 V -ISS1 - -

Inputs DLEN,DATA,CLB, 
F50,NODA 

Input voltage HIGH VIH 0.7 VOO -

Input voltage LOW VIL - -

Input current at VI = VSS2 
or VOO VOO = 5.5 V 1II1 - -

Input F 50 hysteresis b.V=VIH-VIL b.V 0.2 -

Outputs SEC,MIN,COMP, 
POWF 
(buffer outputs) 

Output voltage HIGH -10 = 0.5 mA VOH VOO-0.4-

Output voltage LOW 10 = 1.6 rnA VOL -

Output DATA 

(N-channel open drain) 

Output voltage LOW 10 = 1.6 rnA VOL -

Output leakage cu rrent Vo = 5.5 V (HIGH) lOR -

* All outputs are available down to VSS2 = VB at reduced current capability. 
** VI = VSS2 or VI = VOO at all inputs; quartz crystal oscillator operation: 

-

-

-

max. unit 

5.5 V 

2.6 V 
2.6 V 

2.6 V 

50 fJ.A 

10 fJ.A 

- V 

0.3 VOO V 

1 fJ.A 

- V 

- V 

0.4 V 

0.4 V 

1 fJ.A 

f = 32768 Hz, series resistance of crystal Rs max = 25 kn (40 kn for 0 to + 70 OC), CL = 10 p F. 
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CLOCK/TIMER SAF3019P 

APPLICATION INFORMATION 

5·206 

.-------~------------_4--------~+5V 

OSCO OSCI 

14 13 15 16 

SAF3019 

FSET SEC MIN 

-, I, I~ CI 
C I' _, L' 

MICROCOMPUTER 

(e.g. MABB021 J 

KEYBOARD 
7Z84540.3 

Fig.7 Typical application ofthe SAF3019 in a microcomputer controlled system. 

25 v 
_L __ !'::v 

330 K 
--'VVIr-_-I F 50 

t 
(50 Hz mains J 

SAF3019 

7Z88149.1 

Fig.8 Circuitry for applying the 50 Hz mains to input F50. 
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CLOCK/TIMER 

A.C. CHARACTERISTICS 

VSS2 = 0 V; VDD = 4.5 to 5.5 V; Tamb = -40 to + 85 oC; unless otherwise specified 

See Figs 2 and 3 for all timing. 

parameter conditions symbol min. typo 

Inputs DLEN, DATA, CLB, NODA 

Rise and fall times note 1 t r, tf - -
CLB pulse width HIGH tWH 4 -
CLB pulse width LOW tWL 4 _.-

Data set-up time 
DATA - CLB tSUDA 1 -

Data hold time 
DATA - CLB tHDDA 2 -

Enable set-up time 
OLEN - CLB tSUEN 2 -

Disable set-up time 
CLB - OLEN tSUOI 2 -

Set-up time 
OLEN- CLB (load pulse) tSULD 1 -

Busy-time from load pulse 
to next start of transmission tBUSY 2 -

CLB frequency fCLB 0 -

Input F50 

Rise and fall times notes 1 and 2 t r, tf - -
Pulse width HIGH tWH 30 -

Pulse width LOW tWL 30 -

Oscillator (OSCI, OSCO) 

Series resistance of crystal f = 32.768 Hz Rs - -
at T amb = 

o to 70 °C Rs -. -
Load capacitance CL - 10 

Notes 

SAF3019P 

max. unit 

1 }.lS 

00 }.lS 

00 }.lS 

- }.lS 

- }.lS 

- }.lS 

- }.lS 

- }.lS 

- }.lS 

100 kHz 

10 ms 

- }.lS 

- }.lS 

25 kn 

40 kn 

- pF 
I 

1. All timing values are referred to VIH and V I L within a voltage swing of minimum VSS2 to VDO' 

2. The supply current ISS2 increases at slow rise/fall times. 
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CLOCK/TIMER PCB8573 

GENERAL DESCRIPTION 

The PCB8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter IC WC) bus-orientated microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NOOA, are also available. Information is transferred serially via 
a two line bidirectional bus WC). To transfer data a second supply voltage must be present. Back-Up 
for the clock during supply interruptions is provided by a 1.2 V nickel cadium battery. The time base 
is generated from a 32.768 kHz crystal-controlled oscillator. 

Features 

• Serial input/output bus (i2C) interface for minutes, hours, days and months 
• Additional pulse outputs for seconds and minutes 
• Alarm register for presetting a time for alarm or remote switching functions 
• Battery back-up for clock function during supply interruption 
• Crystal oscillator control (32.768 kHz) 

QUICK REFERENCE DATA 

Supply voltage range (logic) 

Supply voltage range (level shifter) 

Crystal oscillator frequency 

32.76BHz 

asco 
14 

=asci 
-tL 13 

?l CT 

Voo 

ascI LLATOR 

SOA ---j--+-_~---<. 

SCL 

PACKAGE OUTLINE 

16-lead 01 L; plastic (SOT-38). 

5-208 

Al 

B LEVEL SHIFTER 

Fig. 1 Block diagram. 

Signetics 

VOO-VSS1 1.1 to 2.6 V 

VOO-VSS2 2.5 to 6.0 V 

fosc typo 32.768 Hz 

EXTPF 

'--_---j-C..7 P FIN 

caMP 

PCB8573 
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CLOCK/TIMER PCB8573 

PINNING 

1 AO level shifter input 

2 A1 level shifter input 
VDD 

3 COMP comparator output 
15 vSS1 4 SDA serial data line* } 12C bus 

asea 5 SCl serial clock line 

ascI 6 EXTPF external power fail flag input 
PCBB573 7 PFIN internal power fail flag input 

TEST 
8 VSS2 negative supply 2 

9 MIN one pulse per minute output 
SEC 

10 SEC one pulse per second output 

11 FSET oscillator set output 

7Z86685 12 TEST test input; must be connected 
to VSS2 when not in use 

Fig.2 Pinning diagram. 13 OSCI oscillator input 

14 OSCO oscillator input/output 

15 VSS1 negative supply 1 

16 VDD common positive supply 

FUNCTIONAL DESCRIPTION 

The following is a functional description of the PCB8573. 

Oscillator 

The PCB8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32.768 kHz crystal connected betweenOSCI and 
OSCO. A trimmer (CT) is connected between OSCI and VDD. 

Prescaler and time counter 

The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also' generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the 12C bus. The mark-to-space ratio of both signals is 1 : 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 

* Output open drain n-channel. 
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CLOCKITIMER PCB8573 

Table 1 Cycle length of the time counter 

unit number counting carry for content of 
of bits cycle following month 

unit counter 

minutes 7 00 to 59 59-00 
hours 6 00 to 23 23-00 
days 6 01 to 28 28-01 } 2 (see note) 

or29 -01 
01 to 30 30-01 4, 6, 9, 11 
01 to 31 31-01 1,3,5,7,8,10,12 

months 5 01 to 12 12-01 

Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 

Alarm register 

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMPo Details of writing and reading of the alarm register are included in the description of the 
characteristics of the 12C bus. 

Comparator 

The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the 12C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. The effect of both COMP and POWF being set is dependent upon the 
master software. Flag COMP information is also available at the output COMPo The comparison may be 
based upon hours and minutes only if the internal flag NODA (no date) is set. Flag NODA can be set 
and cleared by separate instructions via the 12C bus, but it is undefined until the first set or clear 
instruction has been received. Both COMP and NODA flags are readable via the 12C bus. 

Power on/power fail detection 

If the voltage VDD-VSS1 falls below a certain value the operation of the clock becomes undefined. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 
This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 
of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 
The flag POWF can be set by an internally generated power fail level-discriminator signal, for application 
with VDD-VSS1 > VTH1 ,or by an externally generated power fail signal, for application with 
VDD-VSS1 < VTH 1· The external signal must be applied to the input PF I N. The input stage operates 
with signals of any slow rise and fall times. Internal or external controlled POWF can be selected by 
input EXTPF as shown in Table 2. 
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FUNCTIONAL OESCRIPTION (continued) 

Table 2 Power fail selection 

EXTPF PFIN function 

0 0 power fail is sensed internal 
0 1 test mode 
1 0 power fail is sensed external 
1 1 no power fail sensed 

o : connected to VSS1 (LOW) 
1 : connected to VOO (HIGH) 

The external power fail control operates by absence of the VOO-VSS2 supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of VOO-VSS1. A LOW level at PFIN 
indicates a power fail. POWF is readable via the 12C bus. A power on reset for the 12C bus control is 
generated on-chip, when the supply voltage VOO-VSS2 is 1.5 V < (VOO-VSS1) < 2.5 V. 

I nterface level shifters 

The level shifters adjust the 5 V operating voltage (VOO-VSS2) of the microcomputer to the internal 5 
;;;. 1.1 V supply voltage (VOO-VSS1) of the clock/calendar. The oscillator and counter are not 
influenced by the VOO-VSS2 supply voltage. If the voltage VOO-VSS2 is absent (VSS2 = VOO) the 
output signal of the level shifter is HIGH because VOO is the common mode of the VOO-VSS2 and 
the VOO-VSS1 supply. Because the level shifters invert the input signal, the internal circuit behaves 
as if a LOW signal is present on the inputs. FSET, SEC, MIN and'COMP are CMOS push-pull output 
stages, for applications the source capability on these outputs is cut off when the supply voltage V 
VOO-VSS2 = O. 
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CHARACTERISTICS OF THE 12C BUS 

The 12 C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCl). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer (see Fig. 3) 

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

SDA --'-'---+-_____ -l-~X\...--<-__ 
SCL 

data !ifle 
stable: 

data valid 

change 
of data 
allowed 

Fig. 3 Bit transfer. 

Start and stop conditions (see Fig. 4) 

--~ 

---~ 

7Z87019 

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

r----, r---, 

SDA -- i\'--+i----L.r=---~=~----'------_li---JIi-- SDA 
I I I I 
I 1,--, I: III 

SCL : : \ / \1.... __ -..JI 
I I '---_-..J I I 

SCL 

L ___ ..J L ___ ..1 

start condition stop condition 
7Z87005 

Fig.4 Definition of start and stop conditions. 

System configuration (see Fig. 5) 

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

SDA------~------~------~------~r_------~-

SCL--~---1_--~---~--~---~---r_---~--~---+__ 

RECEIVER 
RECEIVER 

Fig. 5 System configuration. 
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CHARACTERISTICS OF THE 12C bus (continued) 

Acknowledge (see Fig. 6) 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a H IG H level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the H IG H period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. I n this event the transmitter must leave the data line H IG H to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 
--~ 

ll-----L-/ ----'X'--_)(~~)( 7 
S 

--~ 

7Z67007 

Fig.6 Acknowledgement on the 12C bus. 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCB8573 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

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

SDA 

SCL 

SDA J [CA~ 
7Z67013 tSU;STA tSU;STO 

Fig. 7 Timing of the high-speed mode. 
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Where: 

tBUF t~tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD; STA t~tHIGHmin Start condition hold time 

tLOWmin 4.7 p.s Clock LOW period 

tHIGHmin 4 p.s Clock HI G H period 

tsu; STA 

tHD; DAT 

t~tLOWmin 
t~Op.s 

Start condition set-up time, only valid for repeated start code 

Data hold time 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t ~ 250 ns 

t';;;1p.s 

t';;; 300 ns 

t~tLOWmin 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the values referred to V I H and V I L levels. 

\ I--~--~--~ SDA U I . I \ '- ___ J __ \ .. ___ 1 __ \... ___ J 

L--J ' ! L.....--J L--.-.J '-___ --" L-.-.-.-J l....-...J ' , L----..J ~ 

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

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

Where: 

Clock tLOWmin 

tHIGHmin 

4.7 p.s 

4 p.s 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

5·214 

1 : 1 (LOW-to-HIGH) 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 
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CHARACTERISTICS OF THE 12C BUS (continued) 

Low-speed mode 

PCB8573 

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

SDA 

~ \ 
-tBUF-

SCL 

-
SDA 

7Z87015 

Where: 

tSUF 

tHD; STA 

tLOW 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

( 
tR_ -

/ 

tHD;STA -- • tHIGH - tLOW -

Fig. 9 Timing of the low-speed mode. 

t ~ 105 p.s (tLOWmin) 

t ~ 365 p.s (tHIGHmin) 

130 p.s ± 25 p.s 

390 p.s ± 25 p.s 

130 p.s ± 25 p.s * 
t ~ 0 p.s 

t ~ 250 ns 

t ~ 1 p.s 

t ~300 ns 

130 p.s ± 25 p.s 

tF- -
1\ j 

• - -tSU;DAT -- 1-

'""" -' [ 
tSU;STO 

All the values referred to V I H and V I L levels, for definitions see high-speed mode. 

* Only valid for repeated start code. 
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SDA \ ___ ~ 

----""I r--\ ,--
SCl U U 

START 
CONDITION 

START BYTE 

PCB8573 

\'-----'C_ m ~ RIW X \ / 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---~ 

ADDRESS ACKNOWLEDGE STOP 
CONDITION 

7287016 

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

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 /lS ± 25 /lS 

390 /lS ± 25 JiS 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

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

Before any data is transmitted on the 12 C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 

Slave address 

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
inFig.11. 

MSB LSB 

7Z86686 

Fig. 11 Slave address. 

The subaddress bits AD and A 1 correspond to the two hardware address pins AD and A 1 which allows 
the device 1 of 4 different addresses. 

Clock/calendar READ/WRITE cycles 

The 12C bus configuration for different clock/calendar READ and WR ITE cycles is shown in Fig. 12 5 
and Fig. 13. 

s CLOCK/CALENDAR 
ADDRESS 

acknowledge 
from slave 

MODE POINTER 

acknowledge 
from slave 

7Z86687 

acknowledge 
from slave 

auto increment 

of B1, BO 

Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 

This mode is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-paiNTER-WORD which contains a CONTROL-nibble 
(Table 3) and an ADDR ESS-nibble (Table 4), The ADDRESS-nibble is valid only if the preceding 
CONTRa L-nibble is set to EXECUTE ADD RESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 

C2 C1 CO function 

0 0 0 0 execute address 
0 0 0 1 read control/status flags 
0 0 1 0 reset prescaler, including seconds counter; without carry for minute counter 
0 0 1 1 time adjust, with carry for minute counter (see note) 
0 1 0 0 reset NODA flag 
0 1 0 1 set NODA flag 
0 1 1 0 reset COMP flag 

Note 

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. -30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30 s. 

Table 4 ADDRESS-nibble 

B2 B1 BO addressed to: 

0 0 0 0 time counter hours 
0 0 0 1 time counter minutes 
0 0 1 0 time counter days 
0 0 1 1 time counter months 
0 1 0 0 alarm register hours 
0 1 0 1 alarm register minutes 
0 1 1 0 alarm register days 
0 1 1 1 alarm register months 

At the end of each data word the address bits B 1, BO will be incremented automatically provided the 
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 

Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 

Table 5 Placement of BCD digits in the DATA byte 

MSB DATA LSB 

upper digit lower digit 

UD UC UB UA LD LC LB LA addressed to: 

X X D D D D D D hours 
X D D D D D D D minutes 
X X D D D D D D days 
X X X D D D D D months 

Where "X" is the don't care bit and "D" is the data bit. 

Acknowledgement response of the clock calendar as the slave receiver is shown in Table 6. 
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s 

acknowledge 
from slave 

R/W + 
CLOCK/CALENDAR 10 I A I MODE POINTER 

ADDRESS 

acknowledge 
from slave 

CLOCK/CALENDAR 
ADDRESS 

acknowledge 
from slave 

R/W ~MSB 
llA DATA 

acknowledge 
from master 

LSB ~ MSB 

at this moment master } J~- (n-1) bytes --:-
transmitter becomes 
master receiver and 
CLOCK/CALENDAR 
becomes slave transmitter auto increment 

01B1. BO 

DATA 

(11 
no acknowledge 

LSB + 

nth byte -------..1 

7ZB6690 

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 

<g' To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in the 
m. DATA byte are organized as shown in Table 7. 
O· 
en 

acknowledge acknowledge 
from slave from master (1) 

R/W + MSB LSB + 
CLOCK/CALENDAR A DATA 

ADDRESS :+- n bytes _I 

auto increment 
01 B1. BO 7Z86689 

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 14 Master reads clock/calendar immediately after first bite. 

The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER condition 
:c occurs. 
.... 
co 

(11 

o 
6 o 
'" --t 

s: 
m 
;:0 

"'tIl o 
g:, 
C» 
01 
(j 

r-
Z 
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:;u 

~ 
"U 
:;u 
o o 
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ADDRESSING (continued) 

Table 6 Slave receiver acknowledgement 

acknowledge on byte 

mode pointer address mode pointer data 

C2 C1 CO B2 B1 BO 

0 0 0 0 0 X X X yes yes yes 
0 0 0 0 1 X X X yes no no 
0 0 0 1 X X X X yes yes no 
0 0 1 0 X X X X yes yes no 
0 0 1 1 X X X X yes yes no 
0 1 0 0 X X X X yes yes no 
0 1 0 1 X X X X yes yes no 
0 1 1 0 X X X X yes yes no 
0 1 1 1 X X X X yes no no 
1 X X X X X X X yes no no 

Where "X" is the don't care bit. 

Table 7 Organization of the BCD digits in the DATA byte 

MSB DATA LSB 

upper digit lower digit 

UD UC UB UA LD LC LB LA addressed to 

0 0 D D D D D D hours 
0 D D D D D D D minutes 
0 0 D D D D D D days 
0 0 0 D D D D D months 

0 0 0 * ** NODA COMP POWF control/status flags 

Where: "D" is the data bit. 
* = minutes. 
* * = seconds. 
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RATINGS 

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

Supply voltage ranges 

Voltage on pins 4 and 5 

Voltage on pins 6, 7, 13 and 14 

Voltage on any other pin 

I nput current 

Output current 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

* Impedance min. 500 n. 

Signetics 

VOO-VSS1 

VOO-VSS2 

II 

10 

Po 
Ptot 

Tamb 
Tstg 

-0.3 to + 8 V 

-0.3 to + 8 V 

VSS2-0.8 to VOO + 0.8 V* 

VSS1-0.6 to VOO + 0.6 V 

VSS2-0.6 to VOO + 0.6 V 

max. 100 f..IA 

max. 10 rnA 

max. 

max. 

100 mW 

200 mW 

o to + 70 °C 

-55 to + 125 °C 
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CHARACTERISTICS 

VSS2 = 0 V; Tamb = 0 to + 70 0C unless otherwise specified 

parameter symbol min. typo max. unit 

Supply 

Supply voltage level shifter VDD-VSS2 2.5 5 6.0 V 

Supply voltage logic VDD-VSS1 1.1 - 2.6 V 

Supply current VSS1 
at VDD-VSS1 = 1.5 V -1551 - - 10 /J.A 

Supply current VSS2 
at VDD-VSS2 = 5 V 
(10 = 0 mA on all outputs) -1552 - - 50 /J.A 

Inputs 

Inputs SCl, SDA, AO, A1, TEST 

I nput leakage current 
at VDD-VSS2 = 6 V; 
Tamb = 25 °C 
VI =6 V II - - 1 /J.A 

VI = 0 V -II - - 1 /J.A 

Inputs SC L, SDA, AO, A 1, TEST 
(level shifter inputs) 
at VDD-VSS2 = 2.5 to 6 V 

Input voltage HIGH VIH 0.7 x VDD - - V 

Input voltage lOW Vil - - 0.3 x VDD V 

Inputs EXTPF, PFIN 
at VDD-VSS1 = 1.1 to 2.6 V 

Input voltage HIGH VIH 0.7 x VDD-VSS1 - V 

Input voltage LOW VIL - - 0.3 x VDD-VSS1 V 

Input leakage current 
at VDD-VSS1 = 2.6 V; 
Tamb = 25 °C 
VI = VDD II - - 0.1 /J.A 

VI = VSS1 -II - - 0.1 JlA 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Outputs 

Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 

Output voltage HIGH) 
at VDD-VSS2 = 2.5 V 
-10 = 0.1 mA VOH VDD-O.4 - - V 

at VDD-VSS2 = 4 to 6 V 
-10 =0.5 mA VOH VDD-O.4 - - V 

Output voltage LOW 
at VDD-VSS2 = 2.5 V 
10 =0.3 mA VOL - - 0.4 V 

at VDD-VSS2 = 4 to 6 V 
10 = 1.6 mA VOL - - 0.4 V 

Output SDA 
(N-channel open drain) 5 
Output "ON": 10 = 3 mA 

at VDD-VSS2 = 2.5 to 6 V VOL - - 0.4 V 

Output "0 F F" (leakage current) 

Vo = 6 V; Tamb = 25 °C 
at VDD-VSS2 = 6 V 10 - - 1 p.A 

Internal threshold voltage 

Power failure detection VTH1 1 1.2 1.4 V 

Power "ON" reset 
at VSCL = VSDA = VDD VTH2 1.5 2.0 2.5 V 

Rise and fall times of input signals 

Input EXTPF 
at VDD-VSS1 = 1.1 to 2.6 V t r, tf - - 1 p.s 

Input PFIN 
at VDD-VSS1 = 1.1 to 2.6 V 
(10% to 90% (VDD-VSS1)) t r, tf - - 00 p.s 

Input signals except EXTPF and PFIN 
at VDD-VSS2 = 2.5 to 6 V 
between V I L and V I H levels 
rise time tr - - 1 p.s 

fall time tf - - 0.3 p.s 
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parameter symbol min. typo max. unit 

Frequency at SCl 

at VDD-VSS2 = 4 to 6 V 

Pulse width lOW (see Figs 7 and9) tlOW 4.7 - - fJ.s 

Pulse width HIGH (see Figs 7 and 9) tHIGH 4 - - fJ.S 

Noise suppression time constant 
at SCl and SDA output TI 0.25 1 2.5 fJ.S 

Input capacitance (SCl, SDA) CI - - 7 pF 

Oscillator 

Integrated oscillator capacitance Cout - 40 - pF 

Oscillator feedback resistance Rf - 3 - M.Q 

Oscillator stability for: 
ll(VDO-VSS1) = 100 mV 
at VOO-VSSl = 1.55 V; 
Tamb = 25 °C f/fosc - 2 x 10.6 - -

Quartz crystal parameters 

Frequency = 32.768 kHz 

Series resistance RS - - 40 k.Q 

Parallel capacitance Cl - 9 - pF 

Trimmer capacitance CT - 5.25 - pF 
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APPLICATION INFORMATION 

t:":\ +5V 
\:.J 

R: pull- up resistor R R 

VDD SDA MASTER DEVICE 

PCD8571 MICROCOMPUTER 

128 x 8 BIT STATIC CMOS RAM 
>--- SCL 

VSS -l-
-1-

32.768 kHz Z 
UJ 

IY I --' 

rO 
0 

R1 
A' 

CT PCE2111 

K: EXTPF V DD OSCO OSCI 64 LCD 

SDA SEGMENT DRIVER 

PCB8573 

J f-- PFIN SCL 

AD A1 VSS2 TEST VSS1 

5 

R2 R3 I I 
I 

8 DIGIT LCD 
I ~ 1.2 V + 

(NiCa)-

de 
'--y------' 

Rch : resistor for tection circuit 
w ith very high permanent charging 

impedance ~ 7286688.1 

Fig. 15 Application example of the PCB8573 clock/calendar. 
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TELETEXT VIDEO PROCESSOR SAAS030 

The SAA5030 is a monolithic bipolar integrated circuit used for teletext video processing. It is OnB of 
a package of four circuits to be used in teletext tv data systems. The SAA5030 extracts data and data 
clock information from the television composite video signal and feeds this to the Acquisition and 
Control circuit SAA5040. A 6 MHz crystal controlled phase locked oscillator is incorporated which 
drives the Timing Chain circuit SAA5020. An adaptive sync separator is also provided which derives 
line and field sync pulses from the input video in order to synchronise the timing chain. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current (VCC = 12 V) 

Video input amplitude (syhc·white) 

Teletext data input amplitude 

Sync amplitude 

Operating ambient temperature range 

ADAPTIVE 

r 
data 

VCC 

ICC 

V 16vi deo (p.p) 

V16teletext(p·p) 

V16sync(p·p) 

Tamb 

to SAA5040 
A 

~ 

f 

\ 
clock 

CLOCK 

nom. 12 

typo 110 

nom. 2.4 

nom. 1.1 

nom. 0.7 

-20 to +70 

DATA SLICER REGENERATOR 

video 
input 

ADAPTIVE 
SYNC SEPARATOR 

PACKAGE OUTLINE 

SIGNAL 
PRESENCE 
DETECTOR 

PHASE 
DETECTOR 

1 -
sync from 
SAA5020 
(SAA5025) 

~ 

Fig.1 Block diagram 

24·lead DI L; plastic (SOT -101A with internal heat spreader). 
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OSCILLATOR 

* 6MHz clock 
to SAA5020 

(SAA5025) 

V 

mA 

V 
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°C 
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"T 

M81-1163/1/B 
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TELETEXT VIDEO PROCESSOR SAA5030 

PINNING 

to signal presence time TCSP C2S peak detector capacitor pin 
constant components 

line reset time constant TClR 2 23 C1 S peak detector capacitor pin 

fast line reset output F lR 3 22 CCLK to clock pulse timing capacitor 

ground (OV) GN D 4 21 lClK clock regenerating coil 

sandcastle input PL!CBB 5 20 CA clock phase capacitor 

6MHz output F6 6 19 DATA data output 

SAA5030 
to phase detector time TCPD 7 18 F7 clock output 
constant components 

6MH I { loputF6I 8 17 V CC +12V supply 
z crysta 

oscillator ' 
9 output F6Q 16 VI composite video input 

5 

picture on input PO 10 15 CSS to sync separator capacitor 

after hours sync input AHS 11 14 FSST field sync separator timing 

sync output to tv SYNQ 12 13 FS field sync output 

M81-1163/2/A 

Fig.2 Pinning diagram 
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RATINGS Limiting values in accordancewith the Absolute Maximum System. (IEe134) 

Voltages 

Supply voltage V17-4 Vee max. 13.2 V 

Input voltages V5-4 VI max. 9.0 V 

V 10-4 VI max. Vee V 

V11-4 VI max. 7.5 V 

Temperatures 

Storage temperature range Tstg -20 to +125 °e 
Operating ambient temperature range Tamb -20 to +70 °e 

CHARACTERISTICS (At Tamb = 25 oe, Vee = 12 V and with external components as shown in Fig.3 
unless otherwise stated). 

min. typo max. 

Supply voltage Vee 10.8 12.0 13.2 V 

Supply current (Vee = 12.0 V) lee 110 mA 

Video input and sync separator 

Video input amplitude (sync to white) Fig.4 V16video(p-p) 2.0 1.4 3.0 V 

Source impedance, f = 100 kHz I Zsl 250 n 
Sync amplitude V 16sync(p-p) 0.07 0.7 1.0 V 

Delay through sync separator td 0.5 j..lS 

Delay between field sync datum at pin 12 
and the leading edge of separated field 
sync at pin 13 (Note 1, FigA) td 32 48 62 j..lS 

Field sync output 

Vo (LOW) (113=20j..lA) VOL 0.5 V 

Vo (HIGH) (-113 = 100 j..lA) VOH 2.4 V 
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Crystal controlled phase-locked oscillator 

Measured using a crystal with the following specification e.g. catalogue number 432214303241 

C1 = 27.5 fF (typ.) 

CO= 6.8 pF (typ.) 

CL=20pF 

Trimability (CL increased to 30 pF) > 750 Hz 

Fundamental ESR < 50n 
min. typo max. 

Frequency fF6 6.0 MHz 

Holding range 1.5 3.0 kHz 

Catching range 1.5 3.0 kHz 

Control sensitivity of phase 
detector measured as voltage 
at pin 7 with respect to phase 
difference between separated 5 syncs and phase lock pulse PL 0.3 mV/ns 

Control sensitivity of oscillator 
measured as change in 6 MHz 
phase shift from pin 8 to pin 9 
with respect to voltage at pin 7 2 deg/mV 

Gain of sustaining amplifier, V9-8 
measured with input voltage of 
100 m V POp and phase detector 
immobilised 2.5 V!V 

Output voltage of 6 MHz signal at 
pin 6, measured into 20 pF load 
capacitance; peak-to-peak value 5.5 V 

Output rise and fall times at pin 6 
into 20 pF load tr; tf 30 ns 

Data slicer and clock regenerator 

Teletext data input amplitude, pin 16 
(Note 2, Fig.4); peak-to-peak value 1.1 V 

Data input amplitude at pin 16 required 
to enable amplitude gate flip-flop; 
peak-to-peak value 0.46 V 

Attack rate, measured at pins 23 and 24 
with a step to pin 16 (positive) 15 V/p.s 

(negative) 9 V/p.s 
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Data slicer and clock regenerator (continued) min. typo max. 

Decay rate, measured at pins 23 and 24 
with a step input to pin 16 48 100 144 mV//ls 

Width of clock coil drive pulses from pin 21 
when clock amplitude is not being controlled 
(Note 3) 40 ns 

Clock hangover measured at pin 18 
as the time the clock coil continues Clock 
ringing after the end of data (Note 4) 20 Periods 

Clock and data output voltages at pins 18 and 19 
measured with 20 pF load capacitance; 
peak-to-peak value 5.5 V 

Output rise and fall times at pins 18 and 19 
into 20 pF loads tr; tf 30 ns 

Sandcastle input 

Sandcastle detector thresholds, pin 5 
Phase lock pulse (PL) on 2 V 
Phase lock pulse off 3 V 
Blanking pulse (CBB) on 4.5 V 
Blanking pulse off 5.5 V 

Dual polarity sync buffer 

After hours sync (AHS) pulse input pin 11 
Threshold for AHS active 1.0 V 
Threshold for AHS off 2.0 V 

Picture On (PO) input, pin 10 
Threshold for PO active 2.0 V 
Threshold for PO off 1.0 V 

Sync output, pin 12 
AHS output with pin 10 < 1 V (Note 5) 
peak-to-peak value 0.7 V 
Composite sync output with pin 10 
> 2 V (Notes 5 and 6); peak·to-peak value 0.7 1.0 V 
Output current 3 mA 

Line reset and signal presence detectors 

Schmitt trigger threshold on pin 2 to inhibit 
line reset output at pin 3 (syncs coincident) 6.2 V 

Schmitt trigger threshold on pin 2 to permit 
line reset output at pin 3 (syncs non-coincident) 7.8 V 

Line reset output VOL (13 = 20 /lA) 0.5 V 
Line reset output VOH (-13 = 100 /lA) 2.4 V 
Signal presence Schmitt trigger threshold on pin 2 

below which the circuit accepts the input signal 6.0 V 

Signal presence Schmitt trigger threshold on pin 2 
above which the input signal is rejected. 6.3 V 
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Notes 

1. This is measured with the dual polarity buffer external resistor connected to give negative-going 
syncs. The measurement is made after adjustment of the potential divider at pin 14 for optimum 
delay. 

2. The teletext data input contains binary elements as a two level N RZ signal shaped by a raised 
cosine filter. The bit rate is 6.9375 M bit/so The use of odd parity for the 8-bit bytes ensures that 
there are never more than 14-bit periods between each data transition. 

3. This is measured by replacing the clock coil with a small value resistor. 

4. This must be measured with the clock coil tuned and using a clock-cracker signal into pin 16. The 
clock-cracker is a teletext waveform consisting of only one data transition in each byte. 

5. With the external resistor connected to the ground rail, syncs are positive-going centred on +2.3 V. 
With the resistor connected to the supply rail, syncs are negative-going centred on +9.7 V. 

6. When the composite sync is being delivered, the level is substantially the same as that at the video 
input. 

APPLICATION DATA 

The function is quoted against the corresponding pin number 

Pin No. 

1. Signal presence time constant 

A capacitor and a resistor connected in parallel between this pin and supply determine the delay 
in operation of the signal presence detector. 

2. Line reset time constant 

A capacitor between this pin and supply integrates current pulses from the coincidence detector; 
the resultant level is used to determine whether to allow F LR pulses (see pin 3). 

3. Fast line reset output (FLR) 

Positive-going sync pulses are produced at this output if the coincidence detector shows no 
coincidence between the syncs separated from the incoming video and the eBB waveform from 
the timing chain circuit SAA5020. These pulses are sent to the timing chain circuit and are used 
to reset its counters, so as to effect rapid lock-up of the phase locked loop. 

4. Ground (0 V) 

5. Sandcastle input (PL and CBB) 

This input accepts~ sandcastle waveform which is formed from PL and eBB from the timing 
chain SAA5020. PL is obtained by slicing the waveform at 2.5 V, and this, together with separated 
sync, are inputs to the phase detector which forms part of the phase locked loop. When the loop 
has locked up, the edges of PL are nominally 2 MS before and 2 MS after the leading edge of 
separated line syncs. 
eBB is obtained by slicing the waveform at 5 V, and is used to prevent the data slicer being offset 
by the colour burst. 

6. 6 MHz output (F6) 

This is the output of the crystal oscillator (see pins 8 and 9), and is taken to the timing chain 
circuit SAA5020 via a series capacitor. 

7. Phase detector time constant 

The integrating components for the phase detector of the phase locked loop are connected between 
this pin and supply. 
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APPLICATION DATA (continued) 

8,9.6 MHz crystal 

A 6 MHz crystal in series with a trimmer capacitor is connected between these pins. It forms part 
of an oscillator whose frequency is controlled by the voltage on pin 7, which forms part of the 
phase locked loop. 

10. Picture On input (PO) 

The PO signal from the acquisition and control circuits SAA5040 Series is fed to this input and is 
used to determine whether the input video (pin 16) or the AHS waveform (pin 11) appears at 
pin 12. 

11. After hours sync (AHS) 

A composite sync waveform AHS is generated in the timing chain circuit SAA5020 and is used to 
synchronise the tv (see pin 10). 

12. Sync output to tv 

Either the input video of AHS is available at this output dependent on whether the PO signal is 
HIGH or LOW. In addition either signal may be positive'going or negative·going, dependent on 
whether the load resistor at this output is connected to ground or supply. 

13. Field sync output (FS) 

A pu Ise, derived from the input video by the field sync separator, which is used to reset the line 
counter in the timing chain circuit SAA5020. 

14. Field sync separator timing 

A capacitor and adjusting network is connected to this pin and forms the integrator of the field 
sync separator. 

15. Sync separator capacitor 

A capacitor connected to this pin forms part of the adaptive sync separator. 

16. Composite video input (VI) 

The composite video is fed to this input via a coupling capacitor. 

17. Supply voltage (+12 V) 

18. Clock output 

The regenerated clock, after extraction from the teletext data, is fed out to the acquisition and 
control circuits SAA5040 Series via a series capacitor. 

19. Data output 

The teletext data is sliced off the video waveform, squared up and latched within the SAA5030. 
The latched output is fed to the acquisition and control circuits SAA5040 Series via a series 
capacitor. 

20. Clock decoupling 

A 1 nF capacitor between pin 20 and ground is required for clock decoupling. 

21. Clock regenerator coil 

5-232 

A high-Q parallel tuned circuit is connected between this pin and an external potential divider. 
The coil is part of the clock regeneration circuit (see pin 22). 
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APPLICATION DATA (continued) 

22. Clock pulse timing capacitor 

Short pulses are derived from both edges of data with the aid of a capacitor connected to this 
pin. The resulting pulses are fed, as a current, into the clock coil connected to pin 21. 
Resulting oscillations are limited and taken to the acquisition and control circuits SAA5040 
Series via pin 18. 

23, 24 Peak detector capacitors 

The teletext data is sliced with an automatic data slicer whose slicing level is the mid-point of 
two peak detectors working on the video signal. Storage capacitors are connected to these pins 
for the negative and positive peak detectors. 
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peak teletext 1.82V 
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black O.72V 

sync OV 
M81-1163/4 

FigA Part of teletext line, with burst showing nominal levels. 
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Fig.5 Detail of idealised composite sync waveform. 
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GENERAL 

The SAA5040A, SAA5040B, SAA5040C, SAA5041, SAA5042 and SAA5043 form the SAA5040 
series of MOS N-channel integrated circuits_ They perform the control, data acquisition and data 
routing functions of the teletext system_ The circuits differ in the on-screen display that is provided 
and in the decoding of the remote control commands. The functions of the circuits are detailed in 
Tables 1, 2 and 3; throughout the remainder of the data the SAA5040 is referred to when the 
complete series of the circuits is being described. 
The SAA5040 is a 28-lead device which receives serial teletext data and clock signals from the 
remote control systems incorporating the SAA5012 or SAB3022, SAB3023 decoder circuits. The 
SAA5040 selects the required page information and feeds it in parallel form to the teletext page 
memory. 
The SAA5040 works in conjunction with the SAA5020 timing chain and the SAA5050 series of 
character generators. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Operating ambient temperature range 

WOK 

r to row Al 
address A2 

bus 
A3 
A4 

WACK 

F7 

OATA 
2 

PACKAGE OUTLINE 

28-lead DIL; plastic (SOT-117) 

5·236 

VDD nom. 5 

'DD typo 80 

Tamb -20 to +70 

OLiM OATA GLR 

22 21 20 19 18 17 1·6 

01020304050607 

12 

'-------..v,---~/ 
to data bus 

Fig.1 Block diagram. 
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PINNING 

ground VSS WACK write address clock output 

data input from SAA5030 DATA 2 27 AO 

clock input from SAA5030 F7 3 26 A1 

no connection NC 4 25 A2 
3-state outputs 
to row address bus 

remote control clock input 0 LIM 5 24 A3 

remote control data input DATA 6 23 A4 

data entry window input DEW 7 22 01 

SAA5040 5 
picture on output PO 8 21 D2 

display enable output DE 9 20 03 

big character select output BCS 10 19 04 
3-state outputs 
to data bus 

toplbottom output 'TIS 11 18 05 

general line reset input GCR 12 17 06 

1 MHz clock input F1 13 16 07 

+ 5V supply VOO 14 15 WOK write 0.K. output 

MotU. 

Fig.2 Pinning diagram. 
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DESCRIPTION 

The circuit consists of two main sections. 

a)' Data acquisition section 

The basic input to this section is the serial teletext data stream DATA from the SAA5030 video 
processor circuit. This data stream is clocked at a 6.9375 MHz clock rate (F7) from the SAA5030. 
The incoming data stream is processed and sorted so that the page of data selected by the user is 
written as 7-bit parallel words into the system memory. Hamming and parity checks are performed 
on the incoming data to reduce errors. Provision is also made to process the control bits in the 
page header. 

b) Control section 

The basic input to this section is the 7-bit serial data (DATA) from the remote control decoder 
circuit such as the SAA5012 or SAB3012. This is clocked by the DLiM signal. 
The remote control commands are decoded and the control functions are stored. 
Full details of the remote control commands used in the various SAA5040 series options are 
given in Tables 1, 2 and 3 below. The control section also writes data into the page memory 
independently of the data acquisition section. This gives an on-screen display of certain user
selected functions such as page number and programme name. 
The 3-state data and address outputs to the system memory are set to high impedance state if 
certain remote control commands are received (e.g. viewdata mode). This is to allow another 
circuit to access the memory using the same address and data lines. The address lines are also 
high impedance while the acquisition and control circuit is not writing into the memory. 
Further information on the control of the 'complete teletext system is available. 
The circuit is designed in accordance with the September 1976 Broadcast Teletext specification 
published by BBC/IBA/BREMA. 
A typical circuit diagram of a teletext decoder is shown in Fig.7. 

HANDLING 

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

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134). 

Voltages (with respect to pin 1) 

min. max. 

Supply voltage (pin 14) VDD -0.3 7.5 

Input voltage (all inputs) VI -0.3 7.5 

Output voltage (pin 8) V08 -0.3 13.2 

Output voltage (all other outputs) Vo -0.3 7.5 

Temperatures 

Storage temperature range Tstg -20 to +125 

Operating ambient temperature range Tamb -20 to +70 
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CHARACTERISTICS 
min. typo max. 

Supply voltage (pin 14) VOO 4.5 5.5 V 

The following characteristics apply at T amb = 25 °C and VOO = 5 V unless otherwise stated. 

Supply currant 100 80 120 mA 

Inputs 

F7 DATA (pin 2), F7 CLOCK (pin 3) 

Input voltage; HIGH VIH 3.5 .5.5 V 

Input voltage; LOW Note 1 VIL 0.5 V 

Rise time tr 30 ns 

Fall time tf 30 ns 

I nput resistance (measured at 4 V) RI 2 18 Mn 
Input capacitance CI 7 pF 

F1 (pin 13) 

Input voltage; HIGH VIH 2.4 VOO V 5 
Input voltage; LOW VIL 0 0.6 V 

Rise time tr 50 ns 

Fall time tf 30 ns 

Input capacitance CI 7 pF 

Input leakage current (VI = 0 to 5.5 V) IIR 10 JJ.A 

All other inputs 

DLiM (pin 5), DATA (pin 6), DEW (pin 7), GLR (pin 12) 

Input voltage; HIGH VIH 2.0 VOO V 

I nput voltage; LOW VIL 0 0.8 V 

I nput capacitance CI 7 pF 

Input leakage current (VI = 0 to 5.5 V) IIR 10 JJ.A 

Outputs -
DE (pin 9), BCS (pin 10), TIB (pin 11) (with internal pull-up to VOO) 

Output voltage; LOW (IOL = 400 JJ.A) VOL 0 0.5 V 

Output voltage; HIGH -IOH = 50 JJ.A for pin 9 
-IOH = 30 JJ.A for pin 10 VOH 2.4 VOO V 

-IOH = 20 JJ.A for pin 11 

Output voltage rise time tr 10 

Output voltage fall time tf JJ.s 

Output capacitance Co 7 pF 

Output current with output in HIGH state -10 50 500 JJ.A 

(VO = 0.5 V) 
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CHARACTERISTICS Continued 
min. typ; max. 

PO (pin 8) (with internal pull-up to Voo) 

Output voltage; LOW (10 L = 140 !.LA) VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 50 !.LA) VOH 2.4 VOO V 

Output rise and fall time (CL = 40 pF) (Note 3) t r, tf 10 !.LS 

Output capacitance Co 7 pF 

Output current with output in HIGH state 
(VO = 0.5 V) -10 50 500 !.LA 

01 to 07 (pins 16 to 22) (3-state) 

Output voltage; LOW (IOL = 100 !.LA) VOL 0 0.5 V 

Output voltage; HIGH (IOH = -100 !.LA) VOH 2.4 VOO V 

Output rise and fall time (CL = 40 pF) (Note 3) t r, tf 100 ns 

Output leakage current in 'OFF' state 
(VO = 0 to 5.5 V) ±IORoff 10 !.LA 

Output capacitance Co 7 pF 

WOK (pin 15) (3-state with internal pull-up to VOO) 

Output voltage; LOW (lOL = 400 !.LA) VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 200 !.LA) VOH 2.4 VOO V 

Output voltage rise time} 
(CL = 80 pF) 

tr 50 ns 

Output voltage fall time 
(Note 3) 

lob tf ns 

Output current with 3-state 'OFF' (VO = 0.5 V) -IORoff 80 500 !.LA 

Output capacitance Co 7 pF 

WACK (pin 28) (3-state) 

Output voltage; LOW (IOL = 1.6 mAl VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 100 !.LA) VOH 2.4 VOO V 

Output voltage rise time } tr 50 ns 
(CL = 40 pF) (Note 3) 

Output voltage fall time tf 300 ns 

Output leakage current in 'OFF' state 
(VO = 0 to 5.5 V) ±IORoff 10 !.LA 

Output capacitance Co 7 pF 

AO to A2 (pins 25 to 27) (3-state) 

Output voltage; LOW (lOL = 200 !.LA) VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 200 !.LA) VOH 2.4 VOO V 

Output rise and fall time (CL = 90 pF) (Note 3) t r, tf 300 ns 

Output leakage current in 'OFF' state 
(VO = Oto 5.5 V) ±IORoff 10 !.LA 

Output capacitance Co 7 pF 
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CHARACTERISTICS (Continued) 

Outputs 
min. typo max. 

A3 and A4 (pins 23 and 24) (3-state) 

Output voltage; lOW (10 l = 1.6 mAl VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 200 MA) VOH 2.4 VDD V 

Output rise and fall time (Cl = 40 pF) (Note 3) t r, tf 300 ns 

Output leakage current in 'OFF' state 
(VO = 0 to 5.5 V) +IORoff 10 MA 

Output capacitance Co 7 pF 

TIM!NG CHARACTERISTICS 

Teletext Data and Clock (F7 OAT A + F7 CLOCK) 
(Note 2 and Fig.3) 

F7 Clock cycle time TF7 144 ns 

F7 Clock duty cycle (HIGH to lOW) 30 70 % 

F7 Clock to data set-up time tsu 60 ns 

5 F7 Clock to data hold time tHOlD 40 ns 

Control DATA and Clock (DATA + DLlM) 
(Note 3 and FigA) 

DLiM Clock HIGH time tCH 6.5 8 Note 4 MS 

o LI M Clock lOW time tCl 3.5 8 60 MS 

o LI M to OAT A set-up time tsu 0 14 MS 

DLiM to DATA hold time tHOlD 8 14 MS 

Writing Teletext data into memory during DEW 

(Fig.5) 

WACK cycle time TWACK 1150 ns 

WACK rising edge to WOK falling edge tAWW 250 450 ns 

WACK rising edge to WOK rising edge tWRW 150 310 ns 

WOK pulse width tWPD 300 ns 

Data output set-up time tow 330 ns 

Data output hold time tDH 0 ns 

Row address set-up time before first WOK tRAW 190 ns 

Row address valid time after last WOK tRWR 0 ns 

Signetics 5·241 



LINEAR LSI PRODUcrS 

TELETEXT ACQUISITION AND CONTROL CIRCUIT SAA5040 

TIMING CHARACTERISTICS 

Writing Header information into memory during tv line 40 

(Fig.6) 

This arrangement is a combined phasing of the 
SAA5040 and the SAA5020 a'lf!..l!.therefore 
referred to F 1 input. The first WOK is related 
to F1 No 14% from the SAA5020 

F 1 Clock cycle time 

Time from F 1 to WOK falling edge 

Time from F1 to WOK rising edge 

Data output set·up time 

Data output hold time 

Notes 

tWF 

tFW 

tDW 

tDH 

min. typo max. 

1000 

300 500 

0 120 

330 

0 

1. These inputs may be a.c. coupled. Minimum rating is -0.3 V butthe input may be taken more 
negative if a.c. coupled. 

2. Transition times measured between 0.5 and 3.5 volt levels. 
Delay times are measured from 1.5 V level. 

3. Transition times measured between 0.8 and 2.0 volt levels. 
Delay times are measured from 1.5 V level. 

4. There is no maximum DLiM cyle time provided the DLiM duty cycle is such that tCLmax. 
requ irement is not exceeded. 
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F7 Clock 

OLIM 

DLiM 

""!"I------- T F7 -------.. ~I 
I I 
I I 

I 
I 
I 
I 

I- tsu ----+- t HOLD +I 
I I 
I I 
I I 
I I 

Fig.3 Teletext data timing 

--- ---

Fig.4 Remote control data input timing 
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Data 
output 

----! t--- t RAW 

MEMORY~ 
ROW CD ADDRESS ____________________________ -J 

SAA5040 

CD 1.5V 
@ 2.0V 

M81-1103/5 @ 0.8V 

Fig.5 Writing teletext data.into memory during DEW 

F1 period No14 15 16 

~ / r- 'WF ~ I / \ / 
-JtFWI--

WOK ~ I~~ \ / L I I@ I 
I I I 

r-- tDW 

!~~'DH I 
Data X~ X output 

I CD 1.5V I I I I 
memory row address is valid from ~ (1) 2.0V 
Fl period No 14 for complete line @ 0.8V 

M81_1103/6 

Fig.6 Writing data into memory during tv line 40 
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APPLICATION DATA 

The function ·is quoted against the corresponding pin number 

Pin No. 

1. VSS Ground - 0 V 

2. DATA Data input from SAA5030 

This input is a serial data stream of broadcast teletext data from the SAA5030 video processor, 
the data being at a rate of 6.9375 MHz. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 

3. F7 Clock input from SAA5030 

This input is a 6.9375 MHz clock from the SAA5030 video processor which is used to clock the 
teletext data acquisition circuitry. The positive edge of this clock is nominally at the centre of 
each teletext data bit. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 

5. DLiM Remote control clock input 

This input from the remote control receiver decoder is used to clock remote control data into 
the SAA5040. The positive-going edge of every second clock pulse is nominally in the centre 
of each remote control data bit. 

6. DATA Remote control data 

This input is a 7-bit serial data stream from the remote control receiver decoder. 
This data contains the teletext and viewdata remote control user functions. The nominal data 
rate is 32 j.ls/bit. The remote control commands used in the SAA5040 series are shown in 
Tables 1, 2 and 3. 

7. DEW Data entry window 

This input from the SAA5020 Timing Chain defines the period during which received teletext 
data may be accepted by the SAA5040. This signal is also used to enable the 5 memory address 
outputs (pins 23 to 27) and the 7-bit parallel data outputs (pins 16 to 22). 

8. PO Picture On 

Th is output to the SAA50 12, SAA5030 and SAA5050 circu its is a static level used for the 
selection of tv picture video 'on' or 'off'. The output is HIGH for tv picture 'ON', LOW for tv 
picture 'OFF'. The output has an internal pull-up to VDD. 

9. DE Display enable 

Th is output to the SAA5050 teletext character generator is used to enable the teletext display. 
The output is HIGH for display enabled, LOW for display disabled. 
The output is also forced to the LOW state during the DEW and tv line 40 periods and when a 
teletext page is cleared. 
The output has an internal pull-up to VDD. 

1 o. BeS Big character select 

This output to the SAA5020 timing chain and to the SAA5050 character generator is used to 
select double height character format under user control. The output is HIGH for normal height 
characters, LOW for double height characters. It is also forced to the HIGH state on page clear. 
The output has an internal pull-up to VDD. 

11. TIB Top/bottom 

This output to the SAA5020 timing chain is used to select whether top or bottom half page is 
being viewed. The output is HIGH for bottom half page and LOW for top half page. It is also 
forced to the LOW state on page clear. 
The output has an internal pull-up to VDD. 
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APPLICATION DATA 

12. GLR General line reset 

This input from the SAA5020 timing chain is used as a reset signal for internal control 
and display counter. 

13. F1 

This input is a 1 MHz clock signal from the SAA5020 timing chain used to clock internal 
remote control processing and encoding circuits. 

14. VDD +5 V Supply 

This is the power supply input to the circuit. 

15. WOK Write O.K. 

This 3-state output signal to the system memory is used to control the writing of valid data 
into the system memory. The signal is LOW to write, and is in the high impedance state 
when viewdata is selected. The three-state buffer is enabled at the same time as the data 
outputs (see below). An internal pull-up device prevents the output from floating into the 
LOW state when the 3-state buffer is OFF. 

16,17,18, D7 to D1, Data outputs 

19, 20, 21, These 3-state outputs are the seven bit parallel data outputs to the system memory. The 
22 outputs are enabled at the following times:-

a) During the data entry window (DEW) to write teletext data into the memory. 
The data rate is 867 kbytes per second and is derived from the teletext data clock. 

b) During tv line 40 for encoded status information about user commands 
(e.g. programme number), to be written into the memory. This period is known as 
EDI L (encoded data insertion line). The data rate is 1 Mbyte per second and is 
derived from the 1 MHz display clock F 1. 

c) When the page is cleared. I n this case the data output is forced to the space code 
(0100000) during the display period for one field. This data is held at the space code 
from either tv line 40 (if page clear is caused by user command), or the received 
teletext data line causing the clear function, until the start of the data entry window 
(D EW) of the next field. 

23, 24, 25, A4 to AO Memory addresses 

26,27 

28. 

5·246 

These 3-state outputs are the 5-bit row address to the page memory. 
This address specifies in which of 24 rows the teletext data is to be written. 
The outputs are enabled during the data entry period (DEW). 

WACK Write address clock 

This 3-state output is used to clock the memory address counter during the data entry 
period (DEW). The output is enabled only during this period. The positive-going edge of 
WACK is used to clock the address counter. 
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Fig,7 Typical circuit diagram of a teletext decoder. 
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TABLE 1 (Note 8) 

Remote control commands used in the SAA5040A!SAA5040B/SAA5040C/SAA5043 

CODE 

b5 b4 b3 b2 b1 
TELEVISION MODE (b7 = b6 = 0) TELETEXT MODE (b7 = 1, b6 = 0) 

(Note 7) (Note 7) 

0 0 0 0 0 RESET (Note 1) 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 TV/ON Gives programme display. 

0 0 1 0 0 STATUS Gives programme display. STATUS Programme/header display (Note 6) 

0 0 1 0 1 HOLD Stops reception of teletext. (Note 9) 

0 0 1 1 0 

0 0 1 1 1 TIME Gives time display. DISPLAY CANCEL (Note 3) 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 5 
0 1 0 1 1 

0 1 1 0 0 TAPE Resets to small characters. 

0 1 1 0 1 

0 1 1 1 0 TIMED PAGE OFF 

0 1 1 1 1 TIMED PAGE ON 

1 0 0 0 0 1 

1 0 0 0 1 2 

1 0 0 1 0 3 

1 0 0 1 1 4 

1 0 1 0 0 5 

1 0 1 0 1 PROGRAMMES NUMBERS 6 
< .< 

1 0 1 1 0 (Note 2) ( Notes 4 and 6) 7 

1 0 1 1 1 8 

1 1 0 0 0 9 

1 1 0 0 1 0, 

1 1 0 1 0 SMALL CHARA~TERS 
1 1 0 1 1 LARGE CHARACTERS TOP HALF PAGE 

1 1 1 0 0 LARGE CHARACTERS 80TTOM HALF PAGE 

1 1 1 0 1 

1 1 1 1 0 SUPERIMPOSE (Note 6) 

1 1 1 1 1 TELETEXT/ON (Note 5) 
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Notes for Table 1 

1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 

2. Programme names are displayed for 5 s in a box at the top left of the screen in large characters. 
Programme commands clear the page memory except in timed page mode. 

The following boxed information is displayed. 

REMOTE CONTROL 

COMMAND SAA5040A SAA5040B SAA5040C SAA5043 

b5 b4 b3 b2 bl 

1 0 0 0 0 BBCl BBCl Ch 1 

1 0 0 0 1 BBC2 lTV Ch 2 

1 0 0 1 0 lTV BBC2 Ch 3 

1 0 0 1 1 4 BBCl Ch 4 

1 0 1 0 0 5 
Gives no 

lTV Ch 5 

1 0 1 0 1 6 VTR Ch 6 
status 

1 0 1 1 0 7 BBCl Ch 7 

1 0 1 1 1 VCR 
box 

lTV Ch 8 

1 1 0 0 0 9 BBC2 Ch 9 

1 1 0 0 1 10 BBCl Ch 0 

1 1 0 1 0 11 lTV Ch 10 

1 1 0 1 1 12 VTR Ch 11 

3. Display cancel removes the text and restores the television picture. The device then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The full page of text can then be displayed when required using the 
teletext/on command. 

4. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 

5. The teletext/on command resets display cancel, hold and superimpose modes. 

6. Status, timed page on, timed page off, numbers, superimpose and teletext/on commands all reset 
to top half page and produce a box round the header for 5 s. This allows the header to be seen 
if the television picture is on (e.g. newsflash or display cancel modes). 

7. I n viewdata mode (b7 = b6 = 1) the device is disabled and teletext cannot be received. All 3·state 
outputs are high impedance. 

8. Table 1 shows code required for functions specified. The device requires the inverse of these codes 
i.e. b7 to b1. The code is transmitted serially in the following order: b7, b1, b2, b3, b4, 55, b6. 

9. When hold node is selected 'HOLD' is displayed in green at the top right of the screen. 

10. A 'P' is displayed before the page number at the top left of the screen (e.g. P123). 
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TABLE 2 (Note 9) 

Remote control commands used in the SAA5041 

CODE 

b5 b4 b3 b2 bl 
TELEVISION MODE (b7 = b6 = 0) 

(Note 8) 
TE LETEXT MODE (b7 = 1, b6 = 0) 

(Note 8) 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 TIME Gives time display. STATUS Gives header and time display. (Note 6 

0 0 1 0 1 TI MED PAG E On/off toggle function. 

0 0 1 1 0 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 
5 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 TELETEXT RESET (Note 1) 

1 0 0 0 0 0 

1 0 0 0 1 1 

1 0 0 1 0 2 

1 0 0 1 1 3 

1 0 1 0 0 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 0 1 1 0 (Notes 2 and 7) 6 

1 0 1 1 1 7 
< 

1 1 0 0 0 8 

1 1 0 0 1 9 

1 1 0 1 0 SMALL CHARACTERS 

1 1 0 1 1 LARGE CHARACTERS Top/bottom toggle 
function 

1 1 1 0 0 HOLD Stops reception of teletext - toggle 
function (Note 3) 

1 1 1 0 1 DISPLAY CANCEL (Note 4) 

1 1 1 1 0 SUPERIMPOSE 

1 1 1 1 1 NORMAL DISPLAY (Note 5) 
'-
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Notes for Table 2 

1: The teletext reset command clears the page memory, selects Page 100, goes to small characters 
and resets hold, timed page and display cancel modes. 

2. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. . 

3. When hold mode is selected 'HAL r is displayed in green at the top right of the screen. 

4. Display cancel removes the text and restores the television picture. The SAA5041 then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed immed
iately. When an updated normal page arrives the page number only is displayed in a box at the 
top left of the screen. The full page of text can then be displayed when required using the normal 
display command. 

5. The normal display command resets display cancel, hold and superimpose modes. 

e. Status, timed page, numbers, hold, superimpose and normal display commands all reset to top 
half page and produce a box round the header for five seconds. This allows the header to be seen 
even if the television picture is on (e.g. newsflash or display cancel modes). 

7. An'S' is displayed before the page number at the top left of the screen (e.g. S123). 

8. In viewdata mode (b7 = be = 1) the SAA5041 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 

9. Table 2 shows code required for functions specified. The SAA5041 requires the inverse of these 
.£od~ i.e. b7 to b1' The code is transmitted serially in the following order: b7, bl' b2, b3, b4, 
b5, be· 

10. Clear Memory occurs except in Timed Page Mode. 
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TABLE 3 (Note 9) 

Remote control commands used in the SAA5042 

CODE 

b5 b4 b3 b2 b1 
TELEVISION MODE (b7 = b6 = 0) TELETEXT MODE (b7 = 1, b6 = 0) 

(Note B) (Note B) 

0 0 0 0 0 RESET (Note 1) 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 STATUS Gives header and time display. (Note 6) 

0 0 1 0 1 HOLD Stops reception of teletext· toggle 
function (Note 3) 

0 0 1 1 0 

0 0 1 1 1 TIME Gives time display 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 SMALL CHARACTERS 5 
0 1 0 1 1 

0 1 1 0 0 LARGE CHARACTERS TOP HALF PAGE 

0 1 1 0 1 LARGE CHARACTERS BOTTOM HALF PAGE 

0 1 1 1 0 DISPLAY CANCEL/RECALL (Note 4) 

0 1 1 1 1 DISPLAY RECALL 

1 0 0 0 0 0 

1 0 0 0 1 1 

1 0 0 1 0 2 

1 0 0 1 1 3 

1 0 1 0 0 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 0 1 1 0 (Notes 2 and 7) 6 

1 0 1 1 1 -< 7 

1 1 0 0 0 B 

1 1 0 0 1 9 

1 1 0 1 0 TIMED PAGE On/Off toggle function 

1 1 0 1 1 CLEAR MEMORY 

1 1 1 0 0 LONG TERM STORE/SMALL CHARACTERS 

1 1 1 0 1 

1 1 1 1 0 SUPER IMPOSE 

1 1 1 1 1 TELETEXT/ON (Note 5) 
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Notes for Table 3 

1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 

2. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 

3. When hold mode is selected 'STOP' is displayed in green at the top right of the screen. 

4. Display cancel/recall removes the text and restores the television picture. The SAA5042 then 
reacts to any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The same command will then cause a normal page to be displayed, 
but will cancel a newsflash or subtitle page. Alternatively, text can be recalled by using the 
teletext/on command. 

5. The teletext/on command resets display cancel, hold and superimpose modes. 

6. Status, timed page, numbers, superimpose and teletext/on commands all reset to top half page 
and produce a box round the header for five seconds. This allows the header to be seen even if 
the television picture is on (e.g. newsflash or display cancel modes). 

7. A 'P' is displayed before the page number at the top left of the screen (e.g. P123). 

8. In viewdata mode (b7 = b6 = 1) the SAA5042 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 

9. Table 3 shows code required for functions specified. The SAA5042 requires ..!heJnv~se_of 0ese 
~od~ i.e. b7 to bl' The code is transmitted serially in the following order: b7, bl, b2, b3, b4, 
b5, b6' 

10. Clear Memory occurs except in Timed Page Mode. 
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The SAA5050 series of MaS N-channel integrated circuits provides the video drive signals to the 
television receiver necessary to produce the teletext/viewdata display. The variants are described in the 
Quick Reference Data and full details of the characters sets are given in Figs. 11 to 18. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Operating ambient temperature range 

Variant Character set 
5050 English 
5051 German 
5052 Swedish 
5053 Italian 

4 

~ f-9 
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Dl 
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o---Z- f-9 ~ INPUT 
BUFFER rV 
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f+ 
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1+ 

t--

,\7 t 
CONTROL 

CHARACTER 
DETECTION 
AND STORE 

COLOUR 
MUL TIPLEXER 

VDD nom. 5 

IDD typo 85 

Tamb -20 to +70 

Variant Character set 
5054 Belgian 
5055 US ASCII 
5056 Hebrew 
5057 Cyrillic 

vDD vss NC 

181 11 171 

PARALLEL TO J 
SERIAL 

v CONVERSION 

t 14 f=N. GRAPHICS J ICHARACTER l GENERATOR ROUNDING 15 

I 
20 

19 
TIMING 
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Fig.1 Block diagram 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 
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5-256 

ground VSS DE display enable input 

superimpose SI 2 PO picture on input 

remote control data DATA LOSE load output shift register enable 

D1 25 BLAN blanking output 

D2 

D3 6 

character data D4 
inputs SAA5050 

D5 21 Y monochrome video output 

D6 F 1 1 MHz input 

D7 TR6 6MHz input 

remote control data clocl< D LI M V DD positive supply (+5V) 

general line reset GLR N C not connected 

data entry window DEW TLC transmitted large character 

character rounding select CRS 15 ~ big character select 

MB1-1066/2/B 

Fig.2 Pinning diagram 

DESCRIPTION 

The SAA5050 is a.28 pin device which incorporates a fast access character generator ROM (4.3 k bits), 
the logic decoding for all the teletext control characters and decoding for some of the remote control 
functions. The circuit generates 96 alphanumeric and 64 graphic characters. In addition there are 32 
control characters which determine the nature of the display. 
The SAA5050 is suitable for direct connection to the SAA5010, SAA5012, SAA5020 and SAA5040 
Series integrated circuits. 
The basic input to the SAA5050 is the character data from the teletext page memory. This is a 7 bit 
code. Each character code defines a dot matrix pattern. The character period is 1 /-IS and the character 
dot rate is 6 MHz. The timings are derived from the two external input clocks F 1 (1 MHz) and TR6 
(6 MHz) which are amplified and re-synchronised internally. Each character rectangle is 6 dots wide 
by 10 TV lines high. One dot space is left between adjacent characters, and there is one line space 
left between rows. Alphanumeric characters are generated on a 5 x 9 matrix, allowing space for 
descending characters. Each of the 64 graphic characters is decoded to form a 2 x 3 block arrangement 
which occupies the complete 6 x 10 dot matrix (Fig.9). Graphics characters may be either contiguous 
or separated (Fig.10). The alphanumeric characters are character rounded, i.e. a half dot is inserted 
before or after a whole dot in the presence of a diagonal in a character matrix. 
The character video output signals comprise a monochrome signal and RGB signals for a .:olour 
receiver. A blanking output signal is provided to blank out the television video signal under the control 
of the PO and DE inputs and the box control characters (see Table 3). 
The monochrome data signal can be used to inlay characters into the television video. The use of the 
32 control characters provides information on the nature of the display, e.g. colour. These are also 
used to provide other facilities such as 'concealed display' and flashing words etc. The full character 
set is given in Table 1. 
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HANDLING 

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

RATINGS Limiting values in accordance with the Absolute Maximum System, (I EC134) 

min. typo max. 

Voltages (with respect to pin 1) 

Supply voltage (pin 18) VDD -0.3 7.5 

Input voltages (all inputs + input/output) VI -0.3 7.5 

Output voltage (pin 16) V016 -0.3 7.5 
(all other outputs) Vo -0.3 14.0 

Temperature 

Storage temperature range Tstg -20 to +125 

Operating ambient temperature range Tamb -20 to +70 

CHARACTERISTICS min. typo max. 
Supply voltage (pin 18) VDD 4.5 5.5 

The following parameters apply at Tamb = 25°C and VDD = 5 V unless otherwise stated. 

Supply current 

Inputs 

Character data 01 to 07 (pins 4 to 10) 

Input voltage; HIGH 

Input voltage; LOW 

Clock inputs F1 (pin 20) TR6 (pin 19) 

Input voltage; HIGH 

Input voltage; LOW 

Logic inputs 

DATA (pin 3) 
DLiM (pin 11) 
GLR (pin 12) 

DEW (pin 13) 
CRS (pin 14) 
BCS (pin 15) 

Input voltage; HIGH 

Input voltage; LOW 

All inputs 

Input leakage current (VI = 5.5 V) 

Input capacitance 

LOSE (pin 26) 
PO (pin 27) 
DE (pin 28) 

IDD 

Signetics 
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CHARACTERISTICS (continued) 
min. typo max. 

Outputs 

Character video outputs + Blanking output (open drain) (note 3) 

B - (pin 22), G - (pin 23), R - (pin 24), Y - (pin 21), 
Blanking (pin 25) 

Output voltage; LOW (lOL = 2 mAl VOL 0.5 V 

Output voltage; LOW (10 L = 4 mAl VOL 1.0 V 

Output voltage; LOW (IOL = 6 mAl VOL 2.0 V 

Output voltage; HIGH (note 5) VOH VDD 13.2 V 

Output load capacitance CL 15 pF 

Output fall time I note 1 tf 30 ns 

Variation of fall time between any outputs j 6tf 0 20 ns 

TLC (pin 16) 

Output voltage; LOW (IOL = 100,uA) VOL 0 0.5 V 

Output voltage; HIGH (-IOH = 100 ,uA) VOH 2.4 VDD V 

Output load capacitance CL 30 pF 

Output rise time } Measured between 0.8 V tr 1.0 ,us 

Output fall time and 2.0 V levels tf 1.0 ,us 

Input/output 

81 (pin 2) (open drain) 

-Input voltage; H IG H VIH 2.0 6.5 V 

Input voltage; LOW VIL 0 0.8 V 

Input leakage current (V I = 5.5 V) IIR 10 ,uA 

Input capacitance CI 7 pF 

Output voltage; LOW (lOL = 0.4 mAl VOL 0 0.5 V 

Output voltage; LOW (10 L = 1.3 mAl VOL 0 1.0 V 

Output load capacitance CL 45 pF 

Output voltage; HIGH state (note 2) VOH 6.5 V 
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Timing characteristics 

For typical display of 40 characters per line. Line rate = 64 fJ,S. Field rate = 20 ms. 

Character data timing (Fig.4) 
min. typo max. 

TR6 rising edge to F1 falling edge tD 6 60 ns 

TR6 frequency fTR6 6 MHz 

TR6 mark/space ratio 40:60 60:40 

F 1 frequency fF1 MHz 

F 1 mark/space ratio 40:60 60:40 

Data set-up time tCDS SO ns 

Data hold time tCDH 100 ns 

Delay time - character in/ Graphics tCDG ' 2.6 fJ,S 
character data at outputs Alphanumerics tCDA 2.767 fJ,S 

Display period timing (Fig.5) 

F1 falling edge to LOSE rising edge tLDH 0 250 ns 5 
F1 falling edge to LOSE falling edge tLDL 0 250 ns 

LOSE rising edge to 'Display on' tDON 2.6 fJ,S 

LOSE falling edge to 'Display off' tDOFF 2.6 fJ,S 

'Display period' tDP 40 fJ,S 

Line rate timing (Fig.6) 

F 1 rising edge to G LR falling edge tDGL 0 200 ns 

F1 rising edge to G LR rising edge tDGH 0 200 ns 

GLR LOW time tGLP fJ,S 

Line start* to G LR falling edge tGLR 5 fJ,S 

Line start* to LOSE rising edge tLSL 14.5 fJ,S 

LOSE falling edge to Line start* tLLS 9.5 fJ,S 

Line period tLNP 64 fJ,s 

LOSE HIGH time tLHP 40 fJ,S 

Remote data input timing (Fig.S) 

Assuming F1 period = 1 fJ,S and GLR period = 64 fJ,S 

DLIM clock HIGH time tCH 6.5 S (note 4) fJ,S 

DLIM clock LOW time tCL 3.5 S 60 IlS 

DATA to DLIM set-up time tDS 0 14 IlS 

DLIM to DATA hold time tDH S 14 fJ,S 

*Taken as falling edge of 'line sync' pulse. 
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5-260 

Notes to characteristics 

1. Fall time, tf and t; tf, are defined as shown and are measured using the circuit shown below: 

tf is measured between the 9 V and 1 V levels. 

t; tf is the maximum time difference between outputs. 

------1.,- - - - - 9.DV 

08243 

I 
I 
I 
I 
I 
I 
I 
r- tf 

I 
I 
I 

-----Ttf 

---~----+12V 

3K 

Output 0----1 
pin 

9V 
clomp 

+ 15pF 

"T' r"' I 

+-L 

08067b I Vss 
Fig.3 

2. Recommended pull-up resistor for 51 is 18 kn. 

3. The R, G, B, Y and blanking outputs are protected against short circuit to supply rails. 

4. There is no maximum D LIM cycle time, provided the DLI M duty cycle is such that the tel max 
requirement is not exceeded. 

5. With maximum pull-up voltage applied to R, G, Band BlAN outputs the leakage current will not 
exceed 20)J.A with the outputs in the OFF state. 

SPECIAL FEATURES 

Flash oscillator 
The circuit generates a 0_75 Hz signal with a 3:1 ON/OFF ratio to provide the flashing character 
facility. 
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Power-on-reset 

When the supply voltage is switched on, the character generator will reset to tv, conceal, and not 
superimpose modes. 

Character rounding 

The character rounding function is different for the small and double height characters. In both cases 
the ROM is accessed twice during the character period of 1 !-IS. The dot information of two rows is 
then compared to detect the presence of any diagonal in the character matrix and to determine the 
positioning of the character rounding half dots. 
For small characters rounding is always referenced in the same direction (i.e. row before in even fields 
and row after in odd fields as determined by the CRS signal). 
For double height characters rounding is always referenced alternately up and down changing every 
line using an internally generated signal. (The CRS signal is '0' for the odd field and '1' for the even 
field of an interlaced tv picture). 

Graphics decoder 

The 64 graphics characters are decoded directly from the character data inputs and they appear on a 
2 x 3 matrix. Figure 9 gives details of the graphics decoding. 

APPLICATION DATA 

The function is quoted against the corresponding pin numbers 

Pin No. 

1. 

2. 

3. 

4,5,6 
7,8,9, 
10 

11. 

12 

13. 

Vss Ground - 0 V 
Si Superimpose 
This is a dual purpose input/output pin. The output is an open drain transistor (capable of 
sinking current to VSS), which is in the conducting state when superimpose mode is 
selected. This allows contrast reduction of the tv picture in superimpose mode if required. 
If the pin is held LOW, the internal 'tv mode' flip-flop is held in the 'text' state. This is for 
VDU applications when the remote control is not used. 

DATA Remote control data 

This input accepts a 7-bit serial data stream from the remote control decoder. This data 
contains the teletext and viewdata remote control functions. The nominal data rate is 
32 !-Is/bit. The command codes used in the SAA5050 are shown in Table 2. 

D1 to D7 Character data 

These inputs accept a 7-bit parallel data code from the page memory. This data selects the 
alphanumeric characters, the graphics characters and the control characters. The alphanumeric 
addresses are ROM column addresses, the graphics and control data are decoded internally. 

DLIM 

This input receives a clock signal from the remote control decoder and this signal is used to 
clock remote control data into the SAA5050. The positive-going edge of every second clock 
pulse is nominally in the centre of each remote control data bit (Fig.8). 

GLR General line reset 

This input signal from the SAA5020 Timing Chain is required for internal synchronisation of 
remote control data signals. 

DEW Data entry window 

This input signal from the SAA5020 Timing Chain is required to reset the internal ROM row 
address counter prior to the display period. It is also used internally to derive the 'flash' 
period. 
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APPLICATION DATA (continued) 

14. CRS Character rounding select 

This input signal from the SAA5020 Timing Chain is required for correct character rounding 
of displayed characters. (Normal height characters only). 

15. BCS Big character select 

This input from the SAA5040 Teletext Acquisition and Control device allows selection of 
large characters by remote control. 

16. TlC Transmitted large characters 

This output to the SAA5020 Timing Chain enables double height characters to be displayed 
as a result of control characters stored in the page memory. 

18. VDD + 5 V supply 

This is the power supply input to the circuit. 

19. TR6 

20. 

21. 

22,23, 
24. 

25. 

26. 

This input is a 6 MHz signal from the SAA5020 Timing Chain used as a character dot rate 
clock. 

Fl 

This input is a 1 MHz equal mark/space ratio signal from the SAA5020 Timing Chain. It is 
used to latch the 7·bit parallel character data into the input latches. It is also used to synchron· 
ise an internal divide·by 6 counter. The Fl signal is internally synchronised with TR6. 

Y Output 

This is a video output signal which is active in the HIGH state containing character dot 
information for tv display. 
The output is an open drain transistor capable of sinking current to VSS 

B,G,R outputs 

These are the Blue, Green and Red Character video outputs to the tv display circuits. They 
are active HIGH and contain both character and background colour information. 
The outputs are open drain transistors capable of sinking current to VSS' 

BlAN Blanking 

This active HIGH output signal provides tv picture video blanking. It is active for the duration 
of a box when Picture On and Display Enable are HIGH. It is also activated permanently for 
normal teletext display when no tv picture is required (PO lOW). The output is an open 
drain transistor capable of sinking current to VSS' Full details given in Table 3. 

lOSE load output shift register enable 

This input signal from the SAA5020 Timing Chain resets the internal control character 
flip·flops prior to the start of each display line. 
This signal also defines the character display period. 

27. PO Picture On 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
control the character video and blanking outputs. When PO is HIGH, only text in boxes is 
displayed unless in superimpose mode. The input is HIGH for tv picture video on, lOW for 
picture off. See Table 3. 

28. DE Display enable 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
enable the teletext display. The input is HIGH for teletext display enabled. lOW for display 
cancelled. See Table 3. 
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TABLE 1 

Character data input decoding 
D60 cao 

~. 00 a a a 1 1 1 1 
Sit b6bS .... a 0 1 10 11 00 01 10 11 

S bl.lil:JlbllblIR;"~OI,1 a 1 
I 

3 : 3a I. 5 5: 5a 7 17a 2 I 2a 

o 0 00 0 NUL"* OLE* DID [QJI~ l@] [EJ BIl] [Q]I~ 
I I I I 

00 o 1 1 Alphan Graphics []I~ Wi=:] ~ [QJ [§JILJ [gJlrJ 
Red Red 

Alphcf 
1 I 1 I 

00 1 0 2 Graphics DI[j [2J1~ @] [ill ~I~ [!JI~ Green Green 

Alphan 
I 

[llICj l£l1L:l 
1 

o 0 1 1 3 'Graphics [JIU [] ~ ~IC Yellow Yellow 

I I 
o 1 00 L. Alphen Graphics [1J1~ gJliJ [gJ IT] @]I~ rn1il 

Blue Blue 1 1 I 
011 01 5 Alphan Graphics ~I!l ~IIJ ~ [Q] ~I~ ~IIJ Magenta Magenta 

I I 1 I 
a 1 1 0 5 Alphen GraphiCS ~I~ [illl" [EJ [YJ WI~ GJ di:l Cyan Cyan 

** DI~ [ZJ11j [9J:~ ~:r= 1 11 7 Alphen GraphiCS ~ ftil White White I I 
11 0 a 0 8 Flash Conceal []I~ @]I~ [8] ~ [6J1[j 0:~ 01 splay 

** "** 
I 1 I 

1 0 a 1 9 Steady Cootlguous [IJI~ [2]1~ [] [YJ []I~ [illl~ GraphiCS 
I I I 

*"* Separated DI~ UJ m 1 0 1 0 10 End Bcx 
Graphics [!]I~ WI[J 0111 

* [±]I~ [J:~ 1 
1 0 1 1 11 Start Bcx ESC ~ EJ [B:L1 ~Ia 

:H HE ! 
1 1 o 0 12 Normal Black DI~ ~Ii [g ~ ITJI~ [illi. 

Height BackgrOlTd 1 I 1 
01~ 1 1 a 1 13 Double New 

BI~ [8] El 81~ ~11i Height ~ckguc.rd 

* I I I 1 
11 1 a 11. SO 

Hold 
DI~ GI~ ~ [IJ G:lllt EJliiI Graphics I I I I 

"* ** [Z]:~ rn:~ ~:~:~:. 11 1 1 15 ~ Release lQ] [ffi Graphics 

Control characters shown in columns 0 and 1 are normally displayed as spaces. 
The SAA5050 character set is shown as example. Details of character sets are given in Figs. 11 and 12. 

* These control characters 
are reserved for compatability 
with other data codes. 

** These control characters 
are presumed before each 
row begins. 

Codes may be refered 
to by their column and 
row e.g. 2/5 refers to % 
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TABLE 2 

Remote control command codes used in the SAA5050 

CODE 
b7 b6 b5 b4 b3 b2 b1 

o X X X X X X 

X X X X X X 

o 

o 

o 

o X X X X X X 

X X X X X 

X 0 0 

X 0 o 
o 

Any command apart from reveal set. 

X = Don't care. 

Notes 

COMMAND 

'tv'mode 

'Text'mode 

Superimpose 

teletext 

'tv'mode 

viewdata mode 

Reveal 

Reveal set 

SAA5050/55 

FUNCTION 

Allows text on top row of display only. 

Allows text throughout display period. 

Sets Superimpose mode. 

Resets Superimpose mode. 

Resets Superimpose mode. 

Resets Superimpose mode; 

Reveals for time-out (notes 3,4). 

Sets Reveal mode (note 3). 

Resets Reveal mode (note 3) 

1. When the power is applied the SAA5050 is set into the 'tv' mode and reset out of Superimpose and 
Reveal modes. 

2. 'Text' mode is selected when SI (pin 2) is held LOW 

3. Reveal mode allows display of text previously concealed by 'conceal display' control characters. 

4. This code is sent from the SAA501 0 or the SAA50 12 Series as a repeated command. Thus Reveal 
mode is set for as long as the Reveal key is depressed. The SAA5050 reverts to normal 'not Reveal' 
mode 160 ms after the last Reveal command. 

5. The Superimpose output is LOW only if Superimpose mode is set and the DE (display enable) input 
is HIGH. 

6. The above table shows code required for functions specified. 
The SAA501 0 or the SAA5012 Series transmits and the SAA5050 requires the inverse of these codes 
i.e. b7 to 1)1· The code is transmitted serially in the following order: 1)7 1)1 1)2 1)3 1)4 b5 il6. 
For full details of remote control data coding see the SAA5010 or the SAA5012 data sheets. 
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TABLE 3 

Conditions affecting display (see note 3) 

Inputs Control data Outputs 

Picture On Display Enable Superimpose Box Text Display Enabled Blankin 9 
(PO) (DE) Mode (i.e. R,G,B,Y outputs) 

(a) 1 0 1 or 0 1 or 0 0 0 

(b) 0 1 1 or 0 1 or 0 1 1 

(c) 0 0 1 or 0 1 or 0 o (note 2) 1 

(d) 1 1 0 0 0 0 

(e) 1 1 1 0 1 0 

(f) 1 1 1 1 1 1 

(g) 1 1 0 1 1 1 

Notes 

1. For tv mode (Picture On = '1', Superimpose mode not allowed) rows (a), (d) and (g) of Table 3 
refer to display row 0 only. For all other rows text display is disabled and Blanking = '0'. 

2. The R, G, B outputs may contain character and background colour information. The only 
exception is that background colours are inhibited when Blanking = '0'. 

3. Valid during display period only (see Fig.5) otherwise no character or background information 
is displayed as blanking is determined by the Picture On. (No blanking if PO = '1'). 
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Fig. 11 SAA5050 character set (English). 
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Fig. 12 SAA5055 character set (US ASCII). 
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OPERATIONAL AMPLIFIERS-SYMBOLS AND DEFINIT!ONS 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma. 
nent damage to the device and are not meant to Imply that 
devices can operate at these limits. 

Average Input Offset Current Temperature Coefficient (TCloS> 
The change in input offset current divided by the change to am
bient temperature producing it. 

Average Input Offset Voltage Temperature Coefficient (TCVoS> 
The change in input offset voltage divided by the change in am
bient temperature producing it. 

Bandwidth 
The frequency at which the gain is down 3dB from its dc value. 
It's measured in sample (track) mode with a smail-signal sine 
wave that doesn't exceed the slew rate limit_ 

Common Mode Input Resistance 
The resistance looking Into both inputs, with inputs tied 
together. 

Common Mode Rejection Ratio (CMRR) 
The ratio of the change of input offset voltage to the input com
mon mode voltage change producing it. 

Full Power Bandwidth 
The maximum frequency at which the full sine wave output might 
be obtained. 

Input Bias Current (Is) 
The average of the two input currents at-zero output voltage. In 
some cases, the input current is measured for either input in
dependently. 

Input Capacitance 
The capacitance looking into either input terminal with the other 
grounded. 

Input Current 
The current into an input terminal. 

Input Noise Voltage 
The square root of the mean square narrow-band noise voltage 
referred to the input. 

Input Offset Current 
The difference in the currents into the two input terminals with 
the output at zero volts. 

Input Offset Voltage 

That voltage which must be applied between the input terminals to 
obtain zero output voltage. The input offset voltage may also be 
defined for the case where two equal resistances are inserted in 
series with the input leads. 

Input Resistance 
The resistance looking into either input terminal with the other 
grounded. 

Input Voltage Range 
The range of voltages on the input terminals for which the 
amplifier operates within specifications. In -some cases, the in
put offset specifications apply over the input voltage range. 

Large-Signal Voltage Gain 
The ratio of the maximum output voltage swing to the change in 
input voltage required to drive the output to this voltage. 

Output Resistance 
The resistance seen looking into the output terminal with the 
output at nUll. This parameter is defined only under small Signal 
conditions at frequencies above a few hundred cycles to 
eliminate the influence of drift and thermal feedback. 

Output Short-Circuit Current 
The maximum output current available from the amplifier with 
the output shorted to ground or to either supply. 

Output Voltage Swing 
The peak output swing, referred to zero, that can be obtained. 

Package Type Designation 
See full package designations in Appendix. 

Phase Margin 
180' minus the absolute value of the phase shift measured at 
the frequency at which the gain is unity. 

Power Consumption 
The dc power required to operate the amplifier with the output at 
zero and with the output at zero and with no load current. 

Power Dissipation 
The power that the device can safely handle at 25'C. The 
dissipation must be derated as indicated for the individual 
package type. 

Power Supply Rejection Ratio 
The ratio of the change in input offset voltage to the change in 
supply voltages producing it. 

Rise Time 
The time required for an output voltage step to change from 10% 
to 90% of its final value. 

Slew Rate 
The maximum rate of change of output voltage under large 
signal conditions. 

Supply Current 
The current required from the power supply to operate the ampli-
fier with no load and the output at zero. . 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 

J unction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

TSTG 
Storage temperature range. Temperature range that the device 
can be stored in a non-operating condition. 

TsolD 
Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor
mally specified for a duration of 10 sec). 

Temperature Stability of Voltage Gain 
The maximum variation of the voltage gain over the specified 
temperature range. 

Vcc(-Vcal 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 
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en 
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COM· TEMP. 
DEVICE PLEXITY RANGE' 

NE5:lO Single Comm. 
SE5:lO Single Mil. 
NE531 Single Comm. 

SE531 Single Mil. 
NE5J8 Single Comm. 
SE5J8 Single Mil. 
JlA741 Single Mil. 

jA741C Single Comm. 
NE55J4IA Single Comm. 
SE55J<11A Single Mil. 
NE55J9 Single Comm. 

SE5539 Single Mil. 

LMl56 Dual Mil. 
LM256 Dual Ind. 
LMJ56 Dual Comm. 

NE532 Dual Comm. 
SA5J2 Dual Aulo 
SE5J2 Dual Mil. 
~A747 Dual Mil. 

.A747C Dual Comm. 
MCl456 Dual Comm: 
SAl456 Dual ALito 
MC1556 Dual Mil. 

NE4556 Dual Comm. 
SA4556 Dual Auto 
SE4556 Dual Mil. 
NE5512 Dual Comm. 

SE5512 Dual Mil. 
NE55J2/A Dual Comm. 
SE55J2JA Dual Mil. 
NE55JJ Dual Comm. 

NE55J5 Dual Comm. 
SE55J5 Dual Mil. 
LM124 Quad Mil. 
LM224 Quad Ind. 

LMJ24 Quad Comm. 
SA5J4 Quad Auto 
MCJ30J Quad Auto 
MCJ40J Quad Comm. 

MCJ50J Quad Mil. 
NE5514 Quad Comm. 
SE5514 Quad Mil. 

Not.s: 
1. Military: -55°C to +125°C 

Industrial: -25°C to +85°C 
Commercial: QoCto +70"C 
Automotive: -40"C to +85°C 

MAX. INPUT 
VOLTAGE' 

OFFSET DRIFT 
(mY) fJ,vrcTYP.) 

6 flo 
4 6-
6 10-

5 10-
6 6-
4 15 
5 10-

6 12- . 
4 So 
2 5-
5 

3 

5 7-
5 7-
7 7-

7 7-
7 7.5-
5 7-
5 10-

6 12-
6 12-
6 12-
5 10-

6 4-
6 4-
5 4-
5 So 

2 4-
4 So 
2 So 
4 

6 flo 
4 15 
5 7-
5 7-

7 7· 
7 7-
6 10 
10 10 

5 10 
5 So 
2 4-

2. ·Specifica1ions guaranteed at 25°C unlesS otherwise in
dicated by the following marks: 
• Typical over full temperature range 
... Guaranteed over full temperature range 
• Typical at 25°C . 

MAlt 
MAX. INPUT RL=2K TYP. DIFF. MIN. 
CURRENT MIN. TYP.BW SLEW INP. CMRR 

OFFSET BIAS Avo.. Ay =1 RATE VOLT' RATIO 
(nAl (nAl (V/mY) (MHz) (VI •• ) (V) (dB) 

40 lSO SO 3 35 %30 70 
20 80 SO 3 J5 %30 70 
200 1500 2QS 1 35 +15 70 

20 500 50' 1 35 =15 70 
40 lSO 50 6 60 %30 70 
20 80 50 6 60 %30 70 
200 500 50 1 0.5 +30 70 

200 500 20 1 0.5 ±30 
JOO 1500 2fT' 10 13 ±O.S 70 
200 800 50' 10 13 ±0.5 80 

2.000 20.000 1200' 600 70 

1.000 13.000 1200' 600 70 

30 lSO SO 1 0.3 J2 70 
30 150 50 1 0.3 J2 70 
SO 250 25 1 0.3 32 65 

50 2SO 25 1 0.3 J2 65 
SO 250 25 1 0.3 32 65 
30 150 50 1 0.3 J2 70 
200 500 SO 1 0.5 ,,30 70 

200 500 25 1 0.5 ±30 70 
200 500 25 1 0.6 ±30 70 
200 500 20 1 0.6 %30 70 
200 500 SO 1 0.6 ±30 70 

200 500 20 3 1 ±30 70 
200 500 SO 3 1 ±30 70 
200 500 SO 3 1 ,,30 70 
20 20 SO 3 1 J2 70 

10 10 SO 3 1 ±J2 70 
lSO 800 25 10 9 ,,0.5 70 
100 400 SO 10 9 ,,0.5 80 
JOO 1500 25 10 13 :to.S 70 

40 lSO SO 1 15 ±30 70 
20 80 SO 1 15 ±30 70 
JO lSO SO 1 0.3 32 70 
30 lSO SO 1 0.3 32 70 

SO 250 25 1 0.3 J2 65 
SO 2SO 25 1 0.3 J2 65 
75 500 20 1 0.6 ,,36 70 
SO 500 20 1 0.6 +36 70 

SO 500 SO 1 0.6 %36 70 
20 20 SO 3 1 32 70 
1.0 10 SO 3 1 J2 70 

3. Unless otherwise stated. max. negative input voltage cannot 
exceed negative power supply voltage. 

4. Av=7 
5. R= 10K 
6: RL=600Q 
7. Av:<tr-5 
8. Ay:<tr-;3 
9. RL=lSOQ 
10. Av~7 

c 

MIN. INPUT 

» z 
m 

Z » 
AJ 

SUPPLY MAX. OUTPUT NOISE 
MIN. VOLTAGE SUPPLY VOLTAGE INTERNAL VOLTAGE 

PSRR MAX. CURRo SWING(y) COMPEN· (nVv'Hz) 
(dB) (V) (mA) RL=2K SAT/ON fo=1kHz 

76 ±18 3 ±10 Ves 

» r-
SQ 

r- "U 

0 AJ a 
(j) 0 

c 
76 ±22 3 =10 Ves 
76 +21 10 +10' No 

0 en (jj 
m 

76 ±22 7 ±10' No r-
76 ±18 3 ±10 Ves7 
76 ±22 3 :!:10 VesT 
76 =22 2.6 ±10 Ves 

76 =16 2.6 ±10 Ves 
80 ::t22 6 ±12" Yesa 4.5 
66 ±22 6.5 ,,12" Yesa 4. 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP 

DESCRIPTION 
The LM124/SA534 series consists of four 
independent, high gain, internally frequen
cy compensated operational amplifiers 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Similar to LM2902. 

UNIQUE FEATURES 
In the linear mode the Input common-mode 
voltage range includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency is tempera
ture compensated. 

The input bias current is also temperature 
compensated. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ Supply voltage 
Differential input voltage 
Input voltage 
Power dissipation 1 

N package 
F package 

Output short-circuit to GND 
1 amplifier2 
V+ < 15Vdc and TA = 25'C 

Input current (VIN < -0.3VI3 
Operating temperature range 

LM324 
LM224 
SA534 
LM124 

Storage temperature range 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large dc voltage gain-(100dB) 
• Wide bandwidth (unity gain)-1MHz 

(temperature compensated) 
• Wide power supply range 

Single supply-(3Vdc to 30Vdc) or 
dual supplies-(±1.5Vdc to ±15Vdc) 

• Very low supply current drain
essentially independent of supply volt
age (1mW/op amp at +5Vdc) 

• Low input biasing current-(45nAdc 
temperature compensaled) 

• Low input offset voltage-(2mVdc) and 
offset current-(5nAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+-
1.5Vdc swing) 

• LM124 Mil std aa3A,B,C available 

RATING UNIT 

32 or ±16 Vdc 
32 Vdc 

-0.3 to +32 Vdc 

~ 570 mW 
·900 mW 

Continuous 

50 mA 

o to +70 'C 
-25 to +85 'C 
-40 to +85 'C 

-55 to +125 'C 
-65 to +150 'C 

Lead temperature (soldering, 10secl 300 'C 

NOTES 

1. For operating at high temperatures, all devices must be derated based on a +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 

LM 124/224 can be derated based on a +150"C maximum junction temperature. 
2. Short circuits from the output to V+ can cause excessive heating and eventual 

destruction. The maximum output current is approximately 40mA independent of the 
magnitude of Vt-. At values of supply voltage in excess of ! 15Vdc continuous short
circuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out of the Ie due to the PNP input stage. This 
current is essentially const~nt, independent of the state of the output, so no loading 
change exists on the input lines 

Signefics 

LM124/224/324/SA534 

PIN CONFIGURATION 

D,F,N PACKAGE 

LM124N 
LM124F 
SA534N 

TOP VIEW 

ORDER NUMBERS 
LM224N 
LM224F 
SA534F 

LM324N 
LM324F 
LM3240 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP LM124/224/324/SA534 

DC ELECTRICAL CHARACTERISTICS V+ =5V, TA=25'C unless otherwise specified. 

LM124/LM224 LM324/SA534 
UNIT PARAMETER TEST CONDITIONS . 

Min Typ Max Min Typ Max 

Vas Offset voltage 1 Rs=OO ±2 ±5 ±2 ±7 mV 
Rs = 00, over temp. ±7 ±9 mV 

Vas Drift Rs=OO 7 7 p.V/'C 

IBIAS Input current2 IIN( + ) or IIN( - ) 45 150 45 250 nA 
IIN( + ) or IIN( - ), over temp. 40 300 40 500 

IB Drift Over temp. 50 50 pA/'C 

los Offset current IIN(+ )-IIN(-) :t3 ±30 ±5 :t 50 nA 
IIN( + 0 - IIN( - ), over temp. :t 100 :t 150 nA 

los Drift Over temp. 10 10 pA/'C 

VCM Common mode voltage V+ =30V 0 V+-l.5 0 V+-l.5 V 
range3 V + = 30V, over temp. 0 V+-2 0 V+-2 V 

CMAA Common mode 70 85 65 70 dB 
rejection ratio V+ =30V 

VOUT Output voltage swing RL=2kO, V+ = +30V, 26 26 V 
over temp. 

VOH RL S 10kO, over temp. 27 28 27 28 V 

VOL RL S 10kO, V+ = 5V, over temp. 5 20 5 20 mV 

Icc Supply current RL= 00, Vcc =30V, over temp. 1.5 3 1.5 3 mA 
RL = 00, on all op amps, 0.7 1.2 0.7 1.2 

over temp. 

AVOL Large signal voltage V+ = +15V (for large Va swing), 50 100 25 100 VlmV 
gain RL 2: 2kO 

V+ = +15V (for large Va swing), 25 15 VlmV 
RL 2: 2kO, over temp. 

Amplifier-to-amplifier f = 1 kHz to 20kHz, -120 -120 dB 
coupling 5 input referred 

PSRR Rs s 00 65 100 65 100 dB 

Output current 
Source VIN + = +1Vdc, VIN - =OVdc, 20 40 20 40 mA 

V+ = 15Vdc 
VIN + = +lVdc, VIN + =OVdc, 10 20 10 20 mA 

V + = 15Vdc, over temp. 
Sink VIN - = +lVdc, VIN + =OVdc, 10 20 10 20 mA 

V+ = 15Vdc 
V1N - = +lVdc, V1N + =OVdc, 5 8 5 8 mA 

V + = 15Vdc, over temp. 
V1N + =OVdc, V1N - = + 1Vdc, 12 50 12 50 p.A 

Vo=200mV 

Isc Short circuit current4 10 40 60 10 40 60 mA 

Differential input V+ V+ V 
voltage6 

GBW Unity gain bandwidth TA= 25'C 1 1 MHz 

S.R. Slew rate TA=25'C 0.3 0.3 VII'S 

Noise Input noise voltage TA=25'C,f=lkHz 40 40 nVI.JHz 
NOTES 

~: ¥~~ ~ir~~~g~'o~lhe ~~~i:~~r~nf[?~o~Y ~rt~~~~d~~~~rt~~'pi~~y~~~t"~rra~~.T~?se ;~~2~t(?i~;s~nWa~: c;n!t~~)t. independent of the state of the output so no loading change 
eXists on the input lines. 

3. The input common-mode voltage or either input Signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode voltage range is V + 
- 1.5, but either or both inputs can go to + 32V without damage. 

4. Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of the magnitude 
of V +. At values of supply voltage in excess of + 15Vdc continuous short·circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive 
dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of 
capacitive increases at higher frequencies. 

6. The input common·mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common· mode voltage range is V + 
- 1.5V, but either or both inputs can go to + 32Vdc without damage. 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP LM124/224/324/SA534 

EQUIVALENT SCHEMATIC 
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Signetics 

CURRENT LIMITING 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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Signetics 

LM124/224/324/SA534 

INPUT VOLTAGE RANGE 
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LINEAR LSI PRODUCTS 

lOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/lM158/258/358 

DESCRIPTION 
The 532/358 consists of two independent, 
high gain, internally frequency compensat
ed operational amplifiers designed specifi
cally to operate from a single power supply 
over a wide range of voltages. Operation 
from dual power supplies is also possible 
and the low power supply current drain is 
independent of the magnitude of the power 
supply voltage. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, V+ 
Differential input voltage 
Input voltage 
Power dissipation1 

FE package 
H package 
N package 

Output short-circuit to GNDS 
V+ < 15 Vdc and TA = 25°C 

Operating temperature range 
NE532/LM35R 
LM258 
SA532N 
SE532/LM158 

Storage temperatu re range 
Lead temperature 

(soldering, 10sec) 

EQUIVALENT CIRCUIT 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large dc voltage gain-(100dB) 
• Wide bandwidth (unity gain)-1MHz 

(temperature compensated) 
• Wide power supply range 

single supply-(3Vdc to 30Vdc) 
or dual supplies-(±1.SVdc to 
±1SVdc) 

• Very low supply current drain (400!,A)
essentially Independent of supply volt
age (1mW/op amp at +SVdc) 

• Low input biasing current-(4SnA dc 
temperature compensated) 

• Low input offset voltage-(2mVdc) and 
offset current-(SnA dc) 

RATING UNIT 

32 or ±16 Vdc 
32 Vdc 

-0.3 to +32 Vdc 

900 mW 
680 mW 
500 mW 

Continuous 

a to +70 °C 
-25 to +85 °C 
--40 to +85 °C 
-55 to +125 °C 
-65 to +150 °C 

300 °C 

OUTPUT 

Signetics 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(DVdc to V+--
1.SVdc swing) 

• SE532 MIL·STD·883A,B,C available 

UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 

PIN CONFIGURATIONS 

D,FE,N PACKAGE 

INVERTING 
INPUT A 

NON INVERTING 
INPUT A 

~"""·I&;"'. t-:" INVERTING 

TOP VIEW 

ORDER NUMBERS 

INPUT B 
NON INVERTING 
INPUT B 

LM158N, FE NE532D, N, FE 
LM258N, FE SA532FE, N 
LM358D, N, FE SE532N, FE 

H PACKAGE' 

y+ 

* 
OUTPUT A 1 7 OUTPUT B 

:~~~~T~NG 2 _ + + _ 8 IN~:::::~ 

NON INVERTING 3 5 NON INVERTING 
INPUT A 4 INPUT B 

y-

ORDER NUMBERS 
LM 158/258/358H 

NElSE532H 
-Metal cans (H) not recommended for new designs 
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LINEAR LSI PRODUCTS 

lOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/lM158/258/358 

DC ELECTRICAL CHARACTERISTICS TA=25°C, V+ = + 5V unless otherwise specified. 

SE532, LM158/258 NElSA532/LM358 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Offset voltage 1 Rs s Oil ±2 ±5 ±2 ±7 mV 
Rs S Oil, over temp. ±7 ±9 mV 

Vas Drift Rs = Oil, over temp. 7 7 I"V/oC 

los Offset current IIN( + )-IIN( -) ±3 ±30 ±5 ±50 nA 
Over temp. ± 100 ± 150 nA 

los Drift Over temp. 10 10 pAloC 

ISlAS Input current2 IIN( +) or IIN( - ) 45 150 45 250 nA 
Over temp., IIN( +) or IIN( -) 40 300 40 500 nA 

Is Drift Over temp 50 50 pA/oC 

VCM Common mode voltage V+ =30V 0 V+-l.5 0 V+-l.5 V 
range3 Over temp., V + = 30V 0 V+-2.0 0 V+-2.0 V 

CMRR Common mode rejection 
70 85 65 70 dB 

ratio V + = 30V 

VOUT Output voltage swing (VOH) RL ;;,: 2kll, V + = 30V, over temp. 26 26 V 
RL ;;,: 10kll, V+=30V, over temp. 27 28 27 28 V 

VOUT Output voltage swing (Vod RL S 10kll, over temp. 5 20 5 20 mV 

Icc Supply current RL=OO,V+=30V 1.0 2.0 1.0 2.0 mA 
RL = 00 on all amplifiers, 

0.5 1.2 0.5 1.2 mA 
over temp. 

AVOL Large signal voltage RL ;;,: 2kll, VouT ±10V, V+ =15V 50 100 25 100 V/mV 
gain (for large Vo swing) over temp. 25 15 V/mV 

PSRR Supply voltage rejection 
Rs s Oil 65 100 65 100 dB 

ratio 

Amplifier·to·amplifier f = 1 kHz to 20kHz 
-120 -120 dB 

coupling4 (input referred) 

Output current VIN + = + 1 Vdc, VIN _ = OVdc, 
20 40 20 40 mA 

Source V+ = 15Vdc 
VIN + = + 1 Vdc, VIN _ = OVdc, 10 20 10 20 mA 

V + = 15Vdc, over temp. 

Sink VIN _ = + lVdc, VIN + = OVdc, 10 20 10 20 mA 
V+ = 15Vdc 

VIN _ = + lVdc, VIN + = OVdc, 
5 8 5 8 mA 

V + = 15Vdc, over temp. 
VIN + =OV, VIN _ = + lVdc, 

12 50 12 50 p.A 
Vo=200mV 

Isc Short circuit currentS 40 60 40 60 mA 

Differential input voltage6 V+ V+ V 

GBW Unity gain bandwidth TA = 25°C 1 1 MHz 

S.R. Slew rate TA=25°C 0.3 0.3 VII"s 

Noise Input Noise Voltage TA=25°C, f=lkHz 40 40 nV/$z 

NOTES 
1. Vo == lAV, RS = on with V + from 5V to 30V; and overthe full Input common-mode range (OV to V + -1.5V). 
2. The direction of the input current is out of the Ie due to the pnp input stage. This current is essentially constant, independent of the state of the output so no loading change 

exists on the input fines. 
3. Tho Input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode voltage range is 

V + - 1.5V, but either or both inputs can go to + 32V without damage. 
4. Duo to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type 

of capacitance coupling increases at higher frequencies. 
5. Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately40mA independent of the magnitude 

of V +. At values of supply voltage in excess of + 15Vdc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. 
6. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode voltage range is 

V + - 1.5V, buteither or both inputs can go to + 32Vdc without damage. 
7. For operating at high temperatures, all devices must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 17S"C/W which applies for the 

device soldered in a printed circuit board, operating in a still air ambient. 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

lOW POWER DUAL OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION FEATURES 
The MC1458 is a high performance 
operational amplifier with high open loop 
gain, internal compensation, high common 
mode range and exceptional temperature 
stability. The MC1458 is short-circuit pro
tected and allows for nulling of offset vol
tage. 

• Internal frequency compensation 
• Short circuit protection 
• Excellent temperature stability 
• High input voltage range 
• No latch-up 
• 1558/1458 are 2 "op amps" in space of 

one 741 package 

The MC1458/SA 1458/MC1558 consists of a 
pair of 741 operational amplifiers on a single 
chip. 

• MC1558 MIL·STD·883A,B,C available 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
MC1458 ±18 
SA1458 ±18 
MC1558 ±22 

Internal power dissipation 
N package 500 
H package1 800 
F,FE package 1000 
Differential input voltage ±30 
Input voltage2 ±15 
Output short-circuit duration Continuous 
Operating temperature range 

MC1458 o to +70 
SA1458 -40 to +85 
MC1558 -55to+125 

Storage temperature range -65to+150 
Lead temperature (soldering 60secl 300 

NOTES 

1. Ratings based on thermal resistances. junction to ambient, of 2400 C/W, 
150°C/W, 110°C/W for N, H, F and FE packages respectively, and a maximum 
junction temperature of 150°C. 

2. For supply voltages less than ±15V, the absolute maximum Input voltage Is equal lethe 
supply voltage. 

EQUIVALENT SCHEMATIC 

UNIT 

V 
V 
V 

mW 
mW 
mW 

V 
V 

·C 
·C 
·C 
·C 
·C 

MC/SA1458/MC1558 

PIN CONFIGURATIONS 

INVERTING 
INPUT A. 

D,N, PACKAGE 

NON·INVERTING INVERTING 
INPUT A INPUT B 

INVERTING 
INPUT A 

TOP VIEW 

ORDER NUMBERS 
MC1458N 
MC1558N 
SA1458N 

H PACKAGE· 
V· 

NON· INVERTING 
INPUT A 

v -

ORDER NUMBERS 
MC1458H 
MC1558H 

NON·INVERTING 
INPUT B 

INVERTING 
INPUT B 

·Metal cans (HI not recommended for new designs 

AMPLIFIER "An OF MC1458, SA1458, MC1558 

NON·INVERTING 
INPUT 

r4~------~------~----~--------------~-oV+ 
8 

r-~--;::Q14 

Rg 
250 

1 
OUTPUT 

R3 
1kn 

R12 
SOkn 4 

L---~~----~----~--~~--~--~----~~V_ 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA 1458/MC1558 

DC ELECTRICAL CHARACTERISTICS TA=25°C vs= ± 15V unless otherwise specified. 

MC1558 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Vos Offset voltage As = 10kll 1.0 5.0 mV 
As = 10kll, over temperature 6.0 mV 

aVos Offset voltage Over temperature 10 I'V/oC 

los Offset current 20 200 nA 
Over temperature 500 nA 

alos Offset current Over temperature 0.10 nA/oC 

ISlAS I nput bias current 80 500 nA 
Over temperature 1500 nA 

als Bias current Over temperature 1.0 nA/oC 

VOUT Output voltage swing AL = 10kll, over temperature ±12 ±14 V 
AL = 2kll, over temperature ±10 ±13 V 

AVOL Large signal voltage gain AL=2kll, Vo= ±10V 50 100 V/mV 
AL = 2kll, Vo = + 10V, over temperature 20 V/mV 

Offset voltage adjustment range ±30 mV 

PSAA Supply voltage rejection ratio As " 10kll 30 150 I'VIV 

CMAA Common mode rejection ratio 70 90 dB 

Icc Supply current 2.3 5.0 mA 

VIN Input voltage range +12 + 13 V 

Pd Power consumption 70 150 mW 

Channel separation 120 dB 
AOUT Output resistance 75 Il 
Ise Output short-circuit current 10 26 60 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25'C, Vee = ± 15V, unless otherwise specified.' 

MC1458 SA1458 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage As = 10kll 2.0 6.0 2.0 6.0 mV 
As = 10kll, over temp. 7.5 7.5 mV 

aVos Offset voltage Over temperature 12 12 ,NloC 

los Offset current 20 200 20 200 nA 
Over temperature 300 500 nA 

alos Offset current Over temperature 0.10 0.10 nA/oC 

ISlAS Input bias current 80 500 80 500 nA 
Over temperature 800 1500 nA 

als Bias current Over temperature 1.0 1.0 nA/oC 

VOUT Output voltage swing AL = 10kll ±12 ±14 ±12 ±14 V 
AL = 2kll, over temp. ±10 ±13 ±1O ± 13 V 

AVOL Large signal voltage gain AL=2kll, Vo= ±10V 25 200 20 200 V/mV 
AL = 2kll, Vo = ± 10V, 15 15 V/mV 

Over temperature 

Offset voltage adjustment range +30 +30 mV 

PSAA Supply voltage rejection ratio As " 10kll 30 150 30 150 I'VIV 

CMAA Common mode rejection ratio 70 90 70 90 dB 

Icc Supply current 2.3 5.6 2.3 5.6 mA 

VIN I nput voltage range ±12 ±13 ±12 ± 13 V 
AIN Input resistance Mil 

Pu Power consumption 70 170 70 170 mW 

Channel separation 120 120 dB 
Ise Output short·circuit current 25 25 mA 

6-14 Signefics 



LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MC1558 

AC ELECTRICAL CHARACTERISTICS T A = 25 'C Vs = + 15V, unless otherwise specified. -
PARAMETER TEST CONDITIONS 

Parallel input resistance Open loop, f = 20Hz 

Common mode input impedance f= 20Hz 

Equivalent input noise voltage Av = 100, Rs = 10k[J, Bw = 1.0kHz, f = 1.0kHz 

Power bandwidth Av=1, RL=2.0k[J, THD:5 5%, VouT =20Vp-p 

Phase marg in 

Gain margin 

Unity gain crossover frequency Open loop 

Transient response unity gain VIN =20mV, RL=2k[J, CL :5 100pF 
Rise time 
Overshoot 
Slew rate C :5 100pF, RL 2 2k, VIN = ± 10V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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AS A FUNCTION OF 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER Me/SA 1458/MC1558 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT OFFSET CURRENT POWER CONSUMPTION OUTPUT VOLTAGE SWING 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS 

DESCRIPTION 

The MC3403 Is a quad operational amplifier 
with true differential Inputs. The device has 
electrical characteristics similar to the pop
ular ~A741. However, the MC3403 has sev
eral distinct advantages over standard op
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0Vor as high as 
32V. The common mode input range in
cludes the negative supply, thereby elimi
nating the necessity for external biasing 
components in many applications. The out
put voltage range also Includes the nega
tive power supply voltage. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Power supply voltages (3) 

Vcc Single supply 
Vcc Split supplies 
VEE 

VIOR Input differential voltage range(1) 

FEATURES 

• Short circuit protected outputs 
• Class AB output stage lor minimal cross-

over distortion 

• True differential Input stage 
• Single supply operation: 3.0 to 32V 
• Split supply operation: ± 1.5 to ± 16V 

• Low Input bias currents: 500nA max 

• Four amplifiers per package 
• Internally compensated 

RATING UNIT 

36 Vdc 
+ 18 Vdc 
-18 Vdc 

± 36 Vdc 

VICR Input common mode voltage range!1.2) ±18 Vdc 

Tstg Storage temperature range 
Ceramic package -65to +150 'C 
Plastic package - 55 to + 125 'C 

TA Operating ambient temperature range 
MC3503 - 55 to + 125 'C 
MC3403 o to + 70 'C 
MC3303 - 40 to + 85 'C 

TJ Junction temperature 
Ceramic package 175 'C 
Plastic package 150 'C 

NOTES 
1. Split power supplies. 
2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Device not functional for single supply> 32V or split supply> ± 16V 

CIRCUIT SCHEMATIC (1/4 Shown) 

6-18 Signefics 

MC3303/3403/3503 

PIN CONFIGURATION 

D, F, N PACKAGES 

INPUT~! 5 

OUT 
2 

TOP VIEW 

ORDER NUMBERS 

MC3303F MC3403D MC3503F 
MC3303N MC3403F 

MC3403N 

SINGLE SUPPLY 

SPLIT SUPPLIES 



LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

ELECTRICAL CHARACTERISTICS (Vcc= + 1SV, VEE = -1SV for MC3S03, MC3403; Vcc= + 14V, VEE = GND for MC3303. 
TA = 2S·C unless otherwise noted) 

SYMBOL AND PARAMETER TEST MC3503 MC3403 MC3303 
UNIT CONDITIONS Min Typ Max Min Typ Max Min Typ Max 

VIO Input offset voltage - 2.0 5.0 - 2.0 10 - 2.0 8.0 mV 
TA= THIGH to TLOW - - 6.0 - - 12 - - 10 

110 Input offset current - 10 50 - 10 50 - 30 75 nA 
TA=T HIGH to TLOW - - 200- - 200- - 250 

AvoL Large signal open· Vo= ± 10V, 50 200 - 20 200 - 20 200 - V/mV 
loop voltage gain RL=2.0kO 

TA= THIGH to TLOW 25 300 - 15 - - 15 - -
liB Input bias current - -30 -500 - -30 -500 - -30 -500 nA 

TA=T HIGH to TLOW - -40 -1200 - - -800 - - 100C 

ZO Output impedance f=20Hz - 75 - - 75 - - 75 - 0 

Zl Input impedance f=20Hz 0.3 1.0 - 0.3 1.0 - 0.3 1.0 - MO 
VOR Output voltage RL= 10kll ± 12 ± 13.5 - ± 12 ± 13.5 - +12 + 12.5 - V 

range RL=2.0kll ± 10 ±13 - ±10 ±13 - +10 + 12 -
RL=2.0kll, 

TA= THIGH to TLOW ±10 - - ±10 - - + 10 - -
VICR Input common mode + 13V + 13.5V - + 13V + 13.5V - +12V + 12.5V - V 

voltage range -VEE -VEE -VEE -VEE -VEE -VEE 
CMRR Common mode Rs s 10kO 70 90 - 70 90 - 70 90 - dB 

rejection ratio 

Icc, lEE Power supply RL= co - 2.5 4.0 - 2.5 7.0 - 2.5 7.0 rnA 
current (V = 0) 

.:lIB/·n Ip. - I HIGH to T LOW 3.5 5 3.5 7 3.5 7 rnA 

los± Individual output ±10 ±30 ±45 ±10 ±20 ±45 ±10 ±30 ±45 rnA' 
short circuit current2 

PSRR+ Positive power - 30 150 - 30 150 - 30 150 p.VIV 
supply rejection ratio 

PSRR- Negative power - 30 150 - 30 150 - - - p.VIV 
s~rejectlon ratio 

6 
.:lIB/.:lT TA- THIGH to TLOW 50 50 50 pA/·C 

.:lllo/.:lT Average temperature TA=T HIGH to TLOW - 50 - - 50 - - 50 - pAl·C 
coeflcient of input 
offset current 

.:lV101.:lT Average temperature TA= THIGH to TLOW - 10 - - 10 - - 10 - p.V/·C 
coefficient of input 
offset voltage 

BWp Power bandwidth Av= 1, RL= 2.0kll, - 9.0 - - 9.0 - - 9.0 - kHz 
Vo = 20V(p·p) 
THD=5% 

BW Small signal Av= 1, RL= 10kll, - 1.0 - - 1.0 - - 1.0 - MHz 
bandwidth Vo=50mV 

SR Slew rate Av=1, VI=-10V - 0.6 - - 0.6 - - 0.6 - V/p.s 
to + 10V 

tTLH Rise time Av= 1, RL= 10kO, - 0.35 - - 0.35 - - 0.35 - p's 
Vo=50mV 

tTHL Fall time Av= 1, RL= 10kll, - 0.35 - - 0.35 - - 0.35 - p's 
Vo=50mV 

OS Overshoot Ay= 1, RL = 10kll, - 20 - - 20 - - 20 - % 
Vo=50mV 

.pm Phase margin Av= 1, RL = 2.0kll, - 50 - - 50 - - 50 - . 
CL=200pF 

- Crossover distortion VIN = 30mV(p·p), - 1.0 - - 1.0 - - 1.0 - % 
VOUT = 2.0V(p·p), 

f= 10kHz 
NOTES: 
1. THIGH= 125'C for MC3503, 70'C for MC3303. TLOW= -55'C for MC3503, O'C for MC3403, -40'C for MC3303. 
2. Not to exceed maximum package power dissipation. 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

ELECTRICAL CHARACTERISTICS (Vee = 5.0V, VE= GND, TA = 25'C unless otherwise noted.) 

TEST 
SYMBOL AND PARAMETER 

CONDITIONS 

Vro Input offset voltage 

Iro Input offset current 

IrB Input bias current 

AVOL Large signal open· RL= 2.0kO 
loop voltage gain 

PSRR Power supply 
rejection ratio 

VOR Output voltage RL = 10kO, 
range(3) Vee = 5.0V 

RL = 10kO, 
5.0V s Vee:5 30V 

Icc Power supply current 

- Channel separation f= 1.0kHz to 20kHz 
(Input referenced) 

NOTE 
3. Output will swing to ground, 

TYPICAL PERFORMANCE CURVES 

6-20 
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MC3403 MC3303 

Typ Max Min Typ Max 

2.0 10 - - 10 

30 50 - - 75 

-200 - 500 - - -500 

200 - 10 200 -
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3.5 - 3.3 3.5 -
Vee - Vee Vee -
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2.5 7.0 - 2.5 7.0 

-120 - - -120 -

SINE WAVE RESPONSE 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CURVES (Continued) 

INPUT BIAS CURRENT vs 
TEMPERATURE 
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'For additional Information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION 

The 4558 Is a dual operational amplifier 
Internally compensated. The use of planar 
epitaxial process for silicon chip construc
tion gives the Ie unique performance char
acteristics. 

Excellent channel separation allows the use 
of a dual device in a single amp application. 
providing the highest packaging density. The 
SA/SE/NE4558 is a pin for pin replacement 
for the RC/RM/RV4558. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE4558: 
NE4558, SA4558: 

Internal power dissipation (Note 1) 
Differential input voltage 

Input voltage (Note 2) 

Storage temperature range 

Operating temperature range 
SE4558: 
SA4558: 
NE4558: 

Lead temperature (soldering, 60s) 
Output short circuit duration (Note 3) 

NOTES 

FEATURES 

• 2 MHz unity gain bandwidth guaranteed 
• Supply voltage :!:: 22V for SE4558 and 

:!:: 18V for NE4558 

• Short circuit protection 
• No frequency compensation required 

• No latch-up 
• Large common mode and differential 

voltage ranges 

• Low power consumption 

RATING UNIT 

±22 V 
±18 V 

500 mW 
±30 V 

±15 V 
-65 to + 150 °e 

-55 to + 125 °e 
-40 to +85 °e 
o to + 70 °e 

300 °e 
Indefinite 

1. Rating applies for case temperatures to + 125°C; derate linearly at 5.6 mwfoC for ambient temperatures above + 75°C 
for SE4558. 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground on one amp only. Rating applies to + 125°C case temperature or + 75°C ambient tem

perature for NE4558 and to + 85°C ambIent temperature for SA4558. 

EQUIVALENT SCHEMATIC 

8 V+o---------~~------~~------~r-----._----~------

SA/SE/NE4558 

PIN CONFIGURATION 

D, FE, N PACKAGES 

TOP VIEW 

ORDER NUMBERS 

NE4558D SA4558FE 
NE4558FE SE4558FE 
NE4558N SA4558N 

2(6) t-"'I'IIv-+-----t----------o OUTPUT 1(7) 

6-22 

INPUTS 
3(5) 

+ 

4 V-o-------~~--~----~------~~----~----+_----~----~ 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER SA/SE/NE4558 

ELECTRICAL CHARACTERISTICS vcc = ± 15V, T A = 25'C unless otherwise specified. 

TEST SE4558 SA/NE4558 
PARAMETER 

CONDITIONS UNIT 
Min Typ Max Min Typ Max 

Input offset voltage Rs :5 10kO 1.0 5.0 2.0 6.0 mV 

I!.Vosll!.T Over temp. 4 4 I'V/'C 

Input offset current 50 200 30 200 nA 

I!.losll!.T Over temp. 20 20 pA/'C 

Input bias current 40 500 200 500 nA 

I!. I BII!.T Over temp. 40 40 pA/'C 

Input resistance 0.3 1.0 0.3 1.0 MO 

Large signal voltage gain RL '" 2KO 50,000 300,000 20,000 300,000 VIV 
VOUT= ± 10V 

Output voltage swing 
RL ", 10kO ±12 ±14 ± 12 ±14 V 
RL ", 2kO ± 10 ±13 ± 10 ±13 

Input voltage range ±12 ±13 ± 12 ±13 V 

Common mode rejection ratio Rs :5 10kO 70 100 70 100 dB 

Supply voltage rejection ratio Rs :5 10kO 10 150 10 150 I'VIV 

Power consumption (all amplifiers) RL= • 100 170 100 170 mW 

V1N =20mV 
Transient response (unity gain) RL= 2KO 

CL :5 100pF 
Risetime 100 100 ns 
Overshoot 15.0 15.0 % 

Slew rate (unity gain) RL ", 2kO 1.0 1.0 VII's 

Channel separation (gain = 100) f= 10kHz 90 90 dB 
Rs= 1kO 6 

Unity gain bandwidth (gain = 1) 2.5 3.0 2.0 3.0 MHz 

8M phase margin TA=25'C 45 45 Degree 

Input noise voltage f= 1kc 25 25 nv/$z 

Isc short circuit TA=25'C 5 25 50 5 25 50 mA 

The following specifications apply for - 55 'C :5 T A :5 + 125 'C for SE4558; O'C :5 T A :5 + 70 'C for N E4558; - 40 'C :5 T A :5 + 85 'C 
.for SA4558 

Input offset voltage Rs :5 10k{J 6.0 7.5 mV 

Input offset current 500 300/500' nA 

Input bias current 1500 800/1500' nA 

Large signal voltage gain 
RL ", 2k{J 

25,000 15,000 
VOUT= ± 10 

Output voltage swing RL ", 2k{J ±10 ±10 V 

Vs= ± 15V 90 150 90 150 mW 
Power consumption TA=HIGH 120 200 120 200 

TA=LOW 
'SA455B 

Signetics 6·23 



LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CURVES 

6-24 
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COMMON MODE RANGE AS 
A FUNCTION OF SUPPLY 

VOLTAGE 
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SUPPLY VOLTAGE (V) 

POWER CONSUMPTION AS 
A FUNCTION OF AMBIENT 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER SA/SE/NE4558 

TYPICAL PERFORMANCE CURVES (Continued) 

QUIESCENT CURRENT AS A 
FUNCTION OF 

SUPPLY VOLTAGE 
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1KQ II 

/ ..... 
3 4 8 9 10 

Vo OUTPUT VOLTAGE (VRMS) 

6-25 

6 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 530 Is a new generation operational 
amplifier featuring a high slew rate com
bined with Improved input characteristics. 
Internally compensated, the SE530 guar
antees slew rates of 25VIJl.s with 2mV max
Imum offset voltage. Industry standard 
pinout and internal compensation allow 
the user to upgrade system performance 
by directly replacing general purpose 
amplifiers such as the 741 and LF356 
types. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE530 
NE530 

Internal power dissipation 
N Package 
H Package 
FE Package 

Differential input voltage 
Input voltage 
Operating temperature range 

SE530 
NE530 

Storage temperature range 
Lead temperature range 

(Solder. 60secl 
Output short circuit 

FEATURES 
• Gain bandwidth product-3MHz 
• 35V/I's slew rate (Gain = -1) 
• Internal frequency compensation 
• Low input offset voltage 2mV max 
• Low input bias current-60nA max 
• Short circuit protection 
• Offset null capability 
• Large common mode and differential 

voltage ranges 

RATING UNIT 

±22 V 
±18 V 

500 mW 
800 mW 
1000 mW 
±30 V 
±15 V 

-55 to +125 'C 
o to +70 'C 

-65 to +150 'C 
300 'C 

Indefinite 

EQUIVALENT SCHEMATIC EACH AMPLIFIER 

,----------r------------r-----.---.----1r----r---C Vee 

VEE 

6·26 Signetics 

SE/NE530 

PIN CONFIGURATIONS 

FE,N PACKAGE 

OFFSET 
ADJUST 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

ORDER NUMBERS 
NE530FE, NE530N 
SE530FE, SE530N 

INVERTING 
INPUT 

NON -INVERTING 
INPUT 

H PACKAGE' 
Ne 

V

ORDER NUMBERS 
NE530H SE530H 

OUTPUT 

OFFSET 
ADJUST 

·Metal cans (HI not recommended for new designs. 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vcc = ± 15V unless otherwise specified.' 

PARAMETER TEST CONDITIONS 
SES30 

Min Typ Max 

Vos Input offset voltage Rs :s 10kll 0.7 4.0 
Over temperature 5.0 

t.Vos Temperature coefficient of input Over temperature 3 15 
offset voltage 

los Input offset current 5 20 
Over temperature 40 

t.los Input offset current Over temperature 25 

Ie Input bias current 45 80 
Over temperature 200 

t.le Input current Over temperature 50 

RIN Input resistance 3 10 

VCM Input common mode voltage range ±12 ±13 

AVOL Large signal voltage gain RL 2: 2kll, Vo= ± 10V 50 200 
Over temperature 25 

VOUT Output voltage swing RL 2: 10kll ±12 ±14 
RL 2: 2kll ±10 ± 13 

Isc Output short circuit current 10 25 50 

ROUT Output resistance 100 

Icc Supply current Each amplifier 2.0 3.0 
Over temperature 2.2 3.6 

CMRR Common mode rejection ratio Rs :s 10kll 70 90 
Over temperature 

PSRR Power supply rejection ratio Rs :s 10kll 30 150 
Over temperature 

AC ELECTRICAL CHARACTERISTICS TA = 25°C. Vee = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Transient Response 
Small signal rise time 
Small signal overshoot 
Settling time TO 0.1% (10V step) 

Slew rate ±15V supply. Vo = ±10V.RL;:: 2kn 
Unity gain inverting 
Unity gain non-inverting 

Power bandwidth 5% THD. Vo = ±10V, 
RL;:: 2kn 

Small signal bandwidth Open loop 

Input noise voltage f= 1kHz 

NOTE 
1. Operating temperature range for the SE530 Is -55·C to + 125°C 

Operating temperature range for the NE530 "is O·C to + 70·C. 

Signetics 

SE53D/5530 

Min Typ Max 

.06 
13 
0.9 

25 35 
18 25 

360 500 

3 

30 

SE/NE530 

NES30 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6 I'V/oC 

15 40 nA 
80 nA 

40 pAloC 

65 150 nA 
200 nA 

80 pAloC 

1 6 Mil 

±12 ±13 V 

50 200 V/mV 
25 V/mV 

±12 ±14 V 
± 10 ±13 V 

10 25 50 mA 

100 Il 

2.0 3.0 mA 
2.2 mA 

70 90 dB 

30 150 I'VIV 6 

NE530/5530 
UNIT 

Min Typ Max 

.06 I'S 
13 % 
0.9 I'S 

20 35 VII'S 
12 25 VII'S 

280 500 kHz 

3 MHz 

30 nV/.JHz 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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INPUT COMMON MODE 
VOLTAGE RANGE AS A 

FUNCTION OF SUPPLY VOLTAGE 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Conl'd) 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE530 

TEST LOAD CIRCUITS 

SLEW RATE AND SETTLING TIME 

INPUT 

50K 

.,5V 
Vee 

PinS not shown are not connected. 
All resistor values are typical and in ohms 

Rl 

2K 

OUTPUT ,-, 

I 
HIGH SLEW RATE-INVERTING AMPLIFIER 

·15 

10K 

">-+--1"-~ Your 

VOLTAGE WAVEFORMS 

HIGH SLEW RATE-VOLTAGE FOLLOWER 

>-+-;-----VOUT 

V,N --------1 

-15 

TESTING SLEW RATE AND SETTLING TIME 

"",n -,ovL 
Vee 15V 

PinS not shown are not connected 
All resistor values are tYPical and In ohms 

10K' 

_.'0V~ 

U-10V-

10K' 

'MEltCh to within 0,01% 
. Open for slew rate 

SMALL SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

SLEW RATE-VOLTAGE FOLLOWER SLEW RATE-INVERTING AMPLIFIER 

50mV 

INPUT 

J ·10 

500;, 50% 

.1Or' ___ ...... 

'5 

Your TYP 60\Jll"s 

-10 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 531 is a fast slewing high performance 
operational amplifier which retains dc 
performance equal to the best general pur
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negligible overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument
ation applications. 

EQUIVALENT SCHEMATIC 

INPUT ~, , 
0, 

", 
'----< 

Ko' 
R2.2 

R3 2.2 

FEATURES 
• 35V/ }lsec slew rate at unity gain 
• Pin for pin replacement for }lA709, }lA748 

or LM101 
• Compensated with a single capacitor 
• Same low drift offset null circuitry as 

}lA741 
• Small signal bandwidth 1 MHz 
• Large signal bandwidth 500KHz 
• True op amp dc characteristics make the 

531 the Ideal answer to all slew rate lim
ited operational amplifier applications, 

INPUT 

'r 
~~ .~" °20 

". "15 R141D 100 
.....-

0.)--
RS .2 

R6 2.2 

~ ~ 

OFFSET 
ADJUST 
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0,'" 
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R7 &.5 
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.-J::::O~ 

0:;" 

Q15~ 

.....---<01. 
°17'-.,[ ~ 
Jl. 

Ra1.S R12 ·17 ". 1 .• 

7~ V 
R1e 10 

0ri-K or;; °21 
R1S ·33 R17 10 

f--

O'~ Q34~ RtD 6.5 

0,. 
0-

"13 "'7 1.5 ..S 

5 • 
OFFSET ADJUST FREQUENCY 

COMPENSATION 

Signetics 
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PIN CONFIGURATIONS 

N,FE PACKAGE 

OFFSET NULL §j' FREQ. COMP. 
INVErJ~tt.~ - y + 

NON.INVErJ~~~ + OUTPUT 

V - OFFSET NULL 

TOP VIEW 
ORDER NUMBERS 

NE531N SE531N 
NE531FE SE531FE 

H PACKAGE-

FREQ. COMPo 

v-

ORDER NUMBERS 
NE531HISE531H 

·Metat cans (HJ not recommended for new designs 

R20 ·33 

V O,s J~ " 0, • " .-J::::Q28 
I---.-J:::: Q27 R24 • o. 
0 •• , ~ 

6 
OUTPUT 

°.7 "" R28 • •.. o • 

-~ -l( °.0 
°22 

°., V o., 

1 j 

0 •• 
I--

"19 R21 ·2 •.. 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage ±22 
Internal power dissipation' 300 
Differential input voltage ±15 
Common mode input voltage2 ±15 
Voltage between offset null 

and V- ±0.5 
Operating temperature range 

NE531 o to +70 
SE531 -55 to +125 

Storage temperature range -65 to +150 
Lead temperature 

(soldering, 60 sec) 300 
Output short circuit duration3 indefinite 

NOTES 
1. Rating applies for case temperature to 1250 C, derate linearly at 6.SmW/o C for ambient 

temperatures above +75°C. 
2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 

supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125°C case 

temperature or to +75°C ambient temperature. 

UNIT 

V 
mW 

V 
V 

V 

°C 
°C 
°C 

°C 

DC ELECTRICAL CHARACTERISTICS Vs= ± 15V unless otherwise specified. 

PARAMETER 

Vos Offset voltage 

t:.Vos 

los Offset current 

t:.los 

ISlAS Input current 

llis 

VCM Common mode voltage range 
CMRR Common mode rejection ratio 

R'N Input resistance 

VOUT Output voltage swing 

Icc Supply current 

Po Power consumption 

PSRR Power supply rejection ratio 

ROUT Output resistance 

AVOL Large signal voltage gain 

V,NN Input noise voltage 

Isc 

NOTE: 
1. Temperature range: 

SE531 - 55"G ~ TA ::5 125"C 
NE531 D·G :s TA s lOGe 

6-32 

TEST CONDITIONS 
Min 

Rs"; 10kQ, TA=25°C 
Rs :$ 10kQ, over temp 

Over temp 

TA=25°C 
TA= HIGH 
TA= LOW 
Over temp 

TA= 25°C 
TA=HIGH 
TA= LOW 
Over temp 

TA=25°C ±10 
TA = 25°C, Rs ,,; 10kQ 
Over temp Rs ,,; 10kQ 70 

TA=25°C 

RL;,: 10kQ, over temp ± 10 

TA=25'C 
T MAX 

TA=25'C 

Rs"; 10kQ, TA=25'C 
Rs ,,; 10kQ, over temp 

TA=25'C 

TA=25°C, RL ;,: 10kQ, VOUT= ±10V 50 
RL ;,: 10kQ, VOUT= ± 10V, over temp 25 

25'C, f= 1kHz 

25'C 5 

Signetics 

SE/NE531 

SE531' NE531 
UNIT 

Typ Max Min Typ Max 

2.0 5.0 2.0 6.0 mV 
6.0 7.5 mV 

10 10 "V/oC 

30 200 50 200 nA 
200 200 nA 
500 300 nA 

0.4 0.4 nA/oC 

300 500 400 1500 nA 
500 1500 nA 

1500 2000 nA 
2 2 nA/oC 

±10 V 
70 100 dB 

90 dB 

20 20 MQ 

± 13 ± 10 ± 13 V 

7.0 10 mA 
7.0 10 mA 
210 300 mW 

10 150 I'VIV 
10 150 "VIV 

75 75 Q 

100 20 60 V/mV 
15 V/mV 

20 20 nV/yHz 

15 45 5 15 45 mA 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE531 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

NE531 SE531 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Full power bandwidth 500 500 kHz 

Settling time (1%1 Av = +1, VIN = ±10V 1.5 1.5 p.s 
(.1%) 2.5 2.5 p.s 

Large signal overshoot Av = +1, VIN = ±10V 2 2 % 
Small signal overshoot Av = +1, VIN = 400mV 5 5 % 

Small signal risetime Av - +1, VIN - 400mV 300 300 ns 

Slew rate Av = 100 35 35 V/p.s 
Av= 10 35 35 V/p.s 

Av = 1 (noninvertingl 30 20 30 V/!J.S 
Av = 1 (inverting 1 35 25 35 V/p.s 

NOTE 

1. All AC testing is performed in the transient response test circuil. 

TEST LOAD CIRCUITS 

OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS (Vs = ±15V, TA = +25°C, unless otherwise specified,! 

INPUT OFFSET 
CURRENT AS A FUNCTION 

OF AMBIENT TEMPERATURE 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

'" .., 
z 
;;: 
0: 
c 
w 

" .. 
:; 
0 
> 

~ 
E 
I 

z 
0 
;:: 
0. 
:IE 
:> ., 
z 
0 
U 
0: 
W 
~ 
0 
0. 

> 
I 

w 

" z .. 
0: 
W 
C 
0 
:IE 
z 
0 
:IE 
:IE 
0 
u 

CLOSED LOOP NON-INVERTING 
VOLTAGE GAIN AS A 

FUNCTION OF FREQUENCY 

+60 

+50 

+40 

+30 

+20 

+10 

10M 

FREQUENCY - Hz 

POWER CONSUMPTION 
AS A FUNCTION 

OF AMBIENT TEMPERATURE 

250 

200 

150 ----............. 

---
100 

50 

-60 -20 +20 +60 +100 +140 

TEMPERATURE - 'C 

INPUT VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 

+15 

+10 

+5 

/' V 

,/'" V 

-5 

-10 

~ 
.......... 

r--...... 

-15 

......... 
I'-.. 

10 15 

SUPPLY VOLTAGE - ±V 

20 

6-34 

., 
w 
w 
0: 

" w 
c 
;; 
w ., .. 
:I: 
0. 

'" .., 
z 
;;: 

" w 

" ~ ... 
0 
> 

OPEN LOOP PHASE RESPONSE 
AND VOLTAGE GAIN AS A 

FUNCTION OF FREQUENCY 

15 

30 

45 

60 

75 
90 

105 

120 

135 

150 
165 

160 

I\. I Cc-100pF 

f-.\ [;;y&AIN 

1\ 
\ I\. 

" PHASE 

I\. "'" 
I\.. \ 

\ 

"' I 

10 100 1K 10K 100K 1M 10M 

FREQUENCY - Hz 

120 

110 
100 

90 

80 

70 

60 

50 
40 

30 
20 

10 

o 

OPEN LOOP VOLTAGE GAIN AS A . 
FUNCTION OF SUPPLY VOLTAGE 

115 

110 

100 

95 

90 

~ 

> 

> 
I 

" z 
j ., 
.... 
:> 
0. .... 
:> 
0 

'" .. 
W 
0. 

" :;; .. 
W 
0. 

85 

80 
5 10 15 

SUPPLY VOLTS - +V 

OUTPUT VOLTAGE SWING AS 
A FUNCTION OF FREQUENCY 

27 

24 

...... 

" 21 \ 

18 

12 '~ IN ~31 OUT 

2K 

3 

o 

20 

1\ 
\ 

1K 3K 10K 30K 100K 300K 1M 

FREQUENCY, Hz 

Signetics 

'" .., 
z ;;: 
" w 

" .. 
:; 
0 
> 

~ 
E 
I 

z 
0 
;:: 
0. 
:IE 
:> ., 
z 
0 
u 

~ 

SE/NE531 

POWER CONSUMPTION AS A 
FUNCTION OF SUPPLY VOLTAGE 

300 

275 
V 

250 
/ 

225 

200 

175 

150 

125 

/ 
/ 

/ 
/ 

100 / 
75 / 

50 
5V 10 15 20 

SUPPLY VOLTAGE - ",V 

OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 

+15 ,---
I--"" /' 

+10 ...... 
g +5 
I ~ 

V 
" z 

~ 
.... 
:> -5 
0. .... 
:> 
o 

-10 

-15 

r--.... 
I'-............ 

~ ............. 
5 10 15 

SUPPLY VOLTAGE - ± V 

VOLTAGE FOLLOWER 
LARGE SIGNAL RESPONSE 

25 

+10 

> 
I 

~T IN 53 

I K T 1\ )OpF 
+5 w 

" ~ 
1/ \ 

0 
> .... 
:> 

-5 0. .... 
:> 
0 

-10 

/ \ 
Ij \ 

o 500 1000 1500 2000 2500 3000 3500 

TIME - nsec 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE531 

TYPICAL APPLICATIONS (Cont'd) 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

CYCLIC A TO D CONVERTER 
One interesting, but, much ignored AID con
verter is the cyclic converter. This consists 01 
a chain 01 identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts Vr,f from the input and doubles 
the remainder if the polarity was correct. In 
Figure 1 the signal is full wave rectified and 
the remainder of Vin - Vrsf is doubled. A chain 
of these stages gives the gray code equiva
lent of the input voltage in digitized form 
related to the magnitude of Vrsf ' Possessing 
high potential accuracy, the circuit using 
NE531 devices settles in 51'S. 

tVee 
10K 

TRIANGLE AND SQUARE 
WAVE GENERATOR 
The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli
tude of the square wave is set by the output 
swing of the op amp A-I and Rl/R2 sets the 
triangle amplitude. The frequency of oscilla
tion in either case is 

f = ~ A2 13-23) 
4AC • Ai' 

The square wave will maintain 50% duty 
cycle even if the amplitude olthe oscillation 
is not symmetrical. 

CYCLIC A TO D CONVERTER 

20K 

Figure la 

TRIANGLE AND SQUARE 
WAVE GENERATOR 

Figure 2 

Signetics 

SE/NE531 

The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier AI 
runs open loop, there is no need for com
pensation. The triangle-generating amplifi
er must be compensated.The NE5535device 
can be used as well, except for the lower 
frequency response. 

LOGIC OUT 

---~ V,N 

Figure lb 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP SE/NE538 

DESCRIPTION FEATURES 
The SE/NE538 is a new generation opera
tional amplifier featuring high slew rates 
combined with improved Input character
istics. Internally compensated for gains of 
5 or larger, the SE538 offers guaranteed 
minimum slew rates of 40V/p.s or larger. 
Featuring 2mV max Input offset voltage, 
the 538 is a single amplifier. Industry 
standard pin out and internal compensa
tion allow the user to upgrade system per
formance by directly replacing general 
purpose amplifiers, such as 748, 101A and 
741. 

• 2mV Input offset voltage 
• 80nA max Input offset current 
• Short circuit protected 
• Offset null capability 
• Large common mode and differential 

voltage ranges 
• 60Vlp.s slew rate (gain of +5, -4 min) 
• 6MHz gain bandwidth product 

(gain +5, -4 minimum) 
• Internal frequency compensation 

(gain of +5, -4 minimum) 
• Pin out: 538 same as 741 (single) 

ABSOLUTE MAXIMUM RATINGS1,2,3 

PARAMETER RATING 

Vee Supply voltage 
SE military grade ±22 
NE commercial grade ±18 

Po Internal power dissipation 1000 
FE package 

Po Internal power dissipation1 500 
N package 

Po Internal power dissipation1 800 
H package 
Differential input voltage ±30 
Input voltage2 ±15 
Operating temperature range 
SE military grade -55 to +125 
NE commercial grade o to 70 
Output short circuit3 indefinite 
Storage temperature range -65 to +150 
Lead temperature (solder, 60sec.) 300 

NOTES 

1. Rating applies for thermal resistances of 240°C/Wand 150°C/W junction to 
ambient for Nand H packages. Maximum chip temperature is 150°C. 

2. Forsupply voltages less than ±15V, the absolute maximum inpulvoltage is equal lathe supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to 125°C case 

temperature or 75°C ambient temperature. 

6-38 Signetics 

UNIT 

V 
V 

mW 

mW 

mW 

V 
V 

·C 
·C 

·C 
·C 

OFFSET 
NULL 

INVERTING 
INPUT 

NONINVERT· 
ING INPUT 

FE,N PACKAGE 

ORDER NUMBERS 

OFFSET 
NULL 

SE53BN, FE NE53BN, FE 

OFFSET ADJUST 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

H PACKAGE' 

Ne 

y-

ORDER NUMBERS 
SE538H NE538H 

y+ 

OUTPUT 

OFFSET ADJUST 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPAMP 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

DC ELECTRICAL CHARACTERISTICS TA = 25'C, vs= + 15V unless otherwise specified. -

PARAMETER 

Vas Input offset voltage 

D.Vos Input offset voltage drift 

los Input offset current 

D.los Input offset current 

Is Input current 

D.ls Input current 

VCM Input common mode voltage range 

CMRR Common mode rejection ratio 

PSRR Power supply rejection 

RIN Input resistance 

AVOL Large signal voltage gain 

VOUT Output voltage 

Icc Supply current 

Po Power dissipation 

Isc Output short circuit current 

ROUT Output resistance 

NOTE 
Temperature Range 

SE Types - 55"C :::; T A'S 125"C 
NE Types DOG'S TA 'S 70"e 

TEST CONDITIONS 

Rs ,; 10kD 
Rs ,; 1 OkD, over temp. 

Rs = DO, over temp. 

Over temp. 
Over temp 

Over temp. 
Over temp. 

Rs ,; 10kD, over temp. 

Rs ,; 10kD, over temp. 

RL ;;, 2kD, VOUT= ± 10V 
Over temp., 

RL ;;, 2kD, VOUT= ± 10V 

Over temp., RL ;;, 2kD 
Over temp., RL ;;, 10kD 

Per amplifier 
Over temp., per amplifier 

Per amplifier 
Over temp., per amplifier 

Signetics 

SE538 

Min Typ Max 

0.7 4.0 
5.0 

4.0 

5 20 
40 

25 

45 80 
200 

50 

± 12 ±13 

70 90 

30 150 

3 10 

50 200 
25 

±10 ±13 
± 12 ±14 

2 3 
2.2 3.6 

60 90 
66 108 

10 25 50 

100 

SE/NE538 

NE538 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 ~VI'C 
6 

15 40 nA 
80 nA 

40 pA/'C 

65 150 nA 
200 nA 

80 pA/'C 

±12 ± 13 V 

70 90 dB 

30 150 ~V/V 

1 6 MD 

50 200 VlmV 
25 VlmV 

±10 ± 13 V 
±12 ±14 V 

2 3 mA 
2.2 3.6 mA 

60 90 mW 
66 108 mW 

10 25 50 mA 

100 ° 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPAMP 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SE538/SE5538 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Gain bandwidth product 
(Gain +5, -4 minimum) 6 

Transient response 
0.25 Small signal rise time 

Small signal overshoot 6 

Settling time To 0.1% 1.2 
Slew rate Minimum gain = 5 

Noninverting RL ~ 2krl 
40 60 

Input noise voltage t"= 1kHz, TA=25°C 30 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 
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SE538INE5538 
UNIT 

Min Typ Max 

6 MHz 

0.25 p's 

6 % 

1.2 p's 

60 V/p.s 

30 nV/.jHz 

4' 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPAMP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

TYPICAL PERFORMANCE 
CHARACTERISTICS (Cont'd) 

10mV 

INPUT 

50% 

6-42 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

50% 

90% 

RISE TIME 

TEST LOAD CIRCUITS 

SLEW RATE AND SMALL SIGNAL 
TRANSIENT RESPONSE TEST CIRCUIT 

2.5. 10k 

10k 

AS 

50 

NOTE 
Pins not shown are not connected. 
All resistors values are typical and in ohms. 

TEST LOAD CIRCUITS (Cont'd) 

SETTLING TIME TEST CIRCUIT 

'2.~ 
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10k" 

Vee= 15V 

SE/NE538 
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---U-l0Y-

>--""--r-+--r-{<)) OUTPUT 
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10k· 
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SUMMING 

VEE 
r---<...,-o-15V 

2.2,uF 

IN91S 
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NODe OR EQUIV. 

"Match to within 0,01%. 
NOTE 

':" 

Pins not shown are not connected. 

':" 

All resistors values are typical and in ohms. 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

INTRODUCTION 
The Signetics NE538 is an undercompen
sated op amp. The NE538 has a typical 
slew rate of 50V/"s and a gain bandwidth 
product of 6MHz. 

The internal frequency compensation Is 
designed for a minimum inverting gain of 
4 and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un
stable and will need external compensa
tion (see Figure 1 and 2). 

The higher slew rate of the NE538 has 
made this device quite appealing for high 
speed designs and the fact that it has a 
standard pinout will allow it to be used to 
upgrade existing systems that now use 
the "A741 or ,,748. 

Equations: 

1 (6MHz) 1 
fLAG = --1-0- = 271"R LCL 

1 
fLEAD = 6MHz = 2"RFCF 

LAG {RL 
COMPENSATION cL 

} LEAD COMPENSATION 

Figure 1_ Non-Inverting Configuration 

Figure 2_ Inverting Configuration 

Signetics 

SE/NE538 

vee 

10K 

Figure 3. Voltage Follower with Single 
Power Source 

10K 

Figure 4. Inverting Amp With Single 
Power Supply 

Figure 5. Ollset Adjust Circuit 

v-

All resistor values are in ohms. 

Figure 6. Voltage Comparator 
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LINEAR LSI PRODUCTS 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER SE/NE5512 

DESCRIPTION 
The 5512 series of high performance oper
ational amplifier provides very good input 
characteristics. These amplifiers fealure 
low input bias and voltsge characteristics 
such as a 108 op amp with improved CMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella
tion and PNP Input circuits with collector to' 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rete and drive capability yet have low 
supply quiescent current. 

APPLICATIONS 
• AC amplifiers 
• RC active fillers 
• Transducer amplifiers 
• DC gain block 
• Battery operation 
• Instrumentation amplifiers 

ABSOLUTE MAXIMUM RATINGS 
Paramatar 

VCC Supply Vollage 
Vo Power dlsalpallon 
TA Operallng lemperalure range 

NE6512 
SE5512 

TSTO Storage lemperalure range 
TSOLO Lead lemperalure Bolderlng 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low Input bias < ± 20nA 
• Low input offset current < ± 20nA 
• Low Input offset voltage < 1 mV 
• Low VOS temperature drift Sp.V/·C 
• Low input bias temperature drift 

40pA/·C 
• Low input voltage noise 30nV/y'Hz 
• Low supply current I.SmA/amp 
• High slew rate 1.0Vlp.s 
• High CMRR 100dB 
• High input impedance 100MIl 
• High PSRR 110dB 
• High differential input voltage limit 
• No cross-over distortion 
• Indefinite output short circuit 

protection 
• Internally compensated for unity gain 
• 60011 drive capability 

Rating Unit 

±18 V 
600 mW 

01070 ·C 
-55 to +125 ·C 
-8510 +150 ·C 

300 ·C 

PIN CONFIGURATIONS 

FE,N PACKAGE 

OUTPUT' 

~ 
v+ 

-INPUT' 2 -... 7 OUTPUT 2 

+INPUT' 3 ... - 6 +INPUT 2 

v- 4 . 5 ~INPUT 2 

TOP VIEW 

ORDER NUMeERS 
SElNE55'2FE SE/NE55'2N 

03 PACKAGE 

+ INPUT' 

~ 
-INPUT' 

+ -
OUTPUT' V-

: 2' 7 + INPUT 2 v+ 

-INPUT 2 4 - OUTPUT 2 

TOP VIEW 
ORDER NUMBER 

NE55,2D 

NOTES: 
" SOL - Released In large SO package only. 
2. SOL and non-standard pinout. 
3, SO ~non-standard pinouts. 

.-~(OrN~EO~P~A~.P~) __ ~~ ______________________ ~ __ -r~ __________ r-__________ -oV+ 

t---+---<I OUTPUT 

~----~----~~----------------~----~+-~ __ ~--~---------C-V 
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LINEAR LSI PRODUCTS 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER SE/NE5512 

ELECTRICAL PERFORMANCE CHARACTERISTICS vcc= ± 15V, F.R.= - 55°C to + 125°C (SE), O°C to + 70 0 e (NE) 

SE5512 NE5512 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs= 1000 
TA= +25°C 0.7 2 1 5 

mV 
TA=F.R. 1 3 1.5 6 

IlVos Over Temp. 4 5 poV/oC 

los Input offset current Rs= 100kO 
TA= +25°C 3 10 6 20 

nA TA= F.R. 4 20 S 30 
Illos Over Temp. 30 40 pA/oC 

Ie Input bias current Rs= 100kll 
T= + 25°C 3 10 6 20 

nA TA= F.R. 4 20 S 30 
Ille Over Temp. 30 40 pA/oC 

RIN 
Input resistance 

TA= 25°C 100 100 Mil differential 

VCM 
Input common TA=25°C ± 13.5 ± 13.7 ± 13.5 ± 13.7 

V mode range TA= F.R. ± 13 ± 13.2 ±13 ±13.2 

CMRR Input common·mode Vcc= ± 15V 
rejection ratio VIN = ± 13.5V (RM) 

TA·=25°C 70 100 70 100 dB 
VIN = ± 13V (F.R.) 

TA= F.R. 

AVOL Large·slgnal RL= 2kll TA= 25°C 50 200 50 200 Vim V 
GAIN voltage gain Vo= ±10V TA=F.R. 25 25 

S.R. Slew rate TA=25°C 0.6 1 1 V/p.s 

Small·slgnal 
GBW unity gain TA=25°C 3 3 MHz 

6 
bandwidth 

8M Phase margin TA=·25°C 45 45 Degree 

VOUT 
Output voltage RL= 2kll 
swing TA=25°C ± 13 ± 13.5 ±13 ± 13.5 

V 
TA=F.R. ± 12.5 ±13 ± 12.5 ± 13 

VOUT 
Output voltage RL= 6000" 
swing TA = 25°C ± 10 ± 11.5 ±10 ±11.5 V 

TA= F.R. ±7.5 ±9 ±S ±9 

Icc 
Power supply RL= Open 
current TA= 25°C 3.4 5 3.4 5 mA 

TA=F.R. 3.6 5.5 3.6 5.5 

PSRR 
Power supply TA= 25°C SO 110 SO 110 dB 
rejection ratio TA= F.R. SO 100 SO 100 

AA 
Amplifier to f= 1kHz to 20kHz 
amplifier coupling TA=25°C -120 -120 dB 

HD 
Total harmonic f= 10kHz 
distortion TA=25°C 0.01 0.01 % 

Vo= 7VRMS 

VINN 
Input noise f=1kHz nVI 
voltage TA=25°C 30 30 $z 

liNN 
Input noise f=1kHz pAl 
current TA= 25°C .2 .2 $z 

Isc Short circuit ±15V TA=25°C 40 40 mA 

NOTE 
For operation at elevated temperature, N package must be derated based on a thermal resistance of 120o/W junction to ambient. Thermal resistance of the FE package Is 125°1W . 

• For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

QUAD HIGH PERFORMANCE OP AMP 

DESCRIPTION 
The SElNE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324! LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a !lA741 with improved slew and 
drive capability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC Supply voltage 
VDIFF Differential input voltage 
Y,N Input voltage 

Output short to ground 
TS Storage temperature range 
TSOLD Lead soldering temperature 
TA Operating temperature range 

NE5514 
SE5514 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low Input bias current: < ± 3nA 
• Low Input offset current: < ± 3nA 
• Low Input offset voltage: < 1 mV 
• Low supply current: 1.5mAI Amp 
• 1 V I !lsec slew rate 
• High Input Impedance: 100MQ 
• High common mode Impedance: 10GQ 
• Internal compensation for unity gain 
• 6000 drive capability (7 Vrms) 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Instrumentation amplifier 

RATING UNIT 

±16 V 
32 V 

a to 32 V 
Continuous 

-65 to +150 'c 
300 'c 

o to 70 'C 
-55 to +125 'c 

SE/NE5514 

PIN CONFIGURATION 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5514F, N SE5514F. N 

NOTES: 

0 2 PACKAGE 

TOP VIEW 
ORDER NUMBER 

NE551401 

OUTPUT 4 

-INPUT 4 

+ INPUT 4 

v-
NC 

+ INPUT 3 

-INPUT 3 

1. SOL - Released in large SO package only. 
2. SOL and non-standard pinout 
3. SO and non-standard pinouts. 

,-~(O~N_E~O~PA_M~P~) __ ~~ __ ~ __________________ ~ ____ ~~ ________ ~~ __________ -oV+ 

t---~~-----o OUTPUT 

L-------~------~ ______________________ 4_--__ ~4_~ __ ~----~----______ __o-V 
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LINEAR LSI PRODUCTS 

QUAD HIGH PERFORMANCE OP AMP SE/NE5514 

ELECTRICAL CHARACTERISTICS vcc= ± 15V, F.R.= -55'C to + 125'C (SE); O'C to 70'C (NE) 

SE5514 NE5514 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs=100[l, TA= +25'C, 0.7 2 1 5 
mV 

TA=F.R. 1 3 1.5 6 
t.Vos Over temp. 4 5 p.VI'C 

los Input offset current Rs=100k[l, TA= +25'C, 3 10 6 20 
nA 

TA=F.R. 4 20 8 30 
t.los Over temp. 30 40 pA/'C 

Is Input bias current Rs= 100k[l, TA= + 25'C, 3 10 6 20 nA 
TA=F.R. 4 20 8 30 

t.ls Over temp. 30 40 pA/'C 

RIN Input resistance differential TA=25'C 100 100 M[l 

VCM Input common mode range TA=25'C, TA=F.R. ± 13.5 ± 13.7 ± 13.5 ± 13.7 
V 

±13 ± 13.2 ± 13 ± 13.2 

CMRR Input co.mmon-mode Vcc= ± 15V, 
rejection ratio VIN = ± 13.5V (RM), 70 100 70 100 dB 

TA=25'C, 
VIN = ± 13V (F.R.), 

TA= F.R. 

AVOL Large-signal voltage gain RL=2k[l, TA=25'C 50 
200 

50 
VlmV GAIN Vc= ± 10V, TA= F.R. 25 25 

S.R. Slew rate TA=25'C 0.6 1 0.6 1 Vlp.s 

GBW Small-signal unity gain TA= 25'C 3 3 MHz 
bandwidth 

8M Phase margin TA=25'C 45 45 Degr 

VOUT Output voltage swing RL = 2k[l, T A = 25'C, ±13 ± 13.5. ± 13 ± 13.5 
V 

TA= F.R. ± 12.5 ±13 ± 12.5 ± 13 6 
VOUT Output voltage swing RL = 600[l*, TA = 25'C, ±10 ± 11.5 . ± 10 ±11.5 

V 
TA=F.R. ±7.5 ±9 ±8 ±9 

Icc Power supply current RL = Open, TA = 25'C, 6 10 6 10 mA 
TA= F.R. 7 12 7 12 

PSRR Power supply rejection ratio TA=25'C, TA= F.R. 80 110 80 110 dB 
80 100 80 100 

AA Amplifier to amplifier coupling f= 1kHz to 20kHz, TA= 25'C -120 -120 dB 

HD Total harmonic distortion f=10kHz, TA=25'C, 0.01 0.01 
% 

Vo= 7VRMS 

VINN Input-noise voltage f= 1kHz, TA= 25'C 30 30 nVI,jHz 

Isc Short Circuit TA=25'C 10 40 60 10 40 60 mA 

NOTE 
*For operatIon at elevated temperature, N package must be derated based on a thermal resistance of 95°C/W junction to ambient. 

'For additional Information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

DESCRIPTION 
The 5532 Is a dual hlgh-performanca low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as·the 1458, it shows better noise per
formance, Improved output drive cspabllity 
and considerably higher small-signal and 
power bandwidths. 
This makes the device especially suitable 
for application In high quality and profes
sional audio equipment, Instrumentation 
and control circuits, and telephone chan
nel amplifiers. The op amp is Internally 
compensated for gains equal to one. If 
very low noise is of prime Importance, It is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vs Supply voltage 
VIN Input voltage 
VDIFF Differential input voltage 1 
TA Operating temperature range 

NE5532/A 
SE5532/A 

TSTG Storage temperature 
TJ Junction temperature 
PD Power dissipation 

5532FE 

FEATURES 
• Smail-signal bandwidth: 10MHz 
• Output drive capability: 6000, 10V 

(rms) 
• Input noise voltage: SnVl.jHz (typical) 

DC voltage gain: 50000 
• AC voltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 
• Slew-rate: 9V I I'S 
• Large supply voltage range: ± 3 to 

±20V 
• Compensated for unity gain 

RATING UNIT 

±22 V 
±V supply V 

±.5 V 

o to 70 ·C 
-55 to + 125 ·C 
-65 to +150 ·C 

150 ·C 

1000 mW 
Lead temperature (soldering, 10 sec) 300 ·C 

NOTES: 

1. Diodea protect the inputs against over-voltage. Therefore. unless current-limiting rssla
tara are used, large currents will flow if the differential input Yoltage exceeds o.av. 
Maximum current should be limited to ± 10mA. 

2. Thermal r.slutance of the FE package Is 125°C/W. 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

+ 
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PIN CONFIGURATION 

INVERTING 
INPUT A 

FE,N PACKAGE 

NON·INVERTING r.-Ill&~'lli"-i~ 1-':"1 INVERTING 
INPUT A INPUT B 

TOP VIEW 

NON·INVERTING 
INPUT B 

ORDER NUMBERS 
NE5532FE. N SE5532FE 

NE5532AFE. N SE5532AFE 

D2PACKAGE 

TOP VIEW 
ORDER NUMBER 

NG5532D 

NC 

NC 

NC 

OUT. 

+ Vee 

NC 



LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

DC ELECTRICAL CHARACTERISTICS TA = 25 DC, Vs = ± 15V unless otherwise specifiedY 

PARAMETER TEST CONDITIONS 
SE5532155232A NE553215532A 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage 0.5 2 0.5 4 mV 
Over temperature 3 5 mV 

tNos/aT 5 5 I'V/DC 

los Offset current 100 10 150 nA 
Over temperature 200 200 nA 

alos/aT 200 200 pA/DC 

Ie Input current 200 400 200 800 nA 
Over temperature 700 1000 nA 

ale/aT 5 5 mA/DC 

Icc Supply current 8 16 mA 
Over temperature 13 mA 

VCM Common mode input range ±12 ±13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 ~VIV 

AVOL Large signal voltage gain RL 2:2kll, Vo= ± 10V 50 25 100 V/mV 
Over temperature 25 15 V/mV 

RL2:6001l, Vo= ± 10V 40 15 50 V/mV 
Over temperature 20 10 V/mV 

VOUT Output swing RL2:6001l ± 12 ±13 V 
Over temperature ±10 ± 12 V 

RL2:6001l, Vs= ± 18V ±15 ±16 V 
Over temperature ±12 ± 14 V 

RL 2: 2kll over temp. ±12 ±13 ±10 ±13 V 

RIN Input resistance 30 300 30 300 kll 

Isc Output short circuit current 10 38 60 10 38 60 mA 6 
AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = + 15V unless otherwise specified. -

PARAMETER TEST CONDITIONS 
SE/NE5532/5532A 

UNIT 
Min Typ Max 

AV = 30dB Closed loop 
ROUT Output resistance f = 10kHz, RL = 6000 0.3 0 

Overshoot Voltage follower 
VIN = 100mV p-p 

CL = 100pF RL = 6000 10 % 

Gain I = 10kHz 2.2 V/mV 

Gain bandwidth product CL = 100pF RL = 6000 10 MHz 

Slew rate 9 VIIlS 

Power bandwidth VOUT = ± 10V 140 kHz 
VOUT = ± 14V, RL = 6000, 100 kHz 

VCC = ±16V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = + 15V unless otherwise specified. -

SE/NE5532 SE/NE5532A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input noise voltage 10 = 30Hz 8 8 12 nV/vH,: 

10 = 1kHz 5 5 6 nV/J=fz 

Input noise current '0 = 30Hz 2.7 2.7 pAJ.JHz 
'0 = 1kHz 0.7 0.7 pAtvi=ii 

Channel separation , = 1kHz, RS = 5kO 110 110 dB 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE CLOSED LOOP FREQUENCY RESPONSE LARGE-SIGNAL FREQUENCY 
RESPONSE 

120 60 .0 
TYPICAL VALUES , l .J 1 TY.'CAL VALUES 

Vs = ±15 
TYPICAL VALUES 

" RF = 10kl! iRE = 100nl 
80 

"\ 
.0 

RF~LJk!l 
30 

"\ 
(VI 

.0 

\ 
20 

IRF~1J~oo 
VO(p-P) 20 

0 ~ 0 10 1\ 

r 
\ 

\ 
-'0 -20 0 

10 10' 10' 104 10' 10e 10' 10' 10- 10' 10' 10' 10' 10' 10' 10' 10' 10' 10' 

'(Hz) 
I (Hz) I (Hz) 

OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT INPUT COMMON MODE 
VOLTAGE RANGE 

80 1.' 30 
VS= ±1SV Vs = !15V 

TYPICAL. VALUES 

80 1.2 

20 

........ 
.......... / (~~) 40 " 0.8 YIN (V) r--~ (pA) 

/ ['... 10 

20 0.' / ......... 
.......... 

/ 
0 0 0 
-55 -25 0 25 50 75 100 + 125 SS -25 0 2S 50 75 100 125 0 10 20 

TA (oC) TA (OC) Vp;-VN (V) 

SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY 

12 10' 

10 = 0 

10 
TV. - ......... TV. 

8 

/" ------'. 'N (nY/.J'Hi) 1 (mA) 

4 

10- 1 

0 10'~ 

0 10 20 10 10' 10' 10' 
Vp: -VN (V) 

I (Hz) 

6·50 Signetics 



LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

TEST CIRCUITS 

CLOSED LOOP FREQUENCY RESPONSE 

RS 

2S0 

V, 

R, 

RE 

AUDIO CIRCUITS USING THE 
NE5532/33/34 

100
P'r 

More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low nOise op 
amps and show their use in some audio 
applications. 

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

This makes the device especially suitable 
for application in high quality and profes· 
sional audio equipment, instrumentation 
and control circ~its, and telephone chan· 
nel amplifiers. Tt,e op amp is internally 
compensated for gains equal to one. If 
very low noise is of prime importance, it is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

APPLICATIONS 
The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual· 
ity and professional audio equipment which 
requires low noise and low distortion. 

The circuit included in this application note 
has been assembled on a P.C. board, and 
tested with actual audio input devices 
(Tuner and Turntable). It consists of an RIAA 
pre·amp, input buffer, 5·band equalizer, and 
mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
improved. 

600n 

The RIAA pre·amp section is a standard 
compensation configuration with low fre· 
quency boost provided by the Magnetic car· 
tridge and the RC network in the op amp 
feedback loop. Cartridge loading is accom· 
plished via R 1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass I notch 
(depending on R9's setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing im· 
padance matching between the pre amplifi· 
ers and the equalizer section. Because the 
5532 is internally compensated, no external 
compensation is required. The 5·band ac· 
tive filter section is actually 5 individual ac· 
tive filters with the same feedback design 
for all 5. The main difference in all five 
stages is the values of C5 and C6 which 
Bre responsible for setting the center fre· 
quency of each stage. Linear pots are rec· 
ommended for R9. To simplify use of this 
circuit, a component value table is provided, 
which lists center frequencies and their as· 
sociated capacitor values. Notice that C5 
equals (10) C6, and that the Value of R8 and 
RIO are related to R9 by a factor of 10 as 
well. The values listed in the table are com· 
mon and easily found standard values. 

RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
along with sophisticated playback equip
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5534A. This 
is a single operational amplifier with less 

Signetics 

VOLTAGE FOLLOWER 

V+ 

than 4nV/y'Hz input noise voltage. The 
NE5534A is internally compensated at a 
gain of three. This device has been used in 
many audio preamp and equalizer (active 
filter) applications since its introduction 
early last year. 

Many of the amplifiers that are being de
signed today are dc coupled. This means 
that very low frequencies (2-15Hz) are being 
amplified. These low frequencies are com
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is amplified and convert
ed to sound waves. 

The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily at the low frequency range with a 
slight modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
curve now occurs at 31.5Hz and begins to roll 
off below that frequency. The roll off occurs by 
introducing a fourth RIC network occurs by 
introducing a fourth RIC network with a 
7950"s time constant to the three existing 
networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 

NE5533/34 DESCRIPTION 
The 5533/5534 are dual and single high· 
performance low noise operational amplifiers. 
Compared to other operational amplifiers 

6-51 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

RIAA-EQUALIZER SCHEMATIC 

C5 

RIAA Cl 

o---ll--1---t 

Rl 

R' 

R12 

COMPONENT VALUE TABLES 

R8 = 2Sk R8= SOk R8= lOOk 
R7 = 2.4k R9 = 240k R7=S.lk R9=S10k R7 = 10k R9=lmeg 

fo CS C6 fo 

23 Hz 11'F .11'F 25 Hz 
50 Hz .471'F .0471'F 36 Hz 
72 Hz .331'F .0331'F 54 Hz 
108 Hz .22/LF .0221'F 79 Hz 
158 Hz . 15/LF .0151'F 119 Hz 
238 Hz .1/LF .D1I'F 145 Hz 
290 Hz .0821'F .0082/LF 175 Hz 
350 Hz .0681'F .0068/LF 212 Hz 
425 Hz .0561'F .00561'F 253 Hz 
506 Hz .0471'F .00471'F 360 Hz 
721 Hz .033/LF .00331'F 541 Hz 
1082 Hz .022/LF .00221'F 794 Hz 
1588 Hz .015/LF .00151'F 1191 Hz 
2382 Hz .011'F .0011'F 1452 Hz 
2904 Hz .0082/LF 820pF 1751 Hz 
3502 Hz .0068/LF 680pF 2126 Hz 
4253 Hz .0056/LF 560pF 2534 Hz 
5068 Hz .0047/LF 470pF 3609 Hz 
7218 Hz .0033/LF 330pF 5413 Hz 
10827 Hz .0022/LF 220pF 7940 Hz 
15880 Hz .00151'F 150pF 11910 Hz 
23820 Hz .001/LF 100pF 14524 Hz 

17514 Hz 
21267 Hz 

such as TL083. they show better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 

6·52 

CS C6 fo CS C6 

.471'F .0471'F 12 Hz .471'F .0471'F 

.331'F .0331'F 18 Hz . 331'F .0331'F 

.221'F .022/LF 27 Hz .22/LF .022/LF 

. 151'F .0151'F 39 Hz . 151'F .015/LF 
.1/LF .011'F 59 Hz .1/LF .011'F 

.082/LF .00821'F 72 Hz .0821'F .00821'F 

.0681'F .00681'F 87 Hz .0681'F .W681'F 

.056/LF .00561'F 106 Hz .056/LF .0056/LF 

.0471'F .00471'F 126 Hz .0471'F .0047/LF 

.0331'F .00331'F 180 Hz .0331'F .00331'F 

.022/LF .00221'F 270 Hz .022/LF .00221'F 

.0151'F .00151'F 397 Hz .015/LF .0015/LF 
.011'F .001/LF 595 Hz .011'F .001/LF 

.0082/LF 820pF 726 Hz .0082/LF 820pF 

.0068/LF 680pF 875 Hz .0068/LF 680pF 

.0056/LF 560pF 1063 Hz .0056/LF 560pF 

.0047/LF 470pF 1267 Hz .0047/LF 470pF 

.0033/LF 330pF 1804 Hz .0033/LF 330pF 

.0022/LF 220pF 2706 Hz .0022/LF 220pF 

.0015/LF 150pF 3970 Hz .00151'F 150pF 
.0011'F 100pF 5955 Hz .001/LF 100pF 
820pF 82pF 7262 Hz 820pF 82pF 
680pF 68pF 8757 Hz 680pF 68pF 
560pF 56pF 10633 Hz 560pF 56pF 

12670 Hz 470pF 47pF 
18045 Hz 330pF 33pF 

Figure 1 

gain equal to, or higher than, three. The fre
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom
mended that the 5533A/5534A version be 
used which has guaranteed noise specifica
tions. 

Signefics 

Rl 
R2 
R' 
R' 

COMPONENT VALUES 

1mlg Cl .22"F 
100k C2 75DpF 
1meg C3 .OO33"F 
1.1k C' 33j!F 

TO VOl/ 
BAL AMP 

R5 lOOk C5 see TABLE 
R' lOOk C6 SEE TABLE 
R7 SEe TABLE C7 2.21'F 
RB (pol) see TABLE 
R9 SEE TABLE 
RIO lOOk 
R11 100k 
R12 20k (S STAGES) 

APPLICATIONS 

Diode Protection of Input 

The input leads of the device are protected 
from differential transients above ± O.6V 
by internal back· to-back diodes. Their 
presence imposes certain limitations on 
the amplifier dynamic characteristics reo 
lated to closed·loop gain and slew rate. 



LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

PROPOSED RIAA PLAYBACK EQUALIZATION 

·25 11111 
~~DI .1,1. 

'2D . 
. " II "-." 
'5 NEW RIAA 

(db) -5 

." 

-2D 

-30 

10 100 (HZ) lK 10K 

Figure 2 

RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 

115V 

.27~' 

'NPUTo----! 1-.------1 

47K .>--.,...--0 TO LOAD 

49.9 

.015,u1 

• 1/2 OF DUAL OPERATIONAL AMPLIFIER 

NOTE 

All resistors are 1% metal film and are valued in 

Figure 3 

Signetics 

lOOK 

+ 

Consider the unity gain follower as an 
example: 

Assume a signal input square wave with 
dV/dt of 250V per I'S and 2V peak ampli
tude as shown. If a 22 pF compensation 
capacitor is inserted and the A, C, circuit 
deleted, the device slew rate falls to ap
proximately 7V/l's. The input waveform 
will reach 2V/250V/I's or 8 ns, while the 
output will have changed (8 x 10- 3) (7) 
only 56 mY. The differential input Signal is 
then (V ,N - Vol A,/Ai + A, or approximately 
w. 
The diode limiter will definitely be active 
and output distortion will occur; therefore, 
Y,n < W as indicated. 

Next, a sine wave input is used with a sim
ilar circuit. 

Y,N = 2 Sin .... ·1 

lK 

,K 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP 

The slew rate of the input waveform now 
depends on frequency and the exact ex
pression Is 

~ =2wcoswt 
dt 

The upper limit before slew rate distortion 
occurs for small signal (VIN < 100 mY) con
ditions is found by setting the slew rate to 
7V/l"s. That is: 

7 x 106 V/I"S = 2w cos wt 

at wt=O 

7 x 106 6 
wLlMIT=-2- =3.5x 10 radls 

3.5 x 106 
fLlMIT~ ;:;;560 kHz 

External Compensation Network 
Improves Bandwidth 
By using an external lead·lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-loop 
gain less than 3 to 5 is indicated, Anum· 
ber of examples are shown in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse·related parameters such as 
damping and phase margin are controlled 
by choosing the appropriate circuit con· 
stants. For example, consider the follow
ing configuration: 

The major problem to be overcome is poor 
phase margin leading to instability. 

By choosing the lag network break fre· 
quency one decade below the unity gain 
crossover frequency (30-50 M Hz), the 
phase and gain margin are improved. An 
appropriate value for R is 2700. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 

C=-----.,. 
2 ... 270.5 x 106 

118 = pF 

A single pole and zero inserted in the 
transfer function will give an added 45' of 
phase margin depending on the network 
values. 
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2vA 
o I I . 
_11_ VI 

>t, 

GAIN 

90 

'\ 

~ , dB 45 

o 1\ 
o 0.1 1.0 10 50 

MHz 

RULES AND EXAMPLES 

Compensation USing Pins 5 and 8 
(limited Bandwidth and Slew Rate) 

~2_ 6 VOUT 

VIN + 8 

5 
c, 

C, =Ce(l) 
Cc = 22pF for NES533/34 

C, = 22pF [SEE GRAPH UNDER 
TYPICAL PERFORMANCE 
CHARACTERISTICS) 

Figure 4. Unity Gain Non-Inverting 
Configuration 

Signetics 

R, 

SE/NE5532/5532A 

~~+-__ oo~vo 
II 

-11-
>t, 

PHASE 

e _90' i-----+--'--f.""....,--I 

_'80' '--___ ..1... __ '---L_.J 

0.1 1.0 10 50 
MHz 

VOUT 

RF = RIN 

Cl=CC[-~] 
RF + RIN 

Ce 
2 

:.C1'=11pF 

Figure 5. Unity Gain Inverting 
Configuration 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP 

External Compensation for 
Wide band Voltage Follower 

eOIST. 

c, 

SE/NE5532/5532A 

3.75 IPS TAPE 
EQUALIZATION 

TlIRNQVERFREQUENCY 
~o 11, 1326 H, 

r---ll--
I t-----~~------~ 

~ R'N ::r----\ 
V'N 0---""'---+--1 

>--...... -{) VaUT 

NOTE' Input diodes limit differenliallo < O.5V 

Figure 6. External Compensation for Wideband Voltage Follower 

Calculating the Lead·Lag 
Network 

where 

C ___ 1_ 
1- 2,,-F1 R1 

R'N 
Let R1 = 10 

1 
F1 = 1(j(UGBW) 

UGBW=30 MHz 

Shunt Capacitance 
Compensation 

or 

COIST " Distributed Capacitance co 2-3pF 

Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are well 
suited to these applications because of their 
high gain and easily tailored Irequency 
response. 

RIAA EQUALIZATION 

\ 

Figure 7a 

NAB STANDARD 
PLAYBACK 7 1/2 IPS 

\ 

\ 

TURNOVER FREOUENCIES 
50H',3180H, 

\ 

Figure 7b 
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\ 

Figure 7c 

BASE TREBLE CONTROL 
CURVE 

TURNOVER FREQUENCY 1.H, 

\ 'L 
/ 

\ / 
\ / 
/ \ 

/ \ 
\ 

/ l-"'-

Figure 7d 

STANDARD FM BROADCAST 
EQUALIZATION 

~::"RENC~~~~!~i~~~~CY 2122 CPS 

--"" \ 
\ 
\ 
\ 
---\ 

\',~ '00 

Figure 7e 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

RIAA PREAMP USING THE 
NE5534 
TI10 preamplilier for phono equalization is 
,,/lawn In Figure 8 along with the theoretical 
<lnd actual circulI response 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 
Following the amplifier stage. rumble and 
scratch filters are often used to improve over
all quality. Such a filter designed with op 
amps uses the 2 pole Butterworth approach 
and features switch able break points. With 
the circuit of Figure 9 any degree of filtering 
from fairly sharp to none at all is switch 
selectable. 
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RUMBLE 
POSITION FRED 

FLAT 
30 Hz 
50 Hz 
80Hz 

All resistor values are In ohms 

--'\ 
BODEPlOT~ 

0 

0 

0 

PREAMPLIFIER-RIAA/NAB 
COMPENSATION 

INPUTcr-f" 
lR.sL 

°Selecttoprovide,pec,f,edtransduo:erload,ng 
Output NOise' 0 8mV ,m. (wnM Input shorted I 

All resistor values are in ohms 

Figure 8a 

i\~ ~ACTUALRESPONSE 

'~ 
" ~ 

"" '\ 

--<~, 

0 

6odePlolofRIAAEQuahl','Qnand,he 
;~;~t.""Non.n.ct"al""u"u,ong 

Figure 8b 

RUMBLE/SCRATCH FILTER 

Figure 9 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

NOTES 

TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 

All resistor values are in ohms 

1 Amplifier A may be a NE531 or 301. Frequency compensation as for unity gain non
inverting amplifiers, must be used 

2. Turn-over frequency-1kHz 
3. Bass boost ,20dB at 20Hz. bass cut 20dB a120Hz, treble boost t 19d8 at 20kHz. treble 

cut -19dB at 20kHz 

MAX 

'''' BOOST 

Figure 10 

." 
TREBLE 
eOOST 

BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 

All resistor values are in ohms 

Figure 11 

Signetics 

TONE CONTROL 
Tone control of audio systems involves alter
ing the flat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 11 shows a combination of balance 
and loudness controls. Due to the non
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many Ie amplifiers include the necessary pin 
connections to provide external offset adjust
ments. Many times, however, it becomes nes
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off
set voltage adjust and bias current nulling cir
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim
plified arrangements are possilb the addition 
of 02 and 03 provide a fixed current level to 
01, thus, bias cancellation can be provided 
without regard to input voltage level. 

INPUT 

UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 

R2 
100 

R3 

All resistor values are in onms 

Figure 12 

OUTPUT 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 
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UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 

All resistor values are in ohms. 

Figure 13 

BIAS CURRENT 
COMPENSATION 

"No--+-_-+-----; 

v- Figure 14 

EOUT 

'For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifi
ers. Compared to other operational amplifi
ers, such as TL083, they show better noise 
performance, improved output drive capa
bility and considerably higher small-signal 
and power bandwidths. 

This makes the devices especially suitable 
for application in high quality and profes
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com
pensated for gain equal to, or higher than, 
three. The frequency response can be op
timized with an external compensation ca
paCitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc. I If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise speCifications. 

EQUIVALENT SCHEMATIC 

1 

T 
+ 

t ~ jJ -

FEATURES 
• Smail-signal bandwidth: 10MHz 
• Output drive capability: 600n, 10V (rms) 

at Vs = ±18V 
• Input noise voltage: 4nVI v'HZ 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V 1 MS 
• Large supply voltage range: ±3 to ±20V 

B 

~ 
~ W 

.-- ~~ 

rt kL-: 
,l y V 

~ ;. 
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PIN CONFIGURATIONS 

INVERTING 
INPUT 

NONfNVERTING 
INPUT 

D,FE,N PACKAGE 

BALANCEI 
COMPENSATION 

ORDER NUMBERS 
SEINE5534N,FE "NE5534AD SEINE5534AN.FE 

SA5534A NE5534D SA5534AN 

INVERTING 
INPUT A 

NON INVERTING 
INPUT A 

BALANCE 
A 

v-

BALANCE 
B 

NONINVERTING 
B 

INVERTING 
B 

"NOTE: 

N PACKAGE 

ORDER NUMBERS 
NE5533N 

NE5533AN 

BALANCE 
COMPENSATION A 
COMPENSATION 
A 

OUTPUT 
A 

v+ 

OUTPUT 
B 
COMPENSATION 
B 
BALANCE! 
COMPENSATION B 

This device may not be symbolled in standard formal. 

5 

~ 
f-K 

t-o 
t-- ~ 

~ >-

Y ~D 
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SINGLE AND DUAL LOW NOISE. OP AMp· NE5533/5533A/SA/SE/NE5534/5534A 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Vs Supply voltage ±22 
V1N Input voltage ±V supply 
V01FF Dlfferantlal Input voltage1 ±0.5 
TA Operating temperature range 

SE5534/5534A -55to + 125 
N E5533/5533A15534/5534A o to + 70 

TSTG Storage temperature -65to + 150 
TJ J unction temperature 150 
Po Power dissipation at 25'C2 

5533N,5534N,5534FE 800 
Output short circuit duration3 indefinite 
Lead temperature (soldering, 10 sec) 300 

NOTES 

1, Diodes protect the Inputs against over-voltage. Therefore. unless current-limiting 
resistors are used, large currents will flow if the differential input voltage exceeds 
O.6V. Maximum current should be limited to ±10mA. 

UNIT 

V 
V 
V 

'C 
'C 
'C 
'C 

mW 

'C 

a-pin ceramic (FE) 140°CIW 
14-pfn ceramic (F) 110°C/W 
6-pin plastic IN) 162°CIW 

14-pin plastic (NI150°CIW 
2. For operation at elevated temperature. derate packages based on the following 

junction-to-ambient thermal resistances: . 
3. Output may be shorted to ground at Vs = ±15V, TA = 25°C. Temperature and/or 

supply voltages must be limited to ensure dissipation rating is not exceeded. 

DC ELECTRICAL CHARACTERISTICS TA=25'C, Vs= ± 15V unless otherwise specifiedY 

SE553415534A NE553315533A 
PARAMETER TEST CONDITIONS 5534/5534A UNIT. 

Min Typ Max Min Typ Max 

Vos Ollset voltage 0.5 2 0.5 4 mV 
Over temperature 3 5 mV 

tl.Vos/tl.T 5 5 p.V/'C 

los Offset current 10. 200 20 300 nA 
Over temperature 500 400 nA 

tl.los/tl.T 200 200 pAl'C 

Is Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

tl.ls/tl.T 5 5 nAl'C 

Icc Supply current 4 6.5 4 8 mA 
Perop amp Over temperatu re 9 10 mA 

VCM Common mode input range ±12 ± 13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 p.VIV 

AVOL Large signal voltage gain RL 2:60011, Vo = ± 10V 50 100 25 100 V/mV 
Over temperature 25 15 V/mV 

VOUT Output swing RL 2: 6000 ±12 ± 13 ±12 ±13 V 
5534 only Over temperature ± 10 ± 12 ± 10 ±12 V 

RL2:6001l, Vs= ± 18V ±15 ± 16 ±15 ± Hi V 
RL2:2kll ±13 ± 13.5 ±13 ± 13.5 V 

Over Temperature ±12 ± 12.5 ± 12 ± 12.5 V 

RIN Input resistance 50 100 30 100 kll 

Isc Output short circuit current 38 38 mA 
NOTES 

1. For NE5533/5533A15534/5534A, TMIN=O'C, TMAX=70'C 
2. For SE5534/5534A, TMIN = -55'C, TMAX= + 125'C 
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SINGLE AND DUAL lOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

AC ELECTRICAL CHARACTERISTICS TA = 25'C, Vs = ±15V unless otherwise specified. 

SE5534/5534A NE5533/5533A 
PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

ROUT Output resistance Av = 30dB closed loop 
0.3 0.3 n f = 10kHz, RL = 600n, Ce = 22pF 

Transient response Voltage follower, VIN = 50mV 
RL = 600n, Cc = 22pF, CL = 100pF 

TR Rise time 20 20 ns 
Overshoot 20 20 % 

Transient response VIN = 50mv, RL = 600n 
Ce = 47pF, CL = 500pF 

TR Rise time 50 50 ns 

Overshoot 35 35 % 

AC Gain f = 10kHz, Ce = 0 6 6 V/mV 
f = 10kHz, Ce = 22pF 2.2 2.2 V/mV 

Gain bandwidth product Ce = 22pF, CL = 100pF 10 10 mHz 

Slew rate Ce = 0 13 13 V/p.S 
Ce = 22pF 6 6 V/p.S 

Power bandwidth VOUT = ±10V, Ce = 0 200 200 kHz 
VOUT = ±10V, Ce = 22pF 95 95 kHz 
VOUT = ±14V, RL = 600n 70 70 kHz 
Ce = 22pF, Vee = ±18V 

ELECTRICAL CHARACTERISTICS TA = 25'C, Vs = ±15V unless otherwise specified. 

5533/5534 5533A/5534A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

fa = 30Hz 7 5.5 7 nV/VHz 
Input noise voltage fa = 1kHz 4 3.5 4.5 nV/yHz 

6 

fa = 30Hz 2.5 1.5 pA/VHz 
Input noise current 

10 = 1kHz 0.6 0.4 pA/yHz 

Broadband noise figure f = 10Hz - 20kHz, RS = 5kf! 0.9 dB 

Channel separation I = 1kHz, RS = 5kf! 110 110 dB 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE SLEW-RATE AS A FUNCTION OF CLOSED LOOP FREQUENCY RESPONSE 
COMPENSATION CAPACITANCE 

120 16 60 

TYPICAL VALUES Vs = 115V I. .11.1 TYPICAL VALUES 

,~ :6l 12 4D 
Cc= 0; RF:: 10kfl; RE = lOOn' 

80 
'\~C~ 0 \ JoJ~~:RJk" Cc = 22PF'\ ~ S 8 \ 

.0 (VI.u.) '0 

cJ"'.,!RF ~ L, :J.~ "" '\ 
I~ "' ~. • 0 0 

i'-
0 -'0 -'0 

0 .0 80 10' 10' 10' 10' 10' 10' 
10 10' 10' 10' 101 10' 10' 

CC{pF) I (Hz) 
I(Hz) 

LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT 
RESPONSE 

'0 80 I.' vs -" ± 15V 
TYPICAL VALUES 

VS:: ±15V Vs = ±15V 

30 60 I.' 
Ce= O,F 

~~2PF ....... "-(V) 47pF 
10 ........... ~~) 0,8 Vo(p-p) 20 (mAl 40 r-r!!!:.. ""'- TY' 

II -10 

\\ 
20 0.' 

0 
~ ~ 

0 0 
10' 10' 10' 10' 10' 10' -55 -25 0 25 50 75 100 +125 -55 -25 0 25 50 75 100 125 

I (Hz) TA (OC) 
TA (0C) 

INPUT COMMON MODE SUPPL Y CURRENT INPUT NOISE VOLTAGE DENSITY 
VOLTAGE RANGE PER OP AMP 

30 6 10' 

TYPICAL VALUES 'a = 0 

10 .............. 
20 • TY' 

----
TY. 

~ f..---I, r-Y,N (V) 'N (nVfVHz) 1 

~ 
I-;:"os (mAl 

10 p-'/ 2 

10.1 

0 ~ 0 10 ' 
0 10 20 0 10 20 10 10' 10' 10' 

Vp;-VN (V) 
Vp; -VN (V) 

I (Hz) 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT NOISE CURRENT DENSITY 

10 

'" ~p ( 

10 , 

10" , 
10 10' 10' 10 

I (Hz) 

TEST LOAD CIRCUITS 

10' 

10' 

10' 

10' 

Vn(rms) 102 
nV/..,f""Hi) 

10 

10 

10 , 

TOTAL INPUT NOISE DENSITY 

TYPICAL VALUES 

/ 
10Hz 

/ /: 1kHz 

l/: ~ .;' 
[/7- ~g~~~~LR~~II:~A~~E. 

", 

10 102 10~ 104 10$ 10! 

RS (n) 

BROADBAND INPUT NOISE VOLTAGE 

10 , 

10 

Vn(rmlJ 
(j,lV) 1 

10 , 

10 , 

TYPICAL VALUES 

~ 
1OH.ITO~ V 

V ~T04kHZ f...-" 

102 10) 104 lOS 10~ 

RS (n) 

FREQUENCY COMPENSATION AND 
OFFSET VOLTAGE ADJUSTMENT 

CIRCUIT 

CLOSED LOOP FREQUENCY RESPONSE 

v+ 

22kll 
lOOk II 

v-

Signetics 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

NOISE TEST BLOCK DIAGRAM 

/\ nVlm 

BANDPASS 
AT 1 kHz -=-

.1\ nVlvfu 

BANDPASS 
AT 30 Hz -=-

-=- GND 

'For additional information, consult the Applications Section. 
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DUAL HIGH SLEW RATE OPAMP 

DESCRIPTION 
The 5535 is a new generation operational 
amplifier featuring high slew rates com
bined with improved input characteristics. 
The 5535 is a dual configuration. Internally 
compensated for unity gain, the SE5535 
features a guaranteed unity gain slew rate 
of 10V/ps with 2mV maximum offset 
voltage. Industry standard pin out and in
ternal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, 
such as 747 and 1558. 

ABSOLUTE MAXIMUM RATINGS 

FEATURES 
• 15VIIls unity gain slew rate 
• Internal frequency compensation 
• Low input offset voltage-2mV 
• Low input bias current 80nA max 
• Short circuit protected 
• Large common mode and differential 

voltage ranges 
• Pin compatibility 5535 

747,1558 
• Configuration Dual 
• Low noise current 0.15 pA/../HZ typo 

SE/NE5535 

PIN CONFIGURATIONS 

N PACKAGE 

OUTPUTA~B v+ 
IN~~:~I:~ 2 _.. .. _ 7 OUTPUT B 

NONINVERTING INVERTING 
INPUT A 3 6 INPUT 8 

V - 4 5 ~N~~I:~ERTING 

TOP VIEW 

ORDER NUMBERS 
SE5535N NE5535N 

H PACKAGE· 

Ne 

PARAMETER SE5535 NE5535 UNIT 

Supply voltage ±22 ±18 
Internal power dissipation1 

N Package 500 500 
H Package 800 800 
F Package 1000 1000 

Differential input voltage ±30 ±30 
Input voltage2 ±15 ±15 
Operating temperature range -55 to +125 o to +70 
Storage temperature range -65 to +150 -65 to +150 
Lead temperature (solder, 60sec) 300 300 
Output short circuit3 Indefinite Indefinite 

NOTES 
1. Rating applies for thermal resistances Junction to ambient of 240 0 CIW and 1500 C/W 

for Nand H packages, respectively. Maximum chip temperature is 150°C. 
2. Forsupply voltages less than ±15V, the absolute maximum inputvottage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 

EQUIVALENT SCHEMATIC (One Amplifier) 

Signetics 

V 

mW 
mW 
mW 

V 
V 

°C 
°C 
°C 

OUTPUT A 

V. 

INVERTING 
INPUT A 

NON INVERTING 
INPUT A 

v-

ORDER NUMBERS 

OUTPUT 8 

v+ 
INVERTING 
INPUT 8 

NONINVERTING 
INPUT 8 

SE5535H NE5535H 

*Metal cans (H} not recommended for new designs 

v+ 

t---+-...--'II\/',--o OUTPUT 

v-
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DUAL HIGH SLEW RATE OP AMP SE/NE5535 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified.' 

PARAMETER 

Vos Input offset voltage 

AVos Input offset voltage drift 

los Input offset current 

Alos Input offset current 

Is Input current 

AlB Input current 

VCM Common mode voltage range 
CMRR Common mode rejection ratio 

PSRR Power supply rejection 
RIN Input resistance 

AVOL Large signal voltage gain 

VOUT Output voltage 

Icc Supply current 

PD Power dissipation 

Isc Output short circuit current 
ROUT Output resistance 

'NOTE 
Temperature range 
SE types -55°C:s; TA:S; 125°C 
NE types O°C:s; T A:5 70°C 

6-66 

TEST CONDITIONS 

Rs:5 10k!1 
Rs:5 10k!1, over temp. 

Rs - 0!1, over temp. 

Over temp. 

Over temp. 

Over temp. 

Over temp. 

Rs :5 10k!1, over temp. 

Rs:5 10k!1, over temp. 

RL 2: 2k!1, VOUT = ±10V 
RL 2: 2k!l, VOUT = ±10V, over temp. 

RL 2: 2k!l, over temp. 
RL 2: 10k!1, over temp. 

Per amplifier 
Per amplifier, over temp. 

Per amplifier 
Per amplifier, over temp. 

Signetics 

SE5535 

Min Typ Max 

0.7 4.0 
5.0 

4.0 
5 20 

40 

25 

45 SO 
200 

50 

±12 ±13 
70 90 

30 150 
3 10 

50 500 
25 

±10 ±13 
±12 ±14 

1.8 2.S 
2 3.3 

54 84 
60 99 

10 25 50 
100 

NE5535 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 MVrC 
15 40 nA 

SO VnA 

40 pA/'C 

65 150 nA 
200 nA 

SO pA/'C 

±12 ±13 V 
70 90 dB 

30 150 MV/V 
1 6 M!1 

50 500 Vim V 
25 V/mV 

±10 ±13 V 
±12 ±14 V 

I.S 2.S mA 
2 mA 

54 S4 mW 
60 mW 

10 25 50 mA 
100 !1 



LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OPAMP SE/NE5535 

AC ELECTRICAL CHARACTERISTICS TA = 25 'C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Gain/bandwidth product 

Transient response 
Small signal rise time 
Small signal overshoot 
Settling time To 0.1% 
Slew rate RL '< 10kn, unity gain, non·inverting 

Input noise voltage f = 1kHz, TA = 25'C 

TYPICAL PERFORMANCE CHARACTERISTICS 

40 

36 

32 

28 

24 

20 

16 

12 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 

Vs= ± 15V 
TA=25"C 

RL = lOkI! 

\ 
\ 
\ 
\ 

100 lk 10k lOOk 1M 

0 

FREQUENCY 1Hz) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

55°C<TA <: + 12S"C 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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VOLTAGE WAVEFORMS 

SETTLING TIME MEASUREMENT 

SLEW RATE MEASUREMENT 

'Nfl 50% 

-'OV \~-
I 

"1 
SLEW RATE 
V(-) TO VI-I 

(MEASUREMENT 
PERIOD) 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

50mV ,..-_______ .., 

INPUT 

50% 

90% 

RISE TIME 

TEST CIRCUITS 

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 

10k 

RS 

50 

NOTE 
Pins not shown are not connected, 
All resistors .... alues are typical and in ohms. 

:Jl -b 
INPUT Oif-.....,--W ......... ---1 

10k" 

FALSE 
SUMMING 

NODE 

"Match to within 0.01%. 

NOTE 

Pins not shown are not connected. 

Vee = 15V 

All resistors values are typical and in ohms. 
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DUAL HIGH SLEW RATE OP AMP 

APPLICATIONS 

Introduction 
The NE5535 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V/~s. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur· 
rent. 

A3 
1K 

Ceff=~'C1 
AS' A3 

All resistor values are in ohms. 

Figure 1. Capacitance .. Multiplier 

Applications 
These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that follows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 

the positive and negative supply voltage will 
be equal during power up. With the NE5535, 
it is possible to degrade the input circuit char· 
acteristics by not applying the power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the I'A741 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 

Th'e NE5535 can be used either with single or 
split power supplies. 

APPLICATIONS 
CAPACITANCE MULTIPLIER 
The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C= 10I'F, an effective capacitance of 
10,OOOI'F was obtained. The Q available is 

10K 

All resistor values are in ohms. 

SE/NE5535 

bility at high frequencies. R1 should there· 
fore always be slightly smaller than R2 to 
assure stable operation. 

POWER AMPLIFIER 
For most applications, the available power 
from op amps is sufficient. There are 
times when more power handling capa· 
bility is necessary. A simple power 
booster capable of driving moderate loads 
is offered in Figure 3. 

The circuit as shown uses a NE5535 
device. Other amplifiers may be substi· 
tuted only If R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be calculated from 
the expression 

R1 - 600mV 
- ICC 

r-----------~------O+v 

A1 

1K 

2N697 

R1 

~-------------*----o-v 

It is always good practice in designing a sys· 
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 

Figure 3. Power Booster 

6-70 

limited by the effective series resistance. 
So R1 should be as large as practical. 

SIMULATED INDUCTOR 
With a constant current excitation, the 
voltage dropped across an inductance in· 
creases with frequency. Thus, an active 

AF'RIN device whose output increases with fre· 
quency can be characterized as an induct· 

C1 ance. The circuit of Figure 2 yields such a 
response with the effective inductance 
being equal to: 

Figure 2. Virtual Inductor 

L= R1R2C 

The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed· 
back paths of the amplifier are equal 
leading to the distinct possibility of insta· 

Signefics 

Figure 4. Voltage to Current 
Converters 
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DUAL HIGH SLEW RATE OP AMP 

D.C. 

R4 

Rl 

R2 R4 
R,"'R3 

lOUT" ~I~: :~ 

Figure 5. Voltage to Current Converter 

,------0 - IV CLAMP -0.61 = -2.4 V 

'------+--0+ IV CLAMP -0.61 = +2.4 V 

>-..... -oVOUT 

Figure 6. Active Clamp limiting Amplifier 

10K 
r---~~---~~~--~-V 

01 

10K 10K 

All resistor values are in ohms. 

Figure 7. Absolute Value Amplifier 

Signetics 

SE/NE5535 

VOLTAGE·TO·CURRENT 
CONVERTERS 
A simple voltage·to·current converter is 
shown in Figure 4. The current out is 
lout'" Vln/R. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circuit 
can be used to control cu rrents of many 
amps. Unity gain compensation is 
necessary. 

The circuit in Figure 5 has a different input 
and will produce either polarity of output 
current. The main disadvantages are the 
error current flowing in R2 and the limited 
current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 
The modified inverting amplifier in Figure 
6 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing is limited by the base·emitter break· 
down of the transistors. A simple circuit 
uses two back·to·back zener diodes 
across the feedback resistor, but tends to 
give less precise limiting and cannot be 
easily controlled. 

ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 7 generates a positive 
output voltage for either polarity of Input. 
For positive signals, it acts as a non· 
inverting amplifier and for negative 
signals, as an inverting amplifier. The ac· 
curacy is poor for Input voltages under W, 
but for less stringent applications, It can 
be effective. 

HALF WAVE RECTIFIER 
Figure 8 provides a circuit for accurate 
half wave rectification of the Incoming 
signal. For positive signals, the gain Is 0; 
for negative signals, the gain is -1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
output, but the output impedance differs 
for the two Input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the input 
polarity reverses. The NE5535 device will 
work up to 10kHz with less than 5% 
distortion. 

PRECISION FULL WAVE 
RECTIFIER 
The circuit In Figure 9 provides accurate 
full wave rectification. The output Imped· 
ance is low for both Input polarities, and 
the errors are small at all signal levels. 
Note that the output will not sink heavy 
currents, except a small amount through 
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10K 10K 

~7 ~,l. 

t:?> r- + 

S.1K 

-= 
All resistor values are in ohms. 

Figure 8. Half Wave Rectifier 
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10K 

10K 

10K 

10K 

5.1K 

Figure 9. Precision Full Wave Rectifier 

c, ." 
" ,0< 

" 'OK 

TWO-PHASE SINE WAVE 
OSCILLATOR 

All resistor values are in ohms. 

Figure 10. Two-Phase Sine Wave Oscillator 

Signetics 

SE/NE5535 

the 10kO resistors. Therefore, the load ap
plied should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type 
devices give 5% distortion at about 
300Hz. 

TWO·PHASE SINE WAVE 
OSCILLATOR 
The circuit (referring to Figure 10, uses a 2-
pole pass Butterworth. followed by a phase 
shifting single pole stage, fed back through a 
voltge limiter to achieve sine and cosine out
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of eG and/or the limiting 
network, better distortion figures are possible. 
The component values shown give a fre
quency of oscillation of about 2kHz. The val
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 
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OPERATIONAL AMPLIFIER TCA520B,D 

GENERAL DESCRIPTION 

The TCA520 is a bipolar integrated operational amplifier primarily intended for low-power, low-voltage 
applications and as a comparator in digital systems. 

Features 
• wide supply voltage range 
• low supply voltage operation 
• low power consumption 
• low input bias current 
• offset compensation facility 
• frequency compensation facility 
• high slew rate 
• large output voltage swing 
• TTL compatible output 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current 

I nput bias current 

Output voltage range 

D.C. differential voltage amplification 

Slew rate 

Operating ambient temperature range 

PACKAGE OUTLINES 

TCA520B : 8-lead D I L; plastic (SOT-97 A). 
TCA520D: 8-lead mini-pack; plastic (SO-8;SOT-96A). 

Signetics 

VCC 

ICC 

liB 

VQ 

AVD 

SVOAV 

Tamb 

2 to 20 V 

typo 0.8 mA 

typo 60 nA 

0.1 to VCC-0.1 V 

typo 15000 

typo 25 V/j.l.S 

-25 to + 85 oC 
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1+ _3+-----i 

I_~2~------~------~ 

TR3 

R2 

-
1 

OF1 

Fig. 1 

OF1 8 OF2 

1- 2 
TCA520B 

7 Vec 

1+ 3 
TCA520D 

6 Q 

VEE 4 5 FC 

Fig. 2 Pinning diagram. 

6·74 

Fe 
5 

R3 R4 

B 
OF2 

Circuit diagram. 

PINNING 

1 OF1 
2 1-
3 1+ 
4 VEE 
5 FC 
6 Q 

7 VCC 
8 OF2 

Signetics 

TCA520B,D 

6 Q 

RS D1 

4 7Z67240.1 

VEE 

offset compensation connection 
inverting input 
non-inverting input 
ground connection 
frequency compensation connection 
output 
positive supply connection 
offset compensation connection 
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OPERATIONAL AMPLIFIER 

RATINGS 

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

Supply voltage, d.c. VCC 

Input voltage 

Differential input voltage 

Power dissipation at T amb = 85 °C 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS 

VI 
-VI 

±VID 

Ptot 

Tstg 

Tamb 

TCA520B,D 

max. 22 V 

max. VCC V 
max. o V 

max. 7 V 

max. 200 mW 

-55to+125 °C 

-25 to + 85 °C 

V CC = 5 V; VEE = 0 V; T amb = 25 oC; R L from Q to V CC unless otherwise specified 

parameter symbol min. typo max. unit 

Supply VCC; pin 7 

Supply current, unloaded ICC 0.5 0.8 1.2 mA 

Inputs 1+ and 1-; pins 3 and 2 

Input voltage VI 0.9 - VCC-0.5 V 

I nput bias current liB - 60 250 nA 

I nput offset voltage VIO - 1 6 mV 

Variation with temperature AVIO - 5 - !lV/K 

I nput offset cu rrent 110 - 10 75 nA 

Common-mode rejection ratio kCMR 70 100 - dB 

Input noise voltage at f = 1 kHz Vn(rms) - 15 - nV/yHz 

I nput noise current at f = 1 kHz In(rms) - 0.4 - pA/yHz 

Output a; pin 6 

Output voltage range at R L = 5 kn Va 0.1 - VCC-O.1 V 

Output current 
HIGH at Va = VCC - 0.4 V -IOH 100 200 - !lA 

LOW at Va = 0.4 V 10L 6 12 - mA 

D.C. voltage amplification 
at RL = 5 kn AVD 10 000 15000 -

A.C. voltage amplification 
at f = 1 kHz; CFC = 100 pF AVd - 58 - dB 

Slew rate (average rate of change of 
the output voltage) at R L = 1 kn 
CFC = 0 pF SVOAV - 25 - V/!lS 

CFC = 100 pF SVOAV - 500 - mV/!ls 
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7Z67242.2 

r-.. 1'1\ 
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CFC Q 100 pF 10 pFI" 0"1' 
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10 
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Fig.3 Typical values of the open-loop voltage amplification as a function of frequency. 
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Fig.4 Typical values of the open-loop voltage amplification as a function of supply voltage. 
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10 
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50 
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0 25V//ls 
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1 pF lS V//l' '1\ 

...... 

~ 

10pF S'V//l' \ 
'\ 

1\ 
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1\ , 
~ , 
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Fig. 5 Typical frequency response and slew rate for various closed-loop gains. 
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Fig.6 Typical values of the input bias current 
as a function of supply voltage, with ambient 
temperature as a parameter. 

Fig. 7 Output current LOW as a function of 
output voltage, with supply voltage as a 
parameter. 
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Fig.8 Output current HI G H as a function of 
output voltage, with supply voltage as a 
parameter. 
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Fig.9 Minimum values of the output 
voltage swing as a function of supply 
voltage for R L = 1 kn. 
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Fig. 10 Typical arrangement of the TCA520 Fig. 11 Typical application of the TCA520 
with frequency and offset compensation. as a comparator. 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION FEATURES 
The f,lA741 is a high performance oper- · Internal frequency compensation 
ational amplifier with high open loop gain, · Short circuit protection 
internal compensation, high common · Excellent temperature stability 
mode range and exceptional temperature · High input voltage range 
stability. The f,lA741 is short-circuit pro-
tected and allows for nulling of offset volt-
age. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
~A741C ±18 
~A741 ±22 

Internal power dissipation 
N package 500 
FE package 1000 

Differential input voltage ±30 
Input voltage 1 ±15 
Output short-circuit duration Continuous 
Operating temperature range 

I'A741C a to +70 
SA741C -40 to +85 
I'A741 -55to+125 

Storage temperature range -65to+150 
Lead temperature (soldering 60sec) 300 

NOTE 
1. For supply voltages less than ± 15V, the absolute maximum input voltage is 

equal to the supply voltage. 

EQUIVALENT SCHEMATIC 

NON·INVERTING 
INPUT 

OFFSET NULL 

~A741, I'A741C, SA741C 

Signetics 

", 
2511 

UNIT 

V 
V 

mW 
mW 

V 
V 

°C 
°C 
°C 
°C 
°C 

-<>QUTPUT 

"10 
50!! 

p,A7411 p,A741C/SA741C 

PIN CONFIGURATION 

D,FE,N PACKAGE 

'-"""f8"' INVERTING 2 - 1 V + 
INPUT 

NON-INVERTING l 6 OUTPUT 
INPUT + 

v- • 5 OFFSET 
NULL 

TOP VIEW 

ORDER NUMBERS 
j(A741N jlA741FE 

jlA741CN jlA741CFE 
SA741CN 
;tA741CD 

6 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER /tA741! /tA741C/SA741C 

DC ELECTRICAL CHARACTERISTICS TA=25°C, vs= ± 15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 
~741 I'A741C 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage Rs= 10k!l 1.0 5.0 2.0 6.0 mV 
Rs = 10k!l, over temp. 1.0 6.0 7.5 mV 

t!.Voslt!.T 10 10 I'VloC 

los Offset current 20 200 20 200 nA 
Over temp. 300 nA 

TA= + 125°C 7.0 200 nA 
TA= -55°C 20 500 nA 

t!.loslt!.T 200 200 pAloC 

ISlAS Input bias current SO 500 SO 500 nA 
Over temp. SOO nA 

TA=+125°C 30 500 nA 
TA= -55°C 300 1500 nA 

t!.lslt!.T 1 1 nAloC 

VOUT Output voltage swing RL = 10k!l ± 12 ± 14 ± 12 ±14 V 
RL = 2k!l, over temp. ±10 ±13 ± 10 ± 13 V 

AVOL Large signal voltage gain RL = 2kO, Vo= ± 10V 50 200 20 200 VlmV 
RL = 2k!l, Vo = ± 10V, over temp. 25 15 VlmV 

Offset voltage adjustment ±30 ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs :5 10k!l 10 150 I'VIV 
Rs :5 10k, over temp. 10 150 I'VIV 

CMRR Common mode rejection ratio dB 
Over temp. 70 90 dB 

Icc Supply current 1.4 2.S 1.4 2.S mA 
TA=+125°C 1.5 2.5 mA 
TA=-55°C 2.0 3.3 mA 

VIN Input voltage range ("A741 , over temp.) ± 12 ± 13 ±12 ±13 V 
RIN Input resistance 0.3 2.0 0.3 2.0 M!l 

Pd Power consumption 50 S5 50 S5 mW 
TA=+125°C 45 75 mW 
TA= -55°C 45 100 mW 

ROUT Output resistance 75 75 !l 
Isc Output short·circuit current 10 25 60 10 25 60 mA 

SA741C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vas Offset voltage Rs= 10k!l 2.0 6.0 mV 
Rs = 10kO, over temp. 7.5 mV 

t!.Voslt!.T 10 I'VloC 

los Offset current 20 200 nA 
Over temp. 500 nA 

t!.loslt!.T 200 pAloC 

ISlAS Input bias current SO 500 nA 
Over temp. 1500 nA 

t!.lslt!.T 1 nAloC 

VOUT Output voltage swing RL = 10k!l ±12 ± 14 V 
RL = 2k!l, over temp. ±10 ±13 V 

AVOL Large signal voltage gain RL=2k!l, Vo= ±10V 20 200 VlmV 
RL=2k!l, Vo= ±10V, overtemp. 15 VlmV 

Offset voltage adjustment ±30 mV 
range 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER {tA7 411 {tA7 41 C/SA7 41 C 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA=25'C, Vs= ± 15V, unless otherwise specified. 

SA741C 
PARAMETER TEST CONDITIONS 

Min Typ Max 

PSRR Supply voltage rejection ratio Rs :5 10k!l 10 150 

CMRR Common mode rejection ratio 

V1N Input voltage range (~A741, over temp.) ±12 ±13 
Input resistance 0.3 2.0 

Pd Power consumption 50 85 

ROUT Output resistance 75 
Isc Output short-circuit current 25 

AC ELECTRICAL CHARACTERISTICS TA = 25'C, Vs = ±15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS I'A741,I'A741C UNIT 

Min 

Parallel input resistance Open loop. f = 20Hz 
Parallel input capacitance Open loop. f = 20Hz 

Unity gain crossover frequency Open loop 

Transient response unity gain VIN = 20mV, RL = 2kO, CL oS 100pf 
Rise time 
Overshoot 
Slew rate C oS 100pf, RL 2: 2k, VIN = ±10V 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

_55°C s TA:S +125°C 
40 

36 

32 

28 

24 

20 

16 

12 

t------ RL. <!: 2kn ./ 
./ 

V 

./ 
/' 

/ 

V 
o 

5 10 15 20 

SUPPLY VOLTAGE- ~v 

INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 

SUPPLY VOLTAGE 

~ 16 

I 14 
w 

" z 12 
<l! 
w 10 

" ~ 
o 
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w 
C o 
:;; 
z 
o 
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5 
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SUPPLYVOLTAGE- ±V 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DUAL OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 747 Is a pairof high performance mono
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of "latch-up" 
make the 747 Ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per
formance in Integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com
pensation. The Internal 6dS/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
~741 data sheet. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
J.lA747 
J.lA747C 
SA747C 

Internal power dissipation 
H Package 
N,F Packages 

Differential Input voltage 
Input voltage 
Voltage between offset null 

and V-
Storage temperature range 
Operating temperature range 

J.lA747 
J.lA747C 
SA747C 

Lead temperature 
(soldering, 60 sec) 

Output short-circuit duration 

EQUIVALENT SCHEMATIC 

FEATURES 
• No frequency compensation required 
• Short-circuit protection 
• Ollset voltage null capability 
• Large common-mode and dillerential 

voltage ranges 
• Low power consumption 
• No latch-up 

RATING UNIT 

±22 V 
±18 V 
±18 V 

500 mW 
670 mW 
±30 V 
±15 V 

±0.5 V 
-65 to +155 ·C 

-55 to +125 ·C 
o to +70 ·C 

-40 to +85 ·C 

300 ·C 
indefinite 

EQUIVALENT CIRCUIT (EACH SIDE) 

6·84 

INVERTING INPUT 

r1--------~--r-~----------~------~-ov· 

Signetics 

", 
250 

p.A7 4717 47C/SA7 47C 

PIN CONFIGURATIONS 

D,F,N PACKAGE 

NON·INVERTING 
INPUTA 

NON· INVERTING 
INPUT B 

INVERTING 
INPUTS 

ORDER NUMBERS 
,A747CN, ,A747CF, ,A747N, 
,A747F, SA747CN, ,A747C 

,A747CD 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER p.A7 4717 47C/SA7 47C 

DC ELECTRICAL CHARACTERISTICS TA= 25'C, vs= ± 15V unless otherwise specified. 

SA747C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Offset voltage Rs = 10kO 2.0 6.0 mV 
Rs :s 10kO, over temperature 3.0 7.5 mV 

AVos/AT 10 p.V/'C 

los Offset current 20 200 nA 
Over temperature 500 nA 

Alos/AT 300 pAl'C 

IBIAS Input bias current 500 nA 
Over temperature 1500 nA 

AlB/AT 1 nAl'C 

VOUT Output voltage swing RL 2: 2kO, over temperature ±10 ± 13 V 
RL 2: 10kO, over temperature ±12 ±14 V 

Icc Supply current 1.7 2.8 mA 
Over temperature 2.0 3.3 mA 

Power consumption 50 85 mW 
Over temperature 60 100 mW 

Input capacitance 1.4 pF 

Offset voltage adjustment range ±15 V 

Output resistance 75 ° 
Channel separation 120 dB 

PSRR Supply voltage rejection ratio Rs :s 10kO, over temperature 30 150 p.VIV 

AVOL Large signal voltage gain (DC) RL 2: 2kO, VOUT = ± 10V 25,000 VIV 

CMRR Rs:S 10kO, VCM= ±12V 
Over temperature 70 dB 

Isc 10 25 60 mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
j.lA7471j.1A747C/SA747C 

UNIT 
Min Typ Max 

Transient response VIN = 20mV. R, = 2kfl, C, < 100pf 
Risetime Unity gain CL '" 100pf 0.3 j.ls 
Overshoot Unity gain CL '" 100pf 5.0 % 

Slew rate RL > 2kfl 0.5 V/j.ls 

Signetics 6·85 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER fJ-A7 4717 47C/SA7 47C 

DC ELECTRICAL CHARACTERISTICS TA = 25'C, vcc= ± 15V unless otherwise specified.' 

PARAMETER TEST CONDITIONS 
!<A747 p.A747C 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage Rs " 10kll 2.0 5.0 2.0 6.0 mV 
Rs s 10kll, over temp. 3.0 6.0 3.0 7.5 mV 

AVos/AT 10 10 p.V/'C 

los Offset current 20 200 20 200 nA 
TA= + 125'C 7.0 200 nA 
TA= -55'C 85 500 nA 

Over'temperature 7.0 300 nA 
Alos/AT 200 200 pA/'C 

ISlAS Input current 80 500 80 500 nA 
TA=+125'C 30 500 nA 
TA= -55'C 300 1500 nA 

Over temperature 30 800 nA 
AlB/AT 1 1 nA/'C 

VOUT Output voltage swing RL ;,;2kll, over temp. ±10 ±13 ± 10 ± 13 V 
RL ;,; 10kll, over temp. ±12 ± 14 ± 12 ± 14 V 

Icc Supply current 1.7 2.8 1.7 2.8 mA 
each side TA=+125'C 1.5 2.5 mA 

TA= -55'C 2.0 3.3 mA 
Over temperature 2.0 3.3 mA 

Power consumption 50 85 50 85 mW 
TA=+125'C 45 75 mW 
TA= -55'C 60 100 mW 

Over temperature 60 100 mW 

Input capacitance 1.4 1.4 pF 

Offset voltage adjustment range ±15 ± 15 V 

Output resistance 75 75 Il 

Channel separation 120 120 dB 

PSRR Supply voltage rejection ratio Rs " 10kll, over temp. 30 150 30 150 p.VIV 

AVOL Large signal voltage gain (DC) RL ;,; 2kll, VOUT= ± 10V 50,000 25,000 VIV 
Over temperature 25,000 15,000 VIV 

CMRR Rs s 10kll, VCM = ±12V 
Over temperature 70 70 dB 

6-86 Signetics 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER p,A7 47/7 47C/SA7 47C 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DUAL OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DUAL OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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4W AUDIO AMPLIFIER WITH DC VOLUME CONTROL TDA1013A 

The TDA1013A is a monolithic integrated audio amplifier circuit with d.c. volume control in a 9-lead 
single in-line (SI L) plastic package. The wide supply voltage range makes this circuit very suitable for 
applications in mains-fed apparatus such as television receivers and record players. 

The d.c. volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control can be obtained by means of a variable d.c. voltage between 3.5 and 8 V. 

The audio amplifier has a well defined open loop gain and a fixed integrated closed loop gain. This 
offers an optimum in number of external components, performance and stability. 

The SI L package (SOT-11 OB) offers a simple and low-cost heatsink connection. 

QUICK REFERENCE DATA 

Supply voltage range 

Repetitive peak output current 

Total sensitivity (d.c. control at max. gain) 
for Po = 2.5 W 

Audio amplifier 

Output power at dtot = 10% 
Vp=18V;RL=8n 

Total harmonic distortion at Po = 2.5 W; R L = 8 n 

Sensitivity for Po = 2.5 W 

D.C. volume control unit 

Gain control range 

Signal handling at dtot < 1 % 
(d.c. control at a dB) 

Sensitivity for Vo = 125 mV at max. voltage gain 

Input impedance (pin 8) 

PACKAGE OUTLINE 

9-lead SI L; plastic (SOT-11 OB). 

6-90 Signetics 

Vp 

IORM 

Po 

dtot 

Vi 

¢ 

Vi 

Vi 

IZil 

15 to 35 V 

max. 1.5 A 

typo 55 mV 

typo 4.5 W 

typo 0.5 % 

typo 125 mV 

> 80 dB 

> 1.2 V 

typo 55 mV 

typo 250 kn 
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4W AUDIO AMPLIFIER WITH DC VOLUME CONTROL TDA1013A 

c2iJnF 

5.6K R1 Q 
220 K 

C1 M'V\r~---'-----"'--o + 18 V 
'+ 

0.1 =!:: (1) 

I/F -:1-

7Z8S574.3 

(1) Belongs to power supply. 

Fig. 1 Basic application diagram also used as test circuit with R 1 = 5.1 kn and C1 = 22 nF. 

RATINGS 

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

Supply voltage Vp 

Non-repetitive peak output current IOSM 

Repetitive peak output current 

Storage temperature 

Crystal temperature 

max. 

max. 

max. 

35 V 

3 A 

1.5 A 

-55 to + 150 °C 

-25 to + 150 °C 

Total power dissipation see derating curve Fig. 2 

HEATSINK DESIGN 

Assume Vp = 18 V; RL = 8 n; Tamb = 60 0C (max.); Tj = 150 °C (max); for a 4 W application into an 
8 n load, the maximum dissipation is about 2.5 W. 
The thermal resistance from junction to ambient can be expressed as: 

Tj max - Tamb max 150 - 60 
Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = p = 36 K/W. 

max 2.5 

Since Rth j-tab = 9 K/W and Rth tab-h = 1 K/W, Rth h-a = 36 - (9 + 1 i = 26 K/W. 
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LINEAR LSI PRODUcrS 

4W AUDIO AMPLIFIER WITH DC VOLUME CONTROL 

CHARACTERISTICS 

8 

Ptot 

IW) 

6 

4 

3,3 

2 

o 

1', 

o 

7286673 

\ 
\ 

\ 
\ 

~ ..... 
"- \ r-.. 

I' ...... \ ...... 
:"" i'- .... .\ 

50 

Fig. 2 Power derating curve. 
-- infinite heatsink; 
- - - without heatsink. 

Vp = 18 V; RL = 8 n; f = 1 kHz; Tamb = 25 oC; unless otherwise specified 

Supply voltage Vp 

Total quiescent current Itot 
Noise output voltage (see also note) Vn 
Total sensitivity (d.c. control at maximum gain) 

for Po = 2.5 W Vi 

Frequency response (-3 dB) f 

Audio amplifier 

Repetitive peak output current IORM 

Output power at dtot = 10% Po 

Total harmonic distortion at Po = 2.5 W dtot 

Voltage gain Gv 
Sensitivity for Po = 2.5 W Vi 

Input impedance (pin 5) IZil 

Note 

TDA1013A 

typo 18 V 
15 to 35 V 

typo 35 mA 

< 1.4 mV 

38 to 69 mV 
typo 55 mV 

35 Hz to 20 kHz 

< 1.5 A 

> 4W 
typo 4.5 W 

typo 0.5 % 
< 1 % 

typo 30 dB 

typo 125 mV 

> 100 kn 
typo 250 kn 

Measured in a bandwidth according to IEC 179-curve 'A'; RS = 5 kn and d.c. control at minimum gain. 
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4W AUDIO AMPLIFIER WITH DC VOLUME CONTROL TDA1013A 

CHARACTERISTICS (continued) 

D.C. volume control unit 

Gain control range (see also Fig. 3) 

Signal handling at dtot < 1% 
(d.c. control at a dB) 

Sensitivity for Vo = 125 mV at max. voltage gain 

Input impedance (pin 8) 

Output impedance (pin 6) 

8 
V7_ 9 

(V) 

7 

6 

5 

4 

3 
+20 

" """"r-... 
~ 

o -20 

i"'-~ 
~ 

.......... 
............ 

-40 -60 -80 

J2j (dB) 

¢ > 80 dB 

Vi > 1.2 V 

Vi typo 55 mV 

IZil 
> 100 kn 
typo 250 kn 

IZol 
100 to 400 n 

typo 200 n 

7286672 2 

1/ 
/ 

/ 
/1' 

/ 
/ 

/ 
/ 

~ 

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 

17 (rnA) 

Fig. 3 Typical values gain control; Vi at pin 7. 
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LINEAR LSI PRODUCTS 

24W BTL AUDIO AMPLIFIER TDA1515 

The TDA 1515 is a monolithic integrated class-B output amplifier in a 13-lead single in-line (SI L) plastic 
power package. The device is primarily developed for car radio applications, and also to drive low
impedance loads (down to 1.6 n). At a supply voltage Vp = 14.4 V, an OU~:'Lit power of 21 W can be 
delivered into a 4 n BTL (Bridge Tied Load), or, when used as stereo amplifier, it delivers 2 x 11 W 
into 2 nor 2 x 6.5 W into 4 n. 
Special features are: 
• flexibility in use - mono BTL 

as well as stereo 
• high output power 
• low offset voltage at the output 

(important for BTL) 
• large usable gain variation 
• very good ripple rejection 

• internal limited bandwidth for high frequencies 
• low stand-by current possibility (typ. 1 J1A), to 

simplify required switches; TTL drive possible 
• low number and small sized external 

components 
• high reliability 

The following currently required protections are incorporated in the circuit. These protections also 
have positive influence on reliability in the applications. 
• load dump protection • speaker protection in bridge configuration 
• a.c. and d.c. short·circuit safe to • SOAR protection 

ground up to Vp = 18 V • outputs short-circuit safe to ground in BTL 
• thermal protection • reverse polarity safe 

QUICK REFERENCE DATA 

Supply voltage range (operating) Vp 6 to 18 V 
Supply voltage (non-operating) Vp max. 28 V 
Supply voltage (non-operating; load dump protection) Vp max. 45 V 
Repetitive peak output current IORM max. 4 A 
Total quiescent current Itot typo 75 mA 
Stand-by current Isb typo o J1A 
Switch-on current Iso < 100 J1A 
Input impedance IZil > 1 Mn 

Bridge tied load application (BTL) Vp 14.4 13.2 V 

Output power at R L = 4 n (with bootstrap) 
dtot = 0.5% Po typo 16 14 W 
dtot =10% Po typo 21 18 W 

Supply voltage ripple rejection; RS = 0 n; f = 100 Hz RR typo 50 50 dB 
D.C. output offset voltage between the outputs I.lV5-91 < 50 50 mV 

Stereo application 

Output power at dtot = 10% (with bootstrap) 
RL = 4 n Po typo 6.5 6 W 
RL = 2 n Po typo 11 10 W 

Output power at dtot = 0.5% (with bootstrap) 
RL =4 n Po typo 5 4.5 W 
RL = 2 n Po typo 8 7.5 W 

Channel separation ex > 40 40 dB 
Noise output voltage; RS = 10 kn; according to lEG curve-A Vn typo 0.2 0.2 mV 

PACKAGE OUTLINE 13-lead SI L; plastic power (SOT-141 B). 
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24W BTL AUDIO AMPLIFIER TDA1515 

6 B 
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7ZBeoeO.l 

Fig. 1 Internal block diagram; the heavy lines indicate the signal paths. 

Signetics 6·95 

6 



LINEAR LSI PRODUCTS 

24W BTL AUDIO AMPLIFIER TDA1515 

6-96 

RATINGS 

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

Supply voltage; operating (pin 10) Vp 

Supply voltage; non-operating Vp 

Supply voltage; during 50 ms (load dump protection) Vp 

Peak output current 10M 

max. 

max. 

max. 

max. 

18 V 

28 V 

45 V 

6 A 

Total power dissipation 

Storage temperature range 

Crystal temperature 

see derating curve Fig. 2 

A.C. and d.c. short-circuit safe voltage 

Reverse polarity 

20 

Ptot 
(WI 

16 

12 

8 

4 

o 

r-.... 
r-.... r-... 

"'" r-.... 

\ 

1"'- Rth c-a 

~~/W 

t--
......... r-.... ~Lw "f'-

r--.. 
r-.... 

-55 to + 150 °C 

max. 150 °C 

max. 

max. 

18 V 

10 V 

7Z86577 

1\ infinite 
heatsink t-- t--

\ 
1\ 

\ 

~ 1\ 
r--.. " t--...i\ r-...: ~ 

-20 o 20 40 60 80 100 120 140 160 

Tamb (oCI 

Fig. 2 Power derating curves. 

HEATSINK DESIGN EXAMPLE 

The derating of 3 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive) : 

21 W BTL (4 n) or 2 x 11 W stereo (2 n) 
maximum sine-wave dissipation: 12 W 
T amb = 65 °C maximum 

150-65 
Rth h-a = ---- - 3 = 4 K/W. 

12 

2 x 6.5 W stereo (4 n) 
maximum sine-wave dissipation: 6 W 
T amb = 65 °C maximum 

150-65 
Rth h-a = --6- - 3 = 11 K/W. 
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24W BTL AUDIO AMPLIFIER TDA1515 

D.C. CHARACTERISTICS 

Supply voltage range (pin 10) Vp 6 to 18 V 

Repetitive peak output current IORM < 4 A 

Total quiescent current Itot typo 75 mA 

Switching level 11 : OFF Vll < 1.8 V 
ON V 11 > 3 V 

Impedance between pins 10 and 6; 10 and 8 
(stand-by position V 11 < 1.8 V) IZOFFI > 100 kn 

Stand-by current at V 11 = 0 to 0.8 V Isb 
typo 1 J.l.A 
< 200 J.l.A 

Switch-on current (pin 11) at V 11 .;;; V 10 (note 1) Iso 
typo 10 J.l.A 
< 100 J.l.A 

A.C. CHARACTERISTICS 

Tamb = 25 oC; Vp = 14.4 V; f = 1 kHz; unless otherwise specified 

Bridge tied load application (BTL); see Fig. 3 

Output power at R L = 4 n (with bootstrap) > 15.5 W 
Vp = 14.4 V; dtot = 0.5% Po typo 16 W 

Vp = 14.4 V; dtot = 10% Po > 20 W 
typo 21 W 

V P = 13.2 V; dtot = 0.5% Po typo 14 W 6 
Vp= 13.2V;dtot = 10% Po typo 18 W 

Open loop voltage gain Go typo 75 dB 

Closed loop voltage gain (note 2) Gc typo 40 (± 0.5) dB 

Frequency response at -3 dB (note 3) B 20 Hz to min. 20 kHz 

I nput impedance (note 4) IZil > 1 Mn 

Noise input voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
RS=On Vn(rms) typo 0.2 mV 

RS=10kn Vn(rms) 
typo 0.35 mV 

< 0.8 mV 

RS = 10 kn; according to I EC 179 curve A Vn typo 0.25 mV 

Supply voltage ripple rejection (note 5) > 42 dB 
f= 100 Hz RR typo 50 dB 

D.C. output offset voltage between the outputs I~V5-91 < 50 mV 

Loudspeaker protection typo 2 mV 
(all conditions) 
maximum d.c. voltage (across the load) I~V5-91 < 1 V 

Power bandwidth; -1 dB; dtot = 0.5% B 30 Hz to 30 kHz 
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24W BTL AUDIO AMPLIFIER 

Stereo application; see Fig. 4 

Output power at dtot = 10%; with bootstrap (note 6) 
Vp=14.4V;RL=4n 

Vp=14.4V;RL=2n 

Vp= 13.2V; RL =4n 

Vp = 13.2 V; RL = 2 n 

Output power at dtot = 0.5%; with bootstrap (note 6) 
V P = 14.4 V; R L = 4 n 

Vp=14.4V;RL=2n 

Vp = 13.2 V; R L = 4 n 

V p = 13.2 V; R L = 2 n 

Output power at dtot = 10%; without bootstrap 
Vp = 11.4 V; RL = 4 n (notes 6, 8 and 9) 

Frequency response at -3 dB (note 3) 

Supply voltage ripple rejection (note 5) 

Channel separation; RS = 10 kn; f = 1 kHz 

Closed loop voltage gain (note 7) 

Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
RS=On 

RS=10kn 

RS = 10 kn; according to I EC curve A 

Notes 

Po 

Po 

Po 

Po 

Po 

Po 

Po 

Po 

Po 

B 

RR 

(l( 

Gc 

Vn(rms) 

Vn(rms) 

Vn 

1. The internal circuit impedance at pin 11 is> 5 kn if V 11 > V 1 0' 

TDA1515' 

> 6W 
typ, 6.5 W 

> 10 W 
typo 11 W 

typo 6W 

typo 10 W 

typo 5W 

typo 8W 

typo 4.5 W 

typo 7.5 W 

typo 5.5 W 

40 Hz to min. 20 kHz 

typo 50 dB 

> 40 dB 
typo 50 dB 

typo 40 dB 

typo 0.15 mV 

typo 0.25 mV 

typo 0.2 mV 

2. Closed loop Voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external 
components. 

3. Frequency response externally fixed. 
4. The input impedance in the test circuit (Fig. 3) is typo 100 kn. 
5. Supply voltage ripple rejection measured with a source impedance of 0 n (maximum ripple amplitude: 

2V). 
6. Output power is measured directly at the output pins of the IC. 
7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external 

components. 
8. A resistor of 56 kn between pins 3 and 7 to reach symmetrical clipping. 
9. Without pootstrap the 100 J.l.F capacitor between pins 5 and 6 (8 and 9) can be omitted. Pins 6, 8 and 

10 have to be interconnected. 
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24W BTL AUDIO AMPLIFIER 
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Fig.3 Test/application circuit bridge tied load (BTL). 
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RL RL 
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stand-by switch 

11 
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Fig. 4 Test/application circuit stereo. 

Signetics 

TDA1515 

1..+ 
"T" (1) 
...!.. 

Ji(1) 
T 
..L 

6-99 

6 



LINEAR LSI PRODUcrs 

20W HI·FI AUDIO AMPLIFIER TDA1520A 

GENERAL DESCRIPTION 

The TDA 1520A is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical or 
symmetrical power supplies for mains-fed apparatus. 

Features 

• Low input offset voltage 
• Output stage with low cross-over distortion 
• Single in-line (SI L) power package 
• A.C. short-circuit protected 
• Very low internal thermal resistance 
• Thermal protection 
• Very low intermodulation distortion 
• Very low transient intermodulation distortion 
• Complete SOAR protection 

QUICK REFERENCE DATA 

Supply voltage range 

Total quiescent current at Vp = 33 V 

Output power at dtot = 0.5% 
sine-wave power 
Vp = 33 V; RL = 4 n 
Vp = 33 V; R L = 4 n 
Vp = 42 V; RL = S n 

Closed-loop voltage gain (externally determined) 

Input resistance (externally determined by RS-1) 

Signal-to-noise ratio at Po = 50 mW 

Supply voltage ripple rejection at f = 100 Hz 

PACKAGE OUTLINE 

TDA1520A : 9-lead SIL; plastic power (SOT-131A). 
TDA 1520AQ: 9-lead SI L-bent-to-DI L; plastic power (SOT-157 A). 
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Vp 15 to 50 V 

Itot typo 70 rnA 

Po typo 22 W 
Po > 20 W 
Po typo 20 W 

Gc typo 30 dB 

Ri typo 20 kn 

SIN typo 76 dB 

RR typo 60 dB 
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20W HI-FI AUDIO AMPLIFIER 

8 

9 

2 

PINNING 

1. Non-inverting input 
2. Input ground (substrate) 
3. Compensation 
4. Negative supply (ground) 
5. Output 
6. Positive supply (Vp) 
7. Not connected 
8. Ripple rejection 
9. Inverting input 

(feedback) 

6 

TDA1520A 

3 

Fig. 1 Simplified internal circuit diagram. 
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20W HI-FI AUDIO AMPLIFIER TDA1520A 

RATINGS 

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

Supply voltage Vp max. 50 V 

4 A 

5 A 

Repetitive peak output current 

Non-repetitive peak output current 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

Duration of a.c. short-circuit of load (R L = 0 D) 
during full-load sine-wave drive at: 
Vs = ± 20 V (symmetrical) and Rsupply = 0 D; or 
Vs = 35 V (asymmetrical) and Rsupply;;;'4 D 

50 
Ptot 

(WI 

40 

30 

20 

10 

o 

"",-

-25 G 

\ 

"'-, 
"'-

" 

50 

7Z91169 

\ 
\ 

\ 
'" \ 

" 

", .\ 
"\ 

--mounted on infinite heatsink. 
- - -mounted on heatsink of 2.3 K!W. 

Fig. 2 Power derating curves. 

THERMAL RESISTANCE 

From junction to mounting base 
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IORM 

IOSM 

max. 

max. 

see derating curve Fig. 2 

Tstg -55 to + 150 0C 

Tamb -25 to + 150 °C 

max. 100 hours 

Rth j-mb ,,;; 2K!W 
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20W HI-FI AUDIO AMPLIFIER 

D.C. CHARACTERISTICS 

Supply voltage range 

Total quiescent current at Vp = 33 V 

Minimum guaranteed output current (peak value) 

A.C. CHARACTERISTICS 

TDA1520A 

Vp 15 to 50 V 

typo 70 mA 
,;:; 105 mA 

IORM ;;;: 3.2 A 

Vp = 33 V; RL = 4 [2; f = 1 kHz; Tamb = 25 oC; measured in test circuit of Fig. 3; unless otherwise 
specified 

Output power 
sine-wave power at dtot = 0.5% 
RL = 4 [2 

f (Fig. 4) 
Po typo 22 W 

RL = 4[2 Po > 20 W 
R L = 8 [2; Vp = 42 V Po typo 20 W 

Power bandwidth at dtot = 0.5% from Po = 50 mW to 10 W B 20 Hz to 20 kHz 

Voltage gain 
open-loop Go typo 74 dB 
closed-loop Gc typo 30 dB 

I nternal resistance of pin 1 (at R 1-8 = 00) Ri > 1 M[2 

Input resistance of test circuit at pin 1 (Fig. 3) Ri typo 20 k[2 

Input sensitivity 
forPo =16W Vi typo 260 mV 

Signal-to-noise ratio 
at Po = 50 mW; Rsource = 2 k[2 
f = 20 Hz to 20 kHz; unweighted SIN typo 76 dB 

weighted; measured according to 
I EC 179 (A-curve) SIN typo 80 dB 

Ripple rejection at f = 100 Hz; RS = 0 [2 RR typo 60 dB 

Total harmonic distortion at Po = 16 W dtot typo 0.01 % 

Output resistance (pin 5) Ro typo 0.01 [2 

I nput offset voltage V5-8 
typo 1 mV 

< 100 mV 

Transient intermodulation distortion 
at Po = 10 W dTIM typo 0.01 % 

Intermodulation distortion at Po = 10 W diM typo 0.01 % 

Slew rate SR typo 9 V//J.s 
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20W HI·FI AUDIO AMPLIFIER 

APPLICATION INFORMATION 

8 

150 + 
/LFI 
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-:;:- 680 

+ 
10/LFr 

TDA1520A 

V+ Roupply 
r------------,..- -T"--J\NIr--- Vsupply (VsI 

6 

3 

1680PF 

270 

TDA1520A 

SOAR & THERMAL 
PROTECTION 

SOAR & THERMAL 
PROTECTION 

iJ... 2.2 
,- mF 

* n,c. 

7Z91173.1 

Fig.3 Test and application circuit. 
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Fig. 4 Output power (Po) versus supply voltage (Vp) at f = 1 kHz, dtot = 0.5%, Gv = 30 dB. 
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20W HI-FI AUDIO AMPLIFIER TDA1520A 

APPLICATION INFORMATION (continued) 

0.6 

dtet 

(%1 

0.4 

0.2 

-r-. 
o 
0.1 

7291171 

/ 
10 Pe (WI 100 

Fig. 5 Total harmonic distortion (dtot) versus output power (Po) at Vp = 33 V, RL = 4 n, f = 1 kHz. 
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Fig. 6 Total harmonic distortion (dtot) versus operating frequency (f) at Vp = 33 V, RL = 4 n, 
Po = 10 W (constant). 
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LINEAR LSI PRODUCTS 

DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 

DESCRIPTION 
The NE5517 contains two current controlled 
transconductance amplifiers, each with a dif
ferential input and push-pull output. The 
NE5517 offers significant design and perfor
mance advantages over similar devices for all 
types of programmable gain applications. Cir
cuit performance is enhanced through the 
use of linearizing diodes at the inputs which 
enable a 10dB signal to noise improvement 
referenced to .5 percent THD. The NE5517 is 
suited for a wide variety of industrial and con
sumer applications and is recommended as 
the preferred circuit in the Dolby· HX (Head
room Extension) system. 

Constant-Impedance-Buffers on the chip 
allow general use of the NE5517. These 
buffers are made of Darlington-Transistor 
and a biasing-network which changes bias 
current in dependence of IABC ' 

Therefore changes of output offset 
voltages are almost eliminated. This is an 
advantage of the NE5517 compared to 
LM13600. With the LM13600 a burst in the 
bias current IABC guides to an audible 
offset voltage change at the output. With 
the Constant-Impedance-Buffers of the 
NE5517 this effect can be avoided and 
makes this circuit preferable for high qual
ity audio applications. 

CIRCUIT SCHEMATIC 

y+ 

FEATURES 
• Constant Impedance buffers 
• AVBE of buffer Is constant with 

amplifier IBIAS change 
• Pin compatible with LM13600 
• Excellent matching between amplifiers 
• Linearizing diodes 
• High output slgnal-to-nolse ratio 

APPLICATIONS 
• Multiplexers 
• Timers 
• Electronic music synthesizers 
• Dolby- HX Systems 
• Current-controlled amplifiers, filters 
• Current-contrOlled oscillators, 

impedances 

NOTE 
·Oolby is a registered trademark of Dolby laboratories 
Inc., San Francisco, Calif. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage 1 

NE5517 
NE5517A 

Power Dissipation2 TA = 25·C 
NE5517N,NE5517AN 

Differential Input Voltage 
Diode Bias Current (10) 
Amplifier Bias Current (IABC) 
Output Shorl Circuit Duration 
Buffer Output Current3 

Operating Temperature Range 
NE5517N,NE5517AN 

DC Input Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 Seconds) 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

OROER NUMBERS 
NE5517N NE5517D NE5517AN 

RATING UNIT 

36VDcor ±18 V 
44 VDC or ±22 V 

570 mW 
±5 V 
2 mA 
2 mA 

Indefinite 
20 mA 

O·C to +70 ·C 
+VS to -VS 

-65·C to +150 ·C 
300 ·C 

"o---------~--~----------------~------~--------------~----------~----~-----

D. 

0'0 

'.' 
0" 

2, 1S o---T---+---+---~ 

VOUTPUT 

-INPUT ~---L 5,12 4,13 '-___ _ 

AMP BIAS "0'_' --~--.r INPUT _ 

'ABC 

A, 
Oa 

0, 
Y-~,----~--~----------______ ~ ____ ~~ __________ ~ ____ l-_____ ~ 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 

PIN DESIGNATION 

PIN NO. SYMBOL 

1 IABCa 

2 Da 

3 +INa 

4 -INa 

5 Voa 

6 V-

7 INBulter (a) 

8 VOBuffer (a) 

9 VOBulter (b) 

10 INBuffer (b) 

11 V+ 

12 Vob 

13 -INb 

14 +INb 

15 Db 

16 IABCb 

CONNECTION DIAGRAM 

NOTE: 

a 
AMP 
BIAS 

INPUT 

" 

AMP 
BIAS 

INPUT 
A 

a 
CIODE 
BIAS 

15 

DIODE 
BIAS 

A 

a 
INPUT 

(+) 

14 

INPUT 
(+) 
A 

NAME AND FUNCTION 

Amplifier bias input A 

Diode bias A 

Non-inverting input A 

Inverting input A 

Output A 

negative supply 

Buffer input A 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode bias B 

Amplifier bias input B 

a 
INPUT B 

(_) OUTPUT v+ (1) 

INPUT OUTPUT v-
(_) A 

A 

a 
BUFFER 
INPUT 

BUFFER 
INPUT 

A 

1. V + of output buffers and amplifiers are internally connected. 

Signetics 

a 
BUFFER 
OUTPUT 

BUFFER 
OUTPUT 

A 

NE5517/5517 A 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 

ELECTRICAL CHARACTERISTICS4 
NE5517 NE5517A 

PARAMETER TEST CONDITIONS 
Min Typ Max Min Typ Max 

UNIT 

Input offset voltage (VOS) 0.4 5 0.4 2 mV 
Over temperature range 5 mV 

IABC 5,.A 0.3 5 0.3 2 mV 
ilVos/ilT Avg. TC of Input offset 7 7 ",V/oC 

voltage 

VOS Including diodes Diode bias current (10) = 500,.A 0.5 5 0.5 2 mV 

Input offset change 5,.A :s IABC :s 500,.A 0.1 0.1 3 mV 

Input offset current 0.1 0.6 0.1 0.6 ,.A 

illos/AT Avg. TC of input offset 0.001 0.001 ",AloC 

current 

Input bias current 0.4 5 0.4 5 ,.A 
Over temperature range 1 8 1 7 ,.A 

iliB/ilT Avg. TC of input current 0.01 0.01 ",AloC 

Forwerd 
Transconductance (gm) 6700 9600 13000 7700 9600 12000 ,.mho 

Ovar temperature range 5400 4000 ,.mho 

gm tracking 0.3 0.3 dB 

Peak output current RL = 0, IABC = 5,.A 5 3 5 7 ,.A 
RL = 0, IABC = 500,.A 350 500 650 350 500 650 ,.A 

RL = 0, 300 300 ,.A 

Peak output voltage 
Positive RL = 00, 5,.A :s IABC :s 500,.A +12 +14.2 +12 +14.2 V 
Negative RL .. 00, 5,.A :s IABC :s 500,.A -12 -14.4 -12 -14.4 V 

Supply current IABC = 500,.A, both channels 2.6 4 2.6 4 mA 

VOS sensitivity 
Positive .6. VOS/.6. V+ 20 150 20 150 ,.V/V 
Negative .6. VOS/.6. V- 20 150 20 150 ,.V/V 

CMRR 80 110 80 110 dB 

Common mode range ±12 ±13.5 ±12 ±13.5 V 

Crosstalk Referred to inputS 
20Hz < f < 20kHz 100 100 dB 

Diff. input current IABC = 0, input = ±4V 0.02 100 0.02 10 nA 

Leakage current ·IABC = 0 (Refer to test circuit) 0.2 100 0.2 5 nA 

Input resistance 10 26 10 26 Kg 

Open loop bandwidth 2 2 MHz 

Slew rate Unity gain compensated 50 50 V/,.Sec 

Buff. input current 5 0.4 5 0.4 5 ,.A 

Peak buffer output voltage 5 10 10 V 

.6. VBe of buffer 6 ReIer to Buffer VBe test circuit 0.5 5 0.5 5 mV 

NOTES 

1. For e.leollon8to a supply voltage above ±22V, contact factory. grounded and outputa are open. 
2. For operaling at high temperature., the davlee mual be derated baaed on 8 150·C 

maximum junction temperature and a thermal reaialance 01175° C/W which applies for 
the device Bordered In a printed circuit board. operating In 81111 air. 

5. Theae .peclflcallone apply for Vs • :t 15V, IABC • 5OOp.A, ROUT - ISkO connected 
from the buffer output to -VS and the Inpul of the buffer Ie connected to the 
Iranaconductance amplifier output. 

3. BuH.r output current ahould be limited 80 88 to not exceed package di •• ipation. 
4. These apaclflcationa apply for Vs - ± 16V, TA - 25°0, amplifier bias current (IABC) -

5OOI'A. pine 2 and 115 open unle •• otherwlae apecified. The input. to the buffer. are 

6. Vs = ± 15, ROUT = SKU connected from Buffer output to - Vs and 5~ s IABC :s 
SOO"A. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cant'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LEAKAGE CURRENT TEST CIRCUIT DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 
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APPLICATIONS 
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CIRCUIT DESCRIPTION 

The circuit schematic diagram of one half of 
the NE5517, a dual operationaltransconduc
tance amplifier with linearizing diodes and im
pedance buffers, is shown in Figure 1. 

1. Transconductance Amplifier 
The transistor pair A. and as form a trans
conductance stage. The ratio of their collector 
currents (14 and 15 respectively) is defined by 
the differential input voltage, VIN' which is 
shown in equation 1. 

(1) 

Where VIN is the difference of the two input 
voltages 

KT ;; 26mV at room temperature (300 0 K) 

Transistors 0 1, O2 and diode Dl form a cur
rent mirror which focuses the sum of current 
14 and 15 to be equal to amplifier bias current 
18: 

(2) 

If VIN is small the ratio of 15 and 14 will ap
proach to unity and the Taylor series of In 
function can be approximated as: 

KTln~ = KT~ (3) 
q 14 q I. 

and 14 = 15 = '/21e 
KT 15 KT 15 - 14 2KT 15 - I. 
-In- = ---=---=VIN 
q 14 q 'hie q Ie 

(4) 

The remaining transistors (as to all) and di
odes (D4 to D6) form three current mirrors that 
produce an output current equal to 15 minus 
14. Thus: 

VIN {18 ~}= 10 (5) 
2KT 

The term (18 q) is then the transconduc-
2KT 

tance of the amplifier and is proportional to 18 . 

2. Linearizing Diodes 
For VIN greater than a few millivolts, equation 
3 becomes invalid and the transconductance 
increases nonlinearly. Figure 2 shows how 
the internal diodes can linearize the transfer 
function of the operational amplifier. Assume 
D2 and D3 are biased with current sources 
and the input signal current is Is. Since 

14 + 15 = 18 and 15 - 14 = 10, that is: 

14 = '/2(1e - 10), 15 = '12(le + 10) 

v·o---~--~---~--~r---~r-----'---~-O 

8,9 

5,12 

D. 

Figure 1. Circuit Diagram of NE5517 
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For the diodes and the input transistors that 
have identical geometries and are subject to 
similar voltages and temperatures. the follow
ing equations is true: 

~+Is 
KT In _2 __ = KT In '/2(ls + 10) 
q 10 q '/2(ls - 10) 

--Is 
2 

(2'8) 10 
10=ls--for Iisl <-

10 2 
(6) 

The only limitation is that the signal cur
rent should not exceed 1/210 , 

3. Impedance Buffer 
The upper limit of transconductance is de
fined by the maximum value of Is (2mA). The 
lowest value of Is for which the amplifier will 
function therefore determines the overall dy
namic range. At low values of Is. a buffer with 
very low input bias current is desired. A 
Darlington amplifier with constant current 
source (0,4, 0,5. 0,6. D7. De. and R,) suits 
the need. 

APPLICATIONS 

Voltage Controlled Amplifier 

The voltage-divider R2. R3 divides the input
voltage into small values (mV-range) so the 
amplifier operates in a linear manner. 

It is: 

lOUT = -VINX~ xgm; 
R2+ R3 

VOUT = lOUT x R L; 

(gm in mS for IASC in mAl 

Since grl) is directly proportional to IASC• the 
amplification is controlled by the voltage Vc 
in a simple way. 

When V C is taken relative to - V cc the follow
ing formula is valid: 

IASC = (Vc -1.2V); 
R, 

The 1.2V is the voltage across two base· 
emitter paths in the current mirrors. This 
circuit is the base for many applications of 
the NE5517. 

-ID 
--Is 
2 

Signetics 

-~+Is 
2 

0, 

Figure 2. Linearizing Diode 

TYPICAL VALUES: R, 47K 
R, 'DK 
R3 200!! 
R, 20ml 
R, 1QOK 
Rs 47K 

Figure 3. 

NE5517/5517A 

-!'S IO=2IS(~) 

INT 
r-""""f"--Q +Vcc 

8 
VOUT 

INT 
-Vee 
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Stereo Amplifier With Gain Control 
Figure 4 shows a stereo amplifier with 
variable gain via a control Input. Excellent 

. tracking of typical 0.3dB Is easy to 
achieve. With the potentiometer Rp, the 
offset can be adjusted. For AC-coupled 
amplifiers you can replace the poten
tiometer with two 5100 resistors. 

Modulators 
Because the transconductance of an OTA is 
directly proportional to IABC' the amplification 
of a signal can be controlled easily. The out
put current is the product from transconduc
tance x input voltage . .The circuit works up to 
approximately 200KHz. Modulation of 99 per
cent is easy to achieve. 

Voltage Controlled Resistors (VCR) 
The principle is based on-the capability of 
an OTA to vary a current proportional to a 
controlled voltage which Is according to a 
resistor. The circuit takes advantage of 
the possibility to control a resistor via gm. 

V,N' 

-= 

Vc 

V,N2 

-= 

Rc 

10K 

RI. 

1K 

30K 

Rc 
10K 

R,. 

1K 

+ Vee 

INT 
Rp 15K + Vee 

+ Vee RD 
8 
VOUT1 

5.1K 

-Vee 

Rp 15K 15 +Vcc 

+ Vee RD 

9 
VOUT2 

-Vee 5.1K 

-Vee 
INT 

Figure 4_ Gain Controlled Stereo Amplifier 

SIG~~~ o-______ ...... 3"'0"'K.-______ -Q 

Voltage Controlled Filters 
Voltage controlled filters can be realized 
extremely easily with the help of an OTA. 

Figure 8 shows the circuit for a low-pass filter. 
Selow the corner frequency the circuit has an 
amplification of OdS. Above the corner fre
quency the attentuation drops by 6dS/octave. 

The high-pass filter is built in a similar man
ner. except the input is coupled via capacitor. 

Voltage Controlled Oscillators 
Figure 12 shows a voltage controlled triangle
square-wave-generator. With the indicated 
values a range from 2Hz to 200kHz is possi
ble by varying IABC from 1 mA to 10,..A. 
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Figure 5_ Amplitude modulator 
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Figure 6_ VCR 
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The output amplitude is determined by 

lOUT X ROUT' 

Please notice the differential-input-voltage is 
not allowed to be above 5V. 

With a slight modification of this circuit you 
can get the sawtooth-pulse-generator as 
shown in Figure 13. 

Programmable Amplifier 
The intention of the following application is to 
show how the NE5517 works in connection 
with a DAC. Almost all applications de
scribed above can be made digitally program
mable (I'P-compatible) in this way. 

In the application Figure 14 the NE5118 is 
used, an eight-bit DAC with current output 
(see Section ), its input-register makes this 
device fully I'P-compatible. 

The circuitry of Figure 14 consists of three 
functional blocks: the NE5118, which gener
ates a control current equivalent to the ap
plied data by1e, a current mirror, and the 
NE5517. 

The amplification is given by the following 
equation: 

OW (10) IOAC max 
A=--- x--- XRL 

256 2xVT 

OW (10) 
IOAC max 

= Data word decimal 
= Maximum DAC output current 

(here -1mA) 
= Load resistance 

The equation is only valid for the amplification 
of the Signal directly applied to the OTA. To 
get the gain overall A must be multiplied with 
the input-attenuation factor. 

APPLICATION HINTS: 
To hold the transconductance gm within the 
linear range, IABC should be chosen not 
greater than 1 mAo The current mirror ratio 
should be as accurate as possible over the 
entire current range. A current mirror with 
only two transistors is not recommended. A 
suitable current mirror can be built with a 
pnp-transistor array which causes excellent 
matching and thermal coupling among the 
transistors. The output current range of the 
DAC normally reaches from 0 ... - 2mA. In 
this application, however, the current range 
is set through RREF (10K!l) to 0 ... - 1 mAo 

VREF 5V 
IOAC max=2x- =2x- = 1mA 

RREF 10K 

10 ~ 

vos 

- Vee 

+Vcc 30K 

R. 

IK 

10K 

Vc 

INT 

+Vcc 

-Vee 
INT 

Figure 7_ VCR with Linearizing Diodes 

+Vcc 

lOOK 

2000 RA 

30K 
o------~~ __ -------ove 

lOOK 

INT 

.---1--0 + vee 

o-+--oVOUT 

10K 

- Vee 
INT 

Figure 8. Voltage Controlled Low Pass Filter 

+Vcc 

-Vee 

30K 
o------~~------~ve 

INT 

r-~--o+vcc 

o--+--OVOUT 

-Vee 
INT 

Figure 9_ Voltage Controlled High Pass Filter 
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15K 

+Vcc 
o-------------------------------~r_----~~------_oVe 

lOOK 

200 RA 

+ Vee 

10K 

30K 

-Vee 
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-Vee 

Figure 10. Bullerworth Filter - 2nd Order 

-Vee 

BANDPASS OUT 

Figure 11. State Variable Filter 

10K 

"NY 
- Vee VOUT1 

+Vcc 

Figure 12. Trlangle·Squarewave·Generator (VeO) 
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Ie 18 - --470K 

10K 

"Ny JU1f 
'--__________ -..:.:Ve::::e_V~O~uT~'_+_--------~----__oVOUT2 

INT 

Figure 13. Sawtooth·Pulse·VeO 

--I-'P----*-o + Vee 

10 
RREF 

14 
10K 

12 +Vcc INT 
B2K 

11 

FULL·SCALE 
ADJUST 

VOUT 

30K 
4.7K 

-Vee INT 

Figure 14. Digital Programmable Amplifier 

• For additional information, consult the Applications Section. 
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DESCRIPTION 
The Signetics SE/NE5539 is a very wide band
width, high slew rate, monolithic operational 
amplifier for use in video amplifiers, RF 
amplifiers, and extremely high slew rate 
amplifiers. 

Emitter follower inputs provide a true differen
tial high input impedance device. Proper exter
nal compensation will allow design operation 
over a wide range of closed loop gains, both 
inverting and non-inverting, to meet specific 
design requirements. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Po Internal power dissipation 
TSTG Storage temperature range 
TJ Max junction temperature 
TA Operating temperature range 

NE 
SE 

Lead temperature 

EQUIVALENT CIRCUIT 

(-) 14 

IN VERTING INPUT 

l.-(+)1 r-... a N·INVERTING 
INPUT 

J 
'" 

~ 
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FEATURES PIN CONFIGURATION 
• Gain bandwidth product: 1.2GHz at17dB O,F,N PACKAGE 
• Slew rate: 600N I'sec 
• Full power response: 48MHz 
• AVOL: 52dB typical 
• 350MHz unity gain 

APPLICATIONS 
• Fast pulse amplifiers 
• RF oscillators 
• Fast sample and hold 
• High gain video amplifiers 

(BW> 20MHz) 

RATING 

±12 
550 

-65 to +150 
150 

a to 70 
-55 to +125 

300 

F 
'" K r-

H:: 

Signetics 

UNIT 
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TOP VIEW 
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NE5539D 
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DC ELECTRICAL CHARACTERISTICS Vcc= ±8V, TA = 25'C unless otherwise specified 

PARAMETER TEST CONDITIONS 

VOS Input offset voltage 
Vo = OV, RS = 100Q Over temp 

TA = 25'C 

AVos/AT 

lOS Input offset current 
Over temp 

TA = 25'C 

Alos/AT 

IB Input bias current 
Over temp 

TA = 25'C 

Ale/AT 

CMRR Common mode rejection ratio F= 1kHz, Rs= 100Q, VCM ± 1.7V 

Over temp 

RIN Input impedance 

ROUT Output impedance 

VOUT Output voltage swing RL = 150Q to GND +Swing 

and 470Q to -VCC -Swing 

Over temp 
+Swing 

-Swing 
VOUT Output voltage swing RL=2kO to GND 

TA=25'C 
+Swing 

-Swing 

ICC+ Positive supply current Vo = 0, R1 = OJ 
Over temp 

TA=25'C 

ICC- Negative supply current VO=0,R1=OJ 
Over temp 

TA=25'C 

PSRR Power supply rejection ratio AVCC = ± 1V 
Over temp 

TA=25'C 

AVOL Large signal voltage gain 
Vo = +2.3V, -1.7V 

RL = 150Q to GND, 470Q to -VCC 

AVOL Large signal voltage gain Vo = +2.3V, -1.7V 
RL = 2K to GND TA=25'C 

AVOL Large signal voltage gain Vo = +2.5V, -2.0V Over temp 

RL = 2kQ to GND TA=25'C 

NOTE 

1. Oifferential input voltage should not exceed 0.25 volts 10 prevent excessive input bias 
current and common mode voltage 2.5 volts. These voltage limits may be exceeded if 
current limit is lOrnA. 

Signetics 

SE5539 

Min Typ 

2 

2 

5 

.1 

.1 

.5 

6 

5 

10 

70 80 I 
70 80 

100 

10 

+2.3 +3.0 

-1.5 -2.1 

+2.5 +3.1 

-2.0 -2.7 

14 

14 

11 

11 

300 

46 

48 53 

SE/NE5539 

NE5539 

Max Min Typ Max 
UNIT 

5 
mV 

3 2.5 5 

5 /Lv/'e 

3 
I1A 

1 2 

.5 nAl'e 

25 
I1A 

13 5 20 

10 nAl'e 

70 80 dB 

dB 

100 kQ 

10 Q 

+2.3 +2.7 
V 

-1.7 -2.2 

V 

V 

18 
mA 6 

17 14 18 

15 
mA 

14 11 15 

1000 
I1VIV 

200 1000 

47 52 57 dB 

dB 
47 52 57 

60 
dB 

58 
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AC ELECTRICAL CHARACTERISTICS vcc =±8V, RL = 150n to GND & 470n to - Vcc unless otherwise specified. 

SE5539 NE5539 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Gain bandwidth product ACL = 7 Vo = 0.1 Vp-p 1200 1200 MHz 

Small signal bandwidth ACL= 2 RL = 150n' 110 110 MHz 

Settling time ACL=2 RL = 150n' 15 15 nSec 

Slew rate ACL=2 RL = 150n' 600 600 V/!'Sec 

Propagation delay ACL=2 RL = 150n' 7 7 nSec 

Full power response ACL=2 RL= 150n' 48 48 MHz 

Full power response AV = 7, RL = ISO!] 20 20 MHz 

Input noise voltage RS=50!] 4 4 nV/-y'Hz 

NOTE 1: External compensation. 

DC ELECTRICAL CHARACTERISTICS Vcc=±6V, TA=25"C unless otherwise specified 

SE5539 
PARAMETERS TEST CONDITIONS UNIT 

Min Typ Max 

Over temp 2 5 
Vos Input offset voltage mV 

TA=25"C 2 3 

Over temp .1 3 
los Input offset current 

TA=25"C 
(.lA 

.1 1 

Over temp 5 20 
18 Input bias current 

TA = 25"C 
f.lA 

4 10 

CMRR Common mode rejection ratio VCM = ± 1.3V, Rs = 100n 70 85 dB 

Over temp 11 14 
Icc+ Positive supply current mA 

TA=25"C 11 13 

Over temp 8 11 
Icc- Negative supply current mA 

TA=25"C 8 10 

Over temp 300 1000 
PSRR Power supply rejection ratio t.vcc = ±1V I'VIV 

TA=25"C 

+Swing + 1.4 + 2.0 
Over temp 

-Swing -1.1 -1.7 
VOUT Output voltage swing RL = 150!l to GND 

V 
and 390n to - Vcc +Swing + 1.5 + 2.0 

TA=25"C 
-Swing -1.4 -1.8 

AC ELECTRICAL CHARACTERISTICS Vcc=±6V, RL = 150n to GND and 390n to - Vcc unless otherwise specified 

SE5539 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Gain bandwidth product ACL=7 700 MHz 

Small signal bandwidth ACL = 2' 120 MHz 

Settling time ACL= 2' 23 ns 

Slew rate ACL = 2' 330 VII'S 

Propagation delay ACL =2' 4.5 ns 

Full power response ACL = 2' 20 MHz 

NOTE 1: External compensation. 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

CIRCUIT LAYOUT CONSIDERATIONS 
As may be expected for an ultra·high fre· 
quency, wide gain bandwidth amplifier, 
the physical circuit layout is extremely 

critical. Breadboarding is not recom· 
mended. A double·sided copper clad 
printed circuit board will result In more 

favorable system operation. An example 
utilizing a 28dB non·inverting amp Is 
shown in Figure 1. 

OPTIONAL 
OFFSET 

ADJ. 

+vo---vvv------o-v 
R5 

R4 

R, 

75 

R1 75\2 5% CARBON 
A2 7S!l 5% CARBON 
R3 7511 5% CARBON 
R4 36K 5% CARBON 

TOP PLANE COPPER' 
(Component Side) 

-v 
I .,. +v 

Vi - IIIbctlO 
I - -"0 
• eo .. .0 0 

• 0 

I , 
NE5539 Vo 

NOTE 

!oF 

RS 0;; 20K TRIMPOT (CERMET) 
RF = 1.5K (28dB GAIN) 
R6 = 470\1 5% CARBON 

COMPONENT SIDE 
(Component Layout) 

w/comp' (X) indicates ground connection to top plane . 
• A6 is on bottom side. 

NOTE 1: Bond edges of top and bottom ground plane copper. 

RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE VK 20009/38 CORE 
BYPASS CAPACITORS 
1nF CERAMIC 
(""EPeD OR EQUIV.) 

BOTTOM PLANE 
COPPER' 

Figure 1. 28dB Non·lnverting Amp Sample P.C. Layout 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

NE5539 COLOR VIDEO 
AMPLIFIER 

The NE5539 wideband DperatiDnal amplifier 
is easily adapted fDr use as a cDIDr videD 
amplifier. A typical circuit is shDwn in Figure 2 
alDng with vectDr-scDpe 1 phDtDgraphs shDw
ing the amplifier differential gain and phase 
respDnse tD a standard five step mDdulated 
staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bDttDm tD the tDP Df 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
+0.1°. 

The amplifier circuit was optimized for a 750 
input and output termination impedance with 
a gain of approximately 10 (20dB). 

NOTE 
The input signal was 200mV and the Dutput 2V. 
Vee was ±BV. 

Figure 3. Input Signal 

NOTE: 

75 

":' 

Y,N 

75. 

+v 

~ 22nF 

, -_ 6dB LOSS-1 

Zo = 75U 
75 

75 
47. 

":' ":' -v ":' 
-v 

Figure 2. NE5539 Video Amplifier 

Figure 4. Differential Gain < 0.5% 

1. Instruments used for these measurements were Tektronix, 146 NTSC test signal generator, 520A NTSC vectorscope. and 1480 waveform monitor. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

APPLICATIONS 

1K 

6-124 

PHAse 
eRROR 

Figure 5. Differential Phase + 0.10 

+8V 

470 118 

>;;---+-Jo,fo, ....... ...,..+ Zo =500 

2K 

~ 1.5pF 

INON·INVERTING FOLLOWERI 

Figure 6 

+8V 

(INVERTING FOLLOWeR( 

Figure 7 

87 

"For additional information, consult the Applications Section. 
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VIDEO AMPLIFIER 

DESCRIPTION 
The NE5592 is a dual monolithic, two stage, 
differential output, wideband video amplifier. 
It offers fixed gain of 400 without external com
ponents or adjustable gains from 400 to 0 with 
one external resistor. The input stage has been 
designed so that with the addition of a few 
external reactive elements between the gain 
select terminals, the circuit can function as a 
high pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier In communications, 
magnetic memories, display, video recorder 
systems, and floppy disk head amplifiers. 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation required 
• Wave shaping with minimal external 

components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier In communications 
• Magnetic memory 
• Video recorder systems 

ABSOLUTE MAXIMUM RATINGS TA = 25·C unless otherwise specified. 

SYMBOL AND PARAMETER RATING UNIT 

Supply voltage ±8 V 
Differential input voltage ±5 V 
Common mode 

Input voltage ±6 V 
Output current 10 mA 
Operating temperature range 

NE5592 o to +70 ·C 
Storage temperature range -65 to +150 ·C 
Power dissipation 500 mW 

EQUIVALENT CIRCUIT 

r---~----~------~--~~----~~----~--o+v 

INPUT 1 

G 

R. R. 

+-----t--:=:::-::t-t------t-----..J\II('v--~--+~ OUTPUT 1 

OUTPUT 2 

~--~----~--------~--------~~--~_o -v 

Signetics 

NE5592 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBER 
NE5592D, NE5592N 

OUT A2 

OUT A, 

vee 

GB 

GB 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER NE5592 

DC ELECTRICAL CHARACTERISTICS TA = +25°C, vss = iBV, VCM = 0 unless otherwise specilied. Recommended operating 
supply voltage Vs = iB.OV. Gain select pins connected together. 

NE5592 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNITS 

Differential voltage gain RL = 2k!l, Your = 3V p-p 400 480 BOO VN 

Bandwidth 25 MHz 
Rise time Your = 1V p-p 15 20 ns 

Propagation delay V OUT = 1V p-p 7.5 12 ns 

Input resistance 3 14 k!l 
Input capacitance 2.5 pF 
Input offset current 0.3 3 flA 
Input bias current 5 20 flA 
Input noise voltage BW 1kHz to 10MHz 4 nVlVHZ 
Input voltage range i1.0 V 

Common mode rejection ratio VCM i 1V, I <100kHz BO 93 dB 
VCM i 1V, I = 5MHz 87 dB 

Supply voltage rejection ratio INs = iO.5V 50 85 dB 

Channel separation 
Your = 1V p-p; I = 100kHz 

B5 75 dB (output relerenced) RL = 1 k!l 

Output offset voltage RL = 00 0.5 1.5 V 
Gain select pins open RL = 00 0.25 0.75 V 

Output common mode voltage RL = 00 2.4 3.1 3.4 V 
Output differential voltage swing RL = 2k!l 3.0 4.0 V 
Output resistance 20 !l 
Power supply current 
(Total lor both sides) RL = 00 35 44 rnA 

--
THE FOLLOWING SPECS APPLY OVER TEMPERATURE O°C:s T A :s 70°C 

Differential voltage gain RL = 2k!l, Your = 3V p-p 350 430 BOO VN 

Input resistance 1 11 k!l 
Input offset current 5 flA 
Input bias current 30 flA 
Input voltage range i1.0 V 

Common mode rejection ratio VCM i 1V, I <100kHz 55 dB 
Rs = q\ 

Supply voltage rejection ratio 6.Vs= iO.5V 50 dB 

Channel separation 
Your = 1V p-p; I = 100kHz 

75 dB (output relerenced) RL = 1 k!l 

Output offset voltage 
Gain select pins connected together RL = 00 1.5 V 
Gain select pins open RL = 00 1.0 V 

Output differential voltage swing RL = 2k!l 2.8 V 
Power supply current 
(Total lor both sides) RL = 00 47 rnA 
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VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

COMMON MODE REJECTION RATIO 
AS A FUNCTION OF FREQUENCY 
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CHANNEL SEPARATION AS A 
FUNCTION OF FREQUENCY 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

GAIN vs FREQUENCY AS A FUNCTION PHASE vs FREQUENCY AS A FUNCTION 
OF SUPPLY VOLTAGE OF SUPPLY VOLTAGE 
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VOLTAGE GAIN AS A FUNCTION 
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TEST CIRCUITS TA = 25°C unless 
otherwise specified 

51 51 Radj 
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VIDEO AMPLIFIER 

DESCRIPTION 
The SE/NE592 is a monolithic, two stage, dif
ferential output, wide band video amplifier. It 
offers fixed gains of 100 and 400 without ex
ternal components and adjustable gains from 
400 to 0 with one external resistor. The input 
stage has been designed so that with the ad
dition of a few external reactive elements bet
ween the gain select terminals, the circuit can 
function as a high pass, low pass, or band pass 
filter. This feature makes the circuit ideal for 
use as a video or pulse amplifier in com
munications, magnetic memories, display, 
video recorder systems, and floppy disk head 
amplifiers. Now available in an S-pin version 
with fixed gain of 400 without external com
ponents and adjustable gain from 400 to 0 with 
one external resistor. 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation required 
• Wave shaping with minimal external 

components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier in communications 
• Magnetic memory 
• Video recorder systems 

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

SYMBOL AND PARAMETER RATING UNIT 

Supply voltage ±S V 
Differential input voltage ±5 V 
Common mode 

Input voltage ±6 V 
Output current 10 mA 
Operating temperature range 

SE592 -55 to +125 °C 
NE592 o to + 70 °C 

Storage temperature range -65 to +150 °C 
Power dissipation 500 mW 

EQUIVALENT CIRCUIT 

r---~r------t-------T-----T--------~----~r-~+v 

t-----t-~~~--r-------+_----~~~~~----+_~OUTPUTI 

INPUT 1 

G'A 
OUTPUT 2 

~--~-----+--------+-----------~---+--~-v 
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PIN CONFIGURATION 

014, F14, N14 PACKAGE 

INPUT 2 1 

OUTPUT 2 7 

TOP VIEW 

ORDER NUMBERS 

NE592D14 NE592N14 

INPUT 2 

G2B GAIN 
SELECT 

NOTE 

NE592F14 SE592F14 

H PACKAGE· 

v+ 
OUTPUT 1 

v-
Pin 5 connected to case 

ORDER NUMBERS 

NE592H SE592H 

• Metal cans (H) not recommended for new designs. 

DB, FB, NB PACKAGE 

INPUT 2 008 INPUT 1 
G1S GAIN 2 7 G1A GAIN 

SELECT SELECT 

v- 3 6 v+ 

OUTPUT 2 4 5 OUTPUt 1 

TOP VIEW 

ORDER NUMBERS 

NE592DB NE592NB 
NE592FB SE592FB 

Also N8, Nt4, 08 and 014 package parts available 
in "High" gain version by adding "H" before package 
deSignation, as: NE592H08. 



LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER SE/NE592 

DC ELECTRICAL CHARACTERISTICS: TA = +25°C, vss = ±6V, VCM = 0 unless otherwise specified. Recommended operating 
supply voltages Vs = ±6.0V. All specifications apply to both standard and high gain parts 
unless noted differently. 

NE592 SE592 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Differential voltage gain, 
standard part 

Gain l' RL = 2k!l, VOUT = 3V pop 250 400 600 300 400 500 VIV 
Gain 22.4 80 100 120 90 100 110 VIV 

High gain part 400 500 600 VIV 

Bandwidth 
Gain I' 40 40 MHz 
Gain 22.4 90 90 MHz 

Rise time 
Gain l' VOUT = 1V pop 10.5 10.5 ns 
Gain 22.4 4.5 12 4.5 10 ns 

Propagation delay 
Gain l' VOUT = 1V pop 7.5 7.5 ns 
Gain 22.4 6.0 10 6.0 10 ns 

Input resistance 
Gain l' 4.0 4.0 k!l 
Gain 22.4 10 30 20 30 k!l 

Input capacitance2 Gain 24 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 ",A 
Input bias current 9.0 30 9.0 20 ",A 
Input noise voltage BW 1kHz to 10MHz 12 12 ",Vrms 
Input voltage range ±.1.0 ±1.0 V 

Common mode rejection ratio 
Gain 24 VCM ± 1V, f<100kHz 60 86 60 86 dB 
Gain 24 VCM ± 1V, f = 5MHz 60 60 dB 

Supply voltage rejection ratio 
Gain 24 tNs = ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 1 RL = 00 1.5 1.5 V 
Gain 24 RL = 00 1.5 1.0 V 
Gain 33 RL = 00 0.35 0.75 0.35 0.75 V 

Output common mode voltage RL = 00 2.4 2.9 3.4 2.4 2.9 3.4 V 
Output voltage swing differential RL = 2k!l 3.0 4.0 3.0 4.0 V 
Output resistance 20 20 !l 
Power supply current RL = 00 18 24 18 24 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE DoC'; TA .; 70·C -55°C'; TA '; 125·C 

Differential voltage gain, 
standard part 

Gain I' RL = 2k!l, VOUT = 3V pop 250 600 200 600 VIV 
Gain 22.4 80 120 80 120 VIV 

High gain part 400 500 600 VIV 

Input resistance 
Gain 22.4 8.0 8.0 k!l 

Input offset current 6.0 5.0 ",A 
Input bias current 40 40 ",A 
Input voltage range ±1.0 ±1.0 V 

NOTES: 
1. Gain select pins G'A and G'B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 14-pin version only. 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER SE/NE592 

DC ELECTRICAL CHARACTERISTICS: (cant.) TA = +25°C, Vss = ±6V, VCM = 0 unless otherwise specified. Recommended 
operating supply voltages Vs = ±6.0V. All specifications apply to both standard 
and high gain parts unless noted differently. 

NE592 SE592 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNITS 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE O°C " T A " 70°C - 55°C" TA " 125°C 

Common mode rejection ratio 
Gain 24 VCM ± lV, f<100kHz 50 50 dB 
Supply voltage rejection ratio 

Gain 24 AVs = ±0.5V 50 50 dB 

Output offset voltage 
Gain 1 RL = ex> 1.5 1.5 V 
Gain 24 RL = ex> 1.5 1.2 V 
Gain 33 RL = ex> 1.0 1.0 V 

Output voltage swing differential RL = 2kO 2.8 2.5 V 
Power supply current RL = ex> 27 27 mA 

NOTES: 
1. Gain select pins G'A and G'B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 14·pin version only. 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER SE/NE592 

TYPICAL PERFORMANCE CHARACTERISTICS 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 

PHASE SHIFT AS A PHASE SHIFT AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL APPLICATIONS 

V, 

-6 

Vo (s) 1.4 X 104 

V, (s) Z(s) + 2r. 

1.4 X 104 

Z(s) + 32 

BASIC CONFIGURATION 

FILTER NETWORKS 

ZNETWORK 

• L 
~ 

• c 
~\---O 

• L c 
~~ 

L 

~ 
NOTE 

In the networks above, the A value used is 
assumed to include 2r8. or approximately 320. 

DISC/TAPE PHASE MODULATED READBACK SYSTEMS 

.. 
Q 

AMPLITUDE: 
FREQUENCY: 47pFd 

-, 

DIF'ERENTIATORtAMPLIFIER ZERO CROSSING DETECTO~ 
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FILTER 
TYPE 

LOW PASS 

HIGH PASS 

BAND PASS 

BAND REJECT 
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---
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

DESCRIPTION 
The 733 is a monolithic differential input, 
differential output, wideband video amplifi
er. It offers fixed gains of 10,100 or 400 
without external components, and ad
justablegains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit
ter follower outputs provide low output im
pedance, and enable the device to drive ca
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi
er in communications, magnetic memories, 
display and video recorder systems. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Differential input 
Voltage 

Common mode input 
Voltage 

Vec 
Ouput current 
Junction temperature 
Storage temperature range 
Operation temperature range 

p.A733C 
p.A733 

PD Power dissipation 
K package 
N, F package 

CIRCUIT SCHEMATIC 

FEATURES 
• 120MHz bandwidth 
• 250kf1 input resistance 
• Selectable gains of 10,100 and 400 
• No frequency compensation required 
• Mil std sa3A,B,C available 

APPLICATIONS 
• Video amplifier 
• Pulse amplifier in communications 
• Magnetic memories 
• Video recorder systems 

RATING UNIT 

±5 V 

±6 V 

±8 V 
10 mA 

+150 °C 
-65 to +150 °C 

o to +75 °C 
-55 to +125 °C 

500 mW 
670 mW 

",A733/733C 

PIN CONFIGURATION 
F,N PACKAGE 

INPUT 2 1 INPUT 1 

NC 

G2A GAIN 
SELECT 

l' ~~tE~~IN 
V' 

OUTPUT 2 7 

TOP VIEW 

ORDER NUMBERS 
"A733F "A733CN 
"A733N "A733CF 

~--~--------~----~----~------~----~-oV' 

INPUT 1 

GAIN 
SELECT 

(
G 1• 

0,. 

+-----+--oOUTPUT 1 

OUTPUT 2 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER p.A733/733C· 

DC ELECTRICAL CHARACTERISTICS TA = + 25°C, Vs= ±6V, VCM=O unless otherwise specilied. 
Recommended operating supply voltages Vs = ± 6.0V 

PARAMETER TEST CONDITIONS 
"A733C "A733 

UNITS 
Min Typ Max Min Typ Max 

Dilierential voltage gain 
Gain 12 250 400 600 300 400 500 VIV 
Gain 22 RI=2kO, VouT=3Vp.p 80 100 120 90 100 110 VIV 
Gain 33 8 10 12 9 10 11 VIV 

Bandwidth 
Gain l' 40 40 MHz 
Gain 22 90 90 MHz 
Gain 33 120 120 MHz 

Rise time 
Gain l' 10.5 10.5 ns 
Gain 22 VOUT= 1Vp_p 4.5 12 4.5 10 ns 
Gain 33 2.5 2.5 ns 

Propagation delay 
Gain l' 7.5 7.5 ns 
Gain 22 VOUT= 1Vp-p 6.0 10 6.0 10 ns 
Gain 33 3.6 3.6 ns 

I nput resistance 
Gain 12 4.0 4.0 kO 
Gain 22 10 30 20 30 kO 
Gain 33 250 250 kO 

Input capacltance2 Gain 2 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 ",A 
Input bias current 9.0 30 9.0 20 ",A 
Input noise voltage BW= 1kHz to 10MHz 12 12 ",Vrms 
Input voltage range ±1.0 ±1.0 V 

Common mode 
Rejection ratio 

Gain 2 VCM = ± 1V, I s 100kHz 60 86 60 86 dB 
Gain 2 VCM= ±1V, F=5MHz 60 60 dB 

Supply voltage 
Rejection ratio 

Gain 2 ilVs= ± 0.5V 50 70 50 70 dB 

Output offset voltage 
Gain l' RL= co 0.6 1.5 0.6 1.5 V 
Gain 2 and 32•3 0.35 1.5 0.35 1.0 V 

Output common mode voltage RL= co 2.4 2.9 3.4 2.4 2.9 3.4 V 
Output voltage swing, differential RL=2k 3.0 4.0 3.0 4.0 VpK'pK 
Output sink current 2.5 3.6 2.5 3.6 mA 
Output resistance 20 20 0 
Power supply current RL± co 18 24 18 24 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE OOC s TA S 70°C -55°C S TA S 125°C 

Differential voltage gain 
Gain l' 250 600 200 600 VIV 
Gain 22 RI= 2kO, VOUT= 3Vp·p 80 120 80 120 VIV 
Galn3 8 12 8 12 VIV 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS 
~A733C 

Min Typ 

Input resistance 
Gain 22 8 

Input offset current 
Input bias current 
Input voltage range ± 1.0 

Common mode 
Rejection ratio 

Gain 2 VCM = ± V, F:s 100kHz 50 
Supply voltage 
Rejection ratio 

Gain 2 

Output offset voltage 
Gain l' 
Gain 2 and 32. 3 

Output voltage swing, differential 
Output sink current 
Power supply current 

NOTES 
1. Gain select pins 01 A and 0 18 connectod togothor 
2, GBln select pins 02A and G2B connected together. 
3. All gain .elect pin. open. 

!:.vs= ±0.5V 50 

RL= '" 

RL= 2k 2.8 
2.5 

RL± '" 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Max 
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I'A733 
UNITS 
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± 1.0 V 
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2.5 Vpk-pk 
2.2 rnA 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER p.A7331733C 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

DIFFERENTIAL PULSE RESPONSE PULSE RESPONSE 
OVERDRIVE AS A FUNCTION AS A FUNCTION 

RECOVERY TIME OF SUPPLY VOLTAGE OF TEMPERATURE 

70 1.' 1.0 
Vs = :tav I GAIN 2 ::I~ ~IV TA= asoe 1.4 

I 
T ... =25°C I.' .. GAIN 2 RL =, n AL = Ikn 

J 50 
V I.' Ys - :tav 1.' 

> -1.0 > 
1.0 ;:: 

/ ~ V Vs- 'V ~ fA' 0 ~" 
m 

~ 0.' " 0.' fY" C r- '--40 

,/ !:; Y = :tav ~ 1(1 a ~ 0.' ~ os 
~ .. !; I 

~ 
V f.' 70 C 

i 5 
0.' 0.' 

0 .. a 
~ 

a 0.' j 
~ V 0 0 
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-OA 
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-0" 

-'5 -10 -5 0 • 10 " 20 25 3D 35 
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" 100 " 10. 
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(Pin numbers apply to K Package) 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

DESCRIPTION 
The NE5044 Is a programmable parallel in
put, serial output pulsewidth encoder. A 
multiplexed dual linear ramp technique is 
used to allow up to 7 inplJts to be converted 
to a serial pulsewldth modulated signal with 
excellent linearity and minimal crosstalk. 
Fixed or variable frame rates can be used, 
externally controlled, for ease of demodula
tion. An onboard 5V regulator eliminates 
power supply sensitivities and provides up 
to 20m A current capability for driving exter
nalloads. 

FEATURES 
• 3 to 7 channels, externally selectable 
• Constant current dual linear ramp 

tor linearity better than .3% 
• Internal voltage regulator lor low drift 
• Wide supply range 4.5 - 16V 
• Fixed or variable Irame rate set 

by external R·C 
• External control lor channel gain 

or range 
• Versatile applications; exponential 

rates, mixing, dual rate, reversing etc. 
• Compatible with all transmission 

mediums 

BLOCK DIAGRAM 

MULTIPLEXER 
PARALLEL 
INPUTS 

VMUX I--+-+-~ 

COUNTER 
c, 

APPLICATIONS 
• Radio controlled aircraft, cars, 

boats, trains 
• Industrial controllers 
• Remote controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• Automotive sensor systsms 
• Robotics 
• Telemetry 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Vcc. Supply voltage 
Regulator ouput current 
Serial output peak current 
Constant current generator 
Parallel inputs, range input 
One shot input, frame generator Input 
Operating temperature 
Storage temperature 

NOTE 
1. TA'" 25 0 unless otherwIse slated. 

R, 

ONE SHOT 

VRANQE 

FRAME 
GENERATOR 

Signetics 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

NE5044 

NE5044D NES044N 

" SERIAL 
OUTPUT 

VREG 

R, 

RATING 

17 
-25 
30 
-1 

O-VREG 
O-VREG 

-20 to +75 
-65 to +150 

UNIT 

V 
mA 
mA 
mA 
V 
V 
'c 
'c 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER NE5044 

DC ELECTRICAL CHARACTERISTICS Test conditions TA = 25'C, VCC = 10V using Test Circuit A unless otherwise stated. 

PARAMETER TEST CONDITIONS 

POWER SUPPLY REQUIREMENTS (Note 1) 
Power supply voltage range 

Power supply current Excluding control pots and 
serial output currents 

VOLTAGE REGULATOR 

VREG Output voltage 

Output current VR "" 4.5V 
Line regulation 7 .:S VCC .:S 16 

MULTIPLEXER 
Input current Vn = 2.5v 

Input voltage range Vn - VRange "" .75V 

Crosstalk 

OUTPUT PULSE 
Tn Position RI • Cmux = 1.25ms 

Vn = .5VREG: VRANGE = .2VREG 
Position linearity error 

Position tempco O'C .:S TA .:S 70'C. 

Position PSR 6V .:S VCC .:S 16V 

TO Width ROCO = 300l's 
Saturation voltage 10 = 25mA 

111 Leakage current 

Range input voltage RI = 50krl 

RI = 25krl 
Frame time (Fixed) RFCF = 30ms 

Inhibit threshold 

NOTE 
1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 50n in series with Vee is recommended. 

7-4 

OUTPUT PULSE WIDTH (Tn) 
vs INPUT VOLTAGE (Vn) 

T A = 25'C unless otherwise stated 
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'.0 1-7"'~,;;-':':::;;"-;;:;:-+---+-I 

35 

25 

20 

15 

'0 

FRAME TIME (TF) vs RF 

Ie, ~I "" e, =".1 
I / .,/ 
I / ./ CF = .luF 

II / /"" 

1// / 

'00 200 300 400 

Signetics 

NE 5044 

Min Typ Max 
UNIT 

4.5 16 V 

11 15 rnA 

4.5 5.0 5.5 V 

-20 rnA 

.005 0.2 V/V 

±30 ±200 nA 

1.5 5 V 

±1 ±5 I'S 

1350 1500 1650 I'S 

5 I'S 
.15 I'sl 'c 
.5 1 I's/V 

240 285 330 I'S 
.6 1 V 

.05 50 I'A 
.75 V 

1.00 V 

17 20 23 ms 

.4 V 

OUTPUT ONESHOT TIME (TO) VB RO 
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NOTE 

OUTPUT SATURATION VOLTAGE 
va OUTPUT CURRENT 

1.0 1---1---11----1---1 

./'" 
.5 f-----l--"..,.~-+-_I 

/v 
10 '0 

Ie (mA) 

25 

CONSTANT CURRENT va RI 

1 '00 ~,,++I+---+-+-f-+t--1 
3 1001---I~-++--I--+-+-r1-~ 
j ~ 

50 r---+--+--H.1,,:-+---t--t-H--I 

20 304050 100 200 

RI (kIll 

TEST CIRCUIT 

Vee 

r----------------------------,NOTE1 

CONTROL 
POTS 
25kll 

.c~ , 

.ct- 3 

",---",1--1 4 

.t 
,..---1-; 5 

. i 

.ct- · 

.r+- , 

NE5044 
7 CHANNEL 
ENCODER 

,. r--

15 I---~-_t V. 

47"i 
149·04M 

":'" 22k!1 

MYLAR:!: 1% 

" 13 I-~-~~-+-~ 

~ .. ", F 
- 10kl1~ 

" II:!: .OM L'--t-""""-=--' 
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-=- RL 
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RO SOkl! 
OUTPUT PW 10 1-~.JV'V'v--_t 

ie;S-
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L... __________________________ .... J e, .4',' 

1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 50n in series with Vee is recommended 
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VCLAMP 

Vee 

VOUT 
~~~~~~~~~~~~========~bd~ 

J. 

1. 

J 

J. 

J 

J 

.J. 

---------FRAME RATE, TF---------.J 

Figure 1, Encoder Timing Diagram - Fixed Frame 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

A. CIRCUIT OPERATION 
The NE5044 is a programmable parallel In· 
put, serial output encoder containing all 
the active circuitry necessary to generate 
a precise pulsewldth modulated signal 
with 3 to 7 channels. The number of chan· 
nels Is externally programmable by 
grounding unused control Inputs. A multi· 
plexed dual linear ramp technique Is used 
to provide excellent linearity, minimal 
crosstalk and low temperature drift. An 
onboard 5·volt regulator eliminates power 
supply sensitivities and has up to 20mA 
current capability for driving external 
loads. The encoder can be used In the 
fixed frame mode or, with the addition of 
one external NPN tranSistor, as a variable 
frame encoder. 

The multiplexer functions as a strobed 
voltage follower so that each Input, when 
active, appears as a high Impedance Input 
(>1M!l) and transfers the Input voltage to 
the output. Only one of the seven Inputs is 
active at any time and when a given input 
Is Inactive, it appears as an open circuit. 
The high impedance multiplexer inputs 
eliminate loading on control inputs and 
simplify mixing Circuits where several 
controls may be mixed onto one Input. 

Channel 4, 5, Sand 7 inputs may also be 
used to select the desired number of out· 
put pulses by grounding one or more of 
these pins. That is, by grounding pin 4 
(channel 4 input) only the first three inputs 
of the encoder will be used and a 
3·channel encoder results. Grounding pin 
5 resu Its in a 4·channel encoder and so on. 
Thus, any number of channels between 3 
and 7 may be selected. Internal voltage 
clamping prevents encoder malfunction if 
any input is shorted to supply, ground or 
open circuited. The remaining channels 
will continue to be encoded except as 
noted above. This feature eliminates 
catastrophic failures due to control pot 
opens or shorts. 

The constant current generator is a bidi· 
rectional current source whose current is 
set by an external resistor RI, where: 

VR 
le=±2i1, 

The current generator alternately charges 
and discharges the capaCitor Cmux. An in· 
ternal feedback loop maintains a constant 
current and very high output impedance. 
This yields a typical linearity error of volt· 
age input to pulsewidth output for the en· 
coder of less than 0.1 %. An external 
capacitor, CI, is required to insure stability 
of the feedback loop. 

Two high gain comparators, C1 and C2, 
compare the voltage across Cmux with the 
multiplexer output voltage and the range 
Input voltage. The Input bias currents and 
offset voltages of these comparators are 
sufficiently low so as to not Influence the 
overall accuracy of the encoder. The com· 
parators feed the counter control logic 
which In turn controls the counter and cur· 
rent generator. The operation of this loop 
Is as follows: When Ie Is positive (sourced 
from the current generator into Cmux) the 
capacitor Iinearily charges up until It 
reaches a voltage equal to the multiplexer 
output voltage, assume this to be the volt· 
age at pin 1, V1. At this time the output of 
C1 goes high which reverses the direction 
of Ie (sinking Into current generator from 
Cmux)' Cmux now linearly discharges until It 
reaches the voltage set on pin 12, V,ang,' 
At this time the output of C2 goes high 
which again reverses the polarity of Ie' 
clocks the counter and triggers the output 
one shot. Cmux again charges up but now 
C1 goes high when Cmux reaches V2, the 
voltage on pin 2. The resulting voltage 
waveform on Cmux Is a triangle wave 
whose positive peaks correspond to the 
voltages on pins 1 through 7 for the first 
through seventh peak and whose negative 
peaks are constant and equal to V rang" 
This waveform is shown in the first portion 
of Figure 1. 

Independent control of Ie and Vrange allows 
the encoder to be tailored to virtually any 
combination of input voltage changes and 
output pulsewidth changes. The func· 
tional relationships between these 
variables will be defined in the next sec· 
tion. 

The frame generator controls the encoder 
frame time. It can operate as an astable or 
monostable multivibrator whose period is 
.S6X RFCF. The encoder will generate a 
synchronizing pulse at the end of each 
frame. When Cmux reaches the seventh 
positive peak it reverses and discharges to 
Vrange' The counter is clocked to the state 
where Qo is high when VCmux = V range' 
Cmux again charges up but now the output 
of C1 is ignored, due to Q o being high, and 
charges up to Velamp and remains there. 
The encoder will remain in this state until 
a pulse from the frame generator is receiv· 
ed. If RF and CF are connected as shown in 
the Block Diagram, then the frame gener· 
ator operates in the astable mode produc· 
ing a narrow pulse output. This pulse 
allows Cmux to start discharging again. 
When Cmux reaches V range' the cou nter is 

Signetics 
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clocked to the state where Q 1 Is high 
(channel 1) and the entire process starts 
over. The frame period In this mode Is 
.66 x RFCF and Is referred to as the fixed 
frame mode. The variable frame mode will 
be discussed In the application section. 

The output one·shot generates a positive 
pulse whose width Is equal to RoCo' The 
output is an open collector, NPN tran· 
slstor capable of sinking 25mA. This con· 
figuration allows the encoder to drive a 
wide variety of RF stages as well as pro· 
vldlng current pulses In 2 wire com· 
munlcatlons applications. 

B. ENCODER DESIGN 
EQUATIONS 

The triangular waveform on Cmux has a 
fixed slope (constant current) and variable 
positive peak voltages. The time between 
the negative peaks of Cmux, which Is equal 
to the output period for that channel, is 
given by: 

2 (V n - V range) Cmux 
Tn= Ie 

Ie is given by: 

VR 
le= ~ 

where VR= Reference Voltage. 

Additionally, Vn, the voltage on pin n, 
which is the control voltage for channel n, 
is typically the wiper voltage on a pot con· 
nected between VR and ground. Thus 
Vn= XnVR· 

Vrange is also derived f.rom VR so that 
Vrange= Y VR' The resulting channel time 
period is: 

2 (Xn - Y) V R • Cmux 
Tn= (V R/2R I) 

IT n = 4RI Cmux(Xn - Y) I 

Thus, each channel pulse width, Tn' is in· 
dependent of supply voltage and depends 
only on external passive components. 

The conversion rate, CR, for each channel 
is the change in output period, .:H n' 
divided by the change in input voltage for 
that channel. tl V n' 
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In most applications, the input variable Xn 
will have some neutral or center value 
about which it wili vary, thus 

Xn = Xo+ xn 

and 

where Xo Is the neutral value for X and is 
assumed to be the same for all n. Now 

Tn = 4R ICmu, (Xo - Y + xn) 

If we let T Neutral = 4RICmu,(Xo - Y) be the 
neutral value for Tn' then 

Consider the following example to see 
how these design equations are used. 

Assume: 

Tneu'ra'= 1.5ms 

Xo = 0.5 - Control pot in center at 
Tn = T neutral 

7-8 

a.xn = ± 0.1 - Control pot resistance 
varies ± 10% (of total resistance) 
around neutral. This should Include 
mechanical trim if used. 

a.Tn= ±0.5ms 

For this example, the conversion rate is 

a.Tn .5ms 
CR= a.xn = -.1- = 5ms 

so 

4R,Cmu, = 5ms. 

If we let Cmu, = .047~F 

5ms 
RI = 4X.047~F = 26.5k{) = 27k{) 

and 

T neutral = 1.5ms = 4RICmu, (Xo - Y) 

Y = 0.5 - 15·5ms = 0.2 
ms 

The output pulse width is given by 

To= RoCo 

so if To = 330~s and Co = .01~F 

330~s 
Ro = .01~F = 33k{). 

Signetics 
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The frame time constant, T F, is given by 

TF= .66 RFCF 

If TF=20ms and CF=.47~F 

R - 20ms 62k 
F- .66x .47~F = 

Figure 2 shows the external connections 
for this example. 

It should be noted that the temperature 
stability of all the encoded times depend 
on the temperature coefficients of the 
respective external Rc time constants. No 
internal temperature compensation Is 
used on the chip. The typical temperature 
sensitivity of Tn using wlrewound resis
tors and polycarbonate capacitors is less 
than 100ppm/'C in the - 20'C to + 70'C 
temperature range. For the above example, 
this corresponds to a change in Tn of ± 7.5~s 
for a change in temperature of ± 50°C.' 

"For additional information, consult 
the Applications Section. 
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SEVEN CHANNEL RC DECODER 

DESCRIPTION 
The NE5045 is a serial input, parallel output, 
decoder intended for applications in pulse 
width or pulse position modulation systems. 
The serial input pulse, either positive or neg
ative, is shaped and amplified before being 
fed to the counter! decoder. An integrating 
type sync. separator detects pulses greater 
than T w = RsC s. The amplified input pulse 
triggers an internal one-shot (minimum 
pulse) which in turn cloCks the counter-de
coder, thereby enhancing system noise re
jection. A missing pulse detector resets the 
decoder during the sync. pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod
er logic. 

FEATURES 
o Decodes up to 7 channels 
o High gain Input amplifier 
o Externally set sync_ pause and 

minimum pulse 
o Wide supply voltage range, 3_eV-BV_ 
o Positive or negative pulse Inputs 
o Noise and flutter rejection 
• Outputs reset to zero without Inputs 
o Compatible with all transmission 

mediums 

BLOCK DIAGRAM 

G' 

RS 

APPLICATIONS 
o Radio controlled aircraft, cars, 

boats, trains 
o Industrial controllers 
o Remote controlled entertainment 

systems 
o Security systems 
o Instrumentation recorders/controls 
o Remote Analog / digital data 

transmission 
o Automotive sensor systems 
o Robotics 
o Telemetry 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

VCC, Supply voltage 
Regulator output current 
Decoded output current 
Pause input voltage 
Input amplifier voltage 
Operating temperature 
Storage temperature 

NOTE 

1. T A = 25°C unless otherwise stated 

"""L-

ao 
a' , CHANNEL 1 

a' , CHANNEL 2 

COUNTER a' , CHANNEL 3 

DECODER 
a' , CHANNEL 4 

05 5 CHANNEL 5 

a' , CHANNEL 6 

a' , CHANNEL 7 
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PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5045N NE5045D 

RATING 

10 
-25 
±5 

o to VR 
o to VR 

-20 to +75 
-65 to +150 

8 GROUND 

-=-

NE5045 

UNIT 

V 
mA 
mA 
V 
V 
°c 
°c 

=7 
= ----
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SEVEN CHANNEL RC DECODER NE5045 

DC ELECTRICAL CHARACTERISTICS Standard conditions: (TA= 26'C, VCC = 5.0V unless otherwise stated), 
using Test Circuit # 1 

VR 

TS 
TM 

7-10 

PARAMETER 

POWER SUPPLY REQUIREMENTS 
Power supply voltage range 
Power supply current 

VOLTAGE REGULATOR 
Output voltage 
Output current 
Line regulation 
Voltage drop 

INPUT AMPLIFIER 
Input bias current 
Input voltage range 
Open loop gain 
Feedback current 
Detection threshold 
Sync. pause time 
Minimum pulse time 

OUTPUTS·ALL CHANNELS 
VOL 

VOH 

VOL va SINK CURRENT 
AND VOH va SOURCE CURRENT 

--k VOH 

f-- - -- -- f-:=:-' f-

, 
r 

.r'VOL 

f-. 4 

's{mA)_ 

TEST CONDITIONS 

Test circuit # 1 
Excluding Inpul bias current 

VR ;:: 3.7V 

VCC = 6V to 8V 
VCC = 4V, IR = -10mA 

Test circuit # 1, t.V12 & 13 
Rs Cs = 6.0ms 

Rm Cm = 500l's 

ISINK = lmA 

ISOURCE = 2mA 

a 

MINIMUM PULSE TIME, 
TM va RM, CM 

- .,), I 
.047)..(F .022j..(F 

60 

700 J I ~ ,01.u F 

600 
E 

I- 500 

400 

300 

'00 

'00 

I 1/ 
I I / .OO47)..(F 

l/ l~ ~ ...... 
/ / ~ 

/ [...-' \ 
/ ~ Cm 

10 20 30 40 SO 60 70 eo 90 100 

RM(kll)_ 

REGULATOR VOLTAGE 
VB LOAD CURRENT 

10 20 30 40 -----

fA (rnA) 
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Min Typ Max 

3.6 8.0 
9.0 14.0 

3.7 4.1 4.5 
-15 

.01 .06 
1.3 

10 100 
2.0 4.0 

60 
100 200 400 

8 20 
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.25 .5 

2.7 

SYNC. PAUSETIME, 
Ta va RaCa 

.47pF .1j..(F ,047JF 

oi, VI"" ,022)..(F 

.A/ 

I / I' 

UNIT 

V 
mA 

V 
mA 
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V 

nA 
V 
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mV 
ms 
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V 

V 

, I <- ,/' """'.o1,uF 
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C • 

, 00 200 300 400 500 600 
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3.24K 

3.24K 

3.24K 

3.24K 

3.24K 

3.24K 

3.24K 

SERIAL 
INPUT 

CHANNEL 1 

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

CHANNEL 5 

CHANNEL 6 

CHANNEL7 

INTERNAL 
RESET 

VCC 

lK 

lK 

lK 

NE5045 
lK 

lK 

lK 

lK 

':" 

TEST CIRCUIT 

16 

.J. 4.7,F 

15 

14 

300K 

11,F --I"""t-
13 • INPUT 

lK 

1.lK 
12 

3K 1,F 

11 
5.1K 

':" 

Rm lOOK 
10 

1·1
'F 

'CERAMIC 

-TS=·85 CSRS-n-

Figure 1. NE5045 Decoder Timing Diagram 
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SEVEN CHANNEL RC DECODER 

A. CIRCUIT OPERATION 
The NE5045 is a serial input, parallel out· 
put decoder containing all the active cir· 
cuitry necessary to separate up to 7 chan· 
nels of information in a pulsewidth 
modulated system. An internal voltage 
regulator provides excellent power supply 
rejection for the decoder as well as a 
regulated output for a radio receiver if 
used. 

The high gain input amplifier, Al (A, > 
60dS), allows either positive or negative 
pulses to be used and has input bias cur
rents less than lanA. Signals as low as 
10mV pop can easily be demodulated. The 
feedback current generator can be used to 
provide positive feedback thereby cre
ating hysteresis in the input switching 
levels. Hysteresis prevents false trigger
ing due to noise or IF amplifier distortion. 
If positive input pulses are used, the 
signal would be connected to the non in
verting input, pin 13. In this case, the input 
threshold would be sct by the voltage dif
ference between pin 12 and pin 13, 
established externally with a resistive 
divider network. Design 01 the divider will 
be covered in section Sand C. Negative in
put Signals would be coupled to pin 12, 
the inverting input. 

The amplified Signal from Al is gated by 
Gl and in turn sets the FF. Assume, for 
the time, that G2 is low. The combination 
of the FF and One Shot 1 produces a 
minimum pulse to clock the counter
decoder lor each positive edge at pin 13 
which exceeds the voltage on pin 12. The 
width 01 this pulse is: T m = RmCm' With 
this arrangement, the system will not re
spond to any pulse after the first edge and 
before the end of T m' In effect the input is 
turned off for a period equal to T m follow
ing the leading edge of each input pulse. 
The noise immunity of the decoder is thus 
enhanced by the ratio of T m to the period 
between input pulses. Obviously T m must 
be less than the shortest period between 
input pulses. 

This connection serves two purposes: 

(1) establishes synchronization in no 
more than one frame and 

(2) prevents the counter·decoder from 
overflowing due to extra noise pulses in a 
given frame. Thus any noise pulses in a 
frame will only affect those channels after 
that pulse and only in that frame. 

II fewer than 7 channels of input are used 
then 0 0 is high after the last pulse and the 
counter-decoder is reset when One Shot 2 
goes high. 

Each channel has a totem pole output 
stage capable of sourcing 2mA and sink
ing lmA. 

The voltage regulator operates in two 
modes depending on the power supply 
voltage. II V cc is greater than 5V, the 
voltage regulator acts as a series pass 
regulator witl, a nominal output voltage of 
4.1V. When Vee is less than 5V, the 
regulator acts as a dynamic decoupler 
where the bypass capaCitor on pin 14 fil
ters out line transients. The internal pass 
transistor acts like an emitter follower 
whose base is' decoupled by the bypass 
capacitor. The value of capacitance will 
depend upon the degree of smoothing re
quired and the amplitude of the line tran
sients. If the regulator provides power for 
the radio receiver, this capacitor may have 
to be as large as 33/LF. However if this is 
not done, I/LF should be sufficient. 

B. DECODER DESIGN 
EQUATIONS 

The design of the decoder's external cir
cuitry is quite simple. Tile minimum pulse 
One Shot (#1) and the synchronization One 
Shot (#2) each have time periods given by: 

[Tm= RmCm [ 

[Ts= .85 RsCs I 

NE5045 

respectively. The constraints on these 
time periods are: T m < the minimum input 
pulse width or time between leading 
edges of the input and Ts > maximum in· 
put pulse width but Ts < the sync pause 
(time between last pulse in frame and first 
pulse of the following frame). 

The design of the input amplifier biasing 
network depends upon a number of fac· 
tors, including: 

1. Pulse Polarity 
2. Pulse Amplitude 
3. Variations in Amplitude and Noise 
4. Detection Threshold and Hysteresis 

Levels 

For a very simple case, assume the input 
is a positive pulse train and the threshold 
of detection is desired to be 400mV with
out hysteresis. Figure 2 shows the input 
amplifier along with the associated bias
ing circuits. The resistors R, and R2 set 
the voltage on pin 12, which should be be· 
tween 2V to 5V. 

The threshold is set by the voltage drop 
across R3, that is, the decoder will not be 
triggered until Hie voltage on pin 13 ex· 
ceeds the voltage on pin 12. 

V threshold = V 12 - V 13 

VthresCOid = V'2 (1 + ~41RJ 
If we assume VR = 4.1V and let V'2 = 3V 
then 

R,=1.1k 

R2 = 3.0k 

The counter is clocked and One Shot 2 is 
reset (capacitor Cs is discharged) each 
time the FF is set. When the FF is reset, 
Cs begins to charge up through Rs' The 
time constant Ts = .85 RsC s is normally 
much larger than the time between input 
pulses so that the output of One Shot 2 re
mains· low until the last pulse of a given 
frame is received. Figure 1 shows the tim
ing diagram for the decoder. After the last 
pulse in a Irame (system synchronized) 0 0 

will go low and G2 will go high. The input 
is now disabled by Gl until One Shot 2 
times out at which time G2 will go low. 

Figure 2. Input Amplifier Biasing NE5045 
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The threshold is then set to 400mV by 
setting 

R41R3= 6.5 

R4 should be sufficiently large so as to not 
load the input signal. If we let R3 = 51 k then 
R4 = 330k. Figure 3 shows the external con· 

Figure 3. NE5045 Decoder External Connections 
T m = .B8ms; T s = 4ms, V threshold = 400mV 

NE5045 

nections for a complete decoder. Note that 
this circuit does not have provisions for noise 
filtering or rejection of amplitude variations. 

"For additional information, consult the Applications Section. 
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SERVO AMPLIFIER 

DESCRIPTION 
The NE544 is a servo amplifier and pulse
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor
ates a linear one shot for improved position
al accuracy and outputs for external pnp 
motor drive transistors. 

FEATURES 
• SOOmA load current capability 
• Bidirectional bridge output with single 

power supply 
• Low standby power drain 
• Adjustable deadband and trigger thresh

olds 
• High linearity, O.S% maximum error 
• Output drive for external PNP transistors 

(optional) 
• Wide supply voltage range 

APPLICATIONS 
• Miniature position Servo 
• Robotics 
• Control devices 
• Remote positioning 

ABSOLUTE MAXIMUM RATINGS TA = 25'C unless otherwise specified. 

PARAMETER RATING UNIT 

V+ Supply voltage 6.0 V 
'0 Output current 500 mA 
TA Operating temperature -20 to +75 'C 
Tstg Storage temperature -65 to +150 'C 

BLOCK DIAGRAM 
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SERVO AMPLIFIER NE544 

EQUIVALENT CIRCUIT SCHEMATIC 

TIMING 

.§. GND IS1GNALI 

GND (POWER) 

7 
DC ELECTRICAL CHARACTERISTICS TA = 25'e. Vs = 4.8V unless otherwise specified 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply vOltage 3.2 4.8 6 V 

ICC Supply current Pin 11 Quiescent 4.2 5.5 10 mA 

VTH Input threshold Pin 4 V 
On 1.5 
Off 1.4 

ZIN Input resistance Pin 4 18 kn 

Output vOltage V 

VOL Low 
Pln90r13.I L - 400mA 

0.3 

VOH High 3.9 

VREG Regulated voltage Pin 3 2.1 2.5 2.9 V 

AVREG Regulation Pin 3 3.9V '" Vce '" 6V 10 mVIV 

Minimum dead band Pin 7 ROB = 0 1 fls 

One shot temperature coefficient 01 o/Oice 

Standby output voltage Pin 9 and 13 2.5 V 

PNP drive current Pin 10 and 12 20 mA 
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LINEAR LSI PRODUCTS 

SERVO AMPLIFIER 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 

r--------------4------------------~--__O vee 

R, 
560k 

c. 

48V 

TATS 
OPTIONAL 
USE MPS 6G6:? 
OR EaUIV 

47,-, 

L-__ ~====~==~==~==~~j__t~=_--~------~------------~--~~---oGND 
C,1/1 INPUT 
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LINEAR LSI PRODUCTS 

SERVO AMPLIFIER 

Typical PC Board Layout 
Bottom View 

PC BOARD-N PACKAGE 

Signetics 

Parts Layout 
Top View 

NE544 
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LINEAR LSI PRODUCTS 

SERVO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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"For additional Information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

STEPPER MOTOR DRIVER SAA1027 

GENERAL DESCRIPTION 

The SAA 1027 is a bipolar integrated circuit intended for driving a four-phase two-stator motor. The 
circuit consists of a bidirectional four-state counter and a code converter to drive the four outputs in 
the sequence required for driving a stepping motor. 

Features 

• high noise immunity inputs 
• clockwise and counter-clockwise operation 
• reset facility 
• high output current 
• outputs protected against damage by overshoot. 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current, unloaded 

Input voltage, all inputs 
HIGH 

LOW 

Input current, all inputs, LOW 

Output current lOW 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead D I l; plastic (SOT -38A). 

Signetics 

Vee 9.5 to 18 V 

ICC typo 4.5 mA 

VIH min. 7.5 V 

Vil max. 4.5 V 

III typo 30 p.A 

IOl max. 500 mA 

Tamb -20 to +70 oe 
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LINEAR LSI PRODUCTS 

STEPPER MOTOR DRIVER 

VCC1 

14 

SAA1027 

C 15 
CTR2 

1+/1-

M 3 Ml ,{ 
R 2 CT = 0 

7Z87069 

X/V 0/3 

1/2 

2 0/1 

2/3 

RX 

4 

OUTPUT 
DRIVER 
STAGES 

SAA1027 

VCC2 

13 

.~_+-+-+,6,- Ql 

/-"+-1--~+,,8,- Q2 

/-"+-1--~+,,9,- Q3 

..-+-_~+-,1..:..1 Q4 

Fig. 1 Block diagram. The blocks marked HN I L/CM L are high noise immunity input stages, the block 
marked CTR2 is a bidirectional synchronous 2-bit (4-statel counter and the block marked X/Y is a code 
converter. C is the count input, M the mode input to select forward or reverse counting and R is the 
reset input which resets the counter to content zero. 

PINNING 

1 n.c. not connected 

2 R reset input 

3 M mode input 

4 RX external resistor 

n.c. 5 VEE1 ground 

6 01 output 1 

7 n.c. not connected 
vCC1 

8 02 output 2 
VCC2 9 03 output 3 
VEE2 10 n.c. not connected 

11 04 output 4 

n.C. 12 VEE2 ground 

p VCC2 positive supply 

14 VCC1 positive supply 
7Z87070 

15 C count input 

Fig. 2 Pinning diagram. 16 n.c. not connected 
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LINEAR LSI PRODUCTS 

STEPPER MOTOR DRIVER SAA1027 

FUNCTIONAL DESCRIPTION 

Count input C (pin 15) 

The outputs change state after each L to H signal transition at the count input. 

Mode input M (pin 3) 

With the mode input the sequence of output signals, and hence the direction of rotation of the stepping 
motor, can be chosen, as shown in the following table. 

counting M=L M=H 

sequence 01 02 03 04 01 02 03 04 

0 L H L H L H L H 

1 H L L H L H H L 

2 H L H L H L H L 

3 L H H L H L L H 

0 L H L H L H L H 

Reset input R (pin 2) 

A LOW level at the R input resets the counter to content zero. The outputs take on the levels shown in 
the upper and lower line of the table above. 

If this facility is not used the R input should be connected to the supply. 

External resistor pin RX (pin 4) 

The external resistor R4 connected to RX sets the base current of the output transistors. Its value has 7 
to be chosen in accordance with the required output current (see Fig. 5). 

Outputs 01 to 04 (pins 6, 8, 9 and 11) 

The circuit has open,collector outputs. To prevent damage by an overshooting output voltage the 
outputs are protected by diodes connected to V CC2, pin 13. High output currents mainly determine 
the total power dissipation, see Fig. 3. 
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LINEAR LSI PRODUcrS 

STEPPER MOTOR DRIVER SAA1027 

RATINGS 

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

Supply voltage, d.c. VCC1; VCC2 max. 18 V 

Input voltage, all inputs 

Current into pin 4 

Output current 

Power dissipation 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS 

VI 

IRX 

IOL 

Ptot 

Tstg 

Tamb 

max. 

max. 

max. 

see Fig. 4 

18 V 

120 mA 

500 mA 

-40 to + 125 °C 

-20 to +70 °C 

VCC = 9.5 to 18 V; VEE = 0 V; Tamb = -20 to 70 0C unless otherwise specified. 

parameter symbol min. typo max. unit 

Supply VCC1 and VCC2 (pins 14 and 13) 

Supply current at VCC1 = 12 V; 
unloaded; all inputs HIGH; pin 4 open ICC 2 4.5 6.5 mA 

Inputs C, M and R (pins 15,3 and 2) 

Input voltage 
HIGH VIH 7.5 - - V 

LOW VIL - - 4.5 V 

Input cu rrent 
HIGH IIH - 1 - p.A 

LOW -IlL - 30 - p.A 

External resistor pin RX(pin 4) 

Voltage at RX at VCC = 12 V ± 15%; 
R4 = 130 ,Q ± 5% VRX 3 - 4.5 V 

Outputs 01 to 04 

Output voltage LOW 

at IOL = 350 mA VOL - 500 1000 mV 

at IOL = 500 mA VOL - 700 - mV 

Output current 
LOW IOL - - 500* mA 
HI GHat V Q = 18 V -IOH - - 50 p.A 

* See Figs 3 and 4. 
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STEPPER MOTOR DRIVER SAA1027 
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Fig.3 Total power dissipation Ptot as a 
function of output current IOL' 

Fig.4 Power derating curve. 
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Fig.5 Current IRX into RX and voltage VRX on 
RX as a function of required output current IOL. 
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15 C 01~6~~JY~~~~ 

3 M SAA 1027 

R 
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Fig.6 Typical application of the SAA 1027 as a stepping motor driver. 
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LINEAR LSI PRODUCTS 

VOLTAGE REGULATOR-SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 
Operating safe zones exceeding these limits could cause perma· 
nent damage to the device and are not meant to Imply that 
devices can operate at these limits. 

Current Limiting 
The ability of the amplified segment to limit the output current 
of the device when safe operating limits are exceeded. Meas· 
ured In amperes (pre·determlned). 

Efficiency 
Regarding a regulator, the ratio of the total power Input to the 
usable power output. Expressed as a percentage. (For example, 
If a regulator has a 50 watt Input and a 40 watt output, Its effl· 
clency Is 80 percent). 

EMI/RFI 
("Electromagnetic Interference/Radio Frequency Interference") 
regarding regulators, magnetic field disturbance and radio fre· 
quency Interference signals generated especially by SMPS 
devices. Measurement Is generally unspecified. 

Lin. Regulation 
Sometimes referred to as "static regulation". This term refers to 
the changes In the output as the Input Is varied slowly from Its 
rated minimum value to Its rated maximum value (from 105 
VAC AMS to 125 VACRMS)' Measured In mvlV. 

Load Regulation 

Sometimes referred to as "dynamic regulation". This term refers 
to the changes In the output when load conditions are suddenly 
changed (from no load to full load). Measured In mvlV. 

Package Type Designation 
See full package designations In Appendix. 

Power Dissipation 

The power that the device can safely handle at 25'C. The 
dissipation must be derated as Indicated for the Individual 
package type. 

Power Dissipation 

The ability of the regulator to tolerate excessively high levels of 
Input power while maintaining Its operation within the safe 
operating area of Its active devices. Measured In watts. 

Safe Operating Area Restriction (SOAR) 

Limits the output current of the amplifier to maintain safe (no 
thermal runaway) operating conditions. (Accomplished through 
Internal sensor amplifiers.) 

TA 
Ambient temperature range. Range of the surrounding environ· 
ment of the operating device. 

TJ 

Junction Temperature. The maximum temperature of the device. 
150'C Is standard for silicon devices. 

TaoLD 
Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor· 
mally epeclfled for a duration of 10 sec). 

TSTO 

Storage temperature range. Temperature range that the device 
can be stored In a non'operatlng condition. 

Thermal Regulation 
Referred to as changes due to ambient variations of thermal 
drift. Also referred to as temperature coefficient, measured In 
ppm/'C or mv/'C. 

Thermal Shutdown 

The ability of the regulator to shut Itself down when the maxi· 
mum die temperature Is exceeded. Measured In degrees Celsius 
(C). 

Tranelent Reepon .. 

The ability of a regulator to respond to rapid changes In line 
variations, load variations, or Intermittent transient Input condl· 
tlons. (Transient Response Is often referred to as "recovery 
time"). Measured In milliseconds (ms). 

Truth Tabl •• 
o Is logiC level low 
1 Is logiC level high 
X - don·t care condition - has no effect under circuit condl· 
tlons listed. 

Vcc (- Vcc) 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

Voltage Limiting 

The ability of the regulator to "shut down" In the event that the 
Internal reference sources fall to function properly. Measured in 
Volts. 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DESCRIPTION FEATURES 

• Stabilized power supply The SE/NE5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip incorporates all the control and 
housekeeping (protection) functions required 
in switched mode power supplies, including an 
internal temperature compensated reference 
source, internal Zener references, sawtooth 
generator, pulse width modulator, output stage 
and various protection circuits. 

• Temperature compensated referenca 
source 

• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetlzatlon/overvoltage 

protection 
• Maximum duty cycle clamp 
• Feed forward control 

ABSOLUTE MAXIMUM RATINGS • External synchronization 

PARAMETER RATING 

Supply1 
Voltage forced mode +18 
Current fed mode 30 

Output transistor (at 2D-30V max) 
Output current 40 
Collector voltage (Pin 15) Vcc + 1.4V 
Max. emitter voltage (Pin 14) +5 

Operating temperature (ambient) 
SE5560 -55 to +125 
NE5560 o to 70 

Storage temperature range -65 to +150 

BLOCK DIAGRAM 
FEED EXTERNAL 

FORWARD AT Or SYNC INPUT 

QAINADJUST ....:.+--+-..:..---~ __ -I 

MODU~:;~~ ....:..+--+---------1 

DU~~~:~~~ ....:..+-_+-______ ..... __ .,-_.,... __ +-_--, 

Note: 
1. See Voltage/Current fed supply characteristic curve. 

AI!MOTE 
ON 'OFF 

Signetics 

UNIT 

V 
rnA 

mA 
V 
V 

'c 
'c 
'c 

PIN CONFIGURATION 

D,F,N PACKAGE 

FEEDFOAWAAD 

OUTPUT {COLLI 

FEED .... CK 3 OUTPUTIEMm 

13 ~~:::~tT~~TIONI 
MODULATOR 5 

DUTVCVCLE 
CONTROL 11 ~I~~;I~~T 

TOP VIEW 
ORDER NUMBERS 

N E5560N SE5560F 
NE5560D SE5560N 
NE5560F 

DEMAGNETIZATION I 
OVEFI-VDl.TAOE PROTECTION 

Vee 

" 

.. 

REMOTE ON/OFF 

EXTERNAL 
SYNC 

OUTPUTS 

2 Vz 
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LINEAR LSI PRODUCTS 

SWITCHED·MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DC ELECTRICAL CHARACTERISTICS (TA = 25'C, vcc = 12V unless otherwise specified) 

PARAMETER TEST CONDITIONS 
SE5560 NE5560 

UNIT 
Min Typ Max Min Typ Max 

Reference Sections 
Internal reference voltage (Vr,,) 25'C 3.69 3.72 3.81 3.57 3.72 3.95 V 

Over temperature 3.65 3.85 3.53 4.00 V 
Temperature coefficient of Vr,t -100 -100 ppm/'C 
I nternal Zener reference (Vz) IL=-7 mA 7.8 8.4 8.8 7.8 8.4 8.8 V 
Temperature coefficient of Vz 200 200 ppm/'C 

Oscillator Section 
Frequency range Over temperature 50 100k 50 100k Hz 
Initial accuracy oscillator R= 5 kn 5 5 % 
Duty cycle range fo= 20 kHz 0 98 0 98 % 

Modulator 
Modulation input current Voltage at Pin 5 = 2V 0.2 20 0.2 20 I,A 

Over temperature 

Housekeeping Function 
at 2V 

Pin 6, Input current Over temperature 0.2 20 0.2 20 ~A 
Pin 6, duty cycle limit control (for 50% maximum duty 40 50 60 40 50 60 % of duty 

cycle) 15 kHz to 50 kHz/ cycle 
41% ofVz 

Pin 1, low supply voltage protection 8 9.0 10.5 8 9.0 10.5 V 
thresholds 

Pin 3, feedback loop protection trip 400 600 720 400 600 720 mV 
threshold 

at2V 
Pin 3, pull up current Over temperature -7 -15 -35 -7 -15 -35 ~A 
Pin 13, demagnetization/over voltage 470 600 720 470 600 720 mV 
protection trip on threshold 

at 0.25V 
Pin 13, input current 25'C -0.6 -10 -0.6 -.10 ~A 

Over temperature -20 -20 
Pin 16, feed forward duty cycle control Voltage at Pin 16 = 2Vz 30 40 50 30 40 50 % original 

duty cycle 
at 16V, Vcc = 18V 

'Pin 16, feed forward Input current 25'C 0.2 5 0.2 5 ~A 
Over temperature 10 10 ~A 

External Synchronization 
Pin 9 off 0 0.8 0 0.8 V 

on 2 Vz 2 Vz V 
sink current Voltage at Pin 9 = OV, 25'C -65 -100 -65 -125 ~A 

Over temperature -125 -125 ~A 

Remote 
Pin 10 off 0 0.8 0 0.8 V 

on 2 Vz 2 Vz V 
at OV 

sink current 25'C -85 -100 -85 -125 ~A 
Over temperature -125 -125 ~A 

Current Limiting 
Pin 11, liN Voltage at Pin 11 = 250 mY, -2 -20 -2 -20 ~A 

25'C 
Over temperature -40 -40 ~A 

Single pulse Inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 ~s 

Trip Levels: Shut down, slow start 
overdrive at 40 mA lOUT 

0.560 0.600 0.700 0.560 0.600 0.700 V 
Current limit 0.400 0.480 0.500 0.400 0.480 0.500 V 

Error Amplilier 
Output voltage sWing (VOH) 6.2 9.5 6.2 9.5 V 
Output voltage swing (VOL) 0.7 0.7 V 
Open loop gain 54 60 54 60 dB 
Feedback resistor 10k 10k n 
Small signal bandwidth 3 3 MHz 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS 

Output Stage 
V eE(SA T) Ie = 40mA 
Output current (pin 15) 
Max emitter voltage (pin 14) 

Supply Voltage/Current 
Icc Iz = 0, voltage forced, 

Vee = 12V, 25°C 
Over temp. 

Vee Icc = 10mA 
current fed 

Vee lee=30mA 
current fed 

Note: 
Does not include current for timing resistors or capacitors. (See p. 

TYPICAL PERFORMANCE CHARACTERISTICS 

60 
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:e. 
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lK 
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I 
l' 

\ 

I 
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I ~ 
I 

, 

I i 

II I ~ 
I Ilii ii I 

10K lOOK 1M 

FREQUENCY (Hz) 

10M 

I 

10M 

SE5560 NE5560 

Min Typ Max Min 
UNIT 

Typ Max 

0.5 0.5 V 
40 40 mA 
5 6 5 6 V 

10 10 mA 
15 15 mA 

20 23 19 24 V 

20 30 20 30 V 

• "total standby current") 

MAXIMUM PIN VOLTAGES 
NE5560 

FUNCTION MAXIMUM VOLTAGE 

1. Vcc See Note 1 
2. Vz Do not force (8.4V) 
3. Feedback Vz 
4. Gain 
5. Modulator Vz 
6. Duty Cycle Control Vz 
7. RT Current force mode 
8. CT 
9. External Sync Vz 

10. Remote OnlOff Vz 
11. Current Limiting Vee 
12. GND GND 
13. DemagnetizationlOvervoltage Vee 
14. Output (Emit) Vz 
15. Output (Collector) Vee + 2Vbe 
16. Feed forward Vee 

Note: 
1. When voltage forced, maximum is 18V; when current fed, maximum 
is 30mA. See voltagelcurrent fed supply characteristic eUNe. 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

GRAPH FOR DETERMINING d MAX SOFT·START MIN DUTY CYCLE vs R1 + R2 
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NE5560 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

TYPICAL FREQUENCY PLOT VB RT AND CT DUTY CYCLE SENSITIVITY TO FEED 
FORWARD VOLTAGE (PIN 16) 
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THEORY OF OPERATION 

-
-

The following functions are incorporated: 
- A temperature compensated reference 

source. 
- An error amplifier with pin 3 as input. 

The output is connected to pin 4 so that 
the gain is adjustable with external 
resistors. 

- A sawtooth generator with a TTL-com
patible synchronization input (pins 7,8,9). 

- A pulse·width modulator with a duty-
cycle range from 0 to 95 %. 

(The PWM has two additional inputs: 
Pin 6 can be used for a precise setting of 
dmax. 

Pin 5 gives a direct access to the modu
lator, allowing for real constant current 
operation:) 
- A gate at the output of the PWM pro

vides a simple dynamic current limit. 
- A latch that is set by the flyback of the 

sawtooth and reset by the output pulse 
of the above-mentioned gate prohibits 
double pulsing. 

- Another latch functions as a start-stop 
circuit; it provides a fast switch-off and 
a slow start. 

- A current protection circuit that oper· 
ates via the start-stop circuit. This Is a 
combined function with the current 

-

s 

'0 0 

0 \ 
\ 

0 

0 \ 
r-

0 

, 
I-

0 

" 0 

"I'-
0 

........ 
r----. 

0 

0 -I--
4.5 C(nFl 

limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle· 
by-cycle current limiting, the upper one 
for current protection by means of 
switch-off and slow·start. 

- A TTL-compatible remote on/off input 
at pin 10, also operating via the start· 
stop circuit. 

- An inhibit input at pin 13. The output 
pulse can be inhibited immediately. 

- An output gate that is commanded by 
the latches and the inhibit circuit. 

- An output transistor of which both the 
collector (pin 15) and the emitter (pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 

- A power supply that can be eithervolt
age or current driven (pins 1 and 12). 
The internally generated stabilized out· 
put voltage Vz is connected to pin 2. 

- A special function is the so-called feed· 
forward at pin 16. The amplitude of the 
sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional to the voltage .on 
this pin: Ii - lIV16 

- Loop fault protection circuits assure 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 
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Stabilized Power Supply 
(Pins 1, 2, 12) 

The power supply of the NE5560 is of the 
well known series regulation type and pro
vides a stablized output voltage of typical
ly 8.5 volts. 

This voltage Vz is also presentat pin 2 and 
can be used for precise setting of d max. 
and 10 supply external circuitry. Its maxi
mum currenl capability is 5mA. 

The circuit can be fed directly from a DC 
voltage sourCD betwoon 10.5V and 18V or 
can be currenl driven via a limiting resistor. 
In the latter caso, Internal plnch·off resls· 
tors will limit tho maximum supply voltage; 
typical 23V for lamA and maximum 30V for 
30mA. 

The low supply voltage protection is active 
when V(I-12) is below 10.5V and inhibits 
the output pulse (no hysteresis). 

When the supply voltage surpasses the 
10.5V level, the IC starts delivering output 
pulses via the slow·start function. 

The current consumption at 12V is less 
than lamA, provided that no current is 
drawn from Vz and R(7-12);' 20kQ. 
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The Sawtooth Generator 
Figure 2 shows the principal circuitry of 
the oscillator. A resistor between pin 7 and 
pin 12 (ground) determines the constant 
current that charges the timing capacitor 
C(8-12). 

This causes a linear increasing voltage on 
pin 8 until the upper level of 5.6V is reach
ed. Comparator H sets the RS flip flop and 
01 discharges C(8-12) down to 1.1V, where 
comparator L resets the flip-flop. During 
this flyback time, 02 inhibits the output. 

Synchronization at a frequency lower than 
the free-running frequency is accomplish
ed via the TTL gate on pin 9. By activating 
this gate (V9< 2V), the setting of the saw
toothis prevented. This is indicated in 
Figure 3. 

Figure 4 shows a typical plot of the oscilla· 
tor frequency against the timing capacitor. 
The frequency range of the NE5560 goes 
from <50Hz up to >100kHz. 

Reference Voltage Source 

The internal reference voltage source Is 
based on the bandgap voltage of silicon. 
Good design practice assures a tempera
ture dependency typically ± 100ppm/'C. 
The reference voltage Is connected to the 
positive input of the error amplifier and 
has a typical value of 3.72V. 

Error Amp Compensation 
For closed loop gains less than 40 dB, It Is 
necessary to add a simple compensation 
capacitor as shown In Figures 4, 5. 

ERROR AMPLIFIER COMPENSATION 

OPEN LOOP GAIN 

60 dB 

1 kHz 10 kHz 1 MHz 

Figure 4 
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Error Amplifier with Loop·Fault 
Protection Circuits 

This operational amplifier Is of a generally 
used concept and has an open loop gain of 
typically 60dS. As can be seen in Figure 5, 
the inverting input Is connected to pin 3 for 
a feedback Information proportional to Va. 

The output goes to the PWM circuit, but Is 
also connected to pin 4, so that the re
quired gain can be set with Rs and R(3-4). 
This is Indicated In Figure 5, showing the 
relat ive change of the feed back voltage as 
a function of the duty cycle. Additionally, 
pin 4 can be used for phase shift networks 
that Improve the loop stability. 

When the SMPS feedback loop is Interrupt· 
ed, the error amplifier would settle In the 
middle of its active region because of the 
feedback via R(3-4). This would result in a 
large duty cycle. A current source on pin 3 
prevents this by pushing the input voltage 
high via the voltage drop over R(3-4). As a 
result, the duty cycle will become zero, pro
vided that R(3-4»100k. When the feedback 
loop is shortclrculted, the duty cycle would 
Jump to the adjusted maximum duty cycle. 
Therefore, an additional comparator Is ac
tive for feedback voltages at pin 3 below 
O.SV. Now an Internal resistor of typically 
1 k Is shunted to the Impedance on the amax 
setting pin 6. Depending on this Imped· 
ance, a will be reduced to a value 60. This 
will be discussed further. 

TRANSFER CURVE OF PULSE WIDTH 
MODULATOR DUTY CYCLE VB INPUT VOLTAGE 
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The Pulse·Width Modulator 

The function of the PWM circuit is to trans
late a feedback voltage into a periodical 
pulse of which the duty cycle depends on 
that feedback voltage. As can be seen in 
Figure 6, the PWM circuit in the NE5560 is 
a long-tailed pair in which the sawtooth on 
pin 8 is compared with the LOWEST volt· 
age on either pin 4 (error amplifier), pin 5, 
or pin 6 dmax and slow·start). The transfer 
graph is given in Figure 7. The output of the 
PWM causes the resetting of .the output 
bistable. 

Limitation of the Maximum 
Duty Cycle 

With pins 5 and 6 not connected and with a 
rather low feedback voltage on pin 3, the 
NE5560 will deliver output pulses with a 
duty cycle of "'95%. In many SMPS appli· 
cations, however, this high d will cause 
problems. Especially in forward convert· 
ers, where the transformer will saturate 
when d exceeds 50%, a limitation of the 
maximum duty-cycle is a must. 

A DC voltage applied to pin 6. (PWM input) 
will set dmax at a value in accordance with 
Figure 7. For low tolerances of 6max, this 
voltage on pin 6 should be set with a 
resistor divider from Vz (pin 2). The upper 
and lower sawtooth levels are also set by 
means of an internal resistor divider from 
Vz, so forming a bridge configuration with 
the 6max setting is low because tolerances 
in Vz are compensated and the sawtooth 
levels are determined by internal resistor 
matching rather than by absolute resistor 
tolerance. Figure 8 can be used for deter
mining the tap on the bleeder for a certain 
6max setting. 

As already mentioned, Figure 9 gives a 
graphical representation of this. The value 
60 is limited to the lower and the higher 
side; 
• It must be large enough to ensure that at 

maximum load and minimum input vol
tage the resulting feedback voltage on 
pin 3 exceeds 0.6V. 

• It must be small enough to limit the 
amount of energy in the SMPS when a 
loop-fault occurs. In practice a value of 
10-15% will be a good compromise. 

Extra PWM Input (Pin 5) 

The PWM has an additional inverting in
put: pin 5. It allows for attacking the duty 
cycle via the PWM circuit, independently 
from the feedback and the dmax informa· 
tion. This is necessary when the SMPS 
must have a real constant current behav· 
lor, possibly with a fold-back characteris-
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tic. However, the realization of this feature must 
be done with additional external components. 
When not used, pin 5 should be tied to pin 6. 

OUTPUT CHARACTERISTIC 

Dynamic Current Limit and 
Current Protection (Pin 11) 

In many applications, it is not necessary to 
have a real constant current output of the 
SMPS. 

Protection of the power transistor will be the 
prime goal. This can be realized with the 
NE5560 in an economical way. A resistor (or a 
current transformer) in the emitter of the power 
transistor gives a replica of the collector cur
rent. This signal must be connected to pin 11. 
As can be seen in Figure 10, this input has two 
comparators with different reference levels. 
The output of the comparator with the lower 
0.48V reference is connected to the same gate 
as the output of the PWM. 
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When activated, it will immediately reset the 
output flip flop, so reducing the duty cycle. The 
effectiveness of this cycle-by-cycle current limit 
diminishes at low duty cycle values. When {j 

becomes very small, the storage time of the 
power transistor becomes dominant. The cur
rent will now increase again, until it surpasses 
the reference of the second comparator. The 
output of this comparator activates the startl 
stop circuit and causes an immediate inhibit of 
the output pulses. After a certain dead-time, 
the circuit starts again with very narrow output 
pulses. The effect of this two-level current pro' 
tection circuit is visualized in Figure 11. 

The Start/Stop Circuit 

The function of this protection circuit is to 
stop the output pulses as soon as a fault 
occurs and to keep the output stopped for 
several periods. After this dead time, the 
output starts with a very small, gradually 
increasing duty cycle. When the fault is 
persistent, this will cause a cyclic switch· 
off/switch·on condition. This "hiccup" 
mode limits effectively the energy during 
fault conditions. The realization and the 
working of the circuit is indicated in the 
Figures 12 and 13. The dead·time and the 
soft·start are determined by an external 
capacitor that is connected to pin 6 (d max 
setting). 

A RS flip flop can be set by three different 
functions: 
1. Remote on/off on pin 10. 
2. Overcurrent protection on pin 11. 
3. Low supply voltage protection (internal). 

As soon as one of these functions cauc;e a 
setting of the flip flop, the output pulses 
are blocked via the output gate. In the 
same time transistor 01 is forward·biased, 
resulting in a discharge of the capacitor on 
pin 6. 

The discharging current is limited by an in· 
ternal 150Q resistor in the emitter of 01. 
The voltage at pin 6 decreases to below the 
lower level of the sawtooth. When V6 has 
dropped to 0.6V, this will activate a com· 
parator and the flip flop is reset. The out· 
put stage is no longer blocked and 01 is 
cut·off. Now Vz will charge the capacitor 
via Rl to the normal dmax voltage. The out· 
put starts delivering very narrow pulses as 
soon as V6 exceeds the lower sawtooth 
level. The duty,cycle of the output pulse 
now gradually increases to a value deter· 
mined by the feedback on pin 3, or by the 
static dmax setting on pin 6. 

21 
r---<J~+- Vz 
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12 
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11 
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Remote On/Off Circuit (Pin 10) 

In systems where two or more power sup
plies are used, it is often necessary to 
switch these supplies on and off in a se
quential way. Furthermore, there are many 
applications in which a supply must be 
switched by a logical signal. This can be 
done via the TTL-compatible remote onloff 
input on pin 10. The output pulse is in
hibited for levels below O.BV. The output of 
the Ie is no longer blocked when the re
mote onloff input is left floating or when a 
voltage> 2V is applied. Start up occurs via 
the slow-start circuit. 

The Output Stage 

The output stage of the NE5560 contains a 
flip flop, a push-pull driven output transis
tor, and a gate, as indicated in Figure 14. 
The flip flop is set by the flyback of the 
sawtooth. Resetting occurs by a signal 
either from the PWM or the current limit 
circuit. With this configuration, it is as
sured that the output is switched only 
once per period, thus prohibiting double 
pulsing. The collector and emitter of the 
output transistor are connected to respec
tively pin 15 and pin 14, allowing for normal 
or inverted output pulses. An internally 
grounded emitter would cause untolerable 
voltage spikes over the bonding wire, 
especially at high output currents. 

This current capability of the output tran
sistor is 40mA peak for V CE = O.4V. An in
ternal clamping diode to the supply volt
age protects the collector against over
voltages. The maximum voltage at the emit
ter (pin 14) must not exceed +5V. A gate, 
activated by one of the set or reset pulses, 
or by a command from the start·stap cir
cuit will immediately switch-off the output 
transistor by short-circuiting its base. The 
external inhibitor (pin 13) operates also via 
this base. 

Demagnetization Sense 

As indicated in Figure 14, the output of this 
NPN comparator will block the output 
pulse, when a voltage above 0.6V is applied 
to pin 13. A specific application for this 
function is to prevent saturation of forward 
converter transformers. This is indicated 
in Figure 15. 

Feed-Forward (Pin 16) 

The basic formula for a forward converter is 

dVin 
VOUT = ----;j"-{n = transformer ratio) 
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This means that in order to keep VOUT at a 
constant value, the duty cycle 0 must be 
made Inversely proportional to the input 
voltage. A preregulation :feed·forward) 
with the function 0'" 1IVIn ~an ease the 
feedback-loop design. 

This loop now only has to regulate for load 
variations, which require only a low feed
back gain In the normal operation area. The 
transformer of a forward converter must be 
designed In such a way that It does not 
saturate, even under transient conditions, 
where the maximum Inductance Is deter
mined by 0max X VIN max. A regulation 
of 0max'" 11VIN will allow for a considerable 
reduction or simplification of the 
transformer. The function of o"'11V1N can 
be realized by using pin 16 of the NE5560. 

Figure 16 shows the electrical realization. 
When the voltage at pin 16 exceeds the 
stabilized voltage Vz (pin 2), It will increase 
the charging current for the timing 
capacitor on pin 8. 

The operating frequency Is not affected, 
because the upper trip level for sawtooth 
Increases also. Note that the 0max voltage 
on pin 6 remains constant because It Is set 
via Vz. Figure 17 visualizes the effect on 
omax and the normal operating duty cycle 
O. For V16 = 2 x Vz these duty cycles have 
halved. The graph for 0= f(V16) Is given in 
Figure 18. (Note: V16 must be less than 
Pin 1 voltage.) 

APPLICATIONS 

NE/SE5560 Push·Pull Regulator 

This application describes the use of the 
Signetics NE/SE5560 adapted to function as a 
push-pull switched mode regulator, as shown 
in Figures 19 and 20. 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and - 30V at a 
maximum load current of 1 A with an aver· 
age efficiency of 81 %. 

Features include feed forward input com
pensation, cycle-to-cycle drive current 
protection and other voltage sensing, line 
(to positive output) regulation < 1 % for an 
input range of + 13 to + 18V and load 
regulation to positive output of <3% for 
"I L(+) of 0.1 to 1 Amp. 

The main pulse width modulator operates 
to 48 kHz with power switching at 24 kHz. 
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NElSE5560 PUSH·PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 

SE/NE5560 

j------ -I 
I ~+-~~~ 

<=+--h 

T l' Primary == 130T (C,T.) #26 
Secondary = 18T (C.T.) #22 

Core =Ferroxcube 3622 
3CB material 

C.T. =50T #26 on 

Ferroxcube 2616 core (3CB) 
F2D bobbin 

T 2' Primary = 16T (C.T.) # 18 Secondaries (each) 52T (C.T.) #22, 
Core =Ferroxcube 4229 3CB material 

L , . L2 120T #20 on single gapped EC35 Ferroxcube core. 3Ce material 
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NElSE5560 PUSH·PULL SWITCH MODE REGULATED SUPPLY 
WITH TTL DRIVE CONVERSION LOGIC 
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NETWORK 

T 1. Primary = 130T (C.T.) #2S 
Secondary = 1ST (C.T.) #22 

Core = Ferroxcube 3622 
3CB material 

C,T. = SOT 1126 on 
Ferroxcube 2616 core (3CB) 
F2D bobbin 

T 2. Primary = 16T (CT.) #18 Secondaries (each) 52T (C.T.) #22, 
Core = Ferroxcube 4229 3Ca matenal 
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COMMON 

L,. L2= 120T #20 on single gapped Ee3S Ferroxcube coro. 3Ga material. 
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DESCRIPTION 

The NE5561/SE5561 is a control circuit for use 
in switched mode power supplies. It contains 
an internal temperature compensated supply, 
PWM, sawtooth oscillator, over-current sense 
latch, and output stage. The device is intended 
for low cost SMPS applications where exten
sive housekeeping functions are not required. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supplyl 
Voltage forced mode 
Current fed mode 

Output transistor (at 20-30V max) 
Output current 
Output voltage 
Output duty cycle 
Max. total power dissipation 

Operating temperature range 
SE5561 
NE5561 

FEATURES 

• Mlcro·mlniature (D) package 

• Pulse·width modulator 

• Current limiting (cycle by cycle) 

• Sawtooth generator 

• Stabilized power supply 

• Double pulse protection 

• Intern~1 temperature compensated 
reference 

APPLICATIONS 

• Switched mode power supplies 

• D/C motor controller inverter 

• DC/DC converter 

RATING UNIT 

+18 V 
30 mA 

40 mA 

Vcc+ 1.4V V 
98 oro 

0.75 W 

-55 to + 125 ·C 
o to 70 ·C 

NOTE 1: See Voltage/Current fed supply characteristic curve. 

BLOCK DIAGRAM 
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DC ELECTRICAL CHARACTERISTICS Vce = 12V, TA = 25°C unless otherwise specified. 

SE5561 NE5561 
SYMBOL AND PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max UNIT 

REFERENCE SECTION 

VREF Internal ref voltage TA = 25°C 3.69 3.75 3.84 3.57 3.75 3.96 V 

Over temp. 3.65 3.88 3.55 3.98 V 

Vz, Internal zener ref 'I L = 7mA 7.8 8.2 8.8 7.8 8.2 8.8 V 

Temp coefficient of VREF ± 100 ± 100 ppm/DC 

Temp. coefficient of Vz ±200 ±200 ppm/DC 

OSCILLATOR SECTION 

Frequency range Over temp. 50 lOOk 50 lOOk Hz 

Initial accuracy 12 12 % 

Duty cycle range 10 = 20kHz 0 98 0 98 % 

CURRENT LIMITING (liN) 

TA= 25°C -2 -10 -2 -10 p.A 
Pin 6=250mV 

Over temp. -20 -20 p.A 

Inhibit delay time for louT=20mA 0.88 1.10 0.88 1.10 p's 
Single pulse inhibit delay 20% overdrive at louT=40mA 0.7 0.8 0.7 O.B p's 

Current limit trip level .400 .500 .600 .400 .500 .600 V 

ERROR AMPLIFIER 

Open loop gain 60 60 dB 

Feedback resistor 10k 10k \l 

Small signal bandwidth 3 3 MHz 

Output voltage swing (VOH) 6.2 6.2 V 

Output voltage swing (VoJ 0.7 0.7 V 

OUTPUT STAGE 

Output current Over temp. 20 20 rnA 

Vee Sat Ie = 20mA, Over temp. 0.4 0.4 V 7 
SUPPLY VOLTAGE/CURRENT 

TA=25°C 10.0 10.0 rnA 
Icc Iz = 0, voltage forced 

Over temp. 13.0 13.0 rnA 

Vcc Icc = lOrnA, current fed 20.0 21.0 22.0 19.0 21.0 24.0 V 

Icc = 30mA current 20.0 30.0 20.0 30.0 V 

LOW SUPPLY PROTECTION 

Pin 1 threshold 8 9 10.5 B 9 10.5 V 
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TYPICAL PERFORMANCE CHARACTERISTICS 

ERROR AMPLIFIER TRANSFER CURVE OF 
PULSE·WIDTH MODULATOR 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5561 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

NE5561 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 

CURRENT FED DROPPING RESISTOR 

NE5561 Start·Up 
The start-up, or Initial turn on, of this 
device requires some degree of external 
protective duty cycle limiting to prevent 
the duty cycle from initially going to the 
extreme maximum (0)90%). Either over· 
current limit or slow start circuitry must be 
employed to limit duty cycle to a safe value 
during start-up. Both may be used if desired. 

To implement slow-start, the start-up cir
cuit can be used. The divider Rl and R2 
sets a voltage, buffered by 01, such that 
the ouiput of the error amplifier is 
clamped to. a maximum output VOltage, 
thereby limiting the maximum duty cycle. 
The addition of capacitor C will cause this 
voltage to ramp up slowly when power is 
applied, causing the duty cycle to ramp up 
simultaneously. 

VS 

"vcc 

, Vee 

I OND I 
t 

Over-current limit may be used also. To 
limit duty cycle in this mode, the switch 
current is monitored at pin 6 and the output 
of the 5561 is disabled on a cycle by cycle 
basiS when current reaches the programmed 
limit. With current limit control of slow·start, 
the duty cycle is limited to that value just 
allowing maximum switch current to flow. 
(Approximately 0.50V measured at pin 6.) 

APPLICATIONS 

5V, O.5A Buck Regulator Operates 
from 15V 

The converter design shows how simple it 
is to derive a TIL supply from a system 
supply of 15V (see Figure 1). The NE5561 
drives a 2N4920 PNP transistor directly to 
provide switching current to the Inductor. 

Signetics 

"vcc· i1~1;2~c~A) 

SEE DC ELECTRICAL 
CHARACTERISTICS 
FOR CURRENT FED 
Vee RANGE. 

Overall line regulation Is excellent and 
covers a range of 12V to 18V with minimal 
change « 10 mV) In the output operating at 
full load. 

As with all NE5561 circuits, t~e auxiliary 
slow start and Om., circuit is required, as 
evidenced by 01. The Omax limit may be 
calculated by using the relationship 
(Figure 5a, b). 

......!!L (8.2V) = V0 1max)' 
Rl + R2 

The maximum duty cycle is then deter· 
mined from the pulse·width modulator 
transfer graph, and Rl, R2 are defined 
from the desired conditions. 
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LINEAR LSI PRODUCTS 

SWITCHED·MODE POWER SUPPLY CONTROL CIRCUIT 

'imil,,)uie "'" 

DESCRIPTION 
The SE/NE5562 is a singld output control cir
cuit for Switched Mode Power Supplies, This 
single monolithic IC contains all control and 
protection features needed for full featured 
Switched Mode Power Supplies, 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Supply (pin 15) 
Voltage sourced 
Current sourced 

Output transistor 
Output current 

Sync (pin 11) positive 
negative 

Remote on/off (pin 6) positive 
negative 

Feedback pin (pin 8) positive 
negative 

External mod in (pin 4) positive 
negative 

Feedforward (pin 1) positive 
negative 

Error amp out (pin 10) positive 
negative 

Demag/O,V, in (pin 18) positive 
negative 

Current sense (pin 14) positive 
negative 

FEATURES 
• Stabilized power supply 
• Temperature compensated reference 

source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting (2'levels) 
• Low supply voltage, with adjustable 

hysteresis 
• Loop fault protection 
• Demagnetization/over voltage protection 
• Duty cycle adjust and clamp 
• Feed forward control 
• External synchronization 
• Total shutdown after adjustable number 

of overcurrent faults 

RATING UNIT 

+15 V 
30 mA 

100 mA 

Low supply sense and hysteresis (Pin 12, 13) positive 
negative 
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PIN CONFIGURATION 

D, F, N PACKAGE 

FEED· 
FORWARD 

EXTERNAL 
MOD IN 

DUTY CYCLE 
CONTROL 

REMOTE 
ON/OFF 

FEEDBACK 
VOLTAGE 

19 OUTPUT 
CEMAGNETI· 

18 5~~I~~OL T AGE 
INPUT 

17 Vs 

15 g~~~~6tVERT 

14 ~~~;:NT 

13 ~~~T~~~:~V 
12 fNOp~fUPPLY 

11 ~~~~RI~AL 

TOP VIEW 

ORDER NUMBERS 

NE5562D, NE5562F, NE5562N 
SE5562F, SE5562N 



LINEAR LSI PRODUCTS 

SWITCHED·MODE POWER SUPPLY CONTROL CIRCUIT 

BLOCK DIAGRAM 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 

':tA""lleieiW 

DC ELECTRICAL CHARACTERISTICS: Vee = 12V unless otherwise specified 

SE5562 NE5562 
SYMBOL AND PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

REFERENCE SECTION 

Reference Voltage VR 25'C ± 50 ppm/'C ( ± 1 %) Over Temp 3.68 3.72 3.76 3.72 V 

Zener Voltage Vz IL = 7mA 7.22 7.60 7.98 7.60 V 

OSCILLATOR SECTION 

Frequency Range 300 300 kHz 

MODULATOR SECTION 

Modulator Input Current Over Temp V1N = 1V 2 20 2 20 I"A 

HOUSEKEEPING FUNCTIONS 

Deltamax Input Current Over Temp V1N = 1 V 2 20 2 20 I"A 

Accuracy of Duty f = 15kHz to 150kHz 
% of 

Cycle Control V1N = 55% of Vz 
50 50 Duty 

Cycle 

Low Supply Voltage Shutdown V s for Restart Condition Vz+·2 Vz+·7 Vz+1.5 Vz+·2 Vz+·7 Vz+1.7 V 

Loop Fault Protection Threshold .72 .9 .98 .72 .9 .98 V 

DemaglOver Voltage 
Threshold Voltage 

3.60 3.72 3.84 3.60 3.72 3.84 V 

Over Voltage Input Bias Current 1 10 1 10 I"A 

FEED FORWARD FUNCTION 

Duty Cycle Reduction at Fef'dforward Voltage V FF 
%of 

50% Duty Cycle VFF = 2Vz 
12.785 12.8 Duty 

Cycle 

Feedforward Bias Current Feedforward Voltage V FF 

VFF = 2Vz 
.2 5 .2 5 flA 

EXTERNAL SYNC 

"ON" Input voltage .2 .8 .2 .8 V 

"OFF" Input Voltage 2 Vz 2 Vz V 

Input Low Current V1N = OV 1 10 1 10 I"A 

ERROR AMPLIFIER SECTION 

Amplifier Open Loop Gain RL ",100K 60 80 60 80 dB 

Amplifier Bias Current .5 5 5 5 I"A 

Amplifier Output Current -1 +1 -1 +1 I"A 

Amplifier Output Swing 1 Vz-1 1 Vz-1 V 

REMOTE ON/OFF 

"OFF" Input Voltage 0 .8 0 .8 V 

"ON" Input Voltage 2 Vz 2 Vz V 

Input Low Current V1N = OV 1 10 1 10 I"A 

LOW SUPPLY SHUTDOWN 

Comparator Input Bias Current V1N = OV 2 10 2 10 I"A 

Comparator Threshold Voltage 3.50 3.72 3.90 3.72 V 

VeE Sat. of lOUT = 1.0mA .3 .6 .3 V 
Hysteresis Transistor V1N = 3.0V 

CDELA y Discharge Current Ve = 1.0V 1 10 1 10 mA 
V1N = 3.0V 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 

'W""lIe1·lh 
DC ELECTRICAL CHARACTERISTICS: Vee = t2V unless otherwise specilied (eont) 

SE5562 NE5562 
SYMBOL AND PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

CURRENT SENSE 

OCI Threshold Voltage 456 480 .504 480 V 

OCt COELAY Charge Current VISENS = .5tOV to 10 ~A 

OC2 Threshold Voltage .570 .600 .630 .560 .600 .640 V 

OC2 COELAY Charge Current VISENS = .640V 490 490 ~A 

COELAY Discharge Current VISENS = OV .5 1 1.5 4 1 1.6 ~A 

OUTPUT STAGE 

Vs - VOH 
11",Vs ",15V 
10 = 100mA 

2 V 

VOL 
11 ",Vs ",15V 
10 = 100mA 

1.5 1.5 V 
_. 

VOL 
11 ",Vs ",15V 

10 = 2mA 
4 4 V 

SUPPLY VOLTAGE/CURRENT 

Icc Iz = 0, Vs = 15V 7.5 7.5 mA 

CURRENT FEED SHUNT REGULATOR 

Vs liN = tOmA 14.25 t4 V 

Vs liN = 20m A 16 16 V 

7 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROLLER 

DESCRIPTION 

The NE5568 is a control circuit for use in 
switched mode power supplies. It contains 
an internal temperature·compensated sup
ply, PWM, sawtooth oscillator, over-current 
sense latch, and output stage. The device is 
intended for low·cost SMPS applications 
where extensive housekeeping functions 
are not required. The NE5568 is a selected 
version of the NE5561. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage, Vee 
Output current 
Output duty cycle 
Max total power disSipation 
Operating temperature range 

BLOCK DIAGRAM 
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FEEDBACK 

GAIN ()-'-------<~-l 

CURRENT 
SENSE 

RT. Or 

FEATURES 

• Micro·miniature (0) package 

• Pulse width modulator 
• Current limiting (cycle by cycle) 

• Sawtooth generator 

• Stabilized power supply 

• Double pulse protection 

• Internal temperature·compensated 
reference 

APPLICATIONS 

• SWitch mode power supplies 

• DC motor controller inverter 

• DCIDC converter 

RATING UNIT 

18 V 
40 mA 
98 % 

0.75 W 
o to 70 ·C 

OUTPUT 

vz 

Signetics 

NE5568 

PIN CONFIGURATION 

0, FE, N PACKAGES 

TOP VIEW 

CURRENT 
SENSE 

ORDER NUMBERS 
NE5568D, NE5568FE, NE5568N 



LINEAR LSI PRODUCTS 

SWITCHED·MODE POWER SUPPLY CONTROLLER NE5568 

DC ELECTRICAL CHARACTERISTICS vcc= 12V, TA = 25·C unless otherwise specified. 

NE5568 
SYMBOL AND PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference Section TA =25·C 3.69 3.75 3.84 V 
VREF ' Internal ref voltage 

Over temperature 3.66 3.87 V 

Vz, Internal zener ref 7.8 B.2 8.8 V 

Temperature coefficient of VREF IL=7mA ± 100 ppm/·C 

Temperature 'Coefficient of Vz ± 200 ppm/·C 

Oscillator Section 
Frequency range Over temperature 50 100k Hz 

Initial accuracy 12 % 

Duty cycle range fo =20kHz 0 98 % 

Current Limiting (liN) TA =25·C -2 -10 I'A 
Pin 6= 250mV 

Over temp. -20 I'A 

Inhibit delay time for 10UT= 20mA 0.88 1.10 I'S 
Single pulse inhibit delay 

20% overdrive at 10UT= 40mA 0.7 O.B I'S 

Current limit trip level 0.400 0.500 0.600 V 

Error Amplifier 
Open loop gain 60 dB 

Feedback resistor 10k n 

Small signal bandwidth 3 MHz 

VOH , Output voltage swing 6.2 V 

VOL' Output voltage swing 0.7 V 

Output Stage 
Output current Over temperature 20 mA 

Ic = 20mA, over temperature 0.4 V 
V CE' Saturation 

Ic = 40mA, over temperature 0.5 V 

Supply Voltage/Current TA =25·C 10.0 mA 
Icc Iz = 0, voltage fed 

Over temp. 13.0 mA 
7 

Is = 10mA, current fed 19.0 21.0 24.0 V 
Vcc 

Icc = 30mA, current fed 20.0 30.0 V 

Low Supply Protection 
Pin 1 threshold 8.0 9.0 10.5 V 

NOTE 
All curves and applications of NE5561 apply exactly. 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

DESCRIPTION 
SPECIFICALLY DESIGNED for use in fixed
frequency switching regulators and other 
power control applications, these Switched
Mode Power Supply Control Circuits can be 
used to implement single-ended or push-pull 
switching regulators of either polarity, both 
transformerless and transformer coupled. 

Included in these monolithic integrated circuits 
are a temperature-compensated voltage refer
ence, sawtooth oscillator, error amplifier, 
pulse-width modulator, pulse metering and 
steering logic, and two 200 mA source/sink 
power drivers. Also included are housekeep
ing functions such as soft-start and low supply 
voltage lockout, digital current limiting, double
pulse inhibit, a data latch for single-pulse 
metering, adjustable deadtime, and provision 
for symmetry correction inputs. 

For e3se of interface, all digital inputs are TTL 
and CMOS compatible. Active LOW logic al
lows wired-OR connections for maximum 
flexibility. 

The SG1526A is supplied in an 18-pin 
glass/ceramic (cer-DIP) hermetic package 
and is characterized for operation over the full 
temperature range of - 55'C to + 125'C, 
allowing its use in military and aerospace ap
plications. The SG2526A is rated for operation 
over the extended range of -40'C to +85'C 
recommending it for many industrial applica
tions. The low-cost SG3526A is rated for con
tinuous operation over the commercial 
temperature range of O'C to + 70'C. The ex
tended and commercial versions are furnished 
in either the cer-DIP package or a dual in-line 
plastic package with copper alloy lead frame 
for improved heat dissipation. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage, Vs 

Collector Supply Voltage, Vc 

Logic Input Voltage Range, V,N 

Analog Input Voltage Range, V,N 

Output Current, 10 

Reference Load Current, IREF 

Logic Sink Current, liN 

Package Power Dissipation, Po (Plastic DIP) 
(Cer-DIP) 

Storage Temperature Range, Ts 

NOTE: 
.10era!e linearly to 0 watts at TA = +150°C. 
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FEATURES 

• 8 to 35 V Operation 
• Dual 100 rnA Source/Sink Outputs 
• Stabilized Power Supply 
• Current Limiting 
• Temperature Compensated Reference 

Source 
• Sawtooth Generator 
• Low Supply Voltage Protection 
• External Synchronization 
• Double-Pulse Suppression 
• Programmable Deadtime 
• Programmable Soft Start 
• 18-Pin Dual In-Line Plastic Package Or 

18·Pin Cer·DIP Hermetic Package 

RATING UNIT 

40 V 

40 V 

-0.3 to +5.5 V 

-0.3 V to Vs V 

:t200 rnA 

50 rnA 

15 mA 

2.3 W" 
1.9 W" 

-65 to +150 'C 

Signetics 

SG1526A/2526A/3526A 

PIN CONFIGURATION 

F,N PACKAGES 

FEED~~~~N~6r.;'l~~ 1 

INVERTING 
FEEDBACK VOLTAGE 

CSOFT START 4 

RESET 5 

C~J~~~~~ESR~~~~ 6 

INVERTING 7 
CURRENT SENSE 

SHUTDOWN 8 

TOP VIEW 

ORDER NUMBERS 
SG1526A F,N 
SG2526A F,N 
SG3526A F,N 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

'm"uh.t.i., 
BLOCK DIAGRAM 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS SG1526A/2526A/3526A 

'pmll"lI,t.',' 
ELECTRICAL CHARACTERISTICS over operating temperature range, Vs 15 V (unless otherwise noted) 

LIMITS 

CHARACTERISTIC 
TEST 

TEST CONDITIONS SG1526A & SG2526A SG3526A UNITS 
PINS 

Min. Type. Max. Min. Typ. Max. 

REFERENCE SECTION (LL =0 mAl 

TA =+25'C 4.95 5.00 5.05 4.90 5.00 5.10 V 

Reference Voltage 18 Over Recommended Conditions 4.90 5.00 5.10 4.85 5.00 5.15 V 

Vs =8 to 35 V - 10 20 - 10 30 mV 

IL = 0 to 20 mA - 10 30 - 10 50 mV 

Ref. Volt. Regulation 18 Over Oper. Temp. Range - 15 50 - 15 50 mV 

Short Circuit Current 18 VREF = 0 V 25 50 100 25 50 100 mA 

Standby Current 17 Vs=35 V, RT=4.22 kf~ Vs=O.4 V - 18 - - 18 - mA 

OSCILLATOR SECTION (f = 40 kHz, RT = 4.22 kfl, CT = 0.01 jJ.F, Ro = 0 fl) 

RT =150f~ CT = 20 jJ.F - - 1.0 - 1.0 Hz 

Oscillator Frequency 9,10 RT = 2kfl, CT = 0.001 jJ.F 400 - - 400 - - kHz 

Initial Osc. Accuracy 9,10 TA = +25' C - 3.0 - - 3,0 - % 

Vs = 8 to 35 V - 0.5 - - 0.5 - % 

Over oper. Temp. Range - 1.0 - - 1.0 - % 

Osc. Stability 9,10 Other Recommended Conditions - 2.0 - - 2.0 - % 

Sawtooth Peak Voltage 12 Vs = 35 V - 3.0 3.5 - 3.0 3.5 V 

Sawtooth Valley Volt. 12 Vs = 8.0 V 0.5 1.0 - 0.5 1.0 - V 

Sync. Pulse Width 12 CL = 15pF - 500 - - 500 - ns 

ERROR AMPLIFIER (VCM = 0 to 5.2 V) 

Input Offset Voltage 1,2 Rs = 2 kfl - 2.0 5.0 - 2.0 5.0 mV 

Input Bias Current 1,2 - -350 -1000 - -350 -2000 nA 

Input Offset Currenl 1,2 - 35 100 - 35 200 nA 

Error Amp Gain 1-3 Open Loop, RL = 10 Mfl 64 72 - 60 72 - dB 

Small Signal BW 1-3 CL = 30 pF 0.7 1.0 - 0.7 1.0 - MHz 

Positive Limit, RL = 50 kfl 3.6 4.2 - 3.6 4.2 - V 

Output Voltage Swing 3 Negative Limit, RT = 50 kfl - 0.2 0.4 - 0.2 0.4 V 

Common Mode Range 1,2 Vs=8.0V 0 - 5.2 0 - 5.2 V 

Common Mode Rejection 1,2 Rs = 10 kfl 70 94 - 70 94 - dB 

Error Amp. Vs Rej. 3 f = 120 Hz, r:.Vs = 1 Vrms 66 80 - 66 80 - dB 

HOUSEKEEPING FUNCTIONS 

Logic HIGH, ISOURCE = -40 jJ.A 2.4 4.0 - 2.4 4.0 - V 

Logic Voltage Levels 5,8,12 Logic LOW, ISINK = 3.6 mA - 0.2 0.4 - 0.2 0.4 V 

V,N =2.4 V· - -125 -200 - -125 -200 jJ.A 

Input Current 5,8,12 V,N = 0.4 V - -225 -360 - -225 -360 jJ.A 

Shutdown Delay 8-13,16 100mV step, 5mV overdrive, Rs~50fl - 300 - - 300 - ns 

CURRENT LIMITING 

Common Mode Range 6, 7 Vs = 18 V 0 - 15 0 - 15 V 

Sense Voltage 6, 7 VcM =Ot015V - 100 - - 100 - mV 

Input Current 6, 7 VCM = 0 to 15 V - -3.0 - - -3.0 - jJ.A 

Voltage Gain 7-8 Is = 360 fJ-A - 68 - - 68 - dB 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS SG1526A/2526A/3526A 

ELECTRICAL CHARACTERISTICS over operating temperature range Vs 15 V (unless otherwise noted) (Cont'd) 

LIMITS 
TEST 

CHARACTERISTIC PINS TEST CONDITIONS SG1526A & SG2526A 

Min. Type. 

SOFT START SECTION 

Error Clamp Voltage - Vs = 0.4 V - 100 

Cs Charging Current 4 Vs = 2.4 V - 100 

OUTPUT DRIVERS (Vc = 15 V) 

louT = -20 rnA 12.5 13.5 

louT = -100 rnA 

louT = 20 rnA 

Output Voltage 12,16 louT = 100 rnA 

Leakage Current 12,16 Vc = 40 V 

Rise Time 12,16 CL = 1000 pF 

Fall Time 12,16 CL = 1000 pF 

NOTES: 
Negative current is defined as coming out of (sourcing) the specified device pin. 
·Commercial. extended. and full temperature range devices are defined on page 2. 

RECOMMENDED OPERATING CONDITIONS 

-
-
-

-
-
-

Logic Supply Voltage, Vs .................................................. B V to 35 V 
Collector Voltage. Vc ................................................... 4.5 V to 35 V 
Output Load Current, 10 ................................................ a to ± 1 00 rnA 
Reference Load Current, IL ................................................ a to 20 rnA 
Oscillator Frequency, f ................................................ 1 Hz to 400 kHz 
Oscillator Timing Resistance, RT ....................................... 2 k!1 to 150 k!1 
Oscillator Timing Capacitance, CT ................................... 0.001 flF to 20 flF 
Programmed Deadtime .................................................. " 3% to 50% 

Signefics 

13 

0.2 

1.2 

0.1 

300 

200 

Max. Min. 

400 -

- -

- 12.5 

- -
0.3 -
- -
100 -
- -
- -

SG3526A 

Typ. 

100 

100 

13.5 

13 

0.2 

1.2 

0.1 

300 

200 

UNITS 

Max. 

400 mV 

- flA 

- V 

- V 

0.3 V 

- V 

100 flA 

- ns 

- ns 
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SMPS CONTROL CIRCUIT 

DESCRIPTION 
This monolithic integrated circuit contains 
all the control circuitry for a regulating pow
er supply inverter or switching regulator. In
cluded in a 16-pin dual-in· line package is the 
voltage reference, error-amplifier, oscilla
tor, pulse width modulator, pulse steering 
flip·flop, dual alternating output switches 
and current limiting and shut· down circuitry. 
This device can be used for switching regu' 
lators of either polarity, transformer coupled 
DC to DC converters, transformerless volt
age doublers and polarity converters, as 
well as other power control applications. 
The SG3524 is designed for commercial 
applications of O'C to + 70·C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
Output current (each output) 
Reference output current 
Oscillator charging current 
Power dissipation 

Package limitation 
Derate above 25' C 

Operating temperature range 
Storage temperature range 

BLOCK DIAGRAM 
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FEATURES 

• Complete PWM power control circuitry 
• Single ended or push-pull outputs 
• Line and load regulation of 0_2% 
• 1% maximum temperature variation 
• Total supply current Is less than 10mA 
• Operation beyond 100kHz 

RATING UNIT 

40 V 
100 mA 
50 mA 
5 mA 

1000 mW 
8 mW/'C 

o to +70 'C 
-65 to +150 'C 

Signetics 
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PIN CONFIGURATION 

INVERT 
INPUT 

NON. INVERT 
INPUT 

csc. 
OUTPUT 

(+)C.L. 
SENSE 
HC,L. 
SENSE 

D,F,N PACKAGE 

ORDER PART NUMBERS: 
SG3524F. SG3524D. 

SG3524N 

EMITIERS 

COLLECTOR B 

COLLECTOR A 
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SMPS CONTROL CIRCUIT SG3524 

DC ELECTRICAL CHARACTERISTICS (TA = O"C to + 70"C, VON = 20V, and f = 20kHz unless otherwise specified.) 

SG3524 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference Section 
Output voltage 4.6 5.0 5.4 V 

Line regulation V1N =8 to 40V 10 30 mV 

Load regulation IL=O to 20mA 20 50 mV 

Ripple rejection f = 120Hz, TA = 25"C 66 dB 

Short circuit current limit VREF = 0, TA = 25"C 100 mA 

Temperature stability Over operating temperature range 0.3 1 % 

Long term stability TA=25"C 20 mV/kHr 

Oscillator Section 
Maximum frequency Cr = .001 mfd, Rr = 2kP. 300 kHz 

Initial accuracy Rr and Cr constant 5 % 

Voltage stability V1N = 8 to 40V, T A = 25"C 1 % 

Temperature stability Over operating temperature range 2 % 

Output amplitude Pin 3, TA=25"C 3.5 Vp 

Output pulse width Cr= .01 mfd, TA=25"C 0.5 ~s 

Error Amplifier Section 
Input offset voltage VcM =2.5V 2 10 mV 

Input bias current VCM = 2.5V 2 10 ~A 

Cpen loop voltage gain 68 80 dB 

Common mode voltage TA = 25"C 1.8 3.4 V 

Common mode rejection ratio TA = 25"C 70 dB 

Small signal bandwidth Av=OdB, TA=25"C 3 MHz 

Output voltage TA=25"C 0.5 3.8 V 

Comparator Section 
Duty cycle % each output "ON" 0 45 % 

Input threshold Zero duty cycle 1 V 

Input threshold Maximum duty cycle 3.5 V 7 
Input bias current 1 ~A 

Current Limiting Section 
Sense voltage Pin 9 = 2V with error amplifier set 180 200 220 mV 

for maximum out, TA = 25"C 

Sense voltage T.C. 0.2 mV/"C 

Common mode voltage -1 +1 V 

Output Section (each output) 
Collector·emitter voltage (breakdown) 40 V 

Collector·leakage current VCE = 40V 0.1 50 ~A 

Saturation voltage Ic=50mA 1 2 V 

Emitter output voltage V1N =20V 17 18 V 

Rise time Rc = 2kP., T A = 25"C 0.2 ~s 

Fall time Rc = 2kP., T A = 25"C 0.1 ~s 

Total standby current (excluding 
oscill<!tor charging current, error and 

V1N = 40V 8 10 mA 
current limit dividers, and with 
outputs open) 
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LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

THEORY OF OPERATION 

Voltage Reference 
An internal series regulator provides a nomi
nal 5 volt output which is used both to gener' 
ate a reference voltage and is the regulated 
source for all the internal timing and control· 
ling circuitry. This regulator may be by· 
passed for operation from a fixed 5 volt sup· 
ply by connecting pins 15 and 16 together to 
the input voltage. In this configuration, the 
maximum input voltage is 6.0 volts. 

This reference regulator may be used as a 5 
volt source for other circuitry. It will provide 
up to 50mA of current itself and can easily 
be expanded to higher currents with an ex· 
ternal PNP as shown in Figure 1. 

TEST CIRCUIT 

ONO 

EXPANDED REFERENCE CURRENT CAPABILITY 

100n 

] 
Figure 1 

2k 

SG3524 

IL 10 1.0A 
DEPENDING 
ON CHOICE 
FOR Q1 

r-----------------______________________________________ -"w 2k 

'W 

7·54 

V,N 
e-"'oy 

VREF 

15 

" 

01 RT 

S03524 

CT 
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LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF THE TIMING 

CAPACITOR VALUE 
:g 

8 
~ 10 

5 
! 
! 
~ 
.. 1,0 

~ 0.5 

•. 3 

'/ 

V 
~ ~ 

.001 002 .005 .01 .02 .05 

TIMING CAPACITOR VALUE fe-I-MICROFARADS 

Figure 2 

Oscillator 
The oscillator in the SG3524 uses an exter
nal resistor (RT) to establish a constant 
charging current into an external capacitor 
(CT)' While this uses more current than a 
series connected RC, it provides a linear 
ramp voltage on the capacitor which Is also 
used as a reference for the comparator. The 

oharging current is equal to 3.SV + RT and 
should be kept within the range of approxi· 
mately 30ILA to 2mA, i.e., l.BK<RT<100K. 

The range of values for CT also has limits as 
the discharge time of CT determines the 
pulse width of the oscillator output pulse. 
This pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously during transitions. This 
output dead time relationship is shown in 
Figure 2. A pulse width below approximately 
O.S microseconds may allow false triggering 
of one output by removing the blanking pulse 
prior to the flip-flops reaching a stable 
state. I! small values of CT must be used, the 
pulse width may still be expanded by adding 
a shunt capacitance ( .. '00pF) to ground at 
the oscillator output. (Note: Although the os· 
cillator output is a convenient oscilloscope 
sync input, the cable and input capacitance 
may increase the blanking pulse width 
slightly.) Obviously, the upper limit to the 
pulse width is determined by the maximum 
duty cycle acceptable. Practical values of 
CT fall between .001 and 0.1 microfarad. 

The oscillator period is approximately t = 
RTCT where t is in microseconds when RT = 
ohms and CT = microfarads. The use of Fig
ure 3 will allow selection of RT and CT for a 
wide range of operating frequencies. Note 
that for series regulator applications, the 

OSCILLATOR PERIOD AS A 
FUNCTION OF RT AND CT 

5 10 20 50 100 200 500 lmS 2mS 

OSCILLATOR PERIOD· MICROSECONDS 

Figure 3 

two outputs can be connected in parallel for 
an effective 0-90% duty cycle and the fre
quency of the oscillator is the frequency of . 
the output. For push-pull applications, the 
outputs are separated and the flip-flop di
vides the frequency such that each outputs 
duty cycle is 0-4S% and the overall frequen
cy Is one-hal! that of the oscillator. 

External Synchronization 
11 It Is desired to synchronize the SG3524 to 
an external clock, a pulse of .. +3 volts may 
be applied to the oscillator output terminal 
with RTCT set slightly greater than the clock 
period. The same considerations of pulse 
width apply. The Impedance to ground at 
this point is approximately 2K ohms. 

11 two or more SG3524s must be synchro
nized together, one must be designated as 
master with Its RTCT set for the correct peri
od. The slaves should each have an RTCT 
set for approximately 10% longer period 
than the master with the added requirement 
that CT (slave) = one-hal! CT (master). Then 
connecting Pin 3 on all units together will 
Insure that the master output pulse-which 
occurs first and has a wider pulse width
will reset the slava units. 

Error Amplifier 
This circuit is a Simple differential-input, 
transconductance amplifier. The output is 
the compensation terminal, pin 9, which is a 
high impedance node (RL .. SMf!). The gain 
is 

AV = gmRL = 8 Ie RL "" .002 RL 

2kT 
and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
pin 9 to ground, as shown in Figure 4. 

Signetics 

SG3524 

AMPLIFIES OPEN-LOOP GAIN AS 
A FUNCTION OF FREQUENCY 

AND LOADING ON PIN 9 

8. 

6 • 

4. 

2. 

I 

I 
RL"'3aM~ 

_RL -1MII 

RL =300kl! 

R, 1QOk1! 

RLt30kU 
~ 

I " I'\. RL - RESISTANCE FROM PIN 9 TO GROUND ~ 

10 100 lK 10K tOOK 1M 10M 
FREQUENCY-HERTZ 

Figure 4 

In addition to DC gain control, the compen
sation terminal is also the place for AC 
phase compensation. The frequency re
sponse curves of Figure 4 show the 
uncompensated amplifier with a single pole 
at approximately 200Hz and a unity gain 
cross-over at SMHz. 

Typically, most output filter designs will In
troduce one or more additional poles at a 
significantly lower frequency. Therefore, the 
best stabilizing network is a series R-C com
bination between pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting paint is SOkO 
plus .001 microfarad. 

One final point on the compensation terminal 
is that this is also a convenient place to 
insert any programming signal which Is to 
override the error amplifier. Internal 
shutdown and current limit circuits are con
nected here, but any other circuit which can 
sink 200ILA can pull this point to ground thus 
shutting off both outputs. 

While feedback is normally applied around 
the entire regulator, the error amplifier can 
be used with conventional operational am
plifier feedback and Is stable In either the 
Inverting or non-Inverting mode. Regardless 
of the connections, however, Input common
mode limits must be observed or output sig
nal inversions may result. For conventional 
regulator applications, the S volt reference 
voltage must be divided down as shown in 
Figure S. The error amplifier may also be 
used in fixed duty cycle applications by 
using the unity gain configuration shown in 
the open loop test circuit. 
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LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

Current Limiting 
The current limiting circuitry of the 
SG3524 is shown in Figure 6. 

By matching the base-emitter voltages of 
Q1 and Q2, and assuming negligible volt
age drop across R,: 

Threshold = VSE(Q1) + I, R2 - VsE(Q2) 
= I,R2 ~ 200mV 

Although this circuit provides a relatively 
small threshold with a negligible temper
ature coefficient, there are some limita
tions to its use, the most important of 
which is the ±1 volt common mode range 
which requires sensing in the ground line. 
Another factor to consider is that the fre
quency compensation provided by R,C, 
and Q1 provides a roll-off pole at approxi
mately 300Hz. 

Since the gain of this circuit is relatively 
low, there is a transition region as the cur
rent limit amplifier takes over pulse width 
control from the error amplifier. For test
Ing purposes, threshold is defined as the 
input voltage to get 25% duty cycle with 
the error amplifier signaling maximum 
duty cycle. 

In addition to constant current limiting, 
pins 4 and 5 may also be used in trans
former-coupled circuits to sense primary 
current and shorten an output pulse, 
should transformer saturation occur. 
(Refer to Figure 11.) Another application is 
to ground pin 5 and use pin 4 as an addi
tional shutdown terminal: i.e., the output 
will be off with pin 4 open and on when it 
is grounded. Finally, fold back current lim
iting can be provided with the network of 
Figure 7. This circuit can reduce the short
circuit current (lsd to approximately one
third the maximum available output cur
rent (IMAX). 

-For additional information, consult 

the Applications Section_ 
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ERROR AMPLIFIER BIASING CIRCUITS 

R, 

" 

" " 
NEGATIVE 

'---,\M~_ OUTPUT 

G"O-..... - ..... -

2.5'1 (R + R2l 
"0"'--R, 

aND 

Note change in input connections for opposite polarity outputs. 

Figure 5 

R, 

CURRENT LIMITING CIRCUITRY OF THE SG3524 

Figure 6 

FOLD BACK CURRENT LIMITING 

VTH 
ISC = As WHERE 

VTH =200 mV 

Foldback current lImIting can be used to reduce power 
dissipation under shorted output conditions 

Figure 7 
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LINEAR LSI PRODUCTS 

PRECISION VOLTAGE REGULATOR p,A723/723C/SA723C 

DESCRIPTION 
The I'A723!SA723C is a Monolithic Preci
sion Voltage Regulatorcapable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator. The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Pulse voilage from V+ to V- ISO ms) 
Continous voltage from V+ to V-
Input-output voltage differential 
Maximum output current 

Current from VREF 
Current from Vz 
Internal power dissipation' 
Operating temperature range 

I'A723 
I'A723C 
SA723C 

Storage temperature range 

Lead temperature 

EQUIVALENT CIRCUIT 

TEMPERATURE 
COMPENSATED 

ZENER 

VOL TAGE 
REFERENCE 
AMPLIFIER 

FEATURES 
o Positive or negative supply operation 
o Series, shunt, switching or lIoating oper

ation 
o .01% line and load regulation 
o Output voltage adjustable from 2 to 37 

volts 
o Output current to 150mA without exter

nal pass transistor 
o I'A723 MIL STO 88 3A, B, C available 

RATING UNIT 

50 V 
40 V 

40 V 

150 mA 
15 mA 
25 mA 
800 mw 

-55 to +125 'C 
o to 70 'C 

-40 to +85 'C 
-65 to +150 'C 

300 'C 

PIN CONFIGURATIONS 

O,F,N PACKAGE 

NC 

CURRENT L.IMIT 2 13 FREQUENCY 
COMPENSATION 

CURRENT SENSE 3 

INVERTING INPUT 4 

NON-INVERTING 
INPUT 

TOP VIEW 

ORDER NUMBERS 
ttA723F,N IlA723CF.CN 

SA723CN I'A723CD 

H PACKAGE' 

CURRENT LIMIT 

CURRENT SENSE 
FREQUENCY 
COMPENSATION 

INVERTING INPUT 

NON·INVERTING 
INPUT 

ORDER NUMBERS 
IlA723H "A723CH 

v+ 

vc 

'Metal cans (HI not recommended for new designs 

FREQUENCY 
COMPENSATION 

v+ 

INPUT 

VREF 

LIMIT 

AMPLIFIER 

Signetics 

CURRENT 
SENSE 

CURRENT 
LIMITER 

Vc 

VOUT 

Vz 
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LINEAR LSI PRODUCTS 

PRECISION VOLTAGE REGULATOR 

DC ELECTRICAL CHARACTERISTICS TA ~ 25°C unless otherwise specified.1 

PARAMETER TEST CONDITIONS 
Min 

Line regulation2 VIN ~ 12V to VIN ~ 15V 
VIN ~ 12V to VIN ~ 40V 

Load regulation2 IL - lmA to IL ~ SOmA 
f ~ 50Hz to 10kHz, CREF ~ 0 

f ~ 50Hz to 10kHz, CREF ~ 51'F 

Short circuit current limit Rsc ~ lOn, VOUT - 0 

Reference voltage 6.95 
Output noise voltage BW - 100Hz to 10kHz, CREF - 0 

BW~ 100Hzto 10kHz, CREF~ 51'F 

Long term stability 
Standby current drain IL - 0, VIN - 30V 

Input voltage range 9.5 
Output voltage range 2.0 

Input-output voltage differential 3.0 

The following specifications apply 
over the operating temperature 
ranges 

Line regulation 

Load regulation 

Average temperature coefficient VIN ~ 12V to VIN ~ 15V 
of output voltage IL ~ lmA to IL = SOmA 

NOTES 

1. V!N = V+::::: Vc = 12V, V-= OV, Vour= 5V, Il = lmA, Rse = 0, Cl = 100pF. CAEF == Oand 
divider impedance as seen by error amplifier:s 10kn when connected as shown in 
Figure 3. 

2. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be laken into account separately when the unit is 
operating under conditions of high dissipation. 

TYPICAL PERFORMANCE CHARACTERISTICS 

STANDBY CURRENT DRAIN 
AS A FUNCTION OF 

INPUT VOLTAGE 

S.O 
I VOUT= VREF 

IL=O 
4.0 

200 

t--
160 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

TJMAX=150 0 C 
RTH = 160 0 C/W 
PSTANOBY = 60mW 

I'A723 

Typ 

om 
0.02 

0.03 
74 
86 

65 

7.15 
20 
2.5 

0.1 
2.3 

0.002 

TA= -55°C rr METAL CAN PACKAGE 
.... z w 
a: 3.0 a: 

" " >-
" 2.0 c 
z 
;:! 
II) 

1.0 

\ (NO HEIAT ~INKI 

1\ TA= +25°C , ~ TA= +70°C t--
V 1,,/TA= +12SoC 

1~ 1"- V / 
V 1'>< 

r.... "'1-

TA=O°C 
TA= +25°C:\ 

~ K l-I-
I"! j,,::: F r-

~ p T"-- j.-.: +-
i.--' fo"" j--- TA= +70 oC 

TA= +129°C 

I I 1 

« 
E 120 
I 

3 80 

40 

~ o o o 10 20 30 40 so o 10 20 30 40 so 
INPUT VOLTAGE - V (VIN - VOUT) - V 
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ILA723/723C/SA723C 

Max 

0.1 
0.2 

0.15 

7.35 

3.5 

40 
37 

38 

0.3 

0.6 

0.D15 

+0.1 

~ 
0 
> .. -0.1 

Z 
0 
;:: -0.2 
:5 
" " w a: -0.3 

-0.4 

I'A723C/SA723C 
UNIT 

Min Typ Max 

0.01 0.1 %VOUT 
0.1 0.5 %VOUT 

0.03 0.2 %VOUT 
74 dB 
86 dB 

65 mA 

6.80 7.15 7.50 V 
20 I'Vrms 
2.5 I'Vrms 

1 0.1 %/l000hrs. 
2.3 4.0 mA 

9.5 40 V 
2.0 37 V 

3.0 38 V 

0.3 %VOUT 

0.6 %VOUT 

0.003 0.015 %/OC 

LOAD REGULATION 
CHARACTERISTICS WITH 

CURRENT LIMITING 

VdUT= 5V, V,N = + 12V 
Rsc = 100 

~ II!t, TA=-55°C 

~ ~ b:::::: 
V TA= +25°C 

TA= +70°C 

~ ~ TA= +125°C 

1\ \\1( 
\ '( " 

TA=O°C 

L1~ 
lL J~ 

.lii 
o 20 40 60 80 100 

OUTPUT CURRENT - rnA 



LINEAR LSI PRODUCTS 

PRECISION VOLTAGE REGULATOR ",A7231723C/SA723C 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

CURRENT LIMITING MAXIMUM LOAD CURRENT LOAD REGULATION 
CHARACTERISTICS AS A AS A FUNCTION OF CHARACTERISTICS WITHOUT 
FUNCTION OF JUNCTION INPUT-OUTPUT VOLTAGE CURRENT LIMITING 

TEMPERATURE DIFFERENTIAL 
+0.05 

0.8 ffi 200 200 
> 

o!'<"1< TJMAX=150 aC ~~U~:~2~ -I -
~ w 

0.7 is'<'''''O', 
RTH=111°CJW 

Rsc=D 
CO 180 e 160 PSTANOBY = 60mW - 0 -
e 

("'~I E r-

"' 
DIP PACKAGE 5 

!:; I (NO~EA~ SI~K) I -
0 

a r--I! CIII/I/ Q<" \ > , -...:: "'=: ~ -r- I-.... e ~ > 0.6 I-- ~c" 100 ~ .... ~ z E 120 ... -0.05 
, 

w 120 w ...... 1>': ~ '" ~ 0: I f..--TA= +25'C I "-Z 0: Z w I '" 
....... ::> >< \ '\ V TA =+70'C - a X V V'" > ....... '" 0 e V TA= + 125°C. _ ;:: C- TA=+70 oC 

!:: 0.5 80 :IE 80 -0.1 
:IE ~ i'.. CO .: \ ,...-> :3 TA= +25°C / V ~ z ::> I-- TA=QoC :::l - - I-LII,fITCIII/ ~ E \ " .,.:. CO VI .... n ~c,,~~£IVT ~ ~ :IE w I TA= +125°C -- "-z 0.4 - - C- 40 :::l 40 0: -0.15 r-rTA= -55'C w "- 7 ....... r- i 0: I-. IJ1tl-0: 

" - -r l-I-
::> 
0 

0.3 0 0 -0.2 
-50 0 +50 + 100 +150 0 10 20 30 40 50 0 20 40 60 80 100 

JUNCTION TEMPERATURE - 'C 
(VIN-VOUT) - V OUTPUT CURRENT - mA 

LOAD TRANSIENT RESPONSE LINE REGULATION AS A OUTPUT IMPEDANCE AS A 
FUNCTION OF INPUT-OUTPUT FUNCTION OF FREQUENCY 

VOLTAGE DIFFERENTIAL 
+0.3 10 

> LOAD CURRENT VOUT=+5V f- - Vo=+5V 
E +10 Rsc=D _ V'N= +12V 
I \ !:i +0.2 TA= +25°C _ C- o. Rsc=O 

~ z 't' I\, " AVIN=+3V - TA=+25°C E 0 I v' a 0 > IIL=1mA -f- r- IL -SOmA ;:: I ... w 1.0 

" OUTPUT VOLTAGE 0 
> 4.0 - - z I +0.1 Z 
w -I/-- ...... 1 

a " C: ~1~F c _. - .- ;:: z c 
W 

I--

" a - w 
:; j: I- .. co 0 ! " 0 w" '" !:; I c -' .... 0.1 c ::> ::> a v " CO .. > VIN=+12V OW .... .... -4.0 f- -,0: -0.1 ::> r-::> VOUT= +5V a .. .... I- 1L,=40mA 

::> Rsc=O a 
-8.0 -0.2 .01 

-5 5 15 25 35 45 -5 5 15 25 35 45 100 lk 10k lOOk 1M 
7 

TIME - ~s (VIN - VOUT) - V FREQUENCY - Hz 

LINE TRANSIENT RESPONSE LOAD REGULATION AS A CURRENT LIMITING 
FUNCTION OF INPUT-OUTPUT CHARACTERISTICS 

VOLTAGE DIFFERENTIAL 

'.0 +0.2 1.2 
> INPUT VOLTAGE '" VIN= +12V 
E 

I 
!:; 

VOUT= +5V > 
I 

a I 2.0 > +0.1 Rsc=O 1.0 
z ~ w I ~ TA= + 2S C1 C a ~ " ;:: z Il=1mA TO Il = SOmA " 0.8 
" 

a ... !:; 
>- 0 ;:: 0 a 
w OUTPUT VOLTAGE " I r-- > c ~ z .... 
w ::> 0.6 TA= _12SC1C 
CO l/ r-- ....... c a - .. 
" 0 w ;:: -0.1 

.... TA= +70 Cl C 
CO " ::> TA= + 2SC1 C -!:; "'" " -' a 

a !:; ::> W 0.4 TA=OClC 
> CO 2: TA= -SSC1C .... a W 

> 0: -0.2 
.... , I , I 

~ -2.0 .... :3 0.2 ~~u~:!25~ I .... ::> w 
::> .. 0: 
0 ! Rsc = 10n 

-4.0 -6.0 -0.3 0 
-5 5 15 25 35 45 -5 5 15 25 35 45 0 20 40 60 80 100 

TIME -liS (V,N - VOUT) - V OUTPUT CURRENT - mA 
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LINEAR LSI PRODUCTS 

PRECISION VOLTAGE REGULATOR 

TYPICAL APPLICATIONS 

cmr 
'::' 

LOW VOLTAGE REGULATOR 
(VOUT = 2 TO 7 VOLTS) 

R, 

N.I. 

R, 
v- COMP 

100pF 

'::' 

VOUT=rVAEFX~J l R, + R2 

R3 = ~ for minimum temperature drift 
R1 + R2 

REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 

(VOUT = 2 TO 7 VOLTS) 

ASC 
VRe, Vour t-...... """"'I/'v-..... ___ ..... ~~~~~~TEO 

CL 

CSI-----+ 

~--"tN~.~i.--__ ~'n:.t-~--~ 
v- R3 

r-'VVI..--o LOGIC INPUT 
2k!! 
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p.A723/723C/SA723C 

NEGATIVE VOLTAGE REGULATOR 

R, 

VREF VOUT 

Vz J----+-I:. T, 

CL 

CS 

HJGH VOLTAGE REGULATOR 
(V OUT = 7 TO 37 VOLTS) 

V,N 

VOUT = tAEF x:~ + R2 ] 

R3 = ~ for minimum temperature drift 
A1 + R2 

R3 may be eliminated for minimum component count 



LINEAR LSI PRODUCTS 

PRECISION VOLTAGE REGULATOR p,A723/723C/SA723C 

TYPICAL APPLICATIONS (Cont'd) 

FOLDBACK CURRENT LIMITING REGULATOR 
(YOUT = 2 TO 7 YOLTS) 

Y,N 
16 v.h Rsc '. 3,"!! 

14 " 500l! 

" . i6 1(!! 
III 

Rsc !:i 12 .--- VREF VOUT 
REGULATED 0 IKNEE OUTPUT > 

w 10 
Vz --0 R, '" / .. 
CL-

!:; 6 R, 0 / > 
R. 

I- 6 
CS 

~ 
=> .. / I- 4 

~ N.I. In. => 
V 0 

R, 
VI COMlc, 

2 

[LISHORT CKT 
0 ":'" J1nF 0 10 20 30 40 50 60 

"::" "::" OUTPUT CURRENT IN mA 

I [VOUT R3 VSENSE(R3+ Rj KNEE= --+ 
RSC R4 RSC R4 

[ Rl+R~ R4 VOUT ISC -1 VOUT= VREFx Fi2 -= 
R3 VSENSE (IKNEE -ISHORT CKTi 

[VSENSE R3 + Rj 'SHORT CKT= --x --
RSC R4 

RSC = VSENSEE + ~ J 
ISC R4 

7 
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LINEAR LSI PRODUCTS 

TIME PROPORTIONAL TRIAC TRIGGER TDA1023 

GENERAL DESCRIPTION 

The TDA 1023 is a bipolar integrated circuit for controlling triacs in the time proportional or burst 
firing mode. It permits very precise temperature control of heating equipment and is especially suited 
for the control of panel heaters. The circuit generates positive-going trigger pulses and complies with 
the regulations on radio interference and mains distortion. 

Special features are: 
• adjustable proportional range width 
• adjustable hysteresis 
• adjustable trigger pulse width 
• adjustable firing burst repetition time 
• control range translation facility 
• failsafe operation 
• supplied from the mains 
• provides supply for external temperature bridge 

QUICK REFERENCE DATA 

Supply voltage (derived from mains voltage) 

Stabilized supply voltage 
for temperature bridge 

Supply current (average value) 

Trigger pulse width 

Firing burst repetition time at CT = 68 /IF 

Output current 

Operating ambient temperature range 

Vcc 

Vz 
116(AV) 

tw 

Tb 

-IOH* 

Tamb 

typo 13.7 V 

typo 8 V 

typo 10 mA 

typo 200 /lS 

typo 41 s 

max. 150 mA 

-20 to + 75 °C 

* Negative current is defined as conventional current flow out of a device. A negative output current 
is suited for positive triac triggering. 

PACKAGE OUTLINE 

16-lead D I L; plastic (SOT-38). 
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LINEAR LSI PRODUCTS 

TIME PROPORTIONAL TRIAC TRIGGER TDA1023 

7·64 

PINNING 

Rpd RX 1 Rpd internal pull-down resistor connection 

2 n.c. not connected 

n.c. 2 15 n.c. 3 Q output 

VCC 
4 HYS hysteresis control input 

Q 3 14 
5 PR proportional range control input 

HYS 4 13 VEE 6 CI Control input 

TDA1023 7 UR unbuffered reference input 

PR 5 12 TS 8 QR output of reference buffer 

9 SR buffered reference input 
CI 6 11 Vz 

10 PW pulse width control input 

UR 7 10 PW 11 Vz reference supply output 

12 TS firing burst repetition time control input 

QR 8 9 BR 13 VEE ground connection 

14 VCC positive supply connection 
7Z85658 15 n.c. not connected 

Fig. 2 Pinning diagram. 16 RX external resistor connection 

FUNCTIONAL DESCRIPTION 

The TDA 1023 generates pulses to trigger a triac. These trigger pulses coincide with the zero crossings 
of the mains voltage. This minimizes r.f. interference and transients on the mains supply. The trigger 
pulses come in bursts, with the net effect that the load is periodically switched on and off. This further 
minimizes mains pollution. The average power in the load is varied by varying the duration ofthe 
trigger pulse burst, in accordance with the voltage difference between the control input CI and the 
reference input, either UR or SR. 

Power supply: Vce, RX and Vz (pins 14, 16 and 11) 

The TDA 1023 is supplied from the a.c. mains via a resistor RD to the RX connection (pin 16); the 
VEE connection (pin 13) is connected to the neutral line (see Fig. 4a). A smoothing capacitor Cs has 
to be connected between the VCC and VEE connections. 

The circuit contains a string of stabilizer diodes between the RX and VEE connections that limit the 
d.c. supply voltage, and a rectifier diode between the RX and VCC connections (see Fig. 3). 

At pin 11 the device provides a stabilized reference voltage Vz for·an external temperature sensing 
bridge. 

The operation of the supply arrangement is as follows. During the positive half of the mains cycles the 
current through external voltage dropping resistor RD charges the external smoothing capacitor Cs 
until RX reaches the stabilizing voltage of the internal stabilizer diodes. RD should be chosen such that 
it can supply the current ICC for the TDA 1 023 itself plus the average output current 13(AV) plus the 
current required from the Vz connection for an external temperature bridge, and recharge the 
smoothing capacitor Cs (see Figs 9 to 12). Any excess current is bypassed by the internal stabilizer 
diodes. Note that the maximum rated supply current must not be exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs has to supply the sum of 
the currents mentioned above. Its capacitance must be high enough to maintain the supply voltage 
above the minimum specified limit. 
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TIME PROPORTIONAL TRIAC TRIGGER TDA1023 

FUNCTIONAL DESCRIPTION (continued) 

Dissipation in resistor RD is halved by connecting a diode in series (see Fig. 4b and 9 to 12). 

A further reduction of dissipation is possible by using a high·quality voltage dropping capacitor CD in 
series with a resistor RSD (see Figs 4c and 14). Asuitable VDR connected across the mains provides 
protection of the TDA 1023 and of the triac against mains-borne transients. 

Control and reference inputs CI, BR and UR (pins 6, 9 and 7) 

For room temperature control (5 oC to 30 OC) the best performance is obtained by using the 
translation circuit. The buffered reference input BR (pin 9) is used as a reference input, and the output 
of the reference buffer QR (pin 8) is connected to the unbuffered reference input UR (pin 7). In this 
arrangement the translation circuit ensures that most of the potentiometer rotation can be used to 
cover the room temperature range. This provides an accurate temperature setting and a linear 
temperature scale. 

If the translation circuit is not required, the unbuffered reference input U R (pin 7) is used as a 
reference input. The buffered reference input BR (pin 9) must be connected to the reference supply 
output Vz (pin 11). 

For proportional power control the unbuffered reference input UR (pin 7) must be connected to the 
firing burst repetition time control input TB (pin 12) and the buffered reference input BR (pin 9), 
which is inactive now, must be connected to the reference supply output Vz (pin 11). 

In all arrangements the train of output pulses becomes longer when the voltage at the control input 
CI (pin 6) becomes lower. 

Proportional range control input PR (pin 5) 

With the proportional range control input PR open the output duty factor changes from 0% to 100% 
by a variation of 80 mV at the control input CI (pin 6). For temperature control this corresponds with 
a temperature difference of only 1 K. 

This range may be increased to 400 mY, i.e. 5 K, by connecting the proportional range control input 
PR (pin 5) to ground. Intermediate values are obtained by connecting the PR input to ground via a 
resistor R5, see Table 1. 

Hysteresis control input HYS (pin 4) 

With the hysteresis control input HYS (pin 4) open the device has a built-in hysteresis of 20 mY. For 
temperature control this corresponds with 0.25 K. 

Hysteresis is increased to 320 mY, corresponding with 4 K, by grounding HYS (pin 4). Intermediate 
values are obtained by connecting pin 4 to ground via a resistor R4. See Table 1 for a set of values for 
R4 and R5 giving a fixed ratio between hysteresis and proportional range. 

Trigger pulse width control input PW (pin 10) 

The trigger pulse width may be adjusted to the value required for the triac by choosing the value of 
the external synchronization resistor RS between the trigger pulse width control input PW (pin 10) 
and the a.c. mains. The pulse width is inversely proportional to the input current (see Fig. 13). 

Output Q (pin 3) 

Since the circuit has an open-emitter output, it is capable of sourcing Gurrent, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating· positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 150 mA 
and the output pulses are stabilized at 10 V for output currents up to that value. 
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TIME PROPORTIONAL TRIAC TRIGGER TDA1023 

FUNCTIONAL DESCRIPTION (continued) 

A gate resistor RG mustbe connected between the output Q and the triac gate to limit the output 
current to the minimum required by the triac (see Figs 5 to 8). This minimizes the total supply current 
and the power dissipation. 

Pull-down resistor Rpd (pin 1) 

The TDA 1023 includes a 1.5 kn pull-down resistor Rpd between pins 1 and 13 (VEE, ground 
connection), intended for use with sensitive triacs. 

RATINGS 

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

Supply voltage, d.c. VCC max. 16 V 

Supply current 
average 116(AV) max. 30 mA 
repetitive peak 116(RM) max. 100 mA 
non-repetitive peak 116(SM) max. 2 A 

I nput voltage, all inputs VI max. 16 V 

Input current, CI, UR, BR, PW input 16; 7; 9; 10 max. 10 mA 

Voltage on Rpd connection V1 max. 16 V 

Output voltage, Q, QR, Vz output V3; 8; 11 max. 16 V 
Output current 

average -IOH(AV) max. 30 mA 
peak, max. 300 ps -IOH(M) max. 700 mA 

Total power dissipation Ptat max. 500 mW 

Storage temperature range Tstg -55 to + 150 °C 

Operating ambient temperature range Tamb -20 to +75 0 C 
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CHARACTERISTICS 

VCC = 11 to 16 V; Tamb = -20 to + 75 °C unless otherwise specified 

symbol min. typo max. unit 

Supply: VCC and RX (pins 14 and 16) 

Internally stabilized supply voltage 
at 116 = 10 rnA VCC 12 13.7 15 V 

Variation with 116 AVCC/AI16 - 30 - mV/mA 

Supply current at V16-13 = 11 to 16 V; 
110 = 1 rnA; f = 50 Hz; pin 11 open; 
V6-13> V7-13; pins 4 and 5 open 116 - - 6 rnA 

pins 4 and 5 grounded 116 - - 7.1 rnA 

Reference supply output Vz (pin 11) 
for externa I tern peratu re bridge 

Output voltage Vll-13 - S - V 

Output current 1-111 - - 1 rnA 

Control and reference inputs CI, BR and UR I 
(pins 6, 9 and 7) 

Input voltage to inhibit the output V6-13 - 7.6 - V 

Input current at VI = 4 V 16; 7; 9 - - 2 JJ.A 

Hysteresis control input HYS (pin 4) 

Hysteresis, pin 4 open AV6 9 20 40 mV 

pin 4 grounded AV6 - 320 - mV 

Proportional range control input PR (pin 5) 

Proportional range, pin 5 open AV6 50 SO 130 mV 
7 

pin 5 grounded AV6 - 400 - mV 

Pulse width control input PW (pin 10) 

Pulse width at 110{RMS) = 1 rnA; f = 50 Hz tw 100 200 300 I1S 

Firing burst repetition time control input TB 
(pin 12) 

Firing burst repetition time, 
ratio to capacitor CT Tb/CT 320 600 960 mS/JJ.F 

Output of reference buffer QR (pin S) 

Output voltage 
at input voltage V9-13 = 1.6 V VS-13 - 3_2 - V 

V9-13 = 4_S V VS-13 - 4_S - V 

V9-13 = S V VS-13 - 6.4 - V 
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symbol min. 

Output Q (pin 3) 

Output voltage HIGH at -IOH = 150 mA VOH 10 

Output current HI G H -IOH -

Internal pull-down resistor Rpd (pin 1) 

Resistance to VEE Rpd 1 

Table 1. Adjustment of proportional range and hysteresis. 
Combinations of resistor values giving hysteresis> % proportional range. 

proportional proportional minimum maximum 
range range hysteresis hysteresis 

resistor R5 resistor R4 
mV kn mV kn 

80 open 20 open 
160 3.3 40 9.1 
240 1.1 60 4.3 
320 0.43 80 2.7 
400 0 100 1.8 

Table 2. Timing capacitor CT values. 

effective marked a.c. catalogue 
d.c. value specification number* 

J.lF J.lF V 

68 47 25 2222 016 90129 
47 33 40 - - 90131 
33 22 25 - 01590102 
22 15 40 - - 90101 
15 10 25 - - 90099 
10 6.8 40 - - 90098 

* Special electrolytic capacitors recommended for use with TDA 1023. 
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Fig. 3 Internal supply connections. 
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Fig.4 Alternative supply arrangements. 
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Fig. 13 Synchronization resistor RS as a 
function of required trigger pulse width tw 
with mains voltage Vs as a parameter. 

Fig. 14 Nominal value of voltage dropping 
capacitor Co and power PRSO dissipated in 
voltage dropping resistor RSO as a function 
of the average supply current 116(AV) with 
the mains supply voltage Vs as a parameter. 
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APPLICATION INFORMATION 

14 

R1 11 V/CC 

+ +---=---+-_-46 C I 
Cs 9 

-e 
Rp 

16 

RX 

TDA1023 

RS 

10 

PW 

Q 3 

triac 
RG -u 

7Z71712.3 

line 

a.c, mains 
voltage 

Vs 
neutral 

Fig. 15 The TDA 1023 used in a 1200 to 2000 W heater with triac BT139. For component values 
see Table 3. 

Conditions 

Mains supply: Vs = 220 V 

Temperature range = 5 to 30 0C 

BT139 data: VGT < 1.5 V ) 

I GT > 70 mA at Tj = 25°C 

IL <60 mA 
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Table 3. Temperature controller component values (see Fig. 15). 

parameter symbol value remarks 

Trigger pulse width tw 75 JlS see BT139 data sheet 

Synchronization resistor RS 180 kn see Fig. 13 

Gate resistor RG 110n see Fig. 6 

Max. average gate current 13(AV) 4.1 mA see Fig. 8 

Hysteresis resistor R4 n.c. see Table 1 

Proportional band resistor R5 n.c. see Table 1 

Min. required supply current 116(AV) 11.1 mA 

Mains dropping resistor RD 6.2 kn see Fig. 10 

Power dissipated in RD PRD 4.6W see Fig. 10 

Timing capacitor (eff. value) CT 68 JlF see Table 2 

Voltage dependent resistor VDR 250 Va.c. cat. no. 2322 59362512 

Rectifier diode Dl BYW56 

Resistor to pin 11 Rl 18.7 kn 1 % tolerance 

NTC thermistor (at 25 OC) RNTC 22 kn B = 4200 K 
cat. no. 2322 642 12223 

Potentiometer Rp 22 kn 

Capacitor between pins 6 and 9 Cl 47 nF 

Smoothing capacitor Cs 220 JlF; 16 V 

If RD and Dl are replaced by CD and RSD 

Mains dropping capacitor CD 470 nF 

1 
Series dropping resistor RSD 390n see Fig. 14 

Power dissipated in RSD PRSD 0.6W 

Voltage dependent resistor VDR 250 Va.c. cat. no. 2322 594 62512 

Notes 

1. ON/OF F control: pin 12 connected to pin 13. 
2. If translation circuit is not required: slider of Rp to pin 7; pin 8 open; pin 9 connected to pin 11. 

APPLICATION INFORMATION SUPPLIED ON REQUEST 
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GENERAL DESCRIPTION 

The TOA1024 is a bipolar integrated circuit delivering positive pulses for triggering a triac or a 
thyristor. It is primarily intended for use as a static switch to replace mechanical thermostats that 
switch resistive loads, such as: 
• central heating installations 
• washing machine heaters 
• water heaters 
• smoothing irons 

The TOA1024 provides its own d.c. supply and will supply an external circuit, e.g. a temperature 
sensing bridge. The circuit complies with the regulations on radio interference and mains distortion. 

Its main features are: 
• adjustable trigger pulse width 
• adjustable hysteresis 
• supplied from the mains 
• provides supply for external temperature bridge 
• protected inputs and output 
• low supply current, low dissipation 

QUICK REFERENCE DATA 

Supply voltage (d.c.) 
(internally derived from mains voltage) 

Supply current (average value, unloaded) 

Output current HIGH 

Output pulse width 

Power dissipation (unloaded) 

Operating ambient temperature range 

Vcc typo 6.5 V 

IRX{AV) max. 1.8 mA 

-IOH* max. 100 mA 

tw typo 195 JlS 

P typo 12 mW 

Tamb -20 to +80 oc 

* Negative current is defined as conventional current flow out of a device. A negative output current is 
suited for positive triac triggering. 

PACKAGE OUTLINE 

8-lead OIL; plastic (SOT-97A). 
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Fig. 1 Block diagram. 
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Fig. 2 Pinning diagram. 8 VCC 
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FUNCTIONAL DESCRIPTION 

The TDA 1024 generates positive-going output pulses to trigger a triac. These trigger pulses coincide with 
the zero crossings of the mains voltage. This minimizes r.f. interference and transients on the mains 
supply. 

Supply: VCC and RX (pins 8 and 7) 

The TDA 1 024 may be supplied by an external d.c. power supply connected to Vee (pin 8), but usually 
it is supplied directly from the mains voltage. For this purpose the circuit contains a stabilizer diode 
between RX and VEE that limits the d.c. supply voltage (see Fig. 4). An external resistor RD has to be 
connected frorTj the mains to RX (pin 7); VEE is connected to the neutral line (see Fig. 5a). A smooth
ing capacitor Cs has to be connected between V CC and VEE. 

During the positive half of the mains cycles the current through external voltage·dropping resistor RD 
charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. R 0 should be chosen such that it can supply the current I CC for the TDA 1024 itself plus the 
average output current -I OlAV), and recharge the smoothing capacitor Cs. Any excess current is 
bypassed by the internal stabilizer diode. Note that the maximum rated supply current must not be 
exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above 5 V, the minimum specified 
limit (see Fig. 10). 

Dissipation in resistor RD is halved by connecting a diode in series (see Figs 5b and 11). 

A further reduction of dissipation is possible by using a high-quality voltage-dropping capacitor CD in 
series with a resistor RSD (see Figs 5c and 12). 

A suitable VDR connected across the mains provides protection of the TDA 1024 and of the triac 
against mains-borne transients. 

Control and reference inputs CI and REF (pins 5 and 4) 

The TDA 1 024 produces output pulses when the CI input is at a higher potential than the REF input. 
For power control as a function of temperature the inputs may be connected as shown in Fig. 14. 

An input buffer circuit at the CI input gives a high input impedance and a low output impedance. This 
makes the hysteresis of the circuit independent of the input voltage. 

Hysteresis control input HYS (pin 3) 

With the hysteresis control input HYS open the device has a built-in hysteresis of 20 mV. For 
temperature control this corresponds with a temperature difference of 0.25 K. 

Hysteresis is increased to 300 mV, corresponding with a temperature difference of 4 K, by grounding 
HYS. Intermediate values are obtained by connecting HYS to ground via a resistor. 

Pulse width control input PW (pin 6) 

The output pulse width may be adjusted to the value required for the triac by choosing the value of the 
external synchronization resistor RS between the pulse width control input PW and the a;c. mains. The 
pulse width is inversely proportional to the input current (see Fig. 13). 

Output 0 (pin 2) 

Since the circuit has an open-emitter output, it is capable of sourcing current, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 100 mA 
and the output pulses are stabilized at 4 V for output currents up to that value. 
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FUNCTIONAL DESCRIPTION (continued) 

Output a (pin 2) (continued) 

TDA1024 

A gate resistor RG must be connected between the output a and the triac gate to limit the output 
current to the minimum required by the triac (see Figs 6 to 9). This minimizes the total supply current 
and the power dissipation. 

RATINGS 

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

Supply voltage (d.c.) VCC 

Supply current 
average 

repetitive peak 

non-repetitive peak (t < 50 ~s) 

Input voltage (all inputs) 

Input current (CI, REF, PW) 

Output voltage HIGH 

Output current 
average 

peak, max. 300 ~s 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

IRX(AV) 

IRX(RM) 

IRX(SM) 

VI 

ICI; IREF; ± IpW 

Va 

-IOH(AV) 

-IOH(M) 

Signetics 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

8 V 

30 rnA 

80 rnA 

2 A 

8 V 

10 rnA 

8 V 

30 rnA 

400 rnA 

max. 225 mW 

-55 to + 1 25 oC 

...:.20 to +80 °C 
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CHARACTERISTICS 

VCC = 5 to 8 V; Tamb = -20 to +80 °C unless otherwise specified. 

symbol min. typo max. unit 

Supply: VCC and RX (pins 8 and 7) 

Internally stabilized supply voltage 

at 'RX{AV) = 10 mA VCC 5.5 6.5 7.5 V 

variation with I RX AVCC/AIRX - 15 - mV/mA 

Supply current at VCC = 5.5 V; 
unloaded; f = 50 Hz; VCI > VREF 
pin 3 open (minimum hysteresis) 'RX{AV) - - 1.8 mA 

Supply current increase 
pin 3 grounded (maximum hysteresis) AIRX{AV) - 1.4 - mA 

Control and reference inputs CI and REF 
(pins 5 and 4) 

Input current, CI input, at VCI > VREF ICI - - 5 fJ.A 

Input current, REF input, at VREF > VCI IREF - - 5 fJ.A 

Hysteresis control input HYS (pin 3) 

Hysteresis, 
pin 3 open (minimum hysteresis) AVCI·REF 10 20 30 mV 

pin 3 grounded (maximum hysteresis) AVCI-REF 150 300 500 mV 

Pulse width control input PW (pin 6) 

Pulse width at IpW{RMS) = 1 mA; 
V CC = 5.5 V; f = 50 Hz tw 130 195 265 fJ.S 

Output Q (pin 2) 

Output voltage HI G H 
at -IOH = 100 mA VOH 4 - - V 

at -IOH = 1 mA VOH 1 - - V 

Output current HIGH -IOH - - 100 mA 
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18 

I 
i 
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Fig.4 Internal supply connections. 

AD 

(b) 

(c) 

7Z80277 

7ZB0278 

a.c. mains 
voltage 

Vs 

a.c. mains 
voltage 

Vs 

Fig. 5 Alternative supply arrangements. 
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Fig. 10 Maximum value of voltage-dropping resistor R D as a function of minimum value of the current 
into RX with the mains supply voltage Vs as a parameter for the supply arrangements of Figs 5a and 
5b, and recommended value of smoothing capacitor Cs as a function of the current into RX for all 
three supply arrangements of Fig. 5. When V CC is used to supply external circuitry such as a tempera
ture-sensing bridge, the current required by that external circuitry should be added to I RXmin. 
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Fig. 11 Power dissipated in voltage·dropping resistor R D as a function of its value with the mains 
supply voltage Vs as a parameter, for the supply arrangements of Figs 5a and 5b. 
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Fig. 12 Power dissipated in voltage-dropping 
resistor RSO and dropping capacitor eO as a 
function of the minimum current into RX with 
the mains supply voltage Vs as a parameter, for 
the supply arrangement of Fig. 5c. When Vee 
is used to supply external circuitry such as a 
temperature-sensing bridge, the current 
required by that external circuitry should be 
added tol RXmin. 

Fig. 13 Synchronization resistor RS as a 
function of required trigger pulse width tw 
with mains supply voltage Vs as a parameter. 
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APPLICATION INFORMATION 

RS RD 
res;st;v: ! 

load 
t200W 

( D 
18 7 

line 

.2. 
VCC RX a.c. mains 

Rt PW 

BT'3~ 
voltage 

20K 

~ 
Vs 

5 CI RG 2 neutral 

+ =~ognF~ 
TDA1024 Q -u 

Cs REF 

2- HYS 
RNTC Rp VEE 

-e 22K r 
7Z80275 

Fig. 14 Typical application of the TDA 1024 in a 1200 W thermostat covering the temperature range 5 
to 30 0C. For component values see Table 1. 

Conditions 

Mains supply voltage VS(RMS) = 220 V 

Temperature range: 5 to 30 0C 

BT138data:VGT<1.5V }' 
I GT > 70 mA at Tj = 25 °C 
IL < 60mA 
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Table 1 

Temperature controller component values (see Fig. 14) 

7·88 

parameter 

Trigger pulse width 

Synchronization resistor 

Gate resistor 

Average output current 

Min. required supply current 

Voltage-dropping resistor 

Power dissipated in RO 

Voltage dependent resistor 

Rectifier diode 

NTC thermistor (at 25 OC) 

Smoothing capacitor 

If RO and 01 are replaced by Co and RSO 

Voltage-dropping capacitor 

Series dropping resistor 

Power dissipated in RSO 

Voltage dependent resistor 

4 

1~~ 
) 

2 

o o 
\100 M8 

so 

7Z726271 

RG = 
18 

~ .,..., 
27 

31 
1'1. 

3~ 
Ni6 K4 7f-1-. 

Ia (mA) 100 

symbol 

tw 

RS 

RG 

10(AV) 

'RX(AV) 

RO 

PRO 

VOR 

01 

RNTC 

Cs 

Co 
RSO 

PRSO 

VOR 

value 

105 MS 

180 kS1 

33S1 

3.7 mA 

6.5mA 

10 kS1 

3.2W 

250 V a.c. 

BYW56 

22 kS1 

220 MF; 16 V 

270 nF 

390n 

190mW 

250 V a.c. 

TDA1024 

2 

remarks 

see BT138 data sheet 

see Fig. 13 

see Fig. 7 

see Fig. 10 

see Fig. 11 

cat. no. 2322 593 62512 

B = 4200 K 
cat. no. 2322642 12223 

cat. no. 2322 594 62512 

7Z74246.l ~ 

Fig. 15 Gate voltage (V G) as a function of trigger 
current (10) with gate resistor (RG) load lines. 
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• New product for Linear LSI since 1983 data manual. 
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FLL TV TUNING CIRCUIT SAB3035 

GENERAL DESCRIPTION 

The SAB3035 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 8 analogue functions, 4 general purpose I/O ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 8 static digital to analogue convertors (DACs) for control of analogue functions 

• Four general purpose input/output (I/O) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin,4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 16) 

(pin 22) 

(pin 17) 

Supply currents (no outputs loaded) 
(pin 16) 

(pin 22) 

(pin 17) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 

Signetics 

VP1 

Vp2 

Vp3 

Ip1 

Ip2 

Ip3 

Ptot 

Tamb 

typo 12 V 

typo 13 V 

typo 32 V 

typo 32 rnA 

typo 0.1 rnA 

typo 0.6 rnA 

typo 400 mW 

-20 to +70 0 C 
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8-4 

SDA 
5 

SCL 

10 

AFC+ 
11 

AFC-

12 

P20 

P21 

P22 

P23 

r± 
GND = 

OSC FDIV 

24 23 

riiiwiiil L ___ .J 

REFERENCE IFDIVMI 

COUNTER ~ 

rpI20' L.: __ :J 

rp121' ~ __ J 

~'i~2J ~~~~ 12 

rpI23' rp23i' L __ :.J l!. __ :.J 

PORT 2 

PRESCALER 

PORT 1 

0I] 1-_-t_2 ... ' -; 

~ 1-_-t_20"""-I 

SAB3035 CONTROL 
CIRCUIT 

(!jJ]1-_t-':..9 -i 

0IJ 1-_-+'_8+--I 

FREOUENCY COUNTER 

[~1J r£~O~fS ~~LZJ 
TUNING CONTROL CIRCUIT 

I TDIR IIAFCTI 

TUNER 

I 
CONTROL CIRCUIT ~~ ~ 

TUN 

15 

CINT 

TI 

13 

7Z90132 

Fig. 1 Block diagram. 
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PINNING 

DAC4 

2 DAC5 outputs of static DACs 
3 DAC6 

4 DAC7 

5 SDA serial data line 
} 12 Cbus DAC3 

6 SCL serial clock line 
DAC5 2 27 DAC2 

7 P20 
DAC6 3 26 DACl 8 P21 general purpose 
DAC7 4 25 DACO 9 P22 input/output ports 

SDA 5 OSC 10 P23 

SCL 6 FDIV 11 AFC+ 
a.f.c. inputs 

v p2 
12 AFC-

SAB3035 13 TI tuning voltage amplifier inverting input 
21 P13 

14 GND ground 
P22 9 20 P12 15 TUN tuning voltage amplifier output 

P23 10 Pll 16 VP1 + 12 V supply voltage 

Pl0 17 VP3 + 32 V supply for tuning voltage 

AFC- vP3 
18 

amplifier 

P10 
v p1 19 P11 High-current band-selection output 

GND TUN 20 P12 ports 

7Z86564.1 21 P13 

22 Vp2 positive supply for high-current band-
selection output circuits 

23 FDIV input from prescaler 
Fig. 2 Pinning diagram. 24 OSC crystal oscillator input 8 

25 DACO 

26 DAC1 
outputs of static DACs 

27 DAC2 

28 DAC3 
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FUNCTIONAL DESCRIPTION 

The SAB3035 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FOIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit OAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation ~f in steps of 50 kHz. For loop gain control, the relationship ~IT/~f is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at M = 50 kHz equals 250 /lA /lS (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COl B) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at ~f = 50 kHz equals 
26 x 23 x 250 /lA /lS (typical). 

The maximum tuning current I is 875 /lA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading F LOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
F LOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the F LOCK signal can be read (F Ll1 Nand F LION). AFCT can also be cleared by programming the 
AFCT bit to logic O. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TOIRO (tuning direction down) and 
TOI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FOIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RD which causes the 
system to tune down. In normal operation TOI RO must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TOI RU. 

Setting both TOI RO and TOI RU causes the digital tuning to be interrupted and a.f.c. to. be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 

For tuner band selection there are four outputs P1 a to P13 which are capable of sourcing up to 50 rnA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Eight 6-bit digital-to-analogue converters DACO to DAC7 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"ICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic A), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

msb l _msb 
R/W 

INSTRUCTION BYTE 

Fig.3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 
7Z90129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 8 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (VP1 > 8.5 V (typical)). 

Table 1 Valid module addresses 

MA1 MAO P20 

a a don't care 
0 1 GND 
1 a YoVP1 
1 1 Vp1 
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OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE OATA/CONTROL BYTE 

17 16 15 14 13 12 11 10 D7 D6 D5 D4 D3 D2 

freq F14 F13 F12 Fll FlO F9 FB F7 F6 F5 F4 F3 F2 

-
TCDO 0 0 0 0 0 AFCT VTMIO AFCRl AFCRO TUHNl TUHNO 

-
TCDl 0 0 0 0 0 VTMll COIBl COIBO AFCSl AFCSO TUS2 

-

SAB3035 

Dl DO 

Fl FO 

TUWl TUWO 

TUSl TUSO 

TCD2 0 0 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

7Z90125 
Fig. 4 Tuning control format. 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Llf = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO typ.lmax typo IT min typo LlVTUNmin at CINT = 1 f-lF 
f-lA f-lAf-ls 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

f-lV 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Llf = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 

~f = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 

TUS2 TUS1 

0 
0 
0 
0 
1 
1 
1 

* Values after reset. 

Correction-in-band 

0 
0 
1 
1 
0 
0 
1 

TUSO typo IT min 
mA j1S 

0 0.25* 
1 0.5 
0 1 
1 2 
0 4 
1 8 
0 16 

SAB3035 

typo ~VTUNmin at CINT = 11lF 
mV 

0.25* 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

< 12 V 12 to 18 V 18 to 24 V >24V 

0 0 1 * 1* 1* 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COIS is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation IMI 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If I~fl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between F D IV and the reference counter. 

Table 5 Tuning window programming 

TUW1 TUWO IMI (kHz) tuning window (kHz) 

0 0 0* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 
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OPERATION (continued) 

A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as l.6.fl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FOIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCRl AFCRO IMI (kHz) a.f.c. hold range (kHz) 

0 0 O' O' 
0 1 350 700 
1 0 750 1500 

• Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCSl AFCSO typo transconductance (p.A/V) 

0 0 0.25" 
0 1 25 
1 0 50 
1 1 100 

• Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMll and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FOIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6.4' 5.12" 
1 64 2.56 1.28 

" Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RO (down), are at logic 0 after reset. 
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FLL TV TUNING CIRCUIT SAB3035 

Control 

The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
DO, the relevant output goes HIGH. All outputs are LOW after reset. 

P23,P22,P21,P20 

DACX 

'7 '6 IS 

POD~ 0 

: 
0 

: 
1 

0 0 DACX 

Read 

Open collector I/O ports. If a logic 0 is programmed on any of the POD bits 
D7 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X2, X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

'4 '3 '2 '1 '0 D7 D6 DS D4 D3 D2 Dl DO 

, 

0 

: 
1 

: 
0 

: 
0 

: 

0 

I 
P23 P22 P21 P20 P13 P12 Pll Pl0 

0 0 X2 Xl XO 0 0 AXS AX4 AX3 AX2 AXl AXO 

7Z90127 

Fig. 5 Control programming. 

Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING/ RESET INFORMATION PORT INFORMATION 

I S I ,; < 0; 0; o;Mt:MOA;' I A I : : : : : :0:0 I A I : : : : : : : I A I P I 
7Z90130 R/W J III L F~V R~:WN llll L P~l p~ofrom master 

FL/ON PI22 
FL/1N PI23 

FLOCK P22/0N 
P22/1N 

- P23/0N 
'- P23/1N 

from CITAC L- from master 

Fig.6 Information byte format. 
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OPERATION (continued) 

Tuning/reset information bits 

F LOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1N 

FL/ON 

FOV 

RESN 

MWN 

Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1N but is set to logic 0 when F LOCK changes from 1 to O. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0. and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic O. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

P123, P122, P121, 
PI20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 Nand P22/1 N but are set to logic 0 at a H IG H-to- LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7290128 

Fig. 7 Reset programming. 
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RATINGS 

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

Supply voltage ranges: 
(pin 16) VP1 -0.3 to + 18 V 

(pin 22) Vp2 -0.3 to + 18 V 

(pin 17) VP3 -0.3 to +36 V 

Input/output voltage ranges: 
(pin 5) VSDA -0.3 to + 18 V 

(pin 6) VSCL -0.3 to + 18 V 

(pins 7 to 10) Vp2X -0.3 to + 18 V 

(pins 11 and 12) VAFC+,AFC- -0.3 to Vp1 * V 

(pin 13) VTI -0.3 to Vp1 * V 

(pin 15) VTUN -0.3 to VP3* V 

(pins 18 to 21) Vp1X -0.3 to VP2**V 

(pin 23) VFDIV -0.3 to VP1 * V 

(pin 24) VOSC -0.3 to +5 V 

(pins 1 to 4 and 25 to 28) VDACX -0.3 to VP1* V 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to +125 °C 

Operating ambient temperature range Tamb -20 to +70 oC 

* Pin voltage may exceed supply voltage if current is limited to 10 mAo 
** Pin voltage must not exceed 18 V but may exceed VP2 if current is limited to 200 mAo 
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FLL TV TUNING CIRCUIT SAB3035 

CHARACTERISTICS 

Tamb = 25 oC; Vp1, Vp2, VP3 at typical voltages, unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltages Vp1 10.5 12 13.5 V 

Vp2 4.7 13 16 V 

VP3 30 32 35 V 

Supply currents (no outputs loaded) Ip1 20 32 50 mA 

Ip2 0 - 0.1 mA 

Ip3 0.2 0.6 2 mA 

Additional supply currents (A) Ip2A -2 - IOHP1X mA 

(note 1) Ip3A 0.2 - 2 mA 

Total power dissipation Ptot - 400 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SOA input (pin 5); 
SCL input (pin 6) 

Input voltage HIGH (note 2) VIH 3 - VP1-1 V 

Input voltage LOW VIL -0.3 - 1.5 V 

Input current HIGH (note 2) IIH - - 10 J.l.A 

Input current LOW (note 2) IlL - - 10 J.l.A 

SOA output (pin 5, open collector) 

Output voltage LOW at 10L = 3 mA VOL - - 0.4 V 

Maximum output sink current 10L - 5 - mA 

Open collector I/O ports 

P20,P21,P22,P23 
(pins 7 to 10, open collector) 

Input voltage HIGH VIH 2 - 16 V 

Input voltage LOW VIL -0.3 - 0.8 V 

Input current HIGH IIH - - 25 J.l.A 
Input current LOW -IlL - - 25 J.l.A 

Output voltage LOW at IOL = 2 mA VOL - - 0.4 V 

Maximum output sink current IOL - 4 - mA 
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parameter symbol min. typo max. unit 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 11, 12) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
0 0 goo 100 250 800 nAN 
0 1 g01 15 25 35 J.lAN 
1 0 g10 30 50 70 J.lAN 
1 1 g11 60 100 140 J.lAN 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used ~Mg -20 - +20 % 

Input offset voltage Vloff -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2•5 V 

Common mode rejection ratio CMRR - 50 - dB 

Power supply (Vp1) rejection ratio PSRR - 50 - dB 

Input current II - - 500 nA 

Tuning voltage amplifier 

Input TI, output TUN (pins 13, 15) 

Maximum output voltage at 
Iload = ±2.5 mA VTUN VP3- 1•6 - Vp3- 0.4 V 

Minimum output voltage at 
Iload = ± 2.5 mA: 

VTMI1 VTMIO 
0 0 VTMOO 300 - 500 mV 
1 0 VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 8 ---

Maximum output source current -ITUNH 2.5 - 8 mA --
Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHOO 0.4 1 1.7 p.A p.s 
0 1 CH01 4 8 14 p.A p.s 
1 0 CH10 15 30 48 p.A p.s 
1 1 CH11 130 250 370 p.A p.s 

Tolerance of charge (or.~ VTUN) 
multiplying factor when 
COIB and/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITOO 1.7 3.5 5.1 p.A 
0 1 IT01 15 29 41 p.A 
1 0 IT10 65 110 160 /lA 
1 1 IT11 530 875 1220 /lA 

Correction·in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

P10, P11, P12, P13 (pins 18 to 21) ,. 

Output voltage HI GHat 
-IOH = 50 rnA (note 3) VOH Vp2-0•6 - - V 

Output voltage LOW at IOL = 2 rnA VOL - - 0.4 V 

Maximum output source current (note 3) -IOH - 130 200 rnA 

Maximum output sink current IOL - 5 - rnA 

FDIV input (pin 23) 

Input voltage (peak-to-peak value) 
(trise and tfall .;;; 40 ns) VFDIV(p-p 0.1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14.5 - - MHz 

Input impedance Zi - 8 - kn 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typo max. unit 

asc input (pin 24) 

Crystal resistance at resonance (4 MHz) RX - - 150 n 

DAC outputs 0 to 7 
(pins 25 to 28 and 1 to 4) 

Maximum output voltage (no load) 
at Vp1 = 12 V (note 4) VOH 10 - 11.5 V 

Minimum output voltage (no load) 
atVp1 = 12V (note 4) VOL 0.1 - 1 V 

Positive value of smallest step 
(1 least-significant bit) AVO 0 - 350 mV 

Oeviation from linearity - - - 0.5 V 

Output impedance at Iload = ± 2 rnA Zo - - 70 n 
Maximum output source current -IOH - - 6 rnA 

Maximum output sink current IOL - 8 - rnA 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active VPO 7.5 - 9.5 V 

Vp1 rise-time during power-up 
(up to VpO) tr 5 - - flS 

Voltage level for valid module address 

Voltage level at P20 (pin 7) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VVAOO -0.3 - 16 V 
0 1 VVA01 -0.3 - 0.8 V 
1 0 VVA10 2.5 - Vp1-2 V 
1 1 VVA11 VP1-0.3 - Vp1 V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current I OHP1 X' the addi
tional supply currents (A) shown must be added to Ip2 and Ip3 respectively. 

2. If Vp1 < 1 V, the input current is limited to 10 flA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 rnA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1. 
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FLL TV TUNING CIRCUIT 

12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to +5 V; 200 pF capacitor to GND. 

All values are referred to V I H = 3 V and V I L = 1.5 V. 

parameter symbol min. typo 

Bus free before start tBUF 4 -

Start condition set-up time tSU,STA 4 -

Start condition hold time tHD,STA 4 -

SCL, SDA LOW period tLOW 4 -

SCL HIGH period tHIGH 4 -

SCL, SDA rise time tR - -

SCL, SDA fall time tF - -
Data set-up time (write) tSU,DAT 1 -

Data hold time (write) tHD,DAT . 1 -

Acknowledge (from CITAC) set-up time tSU,CAC - -

Acknowledge (from CIT AC) hold time tHD,CAC 0 -

Stop condition set-up time tSU,STO 4 -

Data set-up time (read) tSU,RDA - -

Oata hold time (read) tHO,ROA 0 -

Acknowledge (from master) set-up time tSU,MAC 1 -

Acknowledge (from master) hold time tHO, MAC 2 -

Note 

Timings tsu OAT and tHO OAT deviate from the 12 C bus specification. 
After reset has been activated, transmission may only be started after a 50 MS delay, 
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SDA 
(write) 

SCL 

SDA 
I read) 

-'SU, STA tHO, STA 

'SU, OAT 

'SU, ROA 

Fig. 8 12 C bus timing SAB3035. 
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SAB3035 

max. unit 

- MS 

- MS 

- MS 

- MS 

- MS 

1 MS 

0.3 MS 

- MS 

- MS 

2 MS 

- MS 

- MS 

2 MS 

- MS 

- MS 

- MS 
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GENERAL DESCRIPTION 

The SAB3036 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. 
It also controls 4 general purpose I/O ports and 4 high-current outputs for tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via 
a two-wire, bidirectional 12C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• Four general purpose input/output (I/O) ports 

e Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin,4 MHz on-chip oscillator 

• 12C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 5) 

(pin 14) 

(pin 9) 

Supply currents (no outputs loaded) 
(pin 5) 

(pin 14) 

(pin 9) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102HE). 

Signetics 

VP1 typo 12 V 

VP2 typo 13 V 

VP3 typo 32 V 

Ip1 typo 23 mA 

Ip2 typo 0.1 mA 

Ip3 typo 0.6 mA 

Ptot typo 300 mW 

Tamb -20 to + 70 °C 
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n - PRESCALER 

VPl c:J Vp2 VP3 

~\ n; osc FOIV 

114 19 16 15 

;---. VPl t ~VP3 

ITill POWER-DOWN REFERENCE 13 
DETECTOR OSCILLATOR f1ill 12 

t PORT 1 

SAB3036 CONTROL TUNER 
WRITE CIRCUIT 

SDA --+---B ITill 
17 12C 11 

SCL BUS 
READ [EI2J 

18 ---1-{-!!J 10 

t rMWNl l- IT] 
TIME L ___ .J 

REFERENCE IFDIVMI 
GATE 15 -BIT 

2-BIT ~ FREQUENCY BUFFER ,-- COUNTER ~ 
ADC 

15f 

f 15-BIT 

-@Q] [PI~j 
-

1 FREQUENCY COUNTER 

-0D [P12jJ 2 

~ rp122' 'P22( 12 3 
3 L __ :..l t.: __ J 'FOv' 'FLocK' 'F"u' L __ -.J ~ __ ~ L __ -.J 

@~2}J~:m TUNING CONTROL CIRCUIT 
4 

ITDIR IIAFCrl PORT 2 

CONTROL CIRCUIT I TUW IIAFCRI I VTMII 

DIVISOR 3-BIT 
SELECTOR DAC 

VP3 

L + TUN 
I TUHN I IT 8 

12-BIT T CHARGE 

TUNING COUNTER 
PUMP TUNING 

VOLTAGE CINT =:= 
AFC+ 

VP~ AMPLIFIER 

'M:~'\"~ 
TI 

AFC- 6 
AFCP 

AFCS 

I COIB I 
CORRECTION-

IN-BAND 
CIRCUIT 

7Z90165 

Fig. 1 Block diagram. 
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PINNING 

SCl 1 P20 general purpose 
2 P21 input/output ports 

SOA 

3 P22/AFC+ i general purpose input/output 
asc 4 P23/AFC- I ports and a.f.c. inputs 

FOIV 5 VP1 + 12 V supply voltage 

vp2 6 TI tuning voltage amplifier 
inverting input 

P13 
7 GNO ground 

P12 8 TUN tuning voltage amplifier output 

9 VP3 + 32 V supply for tuning 

P10 
voltage amplifier 

10 P10 

1 
7Z90163 11 P11 high-current band-selection 

Fig.2 Pinning diagram. 12 P12 output ports 
13 P13 

14 Vp2 positive supply for high-current 
band-selection output circuits 

15 FOIV input from prescaler 

16 asc crystal oscillator input 

17 SOA serial data line \ 12C b 
18 SCl serial clock line I us 

8 
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FUNCTIONAL DESCRIPTION 

The SAB3036 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The.actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation LH in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHNlare both at logic 1, see 
OPE RATION), the minimum charge IT at Af = 50 kHz equals 250 I1A p.s (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 
26 x 23 x 250 I1A p.s (typical). 

The maximum tuning current I is 87511A (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), F LOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the F LOCK signal can be read (F L/1 Nand FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic O. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TD I R D (tuning direction down) and 
TDI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDI RD which causes the 
system to tune down. In normal operation TDI RD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDI RU. 

Setting both TOI RD and TDI RU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2· 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals and are connected 
with the AFC+ and AFC- inputs respectively. The a.f.c. amplifier must be switched off when P22 
and/or P23 are used. When a.f.c. is used, P22 and P23 must be programmed HIGH (high impedance 
state). With the aid of port P20, up to three independent module addresses can be programmed. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
HICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

msb l _msb 
R/W 

INSTRUCTION BYTE 

Fig. 3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 

7Z90129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 8 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8.5 V (typical)). 
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OPERATION (continued) 

Table 1 Valid module addresses 

MAl MAO P20 

0 0 don't care 
0 1 GND 
1 0 y:,vPl 
1 1 Vpl 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 16 !5 14 13 12 11 10 07 06 05 0 4 D3 D2 0 1 DO 

freq F14 F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

-
TCDO 0 AFCT VTMIO AFCRl AFCRO TUHNl TUHNO TUWl TUWO 

-
TCDl 0 VTMll COIBl COIBO AFCSl AFCSO TUS2 TUSl TUSO 

-
TCD2 0 0 0 AFCP FDIVM TDIRD TDIRU 

Fig. 4 Tuning control format. 
7Z9012~ 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at .1f = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHNl TUHNO 
typ.lmax typo IT min typo .1VTUNmin at CINT = 1 (.IF 

(.lA (.lA (.lS 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

(.lV 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 
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Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at ~f = 50 kHz; TUHNO and TUHN 1 = logic 1. 

Table 3 Minimum charge IT as a function of TUS 

~f = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 

TUS2 TUS1 TUSO typo IT min 
mA/.Is 

0 0 0 0.25* 
0 0 1 0.5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

Correction-in-band 

typo ~VTUNmin at CINT = 1 /.IF 
mV 

0.25* 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COl B) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

< 12 V 12 to 18 V 18 to 24 V >24V 

0 0 1* 1 * l' 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COl B is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation I~fl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If IMI is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 
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OPERATION (continued) 

Table 5 Tuning window programming 

TUW1 TUWO !Af! (kHz) tuning window (kHz) 

0 0 0* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 

AF.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as !Af! is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 

Table 6 AF.C. hold range programming 

AFCR1 AFCRO !Af! (kHz) a.f.c. hold range (kHz) 

0 0 0* 0* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typo transconductance (p.AN) 

0 0 0.25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

AF.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic a (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic a after reset. Further details 
are given in CHARACTERISTICS. 
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Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FDIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6,4* 5.12* 
1 64 2.56 1.28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TO I RU (up) and TO I RD (down), are at logic 0 after reset. 

Control 

The instruction byte POD (port output data) is shown in Fig. 5, together with the corresponding datal 
control byte. Control is implemented as follows: 

P13, P12, P11, P10 

P23, P22, P21, P20 

Band select outputs. If a logic 1 is programmed on any of the POD bits 03 to 
DO, the relevant output goes HIGH. All outputs are LOW after reset. 

Open collector I/O ports. If a logic 0 is programmed on any of the POD bits 
07 to 04, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

INSTRUCTION BYTE DATA/CONTROL BYTE 

7Z90164 

Fig.5 Control programming. 
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OPERATION (continued) 

Read 

Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 

I S I < < 0: 0: <~A:~A> I A I : : : : : :0:0 I A I : :: : : :: I A I P I 
7Z90130 

R/W J llll F~V R~~WN lllll P~l p~ofrom master 

FL/ON PI22 
FL/1N PI23 

FLOCK P22/0N 
P22/1N 

'- from CITAC 

'- P23/0N 
- P23/1N 

L- from master 

Fig.6 Information byte format. 

Tuning/reset information bits 

FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1 N 

FL/ON 

FOV 

RESN 

MWN 

8·28 

Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for FL/1N but is set to logic 0 when FLOCK changes from 1 to O. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic o. 
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Port information bits 

P23/1 N, P22/1 N Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read_ 

P23/0N, P22/0N 

PI23, PI22, PI21, 
PI20 

As for P23/1 Nand P22/1 N but are set to logic 0 at a HIGH-to-LOW transition_ 

Indicate input voltage levels at P23, P22, P21 and P20 respectively_ A logic 1 
indicates a HIGH input level. 

Reset 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig.7 Reset programming. 

RATINGS 

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

Supply voltage ranges: 

(pin 5) VP1 -0.3 to + 18 V 

(pin 14) Vp2 -0.3 to + 18 V 

(pin 9) VP3 -0.3 to + 36 V 

I nput/output voltage ranges: 

(pin 17) VSDA -0.3 to + 18 V 

(pin 18) VSCL -0.3 to + 18 V 

(pins 1 and 2) Vp20. P21 -0.3 to + 18 V 

(pins 3 and 4) Vp22. P23. AFC -0.3 to VP1 * V 

(pin 6) VTI -0.3 to VP1* V 

(pin 8) VTUN -0.3 to VP3* V 

(pins 10to 13) VP1X -0.3 to VP2** V 

(pin 15) VFDIV -0.3 to VP1 * V 

(pin 16) VOSC -0.3to+5V 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to + 125 °C 

Operating ambient temperature Tamb -20 to + 70 oC 

* Pin voltage may exceed supply voltage if current is limited to 10 rnA. 
** Pin voltage must not exceed 18 V but may exceed Vp2 if current is limited to 200 rnA. 
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CHARACTERISTICS 

Tamb = 25 oC; Vp1, Vp2, VP3 at typical voltages, unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltages Vp1 10.5 12 13.5 V 

Vp2 4.7 13 16 V 

VP3 30 32 35 V 

Supply currents (no outputs loaded) Ip1 14 23 40 mA 

Ip2 0 - 0.1 mA 

Ip3 0.2 0.6 2 mA 

Additional supply currents (A) Ip2A -2 - IOHP1X mA 

(note 1) Ip3A 0.2 - 2 mA 

Total power dissipation Ptot - 300 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SDA input (pin 17); 
SCL input (pin 18) 

Input voltage HIGH (note 2) VIH 3 - VP1-1 V 

I nput voltage LOW VIL -0.3 - 1.5 V 

Input current HIGH (note 2) IIH - - 10 J1A 

Input current LOW (note 2) IlL - - 10 J1A 

SDA output (pin 17, open collector) 

Output voltage LOW at 10L = 3 mA VOL - - 0.4 V 

Maximum output sink current 10L - 5 - mA 

Open collector I/O ports 

P20, P21,P22, P23 
(pins 1 to 4, open collector) 

Input voltage H IG H (P20, P21) VIH 2 - 16 V 

Input voltage HIGH (P22, P23) AFC switched off VIH 2 - Vp1-2 V 

Input voltage LOW VIL -0.3 - 0.8 V 

Input current HIGH IIH - - 25 J.1A 
Input current LOW -IlL - - 25 J.1A 
Output voltage LOW at 10L = 2 mA VOL - - 0.4 V 

Maximum output sink current 10L - 4 - mA 
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parameter symbol min. typo max. unit 

A.F.e. amplifier 

Inputs AFC+, AFC- (pins 3, 4) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
a a goo 100 250 800 nAN 
a 1 g01 15 25 35 IlAN 
1 a g10 30 50 70 IlAN 
1 1 g11 60 100 140 IlAN 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used AMg -20 - +20 % 

Input offset voltage Vloff -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2•5 V 

Common mode rejection ratio CMRR - 50 - dB 

Power supply (Vp1) rejection ratio PSRR - 50 - dB 

Input current (P22 and P23 programmed HIGH) II - - 500 nA 

Tuning voltage amplifier 

Input TI, output TUN (pins 6,8) 

Maximum output voltage at 
Iload = ± 2.5 mA VTUN Vp3- 1•6 - Vp3-0A V 

Minimum output voltage at 
Iload = ± 2.5 mA: 

VTMI1 VTMIO 
a a VTMOO 300 - 500 mV 
1 a VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 8 

Maximum output source current -ITUNH 2.5 - 8 mA 

Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHNl TUHNO 
0 0 CHOO 0.4 1 1.7 /lA /lS 
0 1 CH01 4 8 14 /lA /lS 
1 0 CHlO 15 30 48 /lA /lS 
1 1 CHll 130 250 370 /lA /lS 

Tolerance of charge (or ~VTUN) 
multiplying factor when 
CO I Band/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHNl TUHNO 
0 0 ITOO 1.7 3.5 5.1 /lA 
0 1 IT01 15 29 41 /lA 
1 0 IT10 65 110 160 /lA 
1 1 ITll 530 875 1220 /lA 

Co rrection-i n-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

Pl0, Pll, P12, P13 (pins 10to 13) 

Output voltage HI GHat 
-IOH = 50 rnA (note 3) VOH Vp2-0•6 - - V 

Output voltage LOW at IOL = 2 rnA VOL - - 0.4 V 

Maximum output source current (note 3) -IOH - 130 200 rnA 

Maximum output sink current IOL - 5 - rnA 

FDIV input (pin 15) 

Input voltage (peak-to-peak value) 
(trise and tfall .;;; 40 ns) VFDIV(p-p 0.1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 16 - - MHz 

Input impedance Zi - 8 - kn 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typo max. unit 

OSC input (pin 24) 

Crystal resistance at resonance (4 MHz) RX - - 150 n 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active VpD 7.5 - 9.5 V 

Vp1 rise-time during power-up 
(up to VpD) tr 5 - - J.1S 

Voltage level for valid module address 

Voltage level at P20 (pin 1) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VVAOO -0.3 - 16 V 
0 1 VVA01 -0.3 - 0.8 V 
1 0 VVA10 2.5 - Vp1-2 V 
1 1 VVA11 Vp1-0.3 - Vp1 V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current IOHP1 X, the addi
tional supply currents (A) shown must be added to Ip2 and Ip3 respectively. 

2. If Vp1 < 1 V, the input current is limited to 10 J.1A at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 mA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1' 
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12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to + 5 V; 200 pF capacitor to GND. 

All values are referred to VIH = 3 V and VI L = 1.5 V. 

parameter symbol min. typo 

Bus free before start tBUF 4 -

Start condition set-up time tSU,STA 4 -

Start condition hold time tHD,STA 4 -

SCL, SDA LOW period tLOW 4 -

SCL HIGH period tHIGH 4 -

SCL, SDA rise time tR - -

SCL, SDA fall time tF - -

Data set-up time (write) tSU,DAT 1 -

Data hold time (write) tHD,DAT 1 -
Acknowledge (from CITAC) set-up time tSU,CAC - -

Acknowledge (from CITAC) hold time tHD,CAC 0 -

Stop condition set-up time tSU,STO 4 -

Data set-up time (read) tSU,RDA - -

Data hold time (read) tHD,RDA 0 -

Acknowledge (from master) set-up time tSU,MAC 1 -
Acknowledge (from master) hold time tHD, MAC 2 -

Note 

Timings tsu DAT and tHD DAT deviate from the 12 C bus specification. 
After reset has been activated, transmission may only be started after a 50 IlS delay. 

SOA 
(write) 

'A' from CITAC 

SAB3036 

max. unit 

- IlS 

- IlS 

- IlS 

- IlS 

- IlS 

1 IlS 

0.3 IlS 

- IlS 

- IlS 

2 IlS 

- IlS 

- IlS 

2 IlS 

- IlS 

- IlS 

- IlS 

tHO, CAC tLOW 
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SCL 

SOA 

I read I 

-tsu, STA tHO, STA 

tsu, MAC 

Fig,8 12 C bus timing SAB3036. 
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GENERAL DESCRIPTION 

The SAB3037 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 4 analogue functions, 4 general purpose I/O ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 4 static digital to analogue convertors (DACs) for control of analogue functions 

• Four general purpose input/output (I/O) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin,4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 13) 

(pin 19) 

(pin 14) 

Supply currents (no outputs loaded) 
(pin 13) 

(pin 19) 

(pin 14) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

24-lead D I L; plastic (SOT-1 01 A). 

Signetics 

VP1 

VP2 

Vp3 

Ip1 

Ip2 

Ip3 

Ptot 

Tamb 

typo 12 V 

typo 13 V 

typo 32 V 

typo 30 mA 

typo 0.1 mA 

typo 0.6 mA 

typo 380 mW 

-20 to +70 °C 
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n PRESCALER 

GND 
c::::J 

OSC FDIV 
Vp2 VP3 

21 20 

8-36 

SDA 
2 

SCL 

~~~~J 
REFERENCE \FDIVM\ 
COUNTER [@ 

--:+ .... +H P20 [PT~l 

-::++-+H P21 [P1~J 

--::t-+-o+iP22 [~~2J [p:m 
-~+-4iP2J [I'l2jJ ~]~~ 

AFC+ 

8 
AFC-

PORT 2 

CONTROL CIRCUIT 

12 

[ill] 

[ffi] 
SAB3037 PORT 1 

CONTROL 
CIRCUIT 

mIl 
!!ill 

CO 
15-BIT 

FREQUENCY COUNTER 

[I9~J ~b:O]~ [E(l.J 
TUNING CONTROL CI RCUIT 

I TDIR IIAFCT\ 

[}]"K]~ ~ 

Fig. 1 Block diagram. 

Signetics 

SAB3037 

VP3 

18 

17 

TUNER 

16 

15 

I 

TUN 

12 

CINT 

TI 

10 

7Z90133 



LINEAR LSI PRODUcrS 

FLL TV TUNING CIRCUIT SAB3037 

PINNING 

DAC2 1 DAC3 output of static DAC 

SDA 2 23 DAC1 

SCL 3 22 DACO 

2 SDA serial data line 
\ 12 C bus 

3 SCL serial clock line I 
4 P20 

P20 4 21 OSC 
5 P21 general purpose 

P21 5 20 FDIV 
6 P22 input/output ports 

P22 6 19 
SAB3037 

Vp2 7 P23 

P23 7 P13 

AFC+ 8 P12 

8 AFC+ } 

9 AFC-
a.f.c. inputs 

AFC- 9 P11 
10 TI tuning voltage amplifier inverting input 

11 GND ground 
TI P10 

12 TUN tuning voltage amplifier output 
VP3 13 Vp1 + 12 V supply voltage 

TUN Vp1 14 VP3 + 32 V supply for tuning voltage 

7Z86665.1 
amplifier 

15 P10 

Fig. 2 Pinning diagram. 16 P11 

17 P12 
high-current band-selection output ports 

18 P13 

19 Vp2 positive supply for high-current 
band-selection output circuits 

20 FDIV input from prescaler 

21 OSC crystal oscillator input 

22 DACO 

23 DAC1 outputs of static DACs 

24 DAC2 8 
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FUNCTIONAL DESCRIPTION 

The SAB3037 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15·bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit OAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation M in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPE RATION), the minimum charge IT at Af = 50 kHz equals 250 JJ.A JJ.s (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COl B) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 
26 x 23 x 250 JJ.A JJ.S (typical). 

The maximum tuning current I is 875 JJ.A (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (F Ll1 Nand F LION). AFCT can also be cleared by programming the 
AFCT bit to logic O. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDI RO (tuning direction down) and 
TDI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FOIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RO which causes the 
system to tune down. In normal operation TDI RD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TOI RU. 

Setting both TDI RD and TOIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 

For tuner band selection there are four outputs Pl 0 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2' 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Four 6-bit digital-to-analogue converters DACO to DAC3 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when Vpl is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CIT AC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
HICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

S 

msb l _msb 

R/W 

INSTRUCTION BYTE 

Fig.3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 

7Z90129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 8 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (VPl > 8.5 V (typical)). 

Table 1 Valid module addresses 

MAl MAO P20 

0 0 don't care 
0 1 GND 
1 0 YzVpl 
1 1 Vpl 
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OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

'7 '6 IS '4 '3 '2 '1 '0 D7 D6 DS D4 D3 D2 

freq F14 F13 F12 Fll FlO F9 Fa F7 F6 FS F4 F3 F2 

-
TCDO 0 0 0 0 0 AFCT VTMIO AFCRl AFCRO TUHNl TUHNO 

-
TCDl 0 0 0 0 VTMll COIBl COIBO AFCSl AFCSO TUS2 

-

SAB3037 

Dl DO 

Fl FO 

TUWl TUWO 

TUSl TUSO 

TCD2 0 0 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

7Z90125 

Fig. 4 Tuning control format. 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at M = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO 
typ.l max typo IT min typo LlVTUNmin at CINT = 1 IlF 

IlA IlA IlS 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

IlV 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at M = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 

ilf = 50 kHz; TUHNO = logic 1; TUHNl = logic 1 

TUS2 TUSl TUSO typo IT min 
mAJ..ls 

0 0 0 0.25" 
0 0 1 0.5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

" Values after reset. 

Correction-in-band 

typo ilVTUNmin at CINT = 1 J..lF 
mV 

0.25" 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge mUltiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIBl COIBO 
charge mu Itiplying factors at typical values of VTU Nat: 

< 12 V 12 to 18 V 18 to 24 V >24 V 

0 0 1" 1" 1" 1" 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

" Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COl B is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation IMI 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If IMI is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 

Table 5 Tuning window programming 

TUWl TUWO IMI (kHz) tuning window (kHz) 

0 0 0" 0" 

0 1 50 100 
1 0 150 300 

" Values after reset. 
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OPERATION (continued) 

A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as lilfl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FOIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFCRO IMI (kHz) a.f.c. hold range (kHz) 

0 0 0* 0* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typo transconductance (}lA/V) 

0 0 0.25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMll and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FOIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6.4* 5.12* 
1 64 2.56 1.28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RO (down), are at logic 0 after reset. 
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Control 

The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
DO, the relevant output goes HIGH. All outputs are LOW after reset. 

P23, P22,P21,P20 

DACX 

17 16 15 

POD ~ 0 

: 

0 

: 0 DACX 

Read 

Open collector I/O ports. If a logic 0 is programmed on any of the POD bits 
D7 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

14 13 12 11 10 D7 D6 0 5 04 0 3 O2 0 1 DO 

• 

: : 
0 

: 

0 

: 

0 

I 
P23 P22 P21 P20 P13 P12 Pll Pl0 

0 0 0 Xl XO AX5 AX4 AX3 AX2 AXl AXO 

7Z90126 

Fig.5 Control programming. 

Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 

I S I ,; < 0: 0: O:Ml<MOA> I A I : : : : : :0:0 I A I : : : : : : : I A I P I 

R/W J llll F~V R~:WN llll L P~l p~ofrom master 

FL/ON PI22 
FL/l N PI23 

FLOCK P22/0N 
P22/1 N 

7Z90130 

~ from CITAC 

'- P23/0N 
- P23/1N 

L- from master 

Fig. 6 I nformation byte format. 
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OPERATION (continued) 

Tuning/reset information bits 

FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1 N 

FL/ON 

FOV 

RESN 

MWN 

Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1 N but is set to logic 0 when F LOCK changes from 1 to O. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TD I RU and/or TDI R D are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic O. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

P123, P122, P121, 
PI20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 Nand P22/1 N but are set to logic 0 at a HI G H-to- LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig. 7 Reset programming. 
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RATINGS 

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

Supply voltage ranges: 
(pin 13) Vp1 -0.3 to + 18 V 

(pin 19) Vp2 -0.3 to +18 V 

(pin 14) VP3 -0.3 to +36 V 

Input/output voltage ranges: 
(pin 2) VSDA -0.3 to +18 V 

(pin 3) VSCL -0.3 to + 18 V 

(pins 4 to 7) Vp2X -0.3 to + 18 V 

(pins 8 and 9) V AFC+,AFC- -0.3 to VP1 * V 

(pin 10) VTI -0.3 to VP1 * V 

(pin 12) VTUN -0.3 to VP3* V 

(pins 15to 18) Vp1X -0.3 to VP2** V 

(pin 20) VFDIV -0.3 to VP1 * V 

(pin 21) VOSC -0.3 to +5 V 

(pins 1 and 22 to 24) VDACX -0.3 to VP1 * V 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to +125 °C 

Operating ambient temperature range Tamb -20 to +70 °C 

---

8 
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CHARACTE R ISTICS 

Tamb = 25 oC; Vp1, Vp2, VP3 at typical voltages, unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltages Vp1 10.5 12 13.5 V 

VP2 4.7 13 16 V 

VP3 30 32 35 V 

Supply currents (no outputs loaded) IP1 18 30 45 mA 

IP2 0 - 0.1 mA 

IP3 0.2 0.6 2 mA 

Additional supply currents (A) Ip2A -2 - IOHP1X mA 

(note 1) IP3A 0.2 - 2 mA 

Total power dissipation Ptot - 380 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SDA input (pin 2); 
SCL input (pin 3) 

Input voltage HIGH (note 2) VIH 3 - Vp1-1 V 

Input voltage LOW VIL -0.3 - 1.5 V 

Input current HIGH (note 2) IIH - - 10 p.A 

Input current LOW (note 2) IlL - - 10 p.A 

SDA output (pin 2, open collector) 

Output voltage LOW at IOL = 3 mA VOL - - 0.4 V 

Maximum output sink current IOL - 5 - mA 

Open collector I/O ports 

P20,P21,P22,P23 
(pins 4 to 7, open collector) 

Input voltage HIGH VIH 2 - 16 V 

I nput voltage LOW VIL -0.3 - 0.8 V 

Input current HIGH IIH - - 25 p.A 

Input current LOW -IlL - - 25 p.A 

Output voltage LOW at IOL = 2 mA VOL - - 0.4 V 

Maximum output sink current IOL - 4 - mA 
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parameter symbol min. typo max. unit 

A.F.e. amplifier 

Inputs AFC+, AFC- (pins B,9) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
a a 900 100 250 BOO nAN 
a 1 g01 15 25 35 /lAN 
1 0 g10 30 50 70 /lAN 
1 1 g11 60 100 140 /lAN 

Tolerance of transconductance 
multiplying factor (2, 4 or B) 
when correction·in-band is used AMg -20 - +20 % 

Input offset voltage Vloff -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2.5 V 

Common mode rejection ratio CMRR - 50 - dB 

Power supply (VP1) rejection ratio PSRR - 50 - dB 

Input current II - - 500 nA 

Tuning voltage amplifier 

Input TI, output TUN (pins 10, 12) 

Maximum output voltage at 
Iload = ±2.5 mA VTUN Vp3- 1•6 - Vp3-0A V 

Minimum output voltage at 
Iload = ± 2.5 mA: 

VTMI1 VTMIO 
a a VTMOO 300 - 500 mV 
1 a VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 

Maximum output source current -ITUNH 2.5 - 8 mA 

Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHOO 0.4 1 1.7 pAps 
0 1 CH01 4 8 14 pAps 
1 0 CHlO 15 30 48 pAps 
1 1 CH11 130 250 370 pAps 

Tolerance of charge (or ~VTUN) 
multiplying factor when 
CO I Band/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITOO 1.7 3.5 5.1 pA 
0 1 ITOl 15 29 41 pA 
1 0 ITlO 65 110 160 pA 
1 1 ITll 530 875 1220 pA 

Correction·in·band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

Pl0, Pll, P12, P13 (pins 15 to 18) 

Output voltage HIGH at 
-IOH = 50 mA (note 3) VOH Vp2-0.6 - - V 

Output voltage LOW at IOL = 2 mA VOL - - 0.4 V 

Maximum output source current (note 3) -IOH - 130 200 mA 

Maximum output sink current IOL - 5 - mA 

FDIV input (pin 20) 

Input voltage (peak-to-peak value) 
(trise and tfall ,,;;; 40 ns) VFDIV(p-p 0.1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14.5 - - MHz 

Input impedance Z· I - 8 - kD 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typo max. unit 

OSC input (pin 21) 

Crystal resistance at resonance (4 MHz) RX - - 150 n 

DAC outputs 0 to 3 
(pins 22 to 24 and pin 1) 

Maximum output voltage (no load) 
at Vp1 = 12 V (note 4) VOH 10 - 11.5 V 

Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) VOL 0.1 - 1 V 

Positive value of smallest step 
(1 least-significant bit) ~VO 0 - 350 mV 

Oeviation from linearity - - - 0.5 V 

Output impedance at lload = ± 2 mA Zo - - 70 n 
Maximum output source current -IOH - - 6 mA 

Maximum output sink current IOL - 8 - mA 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active VpD 7.5 - 9.5 V 

Vp1 rise-time during power-up 
(up to VPD) tr 5 - - /1S 

Voltage level for valid module address 

Voltage level at P20 (pin 4) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VVAOO -0.3 - 16 V 
0 1 VVA01 -0.3 - 0.8 V 
1 0 VVA10 2.5 - VP1-2 V 
1 1 VVA11 VP1-0.3 - VP1 V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current IOHP1 X' the addi
tional supply currents (A) shown must be added to IP2 and IP3 respectively. 

2. If Vp1 < 1 V, the input current is limited to 10 /1A at input voltages up to 16 V. 

3_ At continuous operation the output current should not exceed 50 mA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1' 
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12C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kflpull-up resistor to +5 V; 200 pF capacitor to GND. 

All values are referred to V I H = 3 V and V I l = 1.5 V. 

parameter symbol min. typo max. 

Bus free before start tBUF 4 - -
Start condition set-up time tSU,STA 4 - -

Start condition hold time tHD,STA 4 - -
SCl, SDA lOW period tLOW 4 - -

SCl HIGH period tHIGH 4 - -
SCl, SDA rise time tR - - 1 

SCl, SDA fall time tF - - 0.3 

Data set-up time (write) tSU,DAT 1 - -

Data hold time (write) tHD,DAT 1 - -
Acknowledge (from CITAC) set-up time tSU,CAC - - 2 

Acknowledge (from CITAC) hold time tHD,CAC 0 - -
Stop condition set-up time tSU,STO 4 - -
Data set-up time (read) tSU,RDA - - 2 

Data hold time (read) tHD,RDA 0 - -
Acknowledge (from master) set-up time tSU,MAC 1 - -
Acknowledge (from master) hold time tHD MAC 2 - -

Note 

Timings tsu DATand tHD DAT deviate from the 12C bus specification. 
After reset has been activated, transmission may only be started after a 50 ps delay. 

8-50 

SDA 
(write) 

SCL 

SDA 
I read) 

--tSU,STA tHD,STA· 

tsu, RDA tHO, RDA tsu, MAC tHO, MAC 

Fig.8 12 C bus timing SAB3037. 
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VIDEO I.F./AFT TDA2540 

The TDA2540 is an i.f. amplifier3nd demodulator circuit for colour and black and white television 
receivers using n-p-n tuners. 
It incorporates the following functions: 

- gain-controlled wide-band amplifier, providing complete Lf. gain 
- synchronous demodulator 
- white spot inverter 
- video preamplifier with noise protection 
- a.f.c. circuit which can be switched on/off by a d.c. level, e.g. during tuning 
- a.g.G. circuit with noise gating 
- tuner a.g.c. 'output (n-p-n tuners) 
- VCR switch, which switches off the video output; e.g. for insertion of a VCR playback signal 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

I.F. input voltage at f = 38.9 MHz (r.m.s. value) 

Video output voltage (white at 10% of top sync) 

I. F. voltage gain control range 

Signal-to-noise ratio at Vi = 10 mV 

A.F.e. output voltage swing for ~f = 100 kHz 

PACKAGE OUTLINES 

TDA2540 : 16-lead DIL; plastic (SOT-38). 
TDA2540Q: 16-lead QIL;.plastic (SOT-58). 

Signetics 
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VIDEO I.F./AFT TDA2540 

RATINGS 

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

Supply voltage V11-13 max. 13.2 V 

Tuner a.g.c. voltage 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS (measured in Fig. 5) 

Supply voltage range 

V4-13 

Ptot 

Tstg 

Tamb 

V11-13 

max. 12 V 

max. 900 mW 

-55 to + 125 °C 

-25 to + 60 °C 

typo 12 V 
10.2 to 13.2 V 

The following characteristics are measured at Tamb = 25 oC; V11-13 = 12 V; f = 38.9 MHz 

I.F. input voltage for onset of a.g.c. (r.m.s. value) V1-16(rms) 

Differential input impedance I Z1-161 

Zero-signal output level V12-13 

Top sync output level V 12-13 

I. F. voltage gain control range Gv 

Bandwidth of video amplifier (3 dB) B 

Signal-to-noise ratio at Vi = 10 mV SIN 

Differential gain dG 

Differential phase d.p 

* So-called 'projected zero point', e.g. with switched demodulator. 

Vo black-to-white 
**S/N= ------,...,..,.,

Vn(rms) at B = 5 MHz 
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VIDEO I.F./AFT 

CHARACTERISTICS (continued) 

Intermodulation at 1.1 MHz: blue* 

yellow* 

at 3.3 MHz** 

-10dB 

-13.2dB 

-30dB 

s.c. C.C. P.C. 

spectrum for 
yellow 

-13.2dB 

-30dB 

s.c. C.C. 

S.C.: sound carrier level 
C.C.: chrominance carrier level 
P.C.: picture carrier level 

} with respect to top sync level 

- 3.2dB 

P.C. 

TDA2540 

> 46 dB 
typo 60 dB 

> 46 dB 
typo 50 dB 

> 46 dB 
typo 54 dB 

spectrum for 
blue 

7Z66331.1 

Fig. 2 I nput conditions for intermodulation measurements; standard colour bar with 75% contrast. 

P.C. 
GENERATOR 

38.9 MHz 

-6-S.C. TEST SPECTRUM 
GENERATOR ATTENUATOR r--

CIRCUIT 
r--

ANALYZER 33.4 MHz 

~+12V 7Z76178 

C.C. 
GENERATOR ':' manual gain control; 

34.5 MHz adjusted for blue: V 12-13 = 4 V 

Fig. 3 Test set-up for intermodulation. 

Vo at 4.4 MHz 
* 20 log V 1 1 H + 3.6 dB. 

oat • M z 

8-54 

Vo at 4,4 MHz 
** 20 log ----

Vo at 3.3 MHz 

Signetics 



LINEAR LSI PRODUCTS 

VIDEO I.F./AFT 

Carrier signal at video output 

2nd harmonic of carrier at video output 

White spot inverter threshold level (Fig. 4) 

White spot insertion level (Fig. 4) 

Noise inverter threshold level (Fig. 4) 

Noise insertion level (Fig. 4) 

External video switch (VCR) switches off 
the output at: 

V 12 •• 13 

(V) 
7 

white spot inverter_ 66 -j------------i 
threshold level . 

zero-signal level, _ 5 7 _6--1--::::.0 
white level (CCI R) . 

5 white spot insertion_ 4 7 _I---+ ________ ~,.LU 
level . 

noise insertion level - 3.8 _4,-+-_.-. 

top sync level ---3.07 3 

noise inverter 2 
threshold level --- 1.8 ...:::...+---------. 

TDA2540 

typo 4 mV 

< 30 mV 

typo 20 mV 
< 30 mV 

typo 6.6 V 

typo 4.7 V 

typo 1.8 V 

typo 3.8 V 

V14-13 < 1.1 V 

7Z76177 .1 

oL-------------------------------------
time 

Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 

Tuner a.g.c. output current range 

Tuner a.g.c. output voltage at 14 = 10 mA 

Tuner a.g.c. output leakage current 
V14-13 = 5 V; V4-13 = 12 V 

Maximum a.f.c. output voltage swing 

Detuning for a. f.c. output voltage swing 
of 10 V 

A. F .C. zero-signal output voltage 
(minimum gain) 

A. F .C. switches on at: 

A. F .C. switches off at: 

Signetics 

14 

V4-13 < 

14 < 

AV5-13 
> 
typo 

Af 
typo 

< 

V5-13 
typo 

V6-13 > 
V6-13 < 

10 to 0 mA 

0.3 V 

15 IlA 

10 V 
11 V 

100 kHz 
200 kHz 

6 V 
4 to 8 V 

3.2 V 

1.5 V 
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LINEAR LSI PRODUCTS 

VIDEO I.F./AFT TDA2540 

V5-13~~~++1-~~~~1-~+4~~~~++1-~+4~++~~+4~++~ 
( V) 

V5-13~~~++~~+4~~4-~+4~~~~++1-~~~++1-~+4~~~ 
(V) 

-100 kHz 38.9 MHz +100 kHz 

Fig. 6 A.F.C. output voltage (V5.13) as a function of the frequency. 
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LINEAR LSI PRODUcrS 

VIDEO I.F./AFT 
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I I 

typ .... fo'" 
~ 
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(OdB=100IlV) 

Fig. 7 Signal-to-noise ratio as a function of the input voltage (V 1-16)' 
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LINEAR LSI PRODUCTS 

VIDEO I.E/AFT TDA2541 

The TDA2541 is an i.f. amplifier and demodulator circuit for colour and black and white television 
receivers using p-n-p tuners. 
It incorporates the following functions: 

- gain-controlled wide-band amplifier, providing complete Lf. gain 
- synchronous demodulator 
- wh ite spot inverter 
- video preamplifier with noise protection 
- a_ f_c_ circuit which can be switched on/off by a d.c. level, e.g_ during tuning 
- a.g.c. circuit with noise gating 
- tuner a.g_c. output (p-n-p tuners) 
- VCR switch, which switches off the video output; e_g. for insertion of a VCR playback signal. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

I.F. input voltage at f = 38.9 MHz 
(r.m.s. value) 

Video output voltage (wh ite at 10% oftop sync) 

I. F. voltage gain control range 

Signal-to-noise ratio at Vi = 10m V 

AF.C. output voltage swing for At = 100 kHz 

PACKAGE OUTLINES 

TDA2541 : 16-lead D I L; plastic (SOT-38). 
TDA2541O: 16-lead QI L; plastic (SOT-58). 

Signetics 

Vll-13 typ- 12 V 

111 typo 50 mA 

Vl-16(rms) typo 100 1..tV 

V 12{p-p) typo 2.7 V 

Gv typo 64 dB 

SIN typo 58 dB 

~V5-13 typo 10 V 
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LINEAR LSI PRODUCTS 

VIDEO I.E/AFT 

RATINGS 

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

Supply voltage V11-13 

Tuner a.g.c. voltage 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS (measured in Fig. 5) 

Supply voltage range 

V4-13 

Ptat 

Tstg 

Tamb 

V11-13 

max. 

max. 

TDA2541 

13.2 V 

12 V 

max. 900 mW 

-55 to + 125 °C 

-25 to + 60 °C 

typo 12 V 
10.2 to 13.2 V 

The following characteristics are measured at T amb = 25 oC; V 11-13 = 12 V; f = 38.9 MHz 

I. F. input voltage for onset of a.g.c. (r.m.s. value) 

Differential input impedance 

Zero-signal output level 

Top sync output level 

I.F. voltage gain control range 

Bandwidth of video amplifier (3 dB) 

Signal-to-noise ratio at Vi = 10 mV 

Differential gain 

Differential phase 

V1-16(rms) 

!Z1-16! 

V 12-13 

V 12-13 

Gv 

B 

SIN 

dG 

dIP 

* So-called 'projected zero point', e.g. with switched demodulator. 

Vo black-to-white 
SIN = 

Vn(rms) at B = 5 MHz 

Signetics 

typo 
< 

100 IN 
150 p.V 

t 2 kn in parallel 
yp. with 2 pF 

typo 6 ± 0.3 V* 

typo 3.07 V 
2.9 to 3.2 V 

typo 64 dB 

typo 6 MHz 

typo 58 dB** 

typo 4 % 
< 10 % 

typo 20 

< 100 
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UNEAR LSI PRODUcrS 

VIDEO I.F./AFT 

CHARACTERISTICS (continued) 

Intermodulation at 1.1 MHz: blue* 

yellow* 

at 3.3 MHz** 

-10dB 

-13.2dB 

-30dB 

s.c. C.C. P.C. 

- 3.2dB 

-13.2dB 

spectrum for -30dB 
yellow 

s.c. C.C. P.C. 

TDA2541 

> 46 dB 
typo 60 dB 

> 46 dB 
typo 50 dB 

> 46 dB 
typo 54 dB 

spectrum for 
blue 

7Z66331.1 

S.C. : sound carrier level I 
C.C. : chrominance carrier level 
P.C. : picture carrier level 

with respect to top sync level 

Fig. 2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 

S.C. 
GENERATOR 

33.4 MHz 

P.C. 
GENERATOR 

38.9 MHz 

C.C. 
GENERATOR 

34.5 MHz 

ATTENUATOR 
TEST 

CIRCUIT 

~+12V 
-=- manual gain control; 

SPECTRUM 
ANALYZER 

7Z76178 

adjusted for blue: V 12-13 = 4 V 

Fig. 3 Test set-up for intermodulation. 

Vo at 4.4 MHz 
*2010g Voat1.1MHz+3.6dB. 

8-62 

Vo at 4.4 MHz 
** 20 log 

Vo at 3.3 MHz 
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LINEAR LSI PRODUcrs 

VIDEO I.F./AFT 

Carrier signal at video output 

2nd harmonic of carrier at video output 

White spot inverter threshold level (Fig. 4) 

White spot insertion level (Fig. 4) 

Noise inverter threshold level (Fig. 4) 

Noise insertion level (Fig. 4) 

External video switch (VCR) switches off 
the output at: 

V 12-13 

(V) 

white spot inverter_ 66 7 
threshold level . _f------'-~---------; 

zero-signal level, 6 
white level (CCI R)- 5.7 -;-::::;~ 

5 
white spot insertion_ 4 7 _f--+--------~.-. .... 

level . 

noise insertion level - 3.8 _4=4-_1 ... 

top sync level ---3.07 3 

noise inverter 2 
threshold level --- 1.8 ~f--------' 

TDA2541 

typo 4 mV 
< 30 mV 

typo 20 mV 
< 30 mV 

typo 6.6 V 

typo 4.7 V 

typo 1.8 V 

typo 3.8 V 

V14·13 < 1.1 V 

7Z76177.1 

o~-----------------------------------
time 

Fig.4 Video output waveform showing white spot and noise inverter threshold levels. 

Tuner a.g.c. output current range 

Tuner a.g.c. output voltage at 14 = 10 mA 

Tuner a.g.c. output leakage current 
V14.13 = 11 V; V4-13 = 12 V 

Maximum a.f.c. output voltage swing 

Detuning for a.f.c. output voltage swing of 10 V 

A. F .C. zero-signal output voltage 
(minimum gain) 

A.F.C. switches on at: 

A.F.C. switches off at: 

Signetics 
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LINEAR LSI PRODUCfS 

VIDEO I.F./AFT 

12 

V 5 - 13 

(V) 
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12 
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TDA2541 

7Z72940 1 

-'-
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7Z729381 

8 

i 

-100 kHz 38.9 MHz +100 kHz 

Fig.6 A.F.e. output voltage (V5-13) as a function of the frequency. 
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LINEAR LSI PRODUCTS 

QUASI-SPLIT SOUND I.F. WITH SOUND DEMODULATOR TDA2546A 

GENERAL DESCRIPTION 

The TDA2546A is a monolithic integrated circuit for quasi-split-sound processing, including 5.5 MHz 
demodulation, in television receivers. 

Features 

1st Lt. (V.C.: vision carrier plus S.C.: sound carrier) 

• 3-stage gain controlled i.f. amplifier 
• A.G.C. circuit 
• Reference amplifier and limiter amplifier for vision carrier (V.C.) processing 
• Linear multiplier for quadrature demodulation 

2nd i.f. (5.5 MHz signal) 

• 8-stage limiter amplifier 
• Quadrature demodulator 
• A.F. amplifier with de-emphasis 
• AV switch 

QUICK REFERENCE DATA 

Supply voltage (pin 15) 

Supply current (pin 15) 

Minimum Lf. vision carrier input voltage (r.m.s. value) 

Output voltage; 5.5 MHz (r.m.s. value) 

Output voltage; 5.742 MHz (r.m.s. value) 

I. F. control range 

Signal-to-weighted-noise ratio 
at 5.5 MHz 

at 5.742 MHz 

A.F. output voltage (r.m.s. value) 

PACKAGE OUTLINES 

18-lead OIL; plastic (SOT-102CS). 

Signetics 

Vp = V15-16 typo 

Ip = 115 typo 

VVC1-18(rms) typo 

V14-16(rms) typo 

V 14-16(rms) typo 

LlGv min. 

S+W/W min. 

S+W/W min. 

Vo6-16(rms) typo 

12 V 

54 mA 

50 p.V 

100 mV 

45 mV 

66 dB 

53 dB 

51 dB 

0.6 V 
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LINEAR LSI PRODUCTS 

QUASI-SPLIT SOUND I.F. WITH SOUND DEMODULATOR TDA2546A 

RATINGS 

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

Supply voltage (pin 15) Vp = V15-16 max. 13.2 V 

Input current (pin 4) 

Storage temperature range 

Operating ambient temperature range 

Signetics 

max. 5 mA 

-25 to + 150 °C 

o to +70 °C 

8-69 

8 



UNEAR LSI PRODUcrs 

QUASI·SPLIT SOUND I.F. WITH SOUND DEMODULATOR 

CHARACTE R ISTICS 

Vp = V15-16 = 12 V; Tamb = 25 oC; measured at fVC = 38.9 MHz, fSC1 = 33.4 MHz, 
fSC2 = 33.158 MHz: 

TDA2546A 

Vision carrier (V.C.) modulated with 2 T/20 T pulses, line-for-line alternating with white bars; modula
tion depth 100% (proportional to 10% residual carrier). 

Sound carriers (S.C.1, S.C.2) modulated with f = 1 kHz and ~f = ± 30 kHz. 

Vision-to-sound carrier ratios are V.C./S.C.1 = 13 dB and V.C./S.C.2 = 20 dB. 
Vision carrier amplitude (r.m.s. value) is VVC = 10 mV. 
For measuring circuit see Fig. 2; unless otherwise specified. 

parameter symbol min. 

Supply (pin 15) 

Supply voltage Vp = V15-16 10.8 

Supply current Ip = '15 -

I.F. amplifier 

Minimum input voltage (r.m.s. value) 
(intercarrier signals -3 dB) VVC1-18(rms) -

Maximum input voltage (r.m.s. value) 
(intercarrier signals + 1 dB) VVC1-18(rms) -

I. F. control range ~Gv 66 

Control voltage range V3-16 4 

Input resistance RH8 -
Input capacitance C1-18 -

I ntercarrier generation 

Output voltage; 5.5 MHz (r.m.s. value) V14-16(rms) -
Output voltage; 5.742 MHz (r.m.s. value) V14-16(rms) -
D.C. output voltage V14-16 -
Allowable load resistance at the output R14-16 7 

Allowable output current -114 -
Frequency demodulator 
(measured at f = 5.5 MHz) 

Input voltage for start of limiting (r.m.s. value) V 12-16(rms) -
Maximum input voltage (r.m.s. value) V 12-16(rms) -
D.C. output voltage Vl1 ,12,13-16 -

8·70 Signetics 

typo max. unit 

12 13.2 V 

54 - mA 

50 - JlV 

100 - mV 

- - dB 

- 9 V 

2 - kn 

2 - pF 

100 - mV 

45 - mV 

5.9 - V 

- - kn 

- 1 mA 

- 100 JlV 

200 - mV 

2.2 - V 



LINEAR LSI PRODUcrS 

QUASI-SPLIT SOUND I.F. WITH SOUND DEMODULATOR 

parameter 

A.F. output voltage (r.m.s. value) 

D.C. output voltage 

Allowable load resistance at the output 

Total harmonic distortion 

I nternal de-emphasis resistance 

Switching voltage (pin 4) 
for mute 

for a.f. on 

I ntercarrier signal-to-noise 
(measured behind the FM demodulators) 

Signal-to-weighted-noise ratio 
according to CCI R 468-2, quasi-peak 
at 5.5 MHz 

at 5.742 MHz 

with black level (vision carrier 
modulated with sync pulses only) 
at 5.5 MHz 

at 5.742 MHz 

i.f. input 
11) 

56 

AV 
switching 
voltage 

symbol min. typo 

V6-16(rms) - 600 

V6-16 - 4 

R6-16 27 -

THD - -
Ri5·16 - 1 

V4-16 9 -
V4-16 - -

S+W/W 53 -
S+W/W 51 -

S+W/W 60 -
S+W/W 58 -

filter 5.742 MHz ,nf--+ to external 
820 ~ FM demodulator 

820 

t r -r:1 
de-emphasIS 1 -'.A.O<'V 

a.f. 
output 

47 nF 

~ 

(1) I.F. signal: vision carrier (V.C.) and sound carrier (S.C.). 

Fig. 2 Measuring circuit for TDA2546A. 
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LINEAR LSI PRODUCTS 

SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2577A 

GENERAL DESCRIPTION 

The TOA2577 A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 

Features 

• Horizontal sync separator and noise inverter 
• Horizontal oscillator 
• Horizontal output stage 
• Horizontal phase detector (sync to oscillator) 
• Time constant switch for phase detector (fast time constant during catching) 
• Slow time constant for noise only conditions 
• Time constant externally switchable (e.g. fast for VCR) 
• Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 

oscillator flyback 
• Second phase detector (.p2) for storage compensation of horizontal deflection stage 
• Sandcastle pulse generator (3-levels) 
• Video transmitter identification circuit 
• Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 

mains rectifier 
• Duty factor of horizontal output pulse is 50% when flyback pulse is absent 
• Vertical sync separator 
• Bandgap 6.5 V reference voltage for vertical oscillator and comparator 
• Synchronized vertical oscillator/sawtooth generator (synchronization inhibited when no video 

transmitter is detected) 
• Internal circuit for 3% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 

supplied with pre-corrected sawtooth and external feedback input 
• Vertical comparator with internal 3% pre-correction circuit for vertical oscillator/sawtooth generator 
• Vertical driver stage 
• Vertical blanking pulse generator with external adjustment of pulse duration (50 Hz: 21 lines; 

60Hz: 17 lines) 
• Vertical guard circuit 

QUICK REFERENCE DATA 

Supply 

Minimum current required to start horizontal 
oscillator and output stage (pin 16) 

Main supply voltage (pin 10) 
Supply current 

Input signals 

Sync pulse input voltage (peak-to-peak value; negative-going) 

Output signals 

Horizontal output pulse (open collector) at 111 = 40 mA 
Vertical output pulse (emitter-follower) at 11 = 10 mA 

PACKAGE OUTLINE 

18-lead 01 L; plastic (SOT-102HE). 

8-72 Signetics 

116 > 4 mA 

VP=VlO-9 typo 12 V 
Ip = 110 typo 55 mA 

V5-9(p-p) 0.15 to 1 V 

Vl1-9 < 0.5 V 

V1-9 > 4 V 
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RATINGS 

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

Start current (pin 16) 116 max. 8 mA 

13.2 V Supply voltage (pin 10) Vp = V 10-9 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTE R ISTICS 

Ptot 

Tstg 

Tamb 

Rthj-a 

116 = 5 mA; Vp = 12 V; Tamb = 25 oC; unless otherwise specified 

Supply 

Supply current at pin 16 

Stabilized supply voltage (pin 16) 

Supply current (pin 10) 

Supply voltage (pin 10) 

Video input (pin 5) 

Top-sync level 

Sync pulse amplitude (peak-to-peak value) (note 1) 

Slicing level 

Delay between video input and detector output 

Noise gate (pin 5) 

Switching level 

First control loop (sync to oscillator; pin 8) 

Holding range 

Catching range 

Control sensitivity video with respect to 
oscillator, burst key and flyback pulse 

for slow time constant 
for fast time constant 

8-76 Signetics 

116 

V16-9 

110 

Vp = V 10-9 

V5-9 

V5-9(p-p) 

t1 

V5-9 

M 

~f 

max. 1.1 W 

-55 to + 150 0C 

-25 to + 65 0C 

typo 50 K/W 

4 to 8 rnA 

typo 8.7 V 
8.0 to 9.5 V 

typo 55 mA 
< 70 rnA 

typo 12 V 
10 to 13.2 V 

typo 3.1 V 
1.5 to 3.75 V 

typo 0.6 V 
0.15 to 1 V 

typo 50 % 
35 to 65 % 

typo 0.35 JJ.s 

typo 0.7 V 

< 1 V 

typo ± 800 Hz 

typo ± 800 Hz 
± 600 to 1100 Hz 

typo 
typo 

kHz/JJ.s 
2.75 kHz/JJ.s 
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Second control loop (horizontal output to flyback; pin 14) 

Control sensitivity; static (see note 2) 

Control range 

Controlled edge 
Phase adjustment (via 2nd control loop; pin 14) 

Control sensitivity 

Maximum permissible control current 

Horizontal oscillator (pin 15) 

Frequency (no sync) 

Frequency spread (Cosc = 2.2 nF; Rosc = 40 kil) 

Frequency deviation between starting point of 
output signal and stabilized condition 

Temperature coefficient 
Horizontal output (pin 11) 

Output voltage; high level 

Voltage at which protection starts 

Output voltage; low level 
start condition at 111 = 10 rnA 

normal condition at 111 = 40 rnA 

Duty factor of output signal during 
starting (no phase shift; voltage at pin 11 lowl 

Duty factor of output signal 
without flyback pulse 

Controlled edge 

Duration of output pulse (see Fig. 3) 

Sandcastle output pulse (pin 17) 

Output voltage during: 
burst key 

horizontal blanking 

vertical blanking 

Pulse duration 

burst key 

horizontal blanking 

vertical blanking 
for 50 Hz application (-112 : 0 to 0.1 rnA) 
for 60 Hz application (-112 : typo 0.2 rnA) 

Signefics 

Atd/Ato typo 400 Jls/JlS 

td 1 to 50 JlS 

negative 

typo 25 JlAIJls 

± 114 < 50 JlA 

fosc typo 15625 Hz 

Afosc < 4 % 

Afosc 
typo 6 % 
< 8 % 

TC typo 1 • 10-4 K-l 

V11-9 < 13.2 V 

V 11-9 13 to 15.8 V 

V11-9 
typo 0.3 V 
< 0.5 V 

V11-9 
typo 0.3 V 

< 0.5 V 

{j typo 65 % 

{j 
typo 50 % 

45 to 55 % 

negative 

td + to + 2.5 JlS 

V17-9 > 10 V 

V 17-9 
typo 4.6 V 

4.2 to 5 V 

V17-9 
typo 2.5 V 

2 to 3 V 

tp 
typo 4 IlS 

3.6 to 4.4 JlS 

flyback pulse (see note 3) 

21 lines 
17 lines 

8-77 

8 



UNEAR LSI PRODUCTS 

SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2577A 

8-78 

CHARACTERISTICS (continued) 

Delay between the start of the sync at the video 
input and the rising edge of the burst key pulse 

Coincidence detector; video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 2 

Detector output current 

Voltage during noise (note 4) 

Voltage level for in-sync condition 

Switching level slow to fast 

Switching level 
mute function active; \01 fast to slow 

vertical period counter 
3 periods fast 

Switching level slow to fast (locking) 
mute function inactive 

Switching level fast to slow (locking) 

Switching level for VCR (fast time constant) 
without mute function 

Video transmitter identification output (pin 13) 

Output voltage active (no sync) at 113 = 1 rnA 

Output voltage active (no sync) at 113 = 5 rnA 

Output voltage inactive 

VCR switching (pin 13) 

Input current for fast time constant 
phase detector \01, with mute function active 

Flyback input pulse (pin 12) 

Switching level 

Input current 

Input pulse amplitude (peak-to-peak value) 

Input resistance 

Delay time of sync pulse (measured in \01) 
to flyback at switching level; tfl = 12 IlS 
(see also note 2 and Fig. 4) 

Signetics 

± 118 

V18-9 

V18-9 

V18-9 

V12-9 

112 

V12-9(p-p) 

R12-9 

to 

typo 4.9 IlS 

typo 

typo 

typo 

4.5 to 5.3 IlS 

300 IlA 

0_3 V 

7.5 V 

typo 3.5 V 
3.2 t03.8 V 

typo 1.2 V 
1.0 to 1.4 V 

typo 0.12 V 
0.08 to 0.16 V 

typo 1.7 V 
1.5t01.9 V 

typo 5.0 V 
4.7 to 5.3 V 

typo 8.6 V 
8.2 to 9.0 V 

> 10 V 
typo 11 V 

> 7 V 
typo 10 V 

< 0.5 V 
typo 0.1 V 

typo 0.6 rnA 
0.4 to 0.8 rnA 

typo 1 V 

0.2 to 4 rnA 

< 12 V 

typo 2.7 kn 

typo 1.3 IlS 
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Duration of vertical blanking pulse (pin 12) 

Required input current (negative) 
for 50 Hz application; 21 lines blanking 

for 60 Hz application; 17 lines blanking 

Maximum allowed input current 

Vertical sawtooth generator (pin 3) 

Vertical frequency (no sync) 

Frequency spread (Cosc = 680 nF; Rosc = 180 kG; at + 26 V) 

Synchronization range 

Input current at V3-9 = 6 V 

Frequency shift for Vp = 10 to 13 V 

Temperature coefficient 

Comparator (pin 2) 

Input voltage; doc. level 

a.c. level (peak-to-peak value) 

Input current at V2-9 = 6 V 

Sawtooth internal pre-correction (parabolic convex) 

Vertical output stage; emitter follower (pin 1) 

Output voltage at 11 = 10 mA 

Output current 

Vertical guard circuit 

Activating voltage levels (vertical blanking level is 2_5 V) 

switching level low 

sWitching level high 

Notes to characteristics 

-112 

-112 

-112 

fs 

~fs 

13 

~fs 

TC 

V2-9 

V2-9(p-p) 

12 

V1-9 

11 

V2-9 

V2-9 

typo 0.2 mA 
>0.15to< 0.3 mA 

< 0.1 mA 

< 0.4 mA 

typo 46 Hz 

< 4 % 

typo 22 % 

< 2 p.A 

< 0.2 % 

typo 1 '10-4 K-l 

typo 4.4 V 
4.0 to 4.8 V 

typo 1.6 V 

< 2 p.A 

typo 3 % 

typo 3.6 V 
3.2 to 5 V 

< 20 mA 

typo 3 V 
2.7 to 3.3 V 

typo 5.7 V 
5.3 to 6.1 V 

1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 
slicing level will increase. 

2. td = delay between negative transient of horizontal output pulse and the rising edge of the flyback 
pulse. 
to = delay between the rising edge of the flyback pulse and the start of the current in .,01 (pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1 V (tfl)· 
4. Depends on d.c. level at pin 5; value given applicable for V5-9 "" 5 V. 
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v" _, l_~7a_·:_n_c c_o_nd"\ition 

"'1 fast_ 

noise only 

'" 1 fast VCR mode; 
4-- without mute function 
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'" 1 fast VCR mode; - "'1 slow I 
with mute function 

.- mute out 

7286170.1 

Fig. 3 Voltage levels at pin 18 (V 18-9). 

APPLICATION INFORMATION 

TDA2577A 

The TDA2577A generates the signal for driving the horizontal deflection output circuit. It also contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 

The horizontal oscillator and output stage can start operating on a very low supply current (116;;;;'4 mA), 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 
is about 65% during the starting-up procedure. After starting-up, the second phase detector (<P2) is 
activated to control the timing of the negative-going edge of the horizontal output signal. 

A bandgap reference voltage (6.5 V) is provided for supply and reference of the vertical oscillator and 
comparator stage. 

The slicing level of the horizontal sync separator is independent of the amplitude of the sync pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kn resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0.7 V. 

Good stability is obtained by means of the two control loops. In the first loop, the phase of the 
horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. In the second loop, the phase of the flyback pulse is compared with another 
reference waveform, the timing of which is such that the top of the flyback pulse is situated symmetrically 
on the horizontal blanking interval of the video signal. Therefore the first loop can be designed for a good 
noise immunity, whereas the second loop can be as fast as desired for compensation of switch-off delays 
in the horizontal output stage. 

The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector is 
increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 
detector is inhibited during the retrace time of the vertical oscillator. 

The in-sync, out-of-sync or no video condition is detected by the video transmitter identification/coin
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the first 
phase detector. The relationship between this voltage and the various switching levels is shown in Fig. 3. 
The complete survey of the switching actions is given in Table 1. 
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APPLICATION INFORMATION (continued) 

Table 1 Switching levels at pin 18. 

voltage at first phase detector <P1 

pin 18 time constant gating 

slow fast on off 

7.5 V X X 

7.5 to 3.5 V X X 

3.5 to 1.2 V X X 

1.2 to 0.1 V X X 

0.1 to 1.7 V X . X . 
1.7 to 5.0 V X X 

5.0 to 7.5 V X X 

8.7 V X X 

Where: * = 3 vertical periods. 

mute output receiving conditions 
atpin 13 

on off 

X video signal detected 

X video signal detected 

X video signal detected 

X noise only 

X new video signal detected 

X horizontal oscillator locked 

VCR playback with mute function 

X horizontal osci Ilator locked 

X VCR playback without mute function 

The stability of displayed video information (e.g. channel number), during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 

The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 
18 dropping below 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated 
which sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs 
when a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms (1 vertical period). The mute switching level 
of 1.2 V is reached within 5 ms (C18 = 47 nF). If the video transmitter identification circuit is required 
to operate under VCR playback conditions the first phase detector can be set to fast by connecting a 
resistor of 180 kn between pin 18 and ground. Also a current of 0.6 mA into pin 13 sets the first phase 
detector to fast without affecting the mute output function (active HIGH with no video signal detected). 
For VCR playback without mute function, the first phase detector can be set to fast by connecting a 
resistor of 1 kn to the supply (pin 10). 

The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from the 
voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal supply cur
rent into pin 16 of 3.5 mA, which will result in a supply voltage of about 5.5 V (for guaranteed operation 
of all devices 116> 4 mAl. It is possible that the main supply voltage at pin 10 is 0 V during starting, so 
the main supply of the IC can be taken from the horizontal deflection output stage. The start of the 
other IC functions depends on the value of the main supply voltage at pin 10. At 5.5 V all IC functions 
start operating except the second phase detector (oscillator to flyback pulse). The output voltage of the 
second phase detector at pin 14 is clamped by means of an internally loaded n-p-n emitter follower. 
This ensures that the duty factor of the horizontal output signal (pin 11) remains at about 65%. The 
second phase detector will close if the supply voltage at pin 10 reaches 8.8 V. At this value the supply 
current for the horizontal oscillator and output stage is delivered by pin 10, which also causes the 
voltage at pin 16 to change to a stabilized 8.7 V. This change switches off the n-p-n emitter follower 
at pin 14 and activates the second phase detector. The supply voltage for the horizontal oscillator will, 
however, still be referred to the stabilized voltage at pin 16, and the duty factor of the output signal 
at pin 12 is at the value required by the delay at the horizontal deflection stage. Thus switch-off delays 
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in the horizontal output stage are compensated. When no horizontal flyback signal is detected the duty 
factor of the horizontal output signal is 50%. 

Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. 

The Ie also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. The 
feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally precorrected by 3% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. 

Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 

To minimize the influence of the horizontal part on the vertical part a 6.5 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 

The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level (11 V) 
can be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration is set by the negative 
voltage value of the horizontal flyback pulse at pin 12. 

The Ie also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3 V or higher than 5.8 V, the guard circuit will insert a continuous level of 2.5 V 
into the sandcastle output signal. This will result in complete blanking of the screen if the sandcastle 
pulse is used for blanking in the TV set. 
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APPLICATION INFORMATION (continued) 
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Fig.4 Timing diagram of the TDA2577 A. 
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Fig.5 Typical application circuit diagram; for combination of the TDA2577 A with the TDA3651 see 
Fig. 7. 
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Fig.6 Circuit configuration at pin 14 for phase adjustment. 
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APPLICATION INFORMATION (continued) 
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Fig. 7 Typical application circuit diagram of the TDA3651 (vertical output), when used in combination 
with the TDA2577A (900 application). 

Signetics 8-85 

8 



LINEAR LSI PRODUcrS 

SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2578A 

GENERAL DESCRIPTION 
The TDA2578A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 

Features 

• Horizontal sync separator and noise inverter 
• Horizontal oscillator 
• Horizontal output stage 
• Horizontal phase detector (sync to oscillator) 
• Time constant switch for phase detector (fast time constant during catching) 
• Slow time constant for noise only conditions 
• Time constant externally switchable (e.g. fast for VCR) 
• Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 

oscillator flyback 
• Second phase detector (1,02) for storage compensation of horizontal deflection stage 
• Sandcastle pulse generator (3-levels) 
• Video transmitter identification circuit 
• Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 

mains rectifier 
• Duty factor of horizontal output pulse is 50% when flyback pulse is absent 
• Vertical sync separator 
• Bandgap 6.5 V reference voltage for vertical oscillator and comparator 
• Synchronized vertical oscillator/sawtooth generator 

(synchronization inhibited when no video transmitter is detected) 
• Internal circuit for 6% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 

supplied with pre-corrected sawtooth and external feedback input 
• Vertical driver stage 
• Vertical blanking pulse generator 
• 50/60 Hz detector 
• 50/60 Hz identification output 
• Automatic amplitude adjustment for 60 Hz 
• Automatic adjustment of blanking pulse duration 

(50 Hz: 21 lines; 60 Hz: 17 lines) 
• Vertical guard curcuit 

QUICK REFERENCE DATA 

Supply 

Minimum current required to start horizontal 
oscillator and output stage (pin 16) 

Main supply voltage (pin 10) 
Supply current 

Input signals 

Sync pulse input voltage (peak-to-peak value; negative-going) 

Output signals 

Horizontal output pulse (open collector) at 111 = 40 mA 
Vertical output pulse (emitter-follower) at 11 = 10 mA 

PACKAGE OUTLINE 

18-lead DIL;plastic (SOT-102HE). 
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SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR &; DRIVER TDA2578A 
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SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2578A 

RATINGS 

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

Start current (pin 16) 116 max. 8 mA 

13.2 V 

1.1 W 

Supply voltage (pin 10) Vp = VlO-9 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Ptot 

Tstg 

Tamb 

Rth j-a 

116 = 5 mA; Vp = 12 V; Tamb = 25 oC; unless otherwise specified 

Supply 

Supply current at pin 16 

Stabilized supply voltage (pin 16) 

Supply current (pin 10) 

Supply voltage (pin 10) 

Video input (pin 5) 

Top-sync level 

Sync pulse amplitude (peak-to-peak value) (note 1) 

Slicing level 

Delay between video input and detector output 

Noise gate (pin 5) 

Switching level 

First control loop (sync to oscillator; pin 8) 

Holding range 

Catching range 

Control sensitivity video with respect to 
oscillator, burst key and flyback pulse 

for slow time constant 
for fast time constant 

8-90 Signetics 

116 

V16-9 

110 

Vp = VlO-9 

V5-9(p-p) 

~f 

max. 

-55 to + 150 °C 

-25 to + 65 °C 

typo 50 K/W 

4 to 8 mA 

typo 8.7 V 
8.0 to 9.5 V 

typo 55 mA 
< 70 mA 

typo 12 V 
10 to 13.2 V 

typo 3.1 V 
1.5 to 3.75 V 

typo 0.6 V 
0.15 to 1 V 

typo 50 % 
35 to 65 % 

typo 0.35 flS 

typo 
< 

typo 

0.7 V 
1 V 

± 800 Hz 

typo ± 800 Hz 
± 600 to 1100 Hz 

typo 
typo 

1 kHz/flS 
2.75 kHz/flS 
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SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2578A 

Second control loop (horizontal output to flyback; pin 14) 

Control sensitivity; static (see note 2) 

Control range 

Controlled edge 

Phase adjustment (via 2nd control loop; pin 14) 

Control sensitivity 

Maximum permissible control current 

Horizontal oscillator (pin 15) 

Frequency (no sync) 

Frequency spread (Cosc = 2,7 nF; Rosc = 33 kQ; no sync) 

Frequency deviation between starting point of 
output signal and stabilized condition 

Temperature coefficient 

Horizontal output (pin 11) 

Output voltage; high level 

Voltage at which protection starts 

Output voltage; low level 
start cond ition at 111 = 10 mA 

normal condition at 111 = 40 mA 

Duty factor of output signal during 
starting (no phase shift) 116 = 4 mA (voltage at pin 11 low) 

Duty factor of output signal 
without flyback pulse 

Controlled edge 

Duration of output pulse (see Fig. 4) 

Sandcastle output pulse (pin 17) 

Output voltage during: 
burst key 

horizontal blanking 

vertical blanking 

Pulse duration 
burst key 

horizontal blanking 

vertical blanking 
at 50 Hz 
at 60 Hz 

Signetics 

.6.td/ .6.to typo 400 I1s1l1s 

td 1 to 45 I1S 

positive 

typo 25 I1All1s 

± 114 < 50 I1A 

fosc typo 15625 Hz 

.6.fosc < 4 % 

Mosc 
typo 6 % 
< 8 % 

TC typo 1 .10-4 K- 1 

Vll-9 < 13.2 V 

Vll-9 13 to 15.8 V 

Vll-9 
typo 0.3 V 

< 0.5 V 

Vll-9 
typo 0.3 V 

< 0.5 V 

D typo 65 % 

D 
typo 50 % 

45 to 55 % 

positive 

td + horizontal flyback pulse 

V17-9 > 10 V 

V 17-9 
typo 4.6 V 

4.2 to 5 V 

V 17-9 
typo 2.5 V 

2 to 3 V 

tp 
typo 4 I1S 

3.6 to 4.4 I1S 

flyback pulse (see note 3) 

21 lines 
17 lines 
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8-92 

CHARACTERISTICS (continued) 

Delay between the start of the sync at the video 
input and the rising edge of the burst key pulse 

Coincidence detector; video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 3 

Detector output current 

Voltage during noise (note 4) 

Voltage level for in-sync condition 

Switching level slow to fast 

Switching level 
mute function active; <1'1 fast to slow 

vertical period counter 
3 periods fast 

Switching level slow to fast (locking) 
mute function inactive 

Switching level fast to slow (locking) 

Switch ing level for VCR (fast time constant) 
without mute function 

Video transmitter identification output (pin 13) 

Output voltage active (no sync) at 113 = 1 mA 

Sink current active (no sync) 

Output current inactive (sync: 50 Hz) 

50/60 Hz identification (pin 13) 

R13 = 15 kQ to + 12 V (note 5) 
at f = 50 Hz (in sync condition) 

at f = 60 Hz (in sync condition) 

Flyback input pulse (pin 12) 

Switching level 

I nput current 

Input pulse amplitude (peak-to-peak value) 

I nput resistance 

Delay time of sync pulse (measured in <1'1) 
to flyback at switching level; tfl = 12 fJS 
(see also note 2 and Fig. 4) 

Signetics 

t2 

± 118 

V18-9 

V18-9 

V18-9 

V18-9 

V18-9 

V18-9 

V18-9 

V18-9 

V13-9 

113 

113 

V13-9 

V13-9 

V 12-9 

112 

V12-9(p-p) 

R12-9 

to 

typo 4.9 /lS 
4.5 to 5.3 /lS 

typo 300 /lA 

typo 0.3 V 

typo 7.5 V 

typo 3.5 V 
3.2 to 3.8 V 

typo 1.2 V 
1 0 to 1.4 V 

typo 0.12 V 
0.08 to 0.16 V 

typo 1.7 V 
1.5 to 1.9 V 

typo 5.0 V 
4.7 to 5.3 V 

typo 8.6 V 
8.2 to 9 0 V 

< 0.5 V 
typo 0.3 V 

,s;; 5 mA 

< 1 fJA 

typo VlO-9 V 

typo 7.6 V 
7.2 to 8 V 

typo 1 V 

0.2 to 4 mA 

< 12 V 

typo 2.7 kQ 

typo 1.3 /lS 
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SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER TDA2578A 

Vertical sawtooth generator (pin 3) 

Vertical frequency (no sync) 

Frequency spread (Cosc = 680 nF; 
Rosc = 180 kn; at + 26 V) 

Synchronization range (note 6) 

I nput current at V3-9 = 6 V 

Frequency shift for Vp = 10 to 13 V 

Temperature coefficient 

Comparator (pin 2) 

Input voltage; d.c. level 

a.c. level (peak-to-peak value) 

Input current at V2-9 = 6 V 

Sawtooth internal pre-correction (parabolic convex) 

Vertical output stage; emitter follower (pin 1) 

Output voltage at 11 = 10 rnA 

Output current 

Vertical guard circuit 

Activating voltage levels (vertical blanking level is 2.5 V) 
switching level low 

switching level high 

Notes to characteristics 

fs 

.Ms 

13 

~fs 

TC 

V2-9 

V2-9(p-p) 

12 

V1-9 

11 

typo 46 Hz 

< 4 % 

typo 33 % 

< 3/J.A 

< 0.2 % 

typo .10-4 K- 1 

typo 4.4 V 
4.0 to 4.8 V 

typo 0.8 V 

< 2 fJ.A 

typo 6 % 

typo V 
3.2 to 5 V 

< 20 rnA 

typo 3.35 V 
3.0 to 3.7 V 

typo 5.15 V 
4.75 to 5.55 V 

1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 8 
slicing level will increase. 

2. td = delay between positive transient of horizontal output pulse and the rising edge of the flyback 
pulse. 
to = delay between the rising edge of the flyback pulse and the start of the current in 1P1 (pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1 V (tfl). 

4. Depends on d.c. level at pin 5; value given applicable for V5-9 "" 5 V. 

5. For 60 Hz a p-n-p emitter clamp is activated. 

6. When fa = 46 Hz the 50/60 Hz detector switches over to 60 Hz; video input signal at pin 5"" 55 Hz. 

Signetics 8-93 



LINEAR LSI PRODUCTS 

SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR & DRIVER 

8-94 

in·sync condition 
slow 

"",fast_ 

noise only 

"", fast VCR mode; 
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Fig.3 Voltage levels at pin 18 (V18-9). 
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SYNCHRONIZATION CIRCUIT WITH VERTICAL OSCILLATOR at DRIVER TDA2578A 

APPLICATION INFORMATION 

The TDA2578A generates the signal for driving the horizontal deflection output circuit. It also contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 

The horizontal oscillator and output stage can start operating on a very low supply current (116 ~ 4 mAl, 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 
is about 65% during the starting-up procedure. After starting-up, the second phase detector (\02) is 
activated to control the timing of the positive-going edge of the horizontal output signal. 

A bandgap reference voltage (6.5 V) is provided for supply and reference of the vertical oscillator and 
comparator stage. 

The slicing level of the horizontal sync separator is independent of the amplitude of the sync pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kn resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0.7 V. 

Good stability is obtained by means of the two control loops. In the first loop, the phase of the 
horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. In the second loop, the phase of the flyback pulse is compared with 
another reference waveform, the timing of which is such that the top of the flyback pulse is situated 
symmetrically on the horizontal blanking internal of the video signal. Therefore the first loop can be 
designed for a good noise immunity, whereas the second loop can be as fast as desired for compensation 
of switch-off delays in the horizontal output stage. 

The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector 
is increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 
detector is inhibited during the retrace time of the vertical oscillator. 

The in-sync, out-of·sync or no video condition is detected by the video transmitter identification/coin
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the 
first phase detector. The relationship between this voltage and the various switching levels is shown in 
Fig. 3. The complete survey of the switching actions is given in Table 1. 

Table 1 Switching levels at pin 18. 

voltage at first phase detector \01 mute output receiving conditions 

pin 18 time constant gating at pin 13 

slow fast on off on off 

7.5 V X X X video signal detected 

7.5 to 3.5 V X X X video signal detected 

3.5 to 1.2 V X X X video signal detected 

1.2 to 0.1 V X X X noise only 

0.1 to 1.7 V X * X * X new video signal detected 

1.7 to 5.0 V X X X horizontal oscillator locked 
VCR playback with mute function 

5.0 to 7.5 V X X X horizontal oscillator locked 

8.7 V X X X VCR playback without mute function 

Where: * = 3 vertical periods. 
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8-96 

APPLICATION INFORMATION (continued) 

The stability of displayed video information (e.g. channel number!, during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 

The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 18 
dropping below 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated which 
sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs when 
a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms (1 vertical period). The mute switching 
level of 1.2 V is reached within 5 ms (C18 = 47 nF). If the video transmitter identification circuit is 
required to operate under VCR playback conditions the first phase detector can be set to fast by 
connecting a resistor of 180 kn between pin 18 and ground (see Fig. 7). 

The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from 
the voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal 
supply current into pin 16 of 3.6 mA, which will result in a supply voltage of about 5.5 V (for 
guaranteed operation of all devices 116> 4 mAl. It is possible that the main supply voltage at pin 10 
is 0 V during starting, so the main supply of the IC can be taken from the horizontal deflection output 
stage. The start of the other IC functions depends on the value of the main supply voltage at pin 10. 
At 5.5 Vall IC functions start operating except the second phase detector (oscillator to flyback pulse). 
The output voltage of the second phase detector at pin 14 is clamped by means of an internally 
loaded n-p·n cmittcr follower. This ensures that the duty factor of the horizontal output signal (pin 11) 
remains at about 65%. The second phase detector will close if the supply voltage at pin 10 reaches 
8.8 V. At this value the supply current for the horizontal oscillator and output stage is delivered by 
pin 10, which also causes the voltage at pin 16 to change to a stabilized 8.7 V. This change switches 
off the n-p-n emitter follower at pin 14 and activates the second phase detector. The supply voltage 
for the horizontal oscillator will, however, still be referred to the stabilized voltage at pin 16, and the 
duty factor of the output signal at pin 12 is at the value required by the delay at the horizontal 
deflection stage. Thus switch-off delays in the horizontal output stage are compensated. When no 
horizontal flyback signal is detected the duty factor of the horizontal output signal is 50%. 

Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. 

The IC also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. 
The feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally pre-corrected by 6% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. 

Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 

To minimize the influence of the horizontal part on the vertical part a 6.7 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 

The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level (11 V) can 
be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration and sawtooth 
amplitude is automatically adjusted via the 50/60 Hz detector. 
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The Ie also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3.35 V or higher than 5.15 V, the guard circuit will insert a continuous level of 
2.5 V into the sandcastle output signal. This will result in complete blanking of the screen if the 
sandcastle pulse is used for blanking in the TV set. 
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(pin 151 
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output signal 
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switch-off delay 

--------4Jf"1r----
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---..JJ! 
I 

~ 
I td 

:J 
horizontal output stage 

flyback pulse i 
(pin121 OV 

--=====-=-=t~~::.tt : ~3~: 
'IIi switching 
-----Ievel 

"'2 detector 

output current 
(pin 141 

sandcastle 
pulse 
(pin 171 

---Lnf---
J]lt1+4I'S 

~"'llV 

horizontal blanking __ "'4.5 V 

S---- ---\=:"'2.5V 

I 1:,:';;,,:1 I 
• • 7Z86903 

60 Hz: 17 lines 

Fig.4 Timing diagram of the TDA2578A. 
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APPLICATION INFORMATION (continued) 
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Fig. 5 Typical application circuit diagram; for application of the TDA2578A with the TDA3651 see 
Fig. 8. 
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Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 
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180 kU between pin 18 and ground: 
with mute function. 
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Fig.8 Typical application circuit diagram of the TDA3651 (vertical output), when used in combination 
with the TDA2578A, (900 application). 

Signetics 8·99 

8 



LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2593 

The TDA2593 is a monolithic integrated circuit intended for use in colour television receivers in com
bination with TDA2510, TDA2520, TDA2560 as well as with TDA3500, TDA3510 and TDA3520. 
The circuit incorporates the following functions: 

- horizontal oscillator based on the threshold switching principle 
- phase comparison between sync pulse and oscillator voltage (.,01) 
- internal key pulse for phase detector (.,01) (additional noise limiting) 
- phase comparison between line flyback pulse and oscillator voltage (.,02) 
- larger catching range obtained by coincidence detector (.,03; between sync and key pulse) 
- switch for changing the filter characteristic and the gate circuit (VCR-operation) 
- sync separator 
- noise separator 
- vertical sync separator and output stage 
- colour burst keying and line flyback blanking pulse generator 
- phase shifter for the output pulse 
- output pulse duration switching 
- output stage with separate supply voltage for direct drive of thyristor deflection circuits 
- low supply voltage protection 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Input signals 

Sync separator input voltage (peak-to-peak value) 

Noise separator input voltage (peak-to-peak value) 

Pulse duration switch input voltage 
at t = 7 J.l.S (thyristor driving) 
at t = 14 J.l.S + td (transistor driving) 
at t = 0 (input 4 open or V3-16 = 0) 

Output signals 

Vertical sync output pulse (peak-to peak value) 

Burst gating output pulse (peak-to-peak value) 

Line drive pulse (peak-to-peak value) 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-3S). 

8-100 Signetics 

V1-16 typo 12 V 

11 typo 30 mA 

V9-16(p-p) 3 to 4 V 

V 1O-16(p-p) 3 to 4 V 

V4-16 9,4 to V 1-16 V 

V4-16 o to 3.5 V 

V4-16 5,4 to 6.6 V 

VS-16(p-p) typo 11 V 

V7-16(p-p) typo 11 V 

V3-16(p-p) typo 10.5 V 
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UNEAR LSI PRODUCTS 

HORIZONTAL COMBINATION 

RATINGS 

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

Supply voltage 
at pin 1 (voltage source) 
at pin 2 

Voltages 

Pin 4 

Pin 9 

Pin 10 

Pin 11 

Currents 

Pins 2 and 3 (thyristor driving) (peak value) 

Pins 2 and 3 (transistor driving) (peak value) 

Pin 4 

Pin 6 

Pin 7 

Pin 11 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

V4-16 

± V9-16 

± V1O-16 

Vl1-16 

12M,-13M 

12M,-13M 

14 

±16 

-17 

111 
Ptot 

Tstg 

Tamb 

CHARACTERISTICS at V1-16 = 12 V; Tamb = 25 oC; measured in Fig. 1 

Sync separator 

Input switching voltage 

Input keying current 

Input leakage current at V9-16 = -5 V 

Input switching current 

Switch off current 

Input signal (peak-to-peak value) 

* Permissible range 1 to 7 V. 

8-102 

V9-16 

Ig 

Ig 

Ig 

Ig 

V9-16(p-p) 

Signetics 

TDA2593 

max. 13.2 V 
max. 18 V 

max. 13.2 V 

max. 6 V 

max. 6 V 

max. 13.2 V 

max. 650 mA 

max. 400 mA 

max. mA 

max. 10 mA 

max. 10 mA 

max. 2 mA 

max. 800 mW 

-25 to + 125 0C 

-20 to + 70 0C 

typo 0.8 V 

5 to 100 I1A 

< 1 I1A 

..:; 5 I1A 

> 100 I1A 
typo 150 I1A 

3 to 4 V* 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

Noise separator 

Input switching voltage 

Input keying current 

Input switching current 

I nput leakage current at V 10-16 = -5 V 

Input signal (peak-to-peak value) 

Permissible superimposed noise signal (peak-to-peak value) 

Line fly back pulse 

Input current 

Input switching voltage 

Input limiting voltage 

Switching on VCR 

Input voltage 

Input cu rrent 

Pulse duration switch 

For t = 7 J.!S (thyristor driving) 

Input voltage 

Input current 

For t = 14 J.!s + td (transistor driving) 

Input voltage 

Input current 

For t = 0; V3-16 = 0 or input pin 4 open 

Input voltage 

I n put cu rrent 

* Permissible range 1 to 7 V. 

Signetics 

VlO-16 

110 

110 

110 

VlO-16(p-p) 

VlO-16(p-p) 

16 

V6-16 

V6-16 

V11-16 
V11-16 

-111 
111 

V4-16 

14 

V4-16 

-14 

V4-16 

14 

TDA2593 

typo 1.4 V 

5 to 100 J.!A 

> 100 J.!A 
typo 150 J.!A 

< 1 J.!A 

3 to 4 V* 

< 7 V 

typo 1 mA 
0.02 to 2 mA 

typo 1.4 V 

-0.7 to + 1.4 V 

o to 2.5 V 
9 to V1-16 V 

< 200 J.!A 
< 2 mA 

9.4 to V1-16 V 

> 200 J.!A 

o t03.5 V 

> 200 J.!A 

5.4 to 6.6 V 8 
typo o J.!A 

8-103 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

Vertical sync pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Delay between leading edge of input and output signal 

Delay between trailing edge of input and output signal 

Burst gating pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Pulse duration; V7-16 = 7 V 

Phase relation between middle of sync pulse at the input 
and the leading edge of the burst gating pulse; V7-16 = 7 V 

Output trailing edge current 

Line flyback-blanking pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Output trailing edge current 

Line drive pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 
for leading edge of line pulse 
for trailing edge of line pulse 

Pulse duration (thyristor driving) 

V4-16 = 9.4 to V1-16 V 

Pulse duration (transistor driving) 

V 4-16 = 0 to 4 V; tfp = 12 p.s 

Supply voltage for switching off the output pulse 

Overall phase relation 

Phase relation between middle of sync pulse 
and the middle of the flyback pulse 

Tolerance of phase relation 

* td = switch-off delay of line output stage_ 
* * Line flyback pulse duration tfp = 12 p.s_ 

8-104 Signetics 

VS-16(p-p) 

RS 

ton 

toff 

V7-16(p-p) 

R7 

tp 

t 

17 

V7-16(p-p) 

R7 

17 

V3-16(p-p) 

R3 
R3 

tp 

tp 

V1-16 

I Llt I 

TDA2593 

> 10 V 
typo 11 V 

typo 2 kn 

typo 15 p.s 

typo ton p.s 

> 10 V 
typo 11 V 

typo 70 n 

typo 4 p.s 
3.7 to 4.3 fJS 

typo 2.65 p.s 
2.15 to 3.15 p.s 

typo 

typo 

typo 

typo 

typo 
typo 

typo 

typo 

typo 

< 

2 mA 

4 to 5 V 

70 n 

2 mA 

10.5 V 

2.5 n 
20 n 

7 p.s 
5.5 to S.5 p.s 

14 + td p.s* 

4 V 

2.6 p.s* * 

0.7 {J.S 



LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2593 

The adjustment of the overall phase relation and consequently the 
leading edge of the line drive pulse occurs automatically by phase 
control1.{!2· 
If additional adjustment is applied it can be arranged by current 
supply at pin 5 such that ~15/~t typo 30 !1A/!1s 

Oscillator 

Threshold voltage low level V14-16 typo 4.4 V 

Threshold voltage high level V 14-16 typo 7.6 V 

Discharge current ± 114 typo 0.47 mA 

Frequency; free running (Cosc = 4.7 nF; 
Rose = 12 k!1) fo typo 15.625 kHz 

Spread of frequency ~fo/fo < ± 5 %* 

Frequency control sensitivity ~fo/~115 typo 31 HZ/!1A 

Adjustment range of network in circuit (Fig. 1) ~fo/fo typo ±10 % 

Influence of supply voltage on frequency 
~fo/fo 

< ± 0.05 %* 
6VIVnom 

Change of frequency when V 1-16 drops to 5 V 6fo < ± 10 %* 

Temperature coefficient of oscillator 
frequency < ± 10-4 Hz/K* 

Phase comparison 1.{!1 

Control voltage range V13-16 3.8 to 8.2 V 

Control current (peak value) ± 113M 1.9 to 2.3 mA 

Output leakage current 
at V 13-16 = 4 to 8 V 113 < 1 !1A 

Output resistance 
at V 13-16 = 4 to 8 V R13 high ohmic ** 

atV13_16<3.8 Vor>8.2V R13 low ohmic ... 
Control sensitivity typo 2 kHz/!1S 8 
Catching and holding range (82 k!1 beteeen 

pins 13 and 15) ~f typo ± 780 Hz 

Spread of catching and holding range 6(6f) typo ±10 %* 

* Excluding external component tolerances. 
* * Current source . 
... Emitter follower. 

Signetics 8-105 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

Phase comparison <P2 and phase shifter 

Control voltage range 

Control current (peak value) 

Output resistance 
at V5-16 = 5.4 to 7.6 V 
at V5-16 <5.4 V or> 7.6 V 

Input leakage current 
V5-16 = 5.4 to 7.6 V 

Permissible delay between leading edge of output 
pulse and leading edge of flyback pulse (tfp = 12 /1s) 

Static control error 

Coincidence detector <P3 

Output voltage 

Output current (peak value) 
without coincidence 
with coincidence 

Time constant switch 

Output voltage 

Output current (limited) 

Output resistance 
at V11-16 = 2.5 to 7 V 
atV11_16<1.5Vor>9V 

Internal gating pulse 

Pulse duration 

* Current source. 

8·106 Signetics 

V5-16 

± 15M 

R5 

15 

td 

~t/~td 

V11-16 

111M 
-111M 

V 12-16 

± 112 

R12 
R12 

tp 

TDA2593 

5.4 to 7.6 V 

typo 1 mA 

high ohmic 
typo 8 kn 

< 5 /1A 

< 15 /1S 

< 0.2 % 

0.5 to 6 V 

typo 0.1 mA 
typo 0.5 mA 

typo 6 V 

< mA 

typo 0.1 kn 
typo 60 kn 

typo 7.5 /1S 



LINEAR LSI PRODUCfS 

HORIZONTAL COMBINATION TDA2594 

The TDA2594 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 

• Horizontal oscillator based on the threshold switching principle. 
• Phase comparison between sync pulse and oscillator voltage (<Pl)' 
• Internal key pulse for phase detector (<Pl) (additional noise limiting). 
• Phase comparison between line flyback pulse and oscillator voltage (<P2)' 
• Larger catching range obtained by coincidence detector (<P3; between sync and key pulse). 
• Switch for changing the filter characteristic and the gate circuit (VCR-operation). 
• Sync separator. 
• Noise separator. 
• Vertical sync separator and output stage. 
• Colour burst keying and line flyback blanking pulse generator and clamp circuit for vertical blanking. 
• Phase shifter for the output pulse. 
• Output pulse duration for transistor deflection systems. 
• External switching off of the line trigger pulse. 
• Output stage with separate supply voltage. 
• Low supply voltage protection. 
• Transmitter identification and muting circuit, and vertical sync switch-off. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Input signals 

Sync separator input voltage (peak-to-peak value) 

Noise separator input voltage (peak-to-peak value) 

Pulse duration switch input voltage 
at t = 14)1s + td (transistor driving) 
at t = 0 (V3-18 = 0); input 4 open (14 = 0) 

Output signals 

Vertical sync output pulse (peak-to-peak value) 

Burst key output pulse (peak-to-peak value) 

Line drive-pulse (peak-to-peak value) 

* Permissible range: 1 to 7 V. 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102DS). 

Signetics 

V1-18=VS 

11 

Vl1-18(p-p) 

V 12-18(p-p) 

V4-18 
V4-18 

V8-18(p-p) 

V7-18(p-p) 

V3-18(p-p) 

typo 12 V 

typo 30 mA 

typo 3 V* 

typo 3 V* 

o to 3.5 V 
5.4 to 6.6 V 

typo 11 V 

typo 11 V 

typo 10 V 

8-107 

8 
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LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION TDA2594 

RATINGS 

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

Supply voltage 
at pin 1 (voltage source) V1-18 = Vs max. 13.2 V 
at pin 2 V2-18 max. 18 V 

Voltages 
Pin 4 V4-18 max. 13.2 V 

Pin 9 V9-18 max. 18 V 

-V9-18 max. 0.5 V 

Pin 11 ±V11-18 max. 6 V 

Pin 12 ±V12-18 max. 6 V 

Pin 13 V13-18 max. 13.2 V 

Currents 
Pins 2 and 3 (transistor driving) (peak value) 12M,-13M max. 400 mA 

Pin 4 14 max. 1 mA 

Pin 6 ±16 max. 10 mA 

Pin 7 -17 max. 5 mA 

Pin 9 Ig max. 10 mA 

Pin 13 113 max. 2 mA 

Total power dissipation Ptot max. 800 mW 

Storage temperature range Tstg -25 to + 125 °C 

Operating ambient temperature range Tamb -20 to + 70 °C 

CHARACTERISTICS at V1-18 = 12 V; Tamb = 25 oC; measured in Fig. 1 

Sync separator (pin 11) 

Input switching voltage V11-18 typo 0.8 V 

Input keying current 111 5 to 100 /lA 

Input leakage current at V11-18 = -5 V 111 < 1 /lA 8 
I nput switching current 111 < 5 /lA 

Switch off current 111 
;;. 100 /lA 
typo 150 /lA 

Input signal (peak-to-peak value) V11-18(p-p} 3 to 4 V* 

* Permissible range 1 to 7 V. 

Signetics 8-109 



LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION 

Noise separator (pin 12) 

Input switching voltage 

Input keying current 

Input switching current 

Input leakage current at V12-18 = -5 V 

Input signal (peak-to-peak value) 

Permissible superimposed noise signal (peak-to-peak value) 

Line flyback pulse (pin 6) 

Input current 

I nput switching voltage 

I nput limiting voltage 

Switching on VCR (pin 13) 

Input voltage 

Input cu rrent 

Pulse switching off (pin 4) 

For t = 0; input pin 4 open or V3-18 = 0 

Input voltage 

Input cu rrent 

Vertical sync pulse (positive-going) (pin 8) 

Output voltage (peak-to-peak value) 

Output resistance 

Delay between leading edge of input and output signal 

Delay between trail ing edge of input and output signal 

Switching off the vertical sync pulse 

Burst key pulse (positive-going) (pin 7) 

Output voltage 

Output resistance 

Pulse duration; V7-18 = 7 V 

Phase relation between middle of sync pulse at the input 
and the leading edge of the burst key pulse; V7-18 = 7 V 

Output trailing edge current 

Saturation voltage during line scan 

* Permissible range 1 to 7 V. 

8·110 Signetics 

V12-18 

112 

112 

112 

V12-18(p-p) 

V12-18(p-p) 

16 

V6-18 

V6-18 

V13-18 
or: V13-18 

-113 
or: 113 

V4-18 

14 

V8-18(p-p) 

R8 

ton 

toff 

V1O-18 

V7-18 

R7 

tp 

t 

17 

V7-18 

TDA2594 

typo 1.4 V 

5 to 100 J.1.A 

;;;. 100 J.1.A 
typo 150 J.1.A 

~ 1 J.1.A 

3 to 4 V* 

~ 7 V 

;;;. 0.02 mA 
typo 1 mA 

typo 1.4 V 

-0.7 to + 1.4 V 

o to 2.5 V 
9 to Vs V 

~ 200 J.1.A 
~ 2 mA 

5.4 to 6.6 V 

typo o J.1.A 

;;;. 10 V 
typo 11 V 

typo 2 kn 

typo 15 J.1.s 

;;;. ton J.1.s 

~ 3 V 

;;;. 10 V 
typo 11 V 

typo 70 n 

typo 4 J.1.S 

3.7 to 4.3 J.1.S 

typo 2.65 J.1.S 

2.15 to 3.15 J.1.S 

typo 2 mA 

~ 1 V 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

Line flyback-blanking pulse (positive-going) (pin 7) 

Output voltage 

Output resistance 

Output trailing edge current 

Field flyback/blanking pulse (pin 7) 

Output voltage with externally forced in current 
17 = 2.4 to 3.6 mA 

Output resistance at 17 = 3 mA 

TV-transmitter identification output (pin 9; open collector) 

Output voltage at Ig = 3 mA; no TV-transmitter 

Output resistance at Ig = 3 mA; no TV-transmitter 

Output current at V 1 0-18;;;' 3 V; TV-transmitter identified 

TV-transmitter identification (pin 10) 

V7-18 

R7 

V9-18 

Rg 

19 

When receiving a TV signal the voltage VlO-18 will change from ~ 1 V to;;;. 7 V. 

Line drive pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 
for leading edge of line pulse 
for trailing edge of line pulse 

Pulse duration (transistor driving) 
V4-18 = 0 to 3.5 V; -14;;;' 200 fJ.A; tfp = 12 fJ.S 

Supply voltage for switching off the output pulse 

Overall phase relation 

Phase relation between middle of sync pulse 
and the middle of the flyback pulse 

V3-18(p-p) 

R3 
R3 

tp 

V1-18 

At 

TDA2594 

4.1 to 4.9 V 

typo 70 [I, 

typo 2 mA 

2 to 3 V 

typo 70 [I, 

~ 0.5 V 

~ 100 [I, 

~ 5 fJ.A 

typo 10 V 

typo 2.5 [I, 

typo 20 [I, 

14 + td fJ.s* 

typo 4 V 

typo 2.6 ± 0.7 fJ.s* * 

The adjustment of the overall phase relation and consequently the leading edge of the line drive pulse 
occurs automatically by phase control <P2. 

If additional adjustment is applied it can be arranged by current supply at pin 5, such that: 

Supplying current AI/At typo 30 fJ.A/fJ.s 

* td = switch-off delay of line output stage. 
** Line flyback pulse duration tfp = 12 fJ.S. 
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LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

Oscillator (pins 16 and 17) 

Threshold voltage low level 

Threshold voltage high level 

Charging current 

Frequency; free running (Cosc = 4.7 nF; Rose = 12 kn) 

Spread of frequency 

Frequency control sensitivity 

Adjustment range of network in circuit (Fig. 1) 

Influence of supply voltage on frequency; reference at Vs = 12 V 

Change of frequency when Vs drops to 5 V; reference at 
Vs = 12 V 

Temperature coefficient of oscillator frequency 

Phase comparison '1'1 (pin 15) 

Control voltage range 

Control current (peak value) 

Output leakage current 
at V15-18 = 4.3 to 7.7 V 

Output resistance 
at V15-18 = 4.3 to 7.7 V 
at V15-18~4.1 V or;;;' 7.9 V 

Control sensitivity 

Catching and holding range (82 kn between pins 15 and 17) 

Spread of catching and holding range 

Phase comparison '1'2 and phase shifter (pin 5) 

Control voltage range 

Control current (peak value) 

Output resistance at V 5-18 = 5.4 to 7.6 V 

Input leakage current at V5-18 = 5.4 to 7.6 V 

Permissible delay between leading edge of output 
pulse and leading edge of flyback pulse (tfp = 12 ~s) 

Static control error 

Coincidence detector '1'3 (pin 13) 

Output voltage 

Output current (peak value) 
without coincidence 
with coincidence 

* Current source. 
** Emitter follower. 
• Excluding external component tolerances. 

8-112 Signetics 

V16-18 

V16-18 

± 116 

fo 

Llfo 

Mo/Ll17 

Llfo 

Llfolfo 

LlVlVnom 

Llfo 

TC 

V15-18 

±115M 

115 

R13 
R13 

M 

Ll(Llf) 

V5-18 

± 15M 

R5 

15 

td 

Lltl Ll td 

V13-18 

113M 
-113M 

TDA2594 

typo 4.4 V 

typo 7.6 V 

typo 0.47 mA 

typo 15.625 kHz 

~ ± 5 %. 

typo 31 Hz/~A 

typo ±10 % 

~ ±0.05 %. 

~ ± 10 %. 

~ ± 10-4 K- 1 • 

4.1 to 7.9 V 

1.8 to 2.2 mA 

~ ~A 

high ohmic * 

low ohmic ** 

typo 2 kHz/~s 

typo ± 680 Hz 

typo ±12 %. 

5.4 to 7.6 V 

typo 1 mA 

high ohmic * 

~ 5 ~A 

~ 15.5 ~s 

~ 0.2 % 

0.5 to 6 V 

typo 0.1 mA 
typo 0.5 mA 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION TDA2594 

Time constant switch (pin 14) 

Output voltage V 14-18 typo 6. V 

Output current (limited) ± 114 typo rnA 

Output resistance 
at V13-18 = 3.5 to 7 V R14 typo 0.1 kn 
at V13-18';;;2.5 V or~ 9 V R14 typo 60 kn 

Internal keying pulse 

Pulse duration tp typo 7.5 p.s 

8 
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LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2595 

GENERAL DESCRIPTION 

The TDA2595 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 

• Positive video input; capacitively coupled (source impedance < 200 n) 
• Adaptive sync separator; slicing level at 50% of sync amplitude 
• Internal vertical pulse separator with double slope integrator 
• Output stage for vertical sync pulse or composite sync depending on the load; both are switched 

off at muting 
• <,01 phase control between horizontal sync and oscillator 
• Coincidence detector <,03 for automatic time-constant switching; overruled by the VCR switch 
• Time-constant switch between two external time-constants or loop-gain; both controlled by the 

coincidence detector <,03 
• <,01 gating pulse controlled by coincidence detector <,03 
• Mute circuit depending on TV transmitter identification 
• <,02 phase control between line flyback and oscillator; the slicing levels for <,02 control and horizontal 

blanking can be set separately 
• Burst keying and horizontal blanking pulse generation, in combination with clamping of the 

vertical blanking pulse (three-level sandcastle) 
• Horizontal drive output with constant duty cycle inhibited by the protection circuit or the supply 

voltage sensor 
• Detector for too low supply voltage 
• Protection circuit for switching off the horizontal drive output continuously if the input voltage 

is below 4 V or higher than 8 V 
• Line flyback control causing the horizontal blanking level at the sandcastle output continuously in 

case of a missing flyback pulse 
• Spot-suppressor controlled by the line flyback control 

QUICK REFERENCE DATA 

Supply voltage (pin 15) 

Sync pulse amplitude (positive video) 

Horizontal output current 

PACKAGE OUTLINE 

l8-lead DI L; plastic (SOT-102CS). 

8·114 Signetics 

V15-5 = Vp 

Vj(p_p) 

14 

typo 

min. 

max. 

12 V 
50 mV 

30 mA 
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LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION 

RATINGS 

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

Supply voltage (pin 15) V 15-5 = Vp 

Voltages at: 
pins 1, 4 and 7 

pins 8,13 and 18 

pin 11 (range) 

Currents at: 
pin 1 

pin 2 (peak value) 

pin 4 

pin 6 (peak value) 

pin 7 

pin 8 (range) 

pin 9 (range) 

pin 18 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

8-116 Signetics 

V1 ;4;7-5 

V8;13; 18-5 

V11-5 

11 

± 12M 

14 

± 16M 

17 

18 

19 

± 118 

Ptot 
Tstg 

Tamb 

TDA2595 

max. 13.2 V 

max. 18 V 

max. Vp V 

-0.5 to + 6 V 

max. 10 mA 

max. 10 mA 

max. 100 mA 

max. 6 mA 

max. 10 mA 

-5to+1 mA 

-10 to + 3 mA 

max. 10 mA 

max. 800 mW 

-25 to + 125 0C 

-20 to + 70 0C 



LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION TDA2595 

CHARACTERISTICS 

Vp = 12 V; Tamb = 25 oC; measured in Fig. 1; unless otherwise specified 

parameter symbol min. typo max. unit 

Composite video input and 
sync separator (pin 11) 
(internal black level determination) 

I nput signal (positive video; 
standard signal; peak-to-peak value) V 11-5(p-p) 0.2 1 3 V 

Sync pulse amplitude 
(independent of video content) V 11-5(p-p) 50 - - mV 

Generator resistance RG - - 200 n. 

I nput current during: 
video 111 - 5 - /.LA 

sync pulse -111 - 40 - /.LA 

black level -111 - 30 - /.LA 

Composite sync generation (pin 10) 
horizontal slicing level at 50% 
of the sync pulse amplitude 

Capacitor current during: 
video 110 - 12 - /.LA 

sync pulse -110 - 170 - /.LA 

Vertical sync pulse generation 
slicing level at 25% (50% between 
black level and horizontal slicing 
level); pin 9 

Output voltage V9-5 10 - - V 

Pulse duration tp - 190 - /.LS 

Delay with respect to the vertical 8 
sync pulse (leading edge) td - 45 - /.Ls 

Pulse-mode control 
output current for vertical sync no current applied 
pulse (dual integrated) at pin 9 

I I 
output current for horizontal and current applied via a 
vertical sync pulse resistor of 15 kn. from 
(non-integrated separated signal) Vp to pin 9 

I 
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LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2595 

parameter symbol min. typo max. unit 

Horizontal oscillator 
(pins 14 and 16) 

Frequency; free running fosc - 15625 - Hz 

Reference voltage for fosc V14·5 - 6 - V 

Frequency control sensitivity ~fosc/~114 - 31 - HZ/MA 

Adjustment range of circuit Fig. 1 Mosc - ± 10 - % 

Spread of frequency ~fosc - - 5 % 

Frequency dependency (excluding 
tolerance of external components) 

~fosc/fosc 
with supply voltage (Vp = 12 V) - ± 0.05 -

~ V 15·5N 15-5 

with supply voltage drop of 5 V Mosc - - 10 % 

with temperature TC - - ± 10-4 K-1 

Capacitor current during: 
charging -116 - 1024 - MA 

discharging 116 - 313 - MA 

Sawtooth voltage timing (pin 14) 
rise time tr - 49 - p.s 

fall time tf - 15 - MS 

Horizontal output pulse (pin 4) 

Output voltage LOW at 14 = 30 mA V4-5 - - 0.5 V 

Pulse duration (HIGH) tp - 29 ± 1.5 - p.s 

Supply voltage for switching off 
the output pulse (pin 15) Vp - 4 - V 

8-118 Signetics 



LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2595 

CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Phase comparison "'1 (pin 17) 

Control voltage range V17·5 3.55 - 8.3 V 

Leakage current 
at V17-5 = 3.55 to 8.3 V 117 - - 1 J.l.A 

Control current for external 
time-constant switch ± 117 1.8 2 2.2 mA 

Control current at V18-5 = V15-5 
and V 13-5 < 2 V or V 13-5 > 9.5 V ± 117 - 8 - mA 

Control current at V18-5 = V15-5 
and V13-5 = 2 to 9.5 V ± 117 1.8 2 2.2 mA 

Horizontal oscillator control 

control sensitivity S.,o 6 - - kHz/J.l.s 

catching and holding range Afosc - ± 680 - Hz 

spread of catching and holding 
range Afosc - ± 10 - % 

Internal keying pulse 
at V13-5 = 2.9 to 9.5 V tp - 7.5 - J.l.S 

Time-constant switch 
slow time-constant at V13-5 9.5 - 2 V 

fast time-constant at V13-5 2 - 9.5 V 

I mpedance converter offset voltage 
(slow time-constant) ± V17-18 - - 3 mV 

Output resistance 
slow time-constant R18-5 - - 10 n 
fast time-constant R18-5 high impedance 

Leakage current 118 - 1- 1 p.A 8 
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LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2595 

parameter symbol min. typo max. unit 

Coincidence detector \03 (pin 13) 

Output voltage 
without coincidence with 
composite video signal V13-5 - - 1 V 

without coincidence without 
composite video signal (noise) V13-5 - - 2 V 

with coincidence with 
composite video signal V13-5 - 6 - V 

Output current 
without coincidence with 
composite video signal 113 - 50 - J1.A 
with coincidence with 
composite video signal -113 - 300 - J1.A 

Switching current 
at V13-5 = Vp -0.5 V 113 - - 100 J1.A 

at V13-5 = 0.5 V (average value) 113(av) - - 100 J1.A 

Phase comparison \02 (pins 2 and 3) 
(see note 1) 

Input for line flyback pulse (pin 2) 

Switching level for \02 comparison V2-5 - 3 - V 

Switching level for horizontal 
blanking and flyback control V2-5 - 3 - V 

Input voltage limiting V2-5 - -0.7 - V 
or: - +4.5 - V 

Switching current 
at horizontal flyback 12 0.01 1 - mA 

at horizontal scan 12 - - 2 J1.A 

Phase detector output (pin 3) 

Control current for \02 ± 13 - 1 - mA 

I Control range Llt\02 - 19 - J1.S 

Static control error Lltl Lltd - - 0.2 % 

Leakage current 13 - - 5 J1.A 
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LINEAR LSI PRODUcrS 

HORIZONTAL COMBINATION TDA2595 

CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Phase comparison <P2 (pins 2 and 3) 
(continued) 

Phase relation between middle of the 
horizontal sync pulse and the 
middle of the line flyback pulse 
at tfp = 12 fJ.S (note 2) ~t - 2.6 ± 0.7 - fJ.S 

If additional adjustment is 
required, it can be arranged by 
applying a current at pin 3, 
such that for applied current: ~1/~t - 30 - fJ.A/fJ.s 

Burst gating pulse (pin 6; note 3) 

Output voltage V6-5 10 11 - V 

Pulse duration tp 3.7 4 4.3 fJ.S 

Phase relation between middle of 
sync pulse at the input and the 
leading edge of the burst gating 
pulse at V6-5 = 7 V t<p6 2.15 2.65 3.15 fJ.S 

Output trailing edge current 16 - 2 - mA 

Horizontal blanking pulse (pin 6) 
(note 3) 

Output voltage V6-5 4.2 4.5 4.9 V 

Output trailing edge current 16 - 2 - mA 

Saturation voltage at 
horizontal scan V6-5sat - - 0.5 V 

Clamping circuit for vertical 8 
blanking pulse (pin 6; note 3) 

Output voltage at 16 = 2.8 mA V6-5 2.15 2.5 3 V 

Minimum output current 
at V 6-5 > 2.1 5 V 16min - 2.3 - mA 

Maximum output current 
at V6-5 < 3 V 16max - 3.3 - mA 

TV -transmitter identification 
(pin 12) 

Output voltage 
no TV transmitter V12-5 - - 1 V 

TV transmitter identified V12-5 7 - - V 
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LINEAR LSI PRODUCTS 

HORIZONTAL COMBINATION TDA2595 

parameter symbol min. typo max. unit 

Mute output (pin 7) 

Output voltage at 17 = 3 mA 
no TV transmitter V7-5 - - 0.5 V 

Output resistance at 17 = 3 mA 
no TV transmitter R7-5 - - 100 n 

Output leakage current 

at V12-5 > 3 V 
TV transmitter identified 17 - - 5 fJ.A 

Protection circuit (beam-current/ 
EHT voltage protection) (pin S) 

No-load voltage for IS = 0 
(operative condition) VS-5 - 6 - V 

Threshold at positive-going voltage VS-5 - S ± O.S - V 

Threshold at negative-going voltage VS-5 - 4 ± 0.4 - V 

Current limiting 
for VS-5 = 1 to S.5 V ± IS - 60 - fJ.A 

Input resistance for VS-5 > S.5 V RS-5 - 3 - kn 

Response delay of threshold switch td - 10 - fJ.S 

Control output of line flyback 
pulse control (pin 1) 

Saturation voltage at standard 
operation; 11 = 3 mA V 1-5sat - - 0.5 V 

Output leakage current 
in case of break in transmission 11 - - 5 fJ.A 

Notes to the characteristics 

1. Phase comparison between horizontal oscillator and the line flyback pulse. Generation of a phase 
modulated (<P2) horizontal output pulse with constant duration. 

2. tfp is the line flyback pulse duration. 

3. Three-level sandcastle pulse. 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION TDA2653A 

The TDA2653A is a monolithic integrated circuit for vertical deflection in large screen colour television 
receivers, e.g. 30AX and PI L-S4 systems. . 

The circuit incorporates the following functions: 

• Oscillator; switch capability for 50 Hz/60 Hz operation. 

• Synchronization circuit. 

• Blanking pulse generator with guard circuit. 

• Sawtooth generator with buffer stage. 

• Preamplifier with fed-out inputs. 

• Output stage with thermal and short-circuit protection. 

• Flyback generator. 

• Voltage stabilizer. 

QUICK REFERENCE DATA 

For 30AX system 

Supply voltage (pin 9) 

Supply current (pin 5 + pin g) 

Output current (peak-to-peak value) 

Picture frequency 

Sync input pulse (peak-to-peak value) 

Thermal resistance from junction to mounting base 

PACKAGE OUTLINE 

13-lead DIL; plastic power (SOT-141B). 

Signetics 

V9-8 = Vs typo 

15 + Ig = IS typo 

16(p-p) typo 

f 

V2-8(p-p; ;;;;. 

Rthj-mb ~ 

26 V 

325 mA 

2.2 A 

50 Hz/60 Hz 

1 V 

5 K/W 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION TDA2653A 

RATINGS 

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

Supply voltage (pin 9) V9-B = Vs max. 40 V 

Supply voltage output stage (pin 5) V5-B max. 5B V 

Voltages 

Pin 3 V3-11 max. 7 V 

Pin 13 V13-B max. 7 V 

Pins 4 and 10 V4;10-B max. 24 V 

Pin 6 V6-B max. 5B V 
-V6-B max. o V 

Pins 7 and 11 V7; 11-B max. 40 V 

Currents 

Pin 1 11 max. o mA 
-11 max. 1 mA 

Pin 2 ±12 max. 10 mA 

Pin 3 13 max. o mA 
-13 max. 5 mA 

Pin 7 17 max. 1.2 A 

-17 max. 1.5 A 

Pin 11 111 max. 50 mA 
-111 max. 1 mA 

Pin 12 112 max. 3 mA 
-112 max. o mA 

Pins 5, 6 and B: internally limited by the short-circuit protection circuit. 

Total power dissipation: internally limited by the thermal protection circuit. 

Storage temperature range Tstg -25 to + 150 °C 

Operating ambient temperature range Tamb -20 °C to limiting value 
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Fig. 2 Total power dissipation. 
Rth h-a includes Rth mb-h 
which is expected when heat
sink compound is used. 

Rthj-mb" 5 K/W. 
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LINEAR LSI PRODUcrs 

VERTICAL DEFLECTION TDA2653A 

CHARACTERISTICS 

T amb = 25 °C unless otherwise specified. 

Supply voltage/output stage 

Supply voltage V9-S= Vs 9 to 30 V 

Output voltage 
~ V5-S - 2.2 V at-Ie= 1.1 A Va-s typo V5-S-1.9 V 

at Ie = 1.1 A Ve-s 
typo 1.3 V 
.;;;; 1.e V 

Flyback generator output voltage at -Ie = 1.1 A V7-S typo Vs - 2.2 V 

Peak output current ±Ie .;;;; 1.2 A 

Flyback generator peak current ±17 .;;;; 1.2 A 

Feedback 

Input quiescent current -14; 10 typo 0.1 /lA 

Synchronization 

Sync input pulse V2-S 1 to 12 V 

Tracking range typo 2S % 

Oscillator/sawtooth generator 

Oscillator frequency control input voltage V1-S e to 9 V 

Sawtooth generator output voltage V3-S o to Vs - 1 V 
V11-S o to Vs - 2 V 

Sawtooth generator output current -13 Oto 4 mA 

111 
~ -2 /lA 
.;;;; +30 mA 

Oscillator temperature dependency 
Tcase = 20 to 100 °C (~f/f)/ ~ T case typo 10-4 K-I 

Oscillator voltage dependency 
Vs =10 to 30 V (M/f)/~VS typo 4 x 10-4 V-I 

Blanking pulse generator 

Output voltage 
at Vs = 24 V; 12 = 1 mA V2-S typo 18.5 V 

Output current ..,..12 .;;;; 3 mA 

Output resistance R2-S typo 410 n 
Blanking pulse duration at 50 Hz sync tb typo 1.4 ± 0.07 ms 

50 Hz/50 Hz switch capability 

Saturation voltage; LOW voltage level V12-S typo 1 V 

Output leakage current 112 typo 1 /lA 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA2653A 

Thermal resistance/junction temperature 

From junction to mounting base 

Junction temperature; switching point thermal protection 

PINNING 

1. Oscillator adjustment 8. Ground 
2. Synchronization input/blanking output 9. Positive supply (VS) 
3. Sawtooth generator output 10. Reference voltage 
4. Preamplifier input 11. Sawtooth capacitor 

,;;; 5 K/W 

typo 150 ± 8 0C 

5. Positive supply of output stage 
6. Output 

12.50 Hz/ 60 Hz switching voltage 
13. Oscillator capacitor 

7. Flyback generator output 

APPLICATION INFORMATION 

The function is described against the corresponding pin number 

1, 13. Oscillator 

The oscillator frequency is determined by a potentiometer at pin 1 and a capacitor at pin 13. 

2. Sync input/blanking output 

Combination of sync input and blanking output. The oscillator has to be synchronized by a 
positive·going pulse between 1 and 12 V. The integrated frequency detector delivers a switching 
level at pin 12. 
The blanking pulse amplitude is 20 V with a load of 1 mAo 

3. Sawtooth generator output 

The sawtooth signal is fed via a buffer stage to pin 3. It delivers the signal which is used for 
linearity control, and drive of the preamplifier. The sawtooth is applied via a shaping network 
to pin 11 (linearity) and via a resistor to pin 4 (preamplifier). 

4. Preamplifier input 

The d.c. voltage is proportional to the output voltage (d.c. feedback). The a.c. voltage is 
proportional to the sum of the buffered sawtooth voltage at pin 3 and the voltage, with 
opposite polarity, at the feedback resistor (a.c. feedback). 

5. Positive supply of output stage 

This supply is obtained from the fly back generator. An electrolytic capacitor between pins 7 
and 5, and a diode between pins 5 and 9 have to be connected for proper operation of the 
fly back generator. 

6. Output of class·S power stage 

The vertical deflection coil is connected to this pin, via a series connection of a coupling 
capacitor and a feedback resistor, to ground. 

7. Flyback generator output 

An electrolytic capacitor has to be connected between pins 7 and 5 to complete the flyback 
generator. 

8. Negative supply (ground) 

Negative supply of output stage and small signal part. 

9. Positive supply 

The supply voltage at this pin is used to supply the flyback generator, voltage stabilizer, 
blanking pulse generator and buffer stage. 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION TDA2653A 

APPLICATION INFORMATION (continued) 

10. Reference voltage of preampl ifier 

External adjustment and decoupling of reference voltage of the preamplifier. 

11. Sawtooth capacitor 

This sawtooth capacitor has been split to realize linearity control. 

12. 50 Hz/60 Hz switching level 

This pin delivers a LOW voltage level for 50 Hz and a HIGH voltage level for 60 Hz. The ampli
tudes of the sawtooth signals can be made equal for 50 Hz and 60 Hz with these levels. 

The following application data are measured in Figs 3 and 4. 

30AX system 30AX system PIL-S4 
(26 V) (26 V/12 V) system 
Fig.3 Fig.4 Fig. 3 

System supply voltages VS1 typo 26 26 26 V 
VS2 typo 12 - V 

System supply currents IS1 typo 315 330 195 mA 
IS2 typo -35 - mA 

Output voltage V6-8 typo 14 14.6 13.5 V 

Output voltage (peak value) V6-8 typo 42 42 49 V 

Deflection current (peak-to-peak value) 16(p-p) typo 2.2 2.2 1.32 A 

Flyback time tfl typo 0.9 1.1 ms 

Total power dissipation per 
typo 4.1 4 3W package Ptot 
max. 4.8 4.8 3.4 W* 

Oscillator frequency unsynchronized f typo 46.5 46.5 46.5 Hz 

* Calculated with ~ Vs = +5% and ~Ryoke = -7%. 
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LINEAR LSI PRODUCTS 

VIDEO I.E/AFT TDA3540/41 

The TDA3540 and TDA3541 are i.f. amplifier and demodulator circuits for colour and black and white 
television receivers, using n-p-n tuners for the TDA3540 and p-n-p tuners for the TDA3541. 

They incorporate the following functions: 

- gain-controlled wide-band amplifier, providing complete Lt. gain 
- synchronous demodulator with excellent intermodulation 
- white spot inverter 
- video preamplifier with noise protection 
- a.f.c. circuit with a.f.c. on/off switch 
- a.g.c. circuit with noise gating 
- tuner a.g.c. output (n-p-n tuners: TDA3540; p-n-p tuners: TDA3541) 
- external video switch which switches off the video output; e.g. for insertion of a VCR playback 

signal, by either a high or a low level. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

I.F. input sensitivity at 38.9 MHz (r.m.s. value) 

Video output voltage (white at 10% of top sync) 

I.F. voltage gain control range 

Signal-to-noise ratio at Vi = 10 mV 

A.F.C. output voltage swing (peak-to-peak value) 

PACKAGE OUTLINES 

TDA3540;TDA3541: 16-lead OIL; plastic (SOT-38). 
TDA3540Q;TDA3541O: 16-lead QIL;plastic (SOT-58). 

Signetics 

V11-13 typo 12 V 

111 typo 50 mA 

Vl-16(rms) typo 60 J1V 

V 12-13(p-p) typo 2.7 V 

Gv typo 64 dB 

SIN typo 58 dB 

V5-13(p-p) typo 10.7 V 

8-131 

8 



IlD ... 
Co) 
I\) 

en <g. 
mer 
en 

i.f. in 

tuner a . 
outpu 

11 
+-0-

1:- 13 

1 

Jut 

16 

. c. 4 

~1--15 

f---. 

~ 

GAIN 
CONTROLLED 

I.F. AMPLIFIER 

~ 

-=- 1 f 

? 

sHI-- 9 

r--

~ t.....< -< REFERENCE 
r- AMPLIFIER 

t t 
+-->-

SYNCHRONOUS 
DEMODULATOR 

..... ~ 

t 
A.G.C. DETECTOR / 
NOISE INVERTER 

I 

-

II 
-=-

-"Y '-

7 HI-- 10 

f----
A.F.C. 

SYNCH RONOUS 
DEMODULATOR 

---+--

T 

---+--
VIDEO 

""eA"""'," ~ 
2mA! 

---+--

--, 

I VCR 
(1) I 

6 
+12V 

I r 
t + 

WHITE SPOT 
INVERTER 

< ~ 

0 
);; 

'" rn ~ 
0 " '" 0 

0 :n c 

5> Sl 
"T'I 

a.f.e. output I .... 5 

AH. ~ ---+-- OUTPUT 

AMPLIFIER -=-

6 
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LINEAR LSI PRODUcrS 

VIDEO I.E/AFT 

PINNING 

1 - 16 Balanced iJ. input. 

2 - 15 Decoupling capacitor for the d.c. feedback loop of the i.f. amplifier. 

3 Adjusting pin for starting point of tuner a.g.c. 

4 Tuner a.g.c. output. 

5 A.F.C. output. 

6 A. F .C. on/off switch. 

7 - 10 A.F .C. circuitry to obtain rr/2 phase shift of the reference carrier. 

8 - 9 Circuitry for passive regeneration of the Lt. picture carrier. 

11 Positive power supply. 

12 Video output. 

13 Ground. 

14 I.F. a.g.c.; VCR switch. 

RATINGS 

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

Supply voltage V11-13 

I.F. a.g.c. voltage/VCR switch 

Tuner a.g.c. voltage 

A. F .C. switch voltage 

Maximum voltage level at pin 12 
with VCR switch active 

D.C. output current at video output 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Signetics 

V14-13 

V4-13 

V6-13 

V12-13 

112 

Ptot 

Tstg 

Tamb 

TDA3540/41 

max. 13.2 V 

max. 13.2 V 

max. 12 V 

max. 13.2 V 

max. 5.0 V 

max. 10 rnA 

max. 1.2 W 

-65 to + 150 °C 

-25 to + 70 °C 

8 
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LINEAR LSI PRODUcrs 

VIDEO I.F./AFT 

CHARACTERISTICS (measured in Fig. 8) 

Supply voltage range V11-13 

The following characteristics are measured at Tamb = 25 oC; V11-13 = 12 V 

Current consumption (no input signal) 

I.F. amplifier (note 1) 

I.F. sensitivity (onset of a.g.c.) 

Input resistance (differential) 

Input capacitance (differential) 

Gain control range 

Output signal expansion for 50 dB 
input signal variation (note 2) 

Maximum input signal 

Tuner a.g.c. (note 1) 

Starting point tuner a.g.c.; adjustable (note 3) 
pin 3 connected with 39 kr2 to pin 11 

TDA3540 
TDA3541 

pin 3 connected with 39 kr2 to ground 

Maximum tuner a.g.c. output current swing 

Input signal variation (note 4) for a tuner 
a.g.c. current variation of: 
9 rnA to 1 rnA (TDA3540) 

1 rnA to 9 rnA (TDA3541) 

Output saturation voltage at 14 = 7 rnA 

Leakage current at V 4-13 = 12 V 

Tuner a.g.c. characteristic 

Video output (note 5) 

Zero-signal output level (note 6) 

Top sync output level 

Video output signal (peak-to-peak value) 
white at 10% of top sync 

8-134 Signetics 

V1-16 
V,., 6 

V1-16 

14 

AV,.,6 

AV1-16 

V4-13sat 

14 
see Fig. 5 

V12-13(p-p) 

TDA3540/41 

typo 12 V 
10.2 to 13.2 V 

typo 50 rnA 
35 to 70 rnA 

typo 60 p.V 
< 100 p.V 

typo 2 kr2 
1.5 to 3 kr2 

typo 2 pF 
< 5 pF 

typo 64 dB 

< 0.5 dB 

> 70 mV 

< 3 mV 
< 3 mV 

> 70 mV 

> 10 rnA 

typo 5 dB 

typo 5 dB 

typo 200 mV 
< 300 mV 

< 1 p.A 

typo 6 V 
5.7 to 6.3 V 

typo 2.95 V 
2.80 to 3.10 V 

typo 2.7 V 



LINEAR LSI PRODUCTS 

VIDEO I.F./AFT TDA3540/41 

Internal bias current of n-p-n 
emitter-follower output transistor 

Bandwidth of demodulated output signal 

Differential gain (note 7) 

Differential phase (note 8) 

Residual carrier signal (r.m.s. value) 

Residual 2nd harmonic of carrier signal 
(r.m.s. value) 

Intermodulation (see Figs 2 and 3) 
at 1.1 MHz: blue (note 9) 

yellow (note 9) 

at 3.3 MHz (note 10) 

-IUdS 

-10dS 

-13.2dS 

-30dS spectrum for -30dS 
yellow 

s.c. c.c. RC. s.c. c.c. 

S.C. : sound carrier level 

B 

dG 

dip 

V12-13(rms) 

V12-13(rms) 

- 3.2dS 

RC. 

spectrum for 
blue 

7Z66331.1 

typo 2 mA 
1 to 3 mA 

> 5.5 MHz 
typo 6.5 MHz 

typo 3 % 
< 10 % 

typo 20 

< 100 

typo 3.5 mV 
< 30.0 mV 

typo 15 mV 
< 30 mV 

> 56 dB 
typo 62 dB 

> 53 dB 
typo 57 dB 

> 66 dB 

C.C. : chrominance carrier level 
p .C. : picture carrier level 

with respect to top sync level 

Fig.2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 

S.C. 
GENERATOR 

33.4 MHz 

P.C. 
GENERATOR 

38.9 MHz 

C.C. 
GENERATOR 

34.5 MHz 

ATTENUATOR 
TEST 

CIRCUIT 

~0+12V 

~anual gain control; 

SPECTRUM 
ANALYZER 

7Z76178 

adjusted for blue: V 12-13 = 4 V 

Fig.3 Test set-up for intermodulation. 
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LINEAR LSI PRODUCTS 

VIDEO I.F./AFT 

CHARACTERISTICS (continued) 

Signal-to-noise ratio (note 11) 
at 10 mV input signal 

at end of gain control range 

as a function of the input signal 

White spot and noise inverter (see Fig. 4) 

White spot inverter threshold level 

White spot insertion level 

Noise inverter threshold level 

Noise insertion level 

V 12-13 

(V) 

SIN 

SIN 

see Fig. 6 

V12-13 

V12-13 

V12-13 

V12-13 

h·· 7 w Ite spot mverter_ 6 8-r-----------i 
threshold level . 

zero-signal level, __ 5 7 6 
white level (CCI R) . ---,--::::;; ... 

white spot insertion_4 5 _5+_+-_______ -=~ ....... 
level . 

noise insertion level - 3.8 _4-t-_ ..... 

top sync level --2.95 3 

I 
I 
I 
I 
I 
I 

noise inverter 1.8 2 I 
threshold level -=-t---------~II 

II 
~ 

TDA3540/41 

> 50 dB 
typo 58 dB 

> 54 dB 
typo 61 dB 

typo 6.8 V 
6.3 to 7.3 V 

typo 4.5 V 
4.2 to 4.8 V 

typo 1.8 V 
1.6 to 2.0 V 

typo 3.8 V 
3,4 to 4.1 V 

7Z86372 

o~------------------------------------
time 

Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 

VCR switch 

Switches the output off: 
below 

above 

8-136 Signetics 

typo 1.9 V 
1.4 to 2.4 V 

typo 10.7 V 
10 to 11.3 V 



LINEAR LSI PRODUcrS 

VIDEO I.F./AFT 

A.F.C. (note 12) 

A.F .C. output voltage swing (peak-to-peak value) 

Change of frequency for an a.f.c. output voltage 
swing of 10 V 
at 100% p ictu re carri er 

at 10% picture carrier 

A.F.C. output voltage when tuned at 38.9 MHz 

A.F .C. output voltage (no input signal) 

A.F .C. switch switches off below 

Recommended a.f.c. active voltage 

A.F.C. switch leakage current at V6-13 = 6 V 

A.F.C. output current during a.f.c. off 
measured with fo ± 300 kHz and V6-13 = 1.5 V 

A.F.C. output current during a.f.c. on 

7Z863731 

10 , 
5 

\ 
\ 

""--o 
t. V 1-16 12.5 dB per division} 

(a) 

10 

a 

TDA3540/41 

V5-13(p-p) 
> 10 V 
typo 10.1 V 

.<If 
typo 70 kHz 
< 150 kHz 

Llf typo 100 kHz 
< 200 kHz 

V5-13 typo 6 V 

V5-13 
typo 6 V 

4 to 8 V 

V6-13 
typo 2.9 V 

1.6 to 3.5 V 

V6-13 3.5 to 6 V 
or: pin 6 floating 

16 < 1 /lA 

15 -2.5 to + 2.5 J.1A 

15 
> 1 mA 
typo 2 mA 

7287047 

I 
-/-
II 

V 
t. V 1_1612.5 dB per divisionl 

(b) 

Fig. 5 Typical tuner a.g.c. characteristics; 
pin 3 connected to the supply voltage (pin 11) with 39 kn. 

a: TDA3540 
b: TDA3541 
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LINEAR LSI PRODUcrS 

VIDEO I.F./AFT 

CHARACTERISTICS (continued) 

Notes to characteristics 

1. All input signals are measured r.m.s. at top sync and 38.9 MHz. 

2. Measured with 0 dB = 200 p.V. 

TDA3540/41 

3. Starting point of the tuner a.g.c. is defined as the input signal level where the tuner a.g.c. current 
is 9 mA for the TDA3540 and 1 mA for the TDA3541. 

4. Measured with pin 3 connected with 39 kn to the supply voltage (pin 11). 

5. Measured at 10 mV r.m.s. top sync input signal. 

6. So-called 'projected zero point', e.g. with switched demodulator. 

7. Measured according to EBU test, line 330. 
The differential gain is expressed as a percentage of the difference in peak amplitudes between 
the largest and smallest section relative to the sub-carrier amplitude at blanking level. 

8. Measured according to EBU test, line 330. 
The differential phase is defined as the difference in degrees between the largest and smallest phase 
angle of the six sections. 

Vo at 4.4 MHz 
9. 20 log + 3.6 dB. 

Vo at 1.1 MHz 

Vo at 4.4 MHz 
10. 20 log . 

Vo at 3.3 MHz 
Vo black-to-white 

11. Measured with a 75 n source; SIN = 20 log -------
Vn(rms) at B=5MHz 

12. Measured with an input signal V 1-16 = 10 mV and a.f.c. output pin 5 symmetrically loaded with 
100 kn to the supply voltage (V 11-13) and 100 kn to ground. 
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LINEAR LSI PRODUCTS 

VIDEO I.F./AFT 

70 

SIN 
(dB) 

50 

30 

10 
-10 

LI 

17 

V 
V 

V 
I~ 

LI 

o 

~ 

~ 
'/ 

~ 
~ 

~ 
17 

20 

TDA3540/41 

7Z82489 1 

I 
I 

typ t-t-
Ic::I-

..... 

40 Vl-16 (dB) 60 

(OdB= 1001-.tV) 

Fig. 6 Signal-to-noise ratio as a function ofthe input voltage (Vl-16)' 

12 

V5 - 13 

IVI 

8 

4 

a 

V 

-4 
MHz 

I 
/ 

-2 

J 

38.9 +2 
MHz 

1286738 

/ 

+4 
MHz 

/ 

12 

V5 -13 
(VI 

8 

4 

a 
-200 

kHz 

.. 

-100 

j 
\ 
\ 

38.9 
MHz 

\ 
\ 

+100 

1286739 

+200 
kHz 

Fig. 7 A.F .C. output voltage (V5-13) as a function of deviation of the i.f. vision carrier from its nominal 
frequency. 
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APPLICATION INFORMATION 

tuner a.g.c. 

+12 V +28V 

47K I -::- I ~-fl100 ~. I - '\IV\,-, ~ ~...L-=-~nF...L'-~ 
lOOK 

IlF.;f T TnF 
~O ~~.7 I $~.7 ~~70 

tuning voltage 
2.2M 

• 4 a.f.c. switch 
39 K 

10 nF 

$- --1 
::J 
m-er Lt. input -1-1.5 

o --1' TF L 
10 nF 

VCR switch 

22K 16 +t 

3 14 15 16 17 18 
I LI 

TDA3540 ~471 )fi 
TDA3541 TpF I I 

T 
121 11 I 101 91 

680 

10 -L- +-. 
nFI I11lF 

video 
output 

t 10 1£ 0+12 V 

InF I681lF 

Fig.8 Typical application circuit diagram; Q of L1 and L2 = 80; fo = 38.9 MHz. 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA3651A/AQ 

The TDA3651 A;AQ is a vertical deflection output circuit for drive of various deflection systems with 
deflection currents up to 2 A peak-to-peak. 

The circuit incorporates the following functions: 

• Driver 
• Output stage 
• Thermal protection and output stage protection 
• Flyback generator 
• Voltage stabilizer 

QUICK REFERENCE DATA 

Supply voltage (pin 9) 

Peak output voltage during flyback (pin 5) 

Output current (peak-to-peak value) 

Operating junction temperature 

Thermal resistance from 
junction to mounting base 

PACKAGE OUTLINES 

TDA3651A: 9-lead SI L; plastic power (SOT-131 B). 
TDA3651 AQ: 9-lead SI L bent to D I L; plastic power (SOT-157B). 

Signetics 

V9-4 = Vp 

V5-4M < 
15(p-p) < 
Tj max. 

Rth j-mb typo 

o to 50 V 

55 V 

1,5 A 

150 °C 

3 K/W 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA3651A/AQ 

GENERAL DESCRIPTION 

Output stage and protection circuit 

Pin 5 is the output pin. The supply for the output stage is fed to pin 6 and the output stage ground is 
connected to pin 4. The output transistors of the class-B output stage can each deliver 1 A maximum. 
The 'upper' power transistor is protected against short-circuit currents to ground, whereas, during 
flyback, the 'lower' power transistor is protected against too high voltages which may occur during 
adjustments. 
Moreover, the output transistors have been given extra solidity by means of special measures in the 
internal circuit layout. 
A thermal protection circuit is incorporated to protect the IC against too high dissipation. This circuit 
is 'active' at 175 0C and then reduces the deflection current to such a value that the dissipation cannot 
increase. 

Driver and switching circuit 

Pin 1 is the input for the driver of the output stage. The signal at pin 1 is also applied to pin 3 which is 
the input of a switching circuit. When the flyback starts, this switching circuit rapidly turns off the 
lower output stage and so limits the turn-off dissipation. It also allows a quick start of the flyback 
generator. Pin 3 is connected externally to pin 1, in order to allow for different applications in which 
pin 3 is driven separate from pin 1. 

Flyback generator 

The capacitor at pin 6 is charged to a maximum voltage, which is equal to the supply voltage Vp (pin 9), 
during scan. 
When the flyback starts and the voltage at the output pin (pin 5) exceeds the supply voltage (pin 9), 
the flyback generator is activated. The Vp is connected in series (via pin 8) with the voltage across the 
capacitor. 
The voltage at the supply pin (pin 6) of the output stage will then be maximum twice Vp. Lower 
voltages can be chosen by changing the value of the external resistor at pin 8. 

Voltage stabilizer 

The internal voltage stabilizer provides a stabilized supply of 6 V for drive of the output stage, so the 
drive current of the output stage is not affected by supply voltage variations. The stabilized voltage is 8 
available at pin 7. 
A decoupling capacitor of 2,2 /IF can be connected to this pin. 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION 

RATINGS 

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

Voltages (pins 4 and 2 externally connected to ground) 

Output voltage (pin 5) 

Supply voltage (pin 9) 

Supply voltage output stage (pin 6) 

I nput voltage (pins 1 and 3) 

Currents 

Repetitive peak output current (pin 5) 

Non-repetitive peak output current (pin 5) 

Repetitive peak flyback generator 
output current (pin 8) 

Non-repetitive peak flyback generator 
output current (pin 8) 

Temperatures 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature range 

CHARACTERISTICS 

V5-4 

V9-4 = Vp 

V6-4 

V1-2; V3-2 

18RM 

18SM 

TDA3651A/AQ 

max. 55 V 

max. 50 V 

max. 55 V 

max. Vp 

max. 0,75 A 

max. 1,5 A* 

max. 
-0,75 A 
+0,85 A 

max. 
-1,5 A 
+ 1,6 A* 

-65to+150 0C 

-25 to + 65 oC 

-25 to + 150 °C 

T amb = 25 oC; Vp = 26 V; pins 4 and 2 externally connected to ground; unless otherwise specified. 

typo 1,2 A 
< 1,5 A 

Output current (peak-to-peak value) 15(p-p) 

Flyback generator output current -18 
typo 0,7 A 
< 0,85 A 

Flyback generator output current 18 
typo 0,6 A 
< 0,75 A 

Output voltages 

Peak voltage during flyback V5-4M < 55 V 

Saturation voltage to supply at -15 = 1 A -V5-6sat 
typo 2,5 V 
< 3,0 V 

Saturation voltage to ground at 15 = 1 A V5-4sat 
typo 2,5 V 
< 3,0 V 

Saturation voltage to supply at -15 = 0,75 A -V5-6sat 
typo 2,2 V 
< 2,7 V 

Saturation voltage to ground at 15 = 0,75 A V5-4sat 
typo 2,2 V 
< 2,7 V 

* Non-repetitive duty factor maximum 3,3%. 
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LINEAR LSI PRODucrs 

VERTICAL DEFLECTION 

Supply 

Supply voltage 

Supply voltage output stage 

Supply current (no load and no quiescent current) 

Quiescent current (see Fig. 2) 

Variation of quiescent current with temperature 

Flyback generator 

Saturation voltage at -Ia = 1,1 A 

Saturation voltage at la = 1 A 

Saturation voltage at la = 0,a5 A 

Saturation voltage at la = 0,75 A 

Flyback generator active if: 

Leakage current 

Input current for ± 15 = 1 A 

I nput voltage during scan 

Input current during scan 

Input voltage during scan 

Input voltage during flyback 

Voltage at pin 7 

Load current of pin 7 

Unloaded voltage at pin 7 during flyback 

Junction temperature of 
switching on the thermal protection 

Thermal resistance from junction to mounting base 

Power dissipation 

Open loop gain at 1 kHz; Rload = 1 kn 

Frequency response (-3 dB); Rload = 1 kn 

V9-2;4 

V6-4 

19 

14 

V9-asat 

Va-9sat 

V9-asat 

Va-9sat 

V5-9 

-Ia 

11 

V1-2 

13 

V3-2 

V3-2 

V7-2 

17 

V7-2 

Tj 

Rth j-mb 

see Fig. 3 

Go 

f 

TDA3651A/AQ 

10 to 50 V* 

< 55 V* 

typo 9 mA 

< 12 mA 

typo 3a mA 
25 to 52 mA 

typo -0,04 mA!K 

typo 1,6 V 
< 2,1 V 

typo 2,5 V 
< 3,0 V 

typo 1,4 V 

< 1,9 V 

typo 2,3 V 

< 2,a V 

> 4 V 

typo 5 JlA 
< 100 fJA 

typo 230 JlA 
175 to 3aO JlA 

typo 1,9 V 
0,9 to 2,7 V 

0.D1 to 2,5 mA 

0,9 to Vp V 

o to 0,2 V 

typo 6,1 V 
5,6 to 6,6 V 

< 2 mA 

typo 15 V 

typo 175 °C 
15a to 192 °C 

typo 3 K/W 

< 4 K/W 

typo 36 dB 

typo 60 kHz 

* The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does 

not exceed 55 V. 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION 

7Z88389 
75 

max 1/ 

50 1/ 

", 1/ 
1/ typ 

f' 
V 

V ~ 
1/ 

min 1/ 
25 1/ 

""'" 
""'" 

o 
o 25 V+(V) 50 

Fig.2 Quiescent current 14 as a function of supply voltage Vp. 
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Ptot 
(W) 

10 

o 

1-1-

!;;:: 

o 

7 Z88388 

I\. I 1 1 1 I 
1 1 1 1 I j 

1 1 1 1 1 1 1 

infinite heatsink 

Rthh-a= 
1'\ , 

I-... 8K/W 
.... 

:' 
I' 

~ I\. 
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50 

Fig.3 Power derating curves. 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA3651A/AQ 

APPLICATION INFORMATION 

The following application data are measured in a typical application as shown in Figs 4 and 5. 

Deflection current (including 6% overscan) 
peak-to-peak value 

Supply voltage 

Total supply current 

Peak output voltage during flyback 

Saturation voltage to supply 

Saturation voltage to ground 

Flyback time 

Total power dissipation in Ie 

Operating ambient temperature 

1 J-2 

6.BK 

rtical drive ve 
(from p in 1 TDA2578AI 

vertical 
feedback 
(pin 2 
TDA2578 A) 

~.BnF 

I 

12 K 

8.2 K 

amplitude 

3 J-4 
390 pF -=-

IL 

1100 nF 

10 K 

+ 
~ 4.7 /iF 

100 

-=-

TDA3651A 

5 

VERTICAL 
DEFLECTION 

COILS 
AT1236/20 

+ 
.:;; 1500/iF 

(16 V) 

1.2 

-'--

15(p-p) typo 0.87 A 

V9-4 typo 26 V 

Itot typo 148 mA 

V5-4M < 50 V 

V5-6sat 
typo 2.0 V 
< 2.5 V 

V5-4sat 
typo 2.0 V 
< 2.5 V 

typo 0.95 ms 
tfl < 1.2 ms 

Ptot typo 2.5 W 

Tamb < 65 °C 

1
6 

n.c. 17 8 9 

+11--

BAX12AG 

~ 
1K 

~ 

+ 

220/iF I 4.7 

+2~V + 
(pin 3 

TDA2578A) 

7ZB6169.A 

Fig.4 Typical application circuit diagram of the TDA3651 A (vertical output). when used in combina
tion with the TDA2578A (see Fig. 5). 

Note to deflection coils AT1236/20: L = 29 mH, R = 13.6 Q; deflection current without overscan is 
0.82 A peak-to-peak and EHT voltage is 25 kV. 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION 

horizontal 
flyback 

horizontal f\ 
drive ...J L +12V 

>0.2mA 
<4.0mA 

1 K 6.8 

J:o K 

-r----' ~ 
+ IIF 

10 11 12 

91 8 7 6' 
4.7 K 

820 
82 

4.711F 150 + 22 + 

TDA3651A/AQ 

sandcastle pulse 

mute ..r--A···L 
V+ 

~'*L >4mA 

r-- 4.7 K 

2.2 

l!~ nF -
36K 220 

47"' r- 4 

J+IIF 1: 13 14 15 16 17 

1: 
F 

TDA2578A 

5l 4 3 2 1 

r-- ---
1 100 
K K 

1 150 + 
10 680 

--:;-J f----. + n F I PF
J nF :r 10 IIIF IIIF JIIF J JIIF -=-

56 K 

~J l foadj. 
fo adj. . -=- (horizontal) 

(vertical) 

video 

220 
K 

vertical 
feedback 

+ from pin 9 
TDA3651A 

vertical 
drive 

7Z86168.A 

Fig.5 Typical application circuit diagram; for combination of the TDA2578A with the TDA3651 A see 
Fig. 4. 

33 K F +12V 
to pin 180 K 

14 ~ 47K 
TDA2578A 

-=- 7Z86900 

Fig. 6 Circuit configuration at pin 14 for 
phase adjustment. 
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1 K 

~
+12V 

t01~in ~}IIF 
TDA2578A 

220 K 

7Z86371 

Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 
1 kn resistor between pin 18 and + 12 V: 
without mute function. 
220 kn between pin 18 and ground: 
with mute function. 



LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA3652 

GENERAL DESCRIPTION 

The TDA3652 is an integrated power output circuit for vertical deflection in systems with deflection 
currents up to 3 A peak to peak. 

Features 

• Driver 
• Output stage and protection circuits 
• Flyback generator 
• Voltage stabil izer 

QUICK REFERENCE DATA 

Supply voltage (pin 9) 

Peak output voltage during flyback (pin 5) 

Output current (peak-to-peak value) 

Operating junction temperature 

Thermal resistance from junction to mounting base 

VOLTAGE 
STABILIZER TDA3652 

& 
CURRENT 

SOURCE 

OUTPUT 
STAGE 

input 

V9-4 = Vp 

V5-4M 

15(p-p) 

To J 
Rth j-mb 

FLYBACK 
GENERATOR 

6 

OUTPUT 
STAGE 

4 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

TDA3652: 9-lead SI L; plastic (SOT-131 B). 
TDA3652Q: 9-lead SI L bent to D I L; plastic (SOT-157B). 

Signetics 

o to 40 V 

< 55 V 

max. 3 A 

max. 150 °C 
max. 4 K!W 
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LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION 

RATINGS 

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

Voltages (pins 4 and 2 externally connected to ground) 

Output voltage (pin 5) 

Supply voltage (pin 9) 

Supply voltage output stage (pin 6) 

Driver input voltage (pin 1) 

Switching circuit input voltage (pin 3) 

Currents 

Repetitive peak output current (pin 5) 

Non-repetitive peak output current (pin 5) 

Repetitive peak flyback generator output 
current (pin 8) 

Non-repetitive peak flyback generator output 
current (pin 8) 

Temperatures 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature range 

V5-4 

V9-4 = Vp 

V6-4 

V1-2 

V3-2 

± 15RM 

± 15SM 

18RM 

± 18SM 

Tstg 

Tamb 

T' J 

TDA3652 

o to 55 V 

o to 40 V 

o to 55 V 

o to Vp V* 

o to 5.6 V 

max. 1.5 A 

max. 3 A** 

-1.5 A 
max. 

+ 1.6 A 

max. 3 A** 

-65 to +150 °C 

-25 to +65 0C 

-25 to + 150 0C 

* The maximum input voltage should not exceed the supply voltage (Vp at pin 9). In most applica
tions pin 1 is connected to pin 3; the maximum input voltage should then not exceed 5.6 V. 

* * Non-repetitive duty factor maximum 3.3%. 
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LINEAR LSI PRODUcrs 

VERTICAL DEFLECTION TDA3652 

CHARACTERISTICS 

Vp = 26 V; Tamb = 25 oC; pins 4 and 2 externally connected to ground; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply 

Supply voltage; pin 9 Vp 10 - 40 V* 

Supply voltage output stage; pjn 6 V6-4 - - 55 V* 

Supply current (no load and no quiescent 
current); pin 9 Ip - 9 12 rnA 

Quiescent current (see Fig. 2) 14 25 40 65 rnA 

Variation of quiescent current with temperature AI4 - -0.04 - mA/K 

Output current 

Output current (pin 5) (peak-to-peak value) 15(p-p) - 2.5 3.0 A 

Output current flyback generator (pin S) -IS - 1.35 1.6 A 

Output current flyback generator (pin S) IS - 1.25 1.5 A 

Output voltage 

Peak voltage during flyback V5-4M - - 55 V 

Saturation voltage to supply 
at-15=1.5A -V5-6sat - 2.5 3.0 V 

Saturation voltage to ground 
at 15 = 1.5 A V5-4sat - 2.5 3.0 V 

Saturation voltage to supply 
at-15=1A -V5-6sat - 2.2 2.7 V 

Saturation voltage to ground 
at 15 = 1 A V5-4sat - 2.2 2.7 V 

Flvback generator 

Saturation voltage 
at-Is = 1.6 A V9-Ssat - 1.6 2.1 V 

Saturation voltage 
at la = 1.5 A Va-9sat - 2.5 3.0 V 

Saturation voltage 
at -IS = 1.1 A V9-Ssat - 1.4 1.9 V 

Saturation voltage 
at IS = 1 A Va-9sat - 2.3 2.S V 

F Iyback generator active if: V5-9 4 - - V 

Leakage current at pin S -Ia - 5 100 /l-A 

Inp,ut current for 15 = 4 A 
at pin 1 (peak-to-peak value) 11 (p-p) 190 240 400 /l-A 

Input voltage during scan (pin 1) V1-2 1.3 2.0 3.5 V 

Input current during scan (pin 3) 13 0.01 - 2.5 rnA 

* The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does 
not exceed 55 V. 
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LINEAR LSI PRODUCTS 

VERTICAL DEFLECTION 

CHARACTERISTICS (continued) 

parameter 

Flyback generator (continued) 

Input voltage during scan (pin 3) 

Input voltage during flyback (pin 3) 

General data 

Junction temperature of switching on 
the thermal protection 

Thermal resistance from junction to 
mounting base 

Total power dissipation 

Open-loop gain at 1 kHz 

Frequency response (-3 dB) 

8-152 

at R L = 1 k.Q 

80 

V 
7Z87183 

m./ 
f-------I--

60 

40 

20 

a 
o 

V, 
V 

~ ./ 
./ 

/ 
.....-

min l---
t.------- f..---

20 40 V+ (VI 60 

Fig. 2 Quiescent current (14) as a 
function of supply voltage (Vp). 

TDA3652 

symbol min. typo max. unit 

V3-2 0.9 - 5.6 V 

V3-2 0 - 0.2 V 

Tj 158 175 192 oC 

Rth j-mb - - 4 K/W 

Ptot 

Go 

f 

20 
Ptat 

(WI 

15 

10 

5 

I--

~ 

-
a 

a 

Signetics 

I--

r-.... 

-

see Fig. 3 

- 36 - dB 

- 50 - kHz 

7Z87184 

i [" 
I 
I , 

Rthh - a = I , 
infinite 

~K/W : heatsink , 
't'-~ I '" i J' 'r-. ~" 

~tsjnk I " " " ~. 
I -f-- '- " , ~~ - r-. 

50 I 
65 

100 a 150 
Tamb ( CI 

Fig.3 Power derating curve. 



LINEAR LSI PRODUcrS 

VERTICAL DEFLECTION TDA3652 

APPLICATION INFORMATION 

The function is described against the corresponding pin number. 

1. Driver 

This is the input for the driver of the output stage. 

2. Negative supply (ground) 

3. Switching circuit 

This pin is normally connected externally to pin 1. It is also possible to use this pin to drive the 
switching circuit for different appl ications. This switching circuit rapidly turns off the lower output 
stage at the end of scan and also allows for a quick start of the fly back generator. 

4. Output stage ground 

5 and 6. Output stage and protection circuits 

Pin 5 is the output pin and pin 6 is the output stage supply pin. The output stage is a class-B type with 
each transistor capable of delivering 1.5 A maximum. The "upper" output transistor is protected against 
short-circuit currents to ground. The base of the "lower" power transistor is connected to ground 
during flyback and so it is protected against too high flyback pulses which may occur during adjustments. 
In addition the output transistors are protected by a special layout of the internal circuit. The circuit 
is protected thermally against excessive dissipation by a circuit which operates at temperatures of 
175 0C upwards causing the output current to drop to a value such that the dissipation cannot increase. 

7. Voltage stabilizer 

The internal voltage stabilizer provides a stabilized supply voltage of 6 V for drive of the output stage, 
so the drive current is not influenced by the various voltages of different applications. 

8 and 9. Flyback generator 

Pin 8 is the output pin of the flyback generator. Depending on the value of the external resistor at 
pin 8, the.capacitor at pin 6 will be charged to a fixed level during the scan period. The maximum 
height of this level is equal to the supply voltage at pin 9 (Vp). When the flyback starts and the flyback 
pulse at pin 5 exceeds the supply voltage, the flyback generator is activated and then the supply voltage 
is connected in series (via pin 8) with the voltage across the capacitor. The voltage at the supply pin 
(pin 6) of the output stage will then be not more than twice the supply voltage. 8 
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LINEAR LSI PRODUerS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

GENERAL DESCRIPTION 

The TDA4503 combines all small signal functions (except the tuner) which are required for a mono
chrome television receiver. 

For a complete monochrome television receiver only output stages are required to be added for 
horizontal and vertical deflection, video and sound. The TDA4503 can also be used in simple colour 
television receivers. In this application an external sandcastle pulse generator is required. 

It incorporates the following functions: 

vertical sync separator/oscillator 
vertical output 
coincidence detector (sound mute) 
phase detector/frequency control 
a .g.C. detector 
sync separator 
horizontal osci Ilator 
synchronous demodulator 
vision i.f. amplifier 
tuner a.g.c. 
d.c. volume control 
a.f.c. detector 
video output 
sound demodulator 
audio output 
gate pu Ise generator 
sound limiter/feedback 
900 phase shift 
overload detector 
horizontal output 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Supply current 

Operating ambient temperature range 

Storage temperature range 

Power dissipation 

PACKAGE OUTLINE 

V7-10, V22-10 

17 

122 

Tamb 

Tstg 

28-lead D I L; plastic, with internal heat spreader (SOT-117). 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

1 

2 28 
VERTICAL 

VERTICAL - COINCIDENCE 
3 

OUTPUT/ 1-
OSCILLATOR r- DETECTOR I--

FEEDBACK I--

t 

• I 
27 

5 GATE PULSE 
VERTICAL 

HORIZONTAL 
GENERATOR 

SYNC I- OUTPUT SEPARATOR 
~ 

I ~ + + 
4 TUNER f- PHASE t-TAKE-OVER A.G.C. DETECTOR/ -----------

DETECTOR ~ FREQUENCY 25 6 TUNER 

+ 1(~/7V 
A.G.C. CONTROL 

I • I 24 , 26 , 
8 SYNC 

l- f-I.F. AMPLIFIER/ SEPARATOR HORIZONTAL -----------
FEEDBACK 23 9 LOW PASS OSCILLATOR 

"-
FILTER "" 

10 18 

-== -=- L, mute 22 , 
L horizo 

t-
supply 

11 VOLUME OVERLOAD SYNCHRONOUS voltage 

ntal 

21 

CONTROL DETECTOR DEMODULATOR 20 
I--

1 
12 AUDIO 

A.F.C. 
90° t-

OUTPUT 
DETECTOR ft- PHASE SHIFT 

AND OUTPUT l-

8 

t 16 

14 SOUND r- r- VIDEO 17 
LlMITER/ 

SOUND 
DEMODULATOR OUTPUT 

FEEDBACK '- -- 19 

-=- -=-13 + t -15 

TDA 4503 
M0642 

Fig. 1 Block diagram. 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

PINNING 

Pin number function Pin number function 

1. vertical osci Ilator 15. sound i.f. 

2. vertical output 16. a.f .c. output 

3. vertical feedback 17. video output 

4. top linearity 18. decoupling capacitor 

5. flyback pu Ise 19. ground 

6. tuner a.g.c. 20. 38,5 MHz reference 

7. +10.5 V supply 21. (38,9 MHz reference) 

8. i.f. input 
22. horizontal supply voltage 

9. 23. horizontal oscillator 

10. ground 24. top sync detector 

11. volume control 25. phase detector 

12. sound output 26. sync separator 

13. 6 MHz tuning 27. horizontal output 
(5.5 MHz tuning) 

14. decoupling 28. mute/coincidence 
detector 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

FUNCTIONAL DESCRIPTION (Fig. 1) 

A complete black-and-white receiver can be built around this circuit by adding only the output stages 
for horizontal and vertical deflection with the video and sound output stages. The TDA4503 can also 
be used in simple colour television receivers using an external circuit to generate the sandcastle. 

The block diagram (Fig. 1) depicts the various functions which are described briefly below. 

The sensitivity of the i.f. amplifier is 70 J.l.V for a peak-to·peak output voltage of 3 V (compare the 
TDA3541). This amplifier has a symmetrical input (pins 8 and 9) and is followed by a synchronous 
demodulator. The external tuned circuit is connected to pins 20 and 21. This circuit provides the 
information for the a.f.c. circuit, the 900 phase shift being supplied by internal RC-networks. An 
a.f.c. output with a voltage swing of about 9 V is obtained from pin 17 (V7-1O = 10.5 V). 

The a.g.c. detector is gated to reduce sensitivity to external electrical noise and the a.g.c. time constant 
network is connected to pin 24. Gain control range of the Lf. amplifier is greater than 60 dB. Adjust
ments of the tuner take-over point is made at pin 4. When the voltage at pin 4 is approximately 3.5 V 
the direction of the tuner control voltage is positive-going. When the voltage at pin 4 is approximately 
8 V the direction of the tuner control voltage is negative-going. 

An output signal of 3 V (p-p) is obtained from the video amplifier (top sync level 1.5 V) with negative
going sync. Since the sound signal is derived from pin 16 (see Fig. 4) the video output is not blanked 
during the flyback period. As shown in the application circuit (Fig. 4) the band-pass filter for the 
sound must be connected between video output (pin 16) and sound Lf. input (pin 15). Sound infor
mation passes through a sound limiter network and a sound demodulator circuit with an external 
tuned circuit for this stage connected to pin 13. The demodulator is followed by a volume control 
stage with a control range of 80 dB and an output amplifier with an audio output signal of 170 mV 
(r.m.s.) for a.6f of 7.5 kHz and at maximum volume setting. 

The slicing level of the sync separator is referred to the top sync and is determined by the values of 
external resistors, the recommended slicing level being 30%. Noise protection is provided for the 
sync separator stage. Separated sync pulses are supplied to the gated phase detector which compare 
the sync pulses with the sawtooth voltage obtained from the horizontal flyback pulse (pin 5). During 
catching the gating of the phase detector is switched off and the phase detector output current is 
increased. 

The in-sync or out-of-sync condition is detected with the coincidence detector which is also used 
for transmitter identification. Sound output is suppressed when no input signal is available. Clamping 
the voltage on pin 28 to a level of 3.5 V sets the phase detector to a high output current, short time 8 
constant mode. This is appropriate for the reception of VCR signals. 

Phase detector output voltage levels maintain the horizontal oscillator at its correct operating 
frequency. The push-pull output (pin 27) has a typical duty cycle of 40%. 

Vertical sync pulses are obtained from an internal integrating network with the vertical sawtooth being 
generated in the vertical oscillator. This sawtooth voltage is compared with the feedback voltage from 
the deflection coil via pin 3. The comparator generates the drive voltage for the vertical deflection 
output stage. 

The TDA4503 has four supply pins. Pin 7 and pin 10 are for the main positive supply and circuit 
grou nd respectively. 

Critical circuits are grounded by pin 19. Pin 22 is the supply for the horizontal oscillator. A low 
current supply (5 mA minimum) can be used to start the oscillator from an external high voltage 
supply rail. 
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LINEAR LSI PRODUCTS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC134) 

Supply voltage V7-10, V22-10 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
CHARACTER ISTICS 

Ptot 

Tstg 

Tamb 

max. 

13.2 

1.7 

-25 to +150 

-25 to +65 

V7-10 = 10.5 V, V22-10 = 10.5 V and Tamb = 25 °C unless otherwise specified 

parameter symbol min. typo max. 

Supply voltage V7-10 9.5 10.5 13.2 

Supply current 17 - 75 -
Supply voltage (horizontal 

oscillator) V22-10 9.5 10.5 13.2 

Supply current (horizontal 
oscillator, note 1) 122 - 4.5 -

Power dissipation Ptot - 850 -
Vision i.f. amplifier (pin 8) 

Input sensitivity (onset of a.g.c.) 
at 39.5 MHz (note 2) Vi(rms) - 70 -

Differential input resistance R· I - 800 -
(note 3) 

Differential input capacitance C· I - 6 -
(note 3) 

Gain control range LG - 56 -

Output signal expansion for 50 dB 
input signa I variation (note 4) tNo - 1 -

Maximum input signal Vi max - 50 -

Video amplifier (note 5) 

Zero signal output level 
(note 6) V16-10 - 5 -

Top sync output level 
(note 7) V16-10 1.2 1.4 1.6 

Video output signal amplitude 
(peak-to-peak value) V16-10(p-p) 2.75 3.0 3.25 

I nternal bias current of n-p-n 
emitter follower output transistor IB 1.4 2.0 -

Bandwidth of demodulated 
output signal B 5 6 -

Video non-linearity (note 8) - - 10 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuner a.g.c. 

Take-over voltage (pin 4) for 
positive-going tuner a.g.c. 
(n-p-n tu ner) V4-10 - 3.5 - V 

Take-over voltage (pin 4) for 
negative-going tuner a.g.c. 
(p-n-p tuner) V4-10 - 8 - V 

Maximum tuner a.g.c. output 
swing 16 max 2 3 - mA 

Output saturation voltage at 
16 = 2 mA V6-10(sat) - - 300 mV 

Leakage current 16 - - 1 f.lA 

A.F.C. circuit (note 9) 

A. F .C. output voltage swing V17-19 9 - 10 V 

Available output current ±117 - 1 - mA 

Output voltage at nominal 
tuning of the reference tuned 
circuit V17-19 - 5.25 - V 

Sound circuit 

Input limiting voltage when 
VO=VOmax-3dB 
(note 10) V141im - 400 - f.lV 

I nput resistance at pin 15 
(note 11) Ri - 3 - kn 

A.F. output signal at pin 12 8 
(note 12) (r.m.s. value) V12-10(rms) 170 - 240 mV 

Volume control (pin 11) (Fig. 3) 
Voltage with pin 11 

disconnected Vll-10 - 6.5 - V 

Current pin 11 short-circuited 
to ground 111 - 1 - mA 

Volume control characteristic 
(note 13) SeeFig.3 

Value of external control resistor Rll-10 - 5 - kn 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

parameter symbol min. typo max. unit 

Horizontal synchronization 
circuit 

Slicing level sync separator 
(note 14) - 30 - % 

Holding range PLL - ±1000 - Hz 

Catching range PLL - ±600 - Hz 

Control sensitivity video to 
flyback (note 15) - 2 - kHz//ls 

Horizontal oscillator 

Free running frequency fosc - 15625 - Hz 

Spread with fixed external 
components 6fosc - - 4 % 

Frequency variations due to 
supply voltage changes 
(note 16) 6fosc/6V - 0 - % 

Frequency variation with 
temperature 6fosc/6T - - 1 X 10-4 K- 1 

Maximum frequency shift 6fosc - - 10 % 

Maximum frequency deviation 
between starting point output 
and nominal condition 6fosc - - 10 % 

Horizontal (push-pull) output 

Output current '27 10 - - mA 

Output impedance R27-10 - 200 - n 
Voltage when 127 = 10 mA V27-10 - 2 - V 

V27-22 - 3 - V 
Duty cycle of output pulse 

(note 17) 0 0.35 0.40 0.45 

Flyback input (note 18) 

Minimum required input 
amplitude (peak-to-peak value) V5-10(p-p) - 4 - V 

Phase detector switching voltage - 0 - V 
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LINEAR LSI PRODUCTS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Coincidence detector (mute) 
(note 19) 

Voltage in synchronized condition V28-19 - 9.5 - V 

Voltage in non-synchronized 
condition (no-signal) V28-19 - 1.0 1.5 V 

Switching level to switch phase 
detector from slow to fast V28-19 45 5.0 5.5 V 

Switching level to activate the 
'mute' function (transmitter 
identification) V28-19 2.25 2.5 2.75 V 

Output current; in-sync 
(peak-to-peak value) 128(p-p) - 1 - mA 

Vertical oscillator 

Free running frequency fosc - 47.5 - Hz 

Spread with fixed external 
components 6fosc - - 4 % 

Holding range at nominal frequency 52.5 - - Hz 

Temperature coefficient TC - 1 X 10-4 - K- 1 

Frequency shift due to a supply 
voltage change from 9.5 to 12 V 6fosc/6V - 5 - % 

Vertical output (pin 2) 

Output current 12 1 1.3 - mA 

Output resistance R2-10 - 2 - kn 

Feedback input (pin 3) 8 
D.C. input voltage V3-10 4.75 5 5.25 V 

A.C. input voltage 
(peak-to-peak value) V3-10(p-p) - 1.2 - V 

Input current 13 - - 10 /1A 

Non-linearity of deflection current 
atVp=10.5V - - 2.5 % 
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LINEAR LSI PRODUcrS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

Notes to characteristics 

1. It is possible to start the horizontal oscillator by supplying a current of 5 mA which can be taken 
from the mains rectifier, to pin 22. The main supply (pin 7) can then be derived from the 
horizontal output stage. 

2. I.F. input voltage (r.m.s.) - value at top sync level at which the video amplitude has dropped 0.5 
dB compared with the amplitude at an input signal of 10 mV. 

3. The input impedance has been chosen such that a SAW-filter can be applied. BOO n is an 
acceptable compromise between the requirements for triple transient suppression and power loss. 

4. Measured with 0 dB = 150 pV. 

5. Measured at 10 mV(r.m.s.) top sync input signal. 

6. With switched demodulator. 

7. Signal with negative-going sync with top white being 10% of the top sync amplitude (Fig. 2). 

B. This figure is valid for the complete video signal amplitude (peak-white to top sync). 

9. Measured with an input signal (VB-9) of 10 mV(r.m.s.); the a.f.c. output (pin 7) loaded with 2 x 
100 kn between the supply and ground. The Q factor of the reference tuned circuit is 50. 

10. Voltage at pin 15 is the r.m.s. value. QL of the demodulator tuned circuit is 20. Audio 
frequency is 1 kHz and the carrier frequency is 5.5 MHz. 

11. Measured with an input signal of 1 mV(r.m.s.) 

12. The tuned demodulator circuit must give an output level equal to that given in the "mute" 
condition. 

13. Volume can be controlled using a variable resistor connected to ground (nominal 5 kn) or by 
means of a variable d.c. voltage. In this latter case the rather low impedance at pin 11 must be 
taken into accou nt. 

-----------T 
3 v 

__________ 1 '" 
M0643 

Fig. 2 Video output signal. 
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LINEAR LSI PRODUCTS 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV TDA4503 

Notes to characteristics (continued) 

14. The sync separator is noise gated. The slicing level is referred to top sync level and is 
independent of the video information. The value given is a percentage of the sync pulse 
amplitude. The slicing depends on the values of external resistors connected to pin 26. 

15. Phase detector current increases by a factor of 7 during "catching" and when phase detector 
operates in the 'FAST' mode (pin 28). This ensures a high catching range and a higher dynamic 
loop gain. 

16. Supply voltage variation in the range 8 to 12 V. 

17. The negative·going edge of this pulse initiates the switch-off of the horizontal output transistor 
(simu Itaneous driver). 

18. The circuit requires an integrated flyback pulse. The gate pulses for a.g.c. and the coincidence 
detector are obtained from the sawtooth. 

19. The functions of in-sync/out-of-sync and transmitter identification have been combined on pin 
28. For reception of VCR-signals the voltage on this pin must be fixed between 3 V and 4.5 V so 
that the time constant is fast and the sound is still available. 

o 
v12- 10 

(dB) 

-25 

- 50 

-75 

-100 
2 

, 

1/ 

If 

II 

4 5 
v":-lOIV) 

Fig.3 Volume control characteristic 
at f = 1 kHz. 
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UNEAR LSI PRODUcrs 

SMALL SIGNAL COMBINATION FOR MONOCHROME TV 

APPLICATION INFORMATION 

VCR T mute 

3.3 V 
voltage 
regulator 
diode 

680 
K 

220 
K 

8-164 

+ 

270 K 1 K 
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oscillator 
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supply 
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rra 
nF 27 K 
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output 
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pulse 
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+ 

22K 
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+ I±-
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I 
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23 22 
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6 
2K 

7 
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positive 
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22nF T 

8 9 

T22nF 

i.f. input 

tuner 
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Fig. 4 Typical application circuit. 
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LINEAR LSI PRODUcrs 

COLOR TRANSIENT IMPROVEMENT CIRCUIT TDA4560 

GENERAL DESCRIPTION 

The TDA4560 is a monolithic integrated circuit for colour transient improvement (CTI) and luminance 
delay line in gyrator technique in colour television receivers. 

Features 

• Colour transient improvement for colour difference signals (R-Y) and (B-Y) with transient detecting-, 
storage- and switching stages resulting in high transients of colour difference output signals 

• A luminance signal path (Y) which substitutes the conventional Y-delay coil with an integrated 
Y-delay line 

• Switchable delay time from 720 ns to 1035 ns in steps of 45 ns 
• Output for the option of velocity modulation 

QUICK REFERENCE DATA 

Supply voltage (pin 10) Vp = VlO-18 typo 12 V 

Supply current (pin 10) Ip = 110 typo 35 mA 

(R-Y) and (B-Y) attenuation acd typo o dB 

(R-Y) and (B-Y) output transient time ttr typo 150 ns 

Adjustable Y-delay time td 720 to 1035 ns 

Y-attenuation CJ.y typo 7 dB 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102CS). 

Signetics 8-165 
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LINEAR LSI PRODUcrs 

COLOR TRANSIENT IMPROVEMENT CIRCUIT TDA4560 

FUNCTIONAL DESCRIPTION 

The IC consists of two colour difference channels (B-Y) and (R-Y) and a luminance signal path (Y) as 
shown in Fig. 1. 

Colour difference channels 

The (B-Y) and (R-Y) colour difference channels consist of a buffer amplifier at the input, a switching 
stage and an output amplifier. The switching stages, which are controlled by transient detecting stages 
(differentiatorsl. switch to a value that has been stored at the beginning of the transients. The 
differentiating stages get their signal direct from the colour difference detecting signal (pins 1 and 2). 
Two parallel storage stages are incorporated in which the colour difference signals are stored during 
the transient time of the signal. After a time of about 600 ns they are switched immediately (transient 
time of 150 ns) to the outputs. The colour difference channels are not attenuated. 

Y -signal path 

The Y-signal input (pin 17) is capacitively coupled to an input clamping circuit. Gyrator delay cells 
provide a maximum delay of 1035 ns including an additional delay of 45 ns via the fine adjustment 
switch (51) at pin 13. Three delay cells are switched with two interstage switches dependent on the 
voltage at pin 15. Thus three switchable delay times of 90 ns, 180 ns or 270 ns less than the maximum 
delay time are available. A tuning compensation circuit ensures accuracy of delay time despite process 
tolerances. The Y-signal path has a 7 dB attenuation as a normal Y-delay coil and can replace this 
completely. The output is fed to pin 12 via a buffer amplifier. An additional output stage provides a 
signal of 90 ns less delay at pin 11 for the option of velocity modulation. 

RATINGS 

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

Supply voltage (pin 10) Vp = V1Q.18 

Voltage ranges to pin 18 (ground) 
at pi ns 1, 2, 12, 15 

at pin 11 

at pin 17 

Voltages ranges 
at pin 7 to pin 6 

at pin 8 to pin 9 

Currents 
at pins 6,9 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Note 

Pins 3,4, 5,6, 9, 13 and 14 d.c. potential not published. 

Signetics 

Vn·18 

V11-18 

V17-18 

V7-6 

V8-9 

± 16,9 
Ptot 

Tstg 

Tamb 

max. 13.2 V 

o to Vp V 

o to Vp - 3 V 

o to 7 V 

o to 5 V 

o to 5 V 

max. 15 mA 

max. 1.1 W 

-25 to + 150 °C 

o to + 70 °C 
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LINEAR LSI PRODUcrs 

COLOR TRANSIENT IMPROVEMENT CIRCUIT TDA4560 

CHARACTERISTICS 

Vp = V 10-18 = 12 V; T amb = 25 oC; measured in application circuit Fig. 2; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin 10) 

Supply voltage Vp = VlO-18 - 12 13.2 V 

Supply current Ip = 110 - 35 - mA 

Colour difference channels (pins 1 and 2) 

(R-Y) input voltage (peak-to-peak value) 
75% colour bar signal V1-18 - 1.05 - V 

(B-Y) input voltage (peak-to-peak value) 
75% colour bar signal V2-18 - 1.33 - V 

Input resistance R1,2-18 - 12 - kn 

V8 V7 
0 dB (B·Y), (R-Y) signal attenuation -,- (Xcd - -

V1 V2 

Output current (emitter follower with 
constant current source 0.5 mAl -17,8 - 1.2 - mA 

(R-Y) and (B-Y) output signal transient time ttr - 150 - ns 

Y-signal path (pin 17) 

Y-input voltage (composite signal) 
(peak-to-peak value) V17-18(p-p) - 1 - V 

Input resistance R17-18 - 20 - kn 

Internal bias voltage V17-18 - 2.3 - V 

Input current 
during picture content 117 - 8 - I1A 
during synchronizing pulse -117 - 100 - I1A 

Y _ I . . V11 V12 
-signa attenuation -, - (Xy - 7 - dB 

V17 V17 

Output current (emitter follower with 
constant current source 0.4 mAl -111,12 - 1.2 - mA 

Frequency response (V15-18 = 0 V) 
at R14-18 = 1 kn f12-17 - 6 - MHz 

at R14-18 = 1.1 kn f12-17 - 4.5 - MHz 

8-168 Signetics 



LINEAR LSI PRODUcrS 

COLOR TRANSIENT IMPROVEMENT CIRCUIT TDA4560 

parameter symbol min. typo max. unit 

V -signal path (pin 17) (continued) 

Adjustable delay (switch Sl open) 
at V15-18 = 0 to 2.5 V; R14-18 = 1 kn td - 640 - ns 

at V 15-18 = 0 to 2.5 V; R 14-18 = 1.1 kn td - 720 - ns 

at V15-18 = 3.5 to 5.5 V; R14-18 = 1 kn td - 720 - ns 

at V15-18 = 3.5 to 5.5 V; R14-18 = 1.1 kn td - 810 - ns 

at V15-18 = 6.5 to 8.5 V; R14-18 = 1 kn td - 800 - ns 

at V15-18 = 6.5 to 8.5 V; R14-18 = 1.1 kn td - 900 - ns 

at V15-18 = 9.5 to12 V; R14-18 = 1 kn td - 880 - ns 

atV15_18=9.5to 12V; R14-18= 1.1 kn td - 990 - ns 

Fine adjustment delay (switch Sl closed) 
at V 13-1 8 = 0 V Atd - 45 - ns 

Signal delay for velocity modulation (pin 11) 
with R 14-18 = 1 kn t td - 80 ns 

with R 14-18 = 1.1 kn t td - 90 ns 

Thermal resistance 

From junction to ambient (in free air) Rth j-a - - 70 I</W 
L---.~ 

8 
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LINEAR LSI PRODUCTS 

COLOR TRANSIENT IMPROVEMENT CIRCUIT 

APPLICATION INFORMATION 

15 K 

121 

lal:=fI+12VI 

+----"\/V\.--o I b I 
27 K 

+------'\(\/\,--0 I cl 

22 K 

Y - output luminance 
input signal 

IYI 
,....---A---.. V+ 

8-170 

51 
Itdl Itd -90nsl 1+12VI 

18 

colour difference 
input si()nals 

16 15 

1.IK 145nsl 

14 13 

TDA4560 

6 
330 IPF 220 

470PFI 

7 

18-YI IR-YI 
output output 

(1) Residual carrier reduced to 20 mV peak-to-peak (R = 1 kn, C = 100 pF). 
(2) Switching sequence for delay times shown in Table 1. 

Fig. 2 Application diagram and test circuit. 

Table 1 Switching sequence for delay times. 

connection voltage at delay 
pin 15 time 

(a) (b) (c) (ns)* 

X X X a to 2.5 V 720 
X X 0 3.5 to 5.5 V 810 
X 0 0 6.5 to 8.5 V 900 
0 0 0 9.5 to 12 V 990 

Where: X = connection closed; 0 = connection open. 

* When switch (Sl) is closed the delay time is increased by 45 ns. 

Signetics 
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LINEAR LSI PRODUCTS 

AN OVERVIEW OF DATA CONVERTERS AN100 

INTRODUCTION 
Large systems are comprised of many dif
ferent subsystems, all of which must inter
face to complete the system. All types of 
circuits, including linear, digital and dis
crete are often used in the subsystems. 

Interface circuits provide the necessary 
function of tying the parts of a system to
gether. These circuits are usually not purely 
linear or digital but contain both types of 
circuit functJons. For instance, sense ampli
fiers are designed for interface between low 
level memory outputs and bipolar levels, 
while differential comparators are designed 
for interface between analog systems and 
TTL/DTL systems. In general', this section 
will cover such devices as comparators, 
sense amplifiers, line drivers/receivers, and 
display drivers. 

CONVERTERS 
Digital communications, digital instruments 
and displays have created a demand for low 
cost reliable converters. Key factors in this 
demand are: 

• The need to communicate with digital 
computers for proceSSing and storage of 
analog signals. 

• Severe limitations encountered in reli
able analog data transmission over any 
considerable distance. 

• The need for more easily readable dis
plays. 

General application areas for converters 
include: Data processing, data trans
mission, graphics and displays, audio sys
tems, control systems and arithmetic opera
tions. 

Specific Applications 

Test Systems 
• Transistor tester (Force Is and leI 
• Resistor matching 
• Programmable power supplies 
• Programmable pulse generators 
• Programmable current source 

Function generators (ROM drivel 

Arithmetic Operations 
• Analog division by a digital word 
• Analog quotient of 2 digital words 
• Analog product of 2 digital words

squaring 
• Addition and subtraction with analog 

output 
• Magnitude comparison of 2 digital words 
• Digital quotient of 2 analog variables 
• Arithmetic operations with words from 

different logic families 

Graphics and Displays 
• Polar to rectangular conversion 
• CRT character generation 
• Chart recorder driver 
• CRT display driver 

Data Transmission 
• Modem transmitter 
• Differential line driver 
• Party line multiplexing of analog signals 
• Multi-level 2-wire data transmission 
• Secure communications (constant power 

dissipation) 

Control Systems 
• Reference level generator for setpoint 

controllers 
• Positive peak detector 
• Negative peak detector 
• Disc drive head positioner 
• Microfilm head positioner 

Audio Systems 
• Digital AVC and reverberation 
• Music distribution 
• Organ tone generator 
• Audio tracking AID 
• Speech compression and expansion 
• Audio digitizing and decoding 

DAC Building Blocks 
The actual implementation of a D/ A system 
contains four separate parts: A reference 
quantity; a set of binary switches to simulate 
binary coefficients B1 ... BN; a weighting 
network; and an output summing means. 

Binary-Weighted Ladder Employ
ing Voltage SWitching 
The disadvantages of a binary-weighted lad
der employing voltage switching include: A 

CONVERSION OF A DIGITALLY 
CODED SIGNAL INPUT INTO AN 

ANALOG SIGNAL OUTPUT 

DIGITAL 
WORD 
INPUT 

Output 

Output 

DIA 

REF 

Ref. x digital word 

B1 82 BN 
Ref. x (2+4" + ... +2'N) 

Figure 1 

ANALOG 
OUTPUT 

wide range of resistor values which are used 
in weighting the network; and nodal capacit
ances which are charged/discharged during 
conversion. See Figure 2. 

R-2R Ladder Network Employing 
Current Switching 
The advantages of this type of network 
include: No need for a wide range of resistor 
values; and current switching eliminates 
transients in nodal paraSite capacitances. 
See Figure 3. 

KEY SPECIFICATIONS 

Speed 
The conversion process should represent 
the input signal with the highest fidelity and 
minimal lag in time (Real time applications)' 

BINARY-WEIGHTED LADDER 
EMPLOYING VOLTAGE SWITCHING 

VOUT =~VREF X (b, +¥+¥+~) 

Figure 2 
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LINEAR LSI PRODUCTS 

AN OVERVIEW OF DATA CONVERTERS AN100 

DAC PRODUCTS SUMMARY 

MC1408 
7-8 

Resolution 8 bit 

Relative Accuracy .391 
.19 

Settling Time 300ns 

Output I 

Features Standard 

Settling time 
Settling time is a measure of a converter's 
speed and is defined as the elapsed time 
after a code transition for DAC output to 
reach final value within specified limits, 
usually ±1/2 L.S.B. See Figure 4. 

Errors 
Offset Error -The output voltage of DAC 

with zero code input. Offset 
can and usually istrimmed to 
zero with an offset zero ad
just potentiometer. 
See Figure 5. 

Gain Error - Deviation in output voltage 
from correct level when the 
input calls for a full scale 
output. This error may be 
trimmed to zero. 
See Figure 6. 

Relative Accuracy - The maximum devia
tion of the DAC output 
relative to an ideal 
straight line drawn 
from zero to full scale 
-1 L.S.B. 
See Figure 7. 

Differential 
Non-Linearity- Incremental error from 

any ideal L.S.B. analog 
output change when the 
digital input is changed 1 
L.S.B .. See Figure 8. 

Monotonlclty-As the input code is incre
mented from one code to 
the next in sequence, the 
analog output will either 
increase or remain con
stant. See Figure9 .. 
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DAC08 Series SE/NE5018/19 SE/NE5118/19 NE5020 MC3410 
INE5410 

8 bit 

.39/.191 
.1 

60ns 

I&T 

Complementary 
Current 
Outputs 

Table 1 

-VBIAS 

Stability 

8 bit 8 bit 10 bit 

.19/.1 .19/.1 .05 

21's 200ns 41's 

V I V 

Bus High 8 bit 
Compatible speed bus 

input current compatible 
latches out version 

ref of NE5018 
voltage 

R-2R LADDER NETWORK 
EMPLOYING CURRENT SWITCHING 

10 bit 

.05 

250ns 

I 

10 bit 
accuracy 

lOUT 
,----.----,----,-----0 

v-

Figure 3 

Long Term 

AM6012 

12 bit 

.05 

500ns 

±V 

Com-
plementary 

Current 
Outputs 

Stability is a measure of the independence 
of converter parameters with respect to 
variations in external conditions such as 
temperature and supply voltage. 

Stability -Measure of how stable the 
output is over a long period 
of time. 

Temperature 
Coefficient -The effects of temperature 

changes of the output. Spec
ified as '!oF.S. change. 

Supply 
Rejection -Ab II ity to resist changes in 

the output with supply 
changes, specified as % full 
scale change. 
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LINEAR LSI PRODUCTS 

AN OVERVIEW OF DATA CONVERTERS 

:1:1/2 
LSB 

SETTLING TIME 

EO 

Figure 4 

RELATIVE ACCURACY 

o 0 0 1 1 1 1 
o 0 1 1 0 0 1 

1 0 1 0 0 0 1 

Figure 7 

DIGITAL 
INPUT 

AID CONVERTER CIRCUITS 
Analog-to-Digital conversion schemes 
generally fall into one of three categories: 

1. Feedback 
-Counting 
- Tracking (up-down) 
- Successive approximation 

2. Integrating 
- Single slope 
- Dual slope 
- Triple slope 

3. Multiple comparator (Flash) 

OFFSET ERROR 

Eo 
10 

","u<--,,--,--,_-,--,_",--OIGITAL 

000 001 010 011 100 lDl 110 t11 INPUT 

"NALDO 
OUTPUT 

Figure 5 

DIFFERENTIAL 
NON-LINEARITY 

o 0 0 0 1 1 1 1 DIGITAL 
o 0 1 1 0 0 1 1 INPUT 

o , 0 1 

Figure 8 

The type of converter chosen for a given 
application depends upon many things: the 
accuracy required, the conversion speed 
necessary, the necessary immunity to noise, 
and cost are some of these considerations. 

The successive approximation technique is 
the one most widely·used, mainly because of 
its excellent tradeoffs in resolution, speed, 
accu racy, and cost. All of the AID converters 
(ADCs) presently manufactured by Signetics 
are successive approximation types. 

Figure 10 shows a simplified block diagram of 
a successive approximation AID converter. 

Signefics 

AN100 

GAIN ERROR 

EO 

DIGITAL 

"""--'--''--'-........ _-'--'_.L.. INPUT 

Figure 6 

NON-MONOTONIC 
(Must be> ±1/2 LSB Non-Linear) 

" 

ODO 001 010011 lOa 101 110111 

DIGITAL CODE 

Figure 9 

Upon receiving the start signal, the succes
sive apprOXimation register (SAR) is cleared 
and the most significant bit (MSB) of that 
register is set. The SAR output is connected 
to the input of the DAC, the output of which is 
compared with the unknown input. If the input 
is less than the DAC output, the MSB is 
cleared and the next bit is set; if the input is 
greater than the DAC output, the MSB is left 
high and the next bit is set. The input is again 
compared with the DAC output and the 
second bit cleared or left high, based on the 

. same criteria as for the MSB. This process 
continues until all bits have been determined. 

9·5 
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LINEAR LSI PRODUCTS 

AN OVERVIEW OF DATA CONVERTERS 

REF 

START C~~b~8L .----1 
'------' 

CLOCK 

INPUT 

OUTPUT 
BUFFER 

AN100 

MSB 

LSB 

Figure 10. Block Diagram of a Successive Approximation AID Converter. 

The analog input should not change appre· 
ciably during the conversion time. If it did 
change during this time, the converted output 
would not be a true indication of the analog 
input. For this reason, it is common practice 
to use a sample-and-hold circuit at the con
verter analog input to hold the input value 
constant during the conversion process. A 
sample-and-hold circuit is not necessary if the 
signal at the input of the converter varies 
slowly enough and has a noise level low 
enough so that the input will not change a 
significant amount during the conversion. The 
allowable input change during this conversion 
is generally accepted as the value of 1/2 LSB 
(for n-bit accuracy). 

Accuracy and speed are determined primarily 
by the properties of the DAC and the com
parator. Linearity is determined primarily by 
the linearity of the DAC. If the DAC is non-

9-6 

monotonic, one or more codes will be missing 
from the AID converter's output range. 

Figure 11 is the transfer function of a 3-bit 
binary coded AID converter with a a to + 10V 
input range. A 3-bit ADC is shown for simplic
ity but the principle applies to ADCs of any 
resolution. Note that there is a 1/2 LSB offset 
at the input such that the first count occurs 
with the input is equal the 1/2 LSB. The cen
ter of the range for the first step occurs, there
fore, when the input is equal to the value of 
one LSB, and the error at the switch point is 
limited to 1/2LSB. This error is known as the 
quantization error as it is derived from the 
smallest input quantity that can be resolved. If 
an ADC has a specified error of 1/2 LSB max
imum, this means that any transition point 
can be as far as 1/2 LSB from where it should 
be. 

Signetics 
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LINEAR LSI PRODUCTS 

AN OVERVIEW OF DATA CONVERTERS 

CONSIDERATIONS FOR 
AID CONVERTERS 
• Analog input signal range and resolution 

required 
• Linearity requirement and stability 
• Conversion speed required 
• Monotonicity requirement: Can missing 

codes be tolerated? 
• Character of input signal: Is it noisy, 

sampled, filtered, slowly varying? 
• Transfer characteristics (Type of coding) 

AID CONVERTER TERMS 

Resolution 
Resolution is the input change required to 
increment the output between the two adja
cent codes. This term also refers to the 
number of bits in the output word and; 
hence, the number of discrete output codes 
the input analog signal can be broken into. 
Expressed in "bits" resolution. 

Transfer Characteristic 
The Transfer Characteristic is the relation
ship of the output digital word (code) to the 
input analog signal, i.e., Binary, BCD. 

Conversion Speed 
The Conversion Speed is the speed at which 
an ADC can make repetitive data conver
sions. 

Quantizing Error 
Quantizing Error is an inherent error in the 
conversion process due to finite resolution 
(discrete output). See Figure 12. 

Offset Error 
An Offset Error is shown in Figure 13. 

Gain Error 
A Gain Error is shown in Figure 14. 

Relative Accuracy 
Relative Accuracy is the deviation of an 
actual bit transition from the ideal transition 
value at any level over the range of the ADC 
(% F.SJ. See Figure 15. 

Hysteresis Error 
A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 

Monotonicity 
Monotonicity is when the output code either 
increases or remains the same for increas
ing analog input signals. The opposite is 
true in tlie reverse direction. 

Missing Codes 
A Missing Code is a code combination that 
is skipped. See Figure 16. 

V(112lSB) 

DIGITAL 
OUTPUT 

QUANTIZING ERRORS 

Figure 12 

OFFSET ERROR 

, 

ERROR fiN ""'~ 
FUNCTI::

lSB 
~-

DIGITAL 
OUTPUT 

Figure 13 

MISSING CODES 

(SHOWS A MISSING CODE AT 101) 

Figure 16 
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BASIC DACs 

DAC08 SERIES 
Reference Amplifier Setup 
The DACOa Series is a multiplying D-to-A 
converter in which the output current is the 
product of a digital number and the input 
reference current. The reference current may 
be fixed or may vary from nearly zero to 
+ 4.0mA. The full scale output current is a 
linear function of the reference current and is 
given by this equation where IREF = 1,4. 

255 
IFS=-o'REF 

256 

In positive reference applications shown in 
Figure 1, an external positive reference 
voltage forces current through R14 into the 
V REF (+ ) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference 
may be applied to VREF (-) at pin 15, shown 
in Figure 2. Reference current flows from 
ground through R14 into VREF( +) as in the 
positive reference case. This negative 
reference connection has the advantage of a 
very high impedance presented at pin 15. The 
voltage at pin 14 is equal to and tracks the 
voltage at pin 15 due to the high gain of the 
internal reference amplifier. R15 (nominally 
equal to R14) is used to cancel bias current 
errors. R15 may be eliminated with only a 
minor increase in error. 

Bipolar references may be accommodated by 
offsetting VREF or pin 15 as shown in Figure 3. 
The negative common mode range of the 
reference amplifier is given by the following 
equation. 

VCM- = V- + UREF 0 lknJ + 2.5V 

When a dc reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. If a regulated power supply is used 
as a refernce R14 should be split into 2 resis
tors with the junction bypassed to ground with 
a O.II'F capacitor. 

For most applications, a + 10.0V reference is 
recommended for optimum full scale tem
perature coefficient performance. This will 
minimize the contributions of reference ampli
fier Vos and TCVos. For most applications the 
ti~ht. relationship between IREF and IFS will 
ellml.nate the need for trimming IREI' If 
reqUired, full scale trimming may be ac
complished by adjusting the value of R14, or 
by using a potentiometer for R14. An impro
ved method of full scale trimming which elimi
nates potentiometer T.C. effects is shown 
Figure 4. 

Using lower values of reference current 
reduces negative power supply current and 
increases reference amplifier negative com-
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mon mode range. The recommended range 
for operation with a dc reference current is 
+ 0.2mA to + 4.0mA. 

The reference amplifier must be compensa
ted by using a capacitor from pin 16 to V - . 
For fixed reference operation, a O.OII'F ca
pacitor is recommended. For varible refer
ence applications, see section entitled Ref
erence Amplifier Compensation for 
Multiplying Applications. 

Multiplying Operation 

The DACOa Series provides excellent multi
plying performance with an extremely linear 
relationship between IFS and IREF over a 
range of 4mA to 41'A. Monotonic operation is 
maintained over a typical range of IREF from 
100~ to 4.0mA. 

Reference Amplifier 
Compensation for Multiplying 
Applications 

AC reference applications will require the 
reference amplifier to be compensated using 
a capacitor from pin 16 to V -. The value of 
this capacitor depends on the impedance pre
sented to pin 14. For R'4 values of 1.0, 2.5 and 
5.0K!l, minimum values of Cc are 15, 37 and 
75pF. Larger values of R'4 require propor
tionately increased values of Cc for proper 
phase margin. 

For fastest multiplying response, low values 
of R,4 · enabling small Cc values should be 
used. If pin 14 is driven by a high impedance 
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such as a transistor current source, none of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decreased overall bandwidth and 
slew rate. For R'4 = 1 k!l and CC = 15pF, the 
reference amplifier slews at 4mNjJ,S enabling 
a transition from IREF = 0 to IREF = 2mA in 
500ns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an al
ternate compensation scheme shown in 
Figure 5. This technique provides lowest full 
scale transition times. Full scale transition (0 
to 2mA) occurs in 120ns when the equivalent 
impedance at pin 14 is 200!l and Cc = O. This 
yields a reference slew rate of 16mA/l's, 
which is relatively independent of RIN and VIN 
values. 

Logic Inputs 

The DACOa design incorporates a logic input 
circuit which enables direct interface to all 
popular logic families and provides maximum 
noise immunity. This feature is made possible 
by the large input swing capability, 2~ logic 
input current and completely adjustable logic 
threshold voltage. For V - = - 15V, the logic 
inputs may swing between -IIV and + laV. 
This enables direct interface with + 15V 
CMOS logic, even when the DACOa is 
powered from a + 5V supply. Minimum input 
logic swing is given by following the equation. 

V- +UREF 0 1 k!ll + 2.5V 

BASIC POSITIVE REFERENCE 
OPERATION 

MSB LSB 

IREF 
VREF I') 

• vREF ,. 
RREF 
(R14) vREF ( ) ,. 

"" 
3 

":" 

'"'* v-
IFS .. + VRE~ x 255 10 + iO = IFS for all logic states 

RAEF 256 

For fixed reference, TTL operation typical values are: 
VREF = +10,QOQV I RREF = S,QOOn R15 "" RREF. 
Cc = O.Ol,uF. VlC = OV (ground) 

.1pf 1_ v· 

Figure 1 
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BASIC DACs 

BASIC NEGATIVE 
REFERENCE OPERATION 

~VREF 255 
IFS=--X-

RREF 256 

DACOS 

AAEF sets IFS, R15 is for bias current cancellation 

Figure 2 

ACCOMMODATING 
BIPOLAR REFERENCES 

"N 

V IN~ o-.. -~-:t-.l~;:----' 
RIN 

IREF '2 Peak Negative Swing of liN 

·VREF 

VIN~ 
- R15(OPTIONAL) 

HIGH INPUT 
IMPEDANCE 

+VREF must be above Peak Positive Swing of VIN 

Figure 3 

RECOMMENDED FULL SCALE 
ADJUSTMENT CIRCUIT 

LOW T.C. 
4.S0 

14 
(REF 1-) 

2mA - DACOS 
1V 

I 
15 

'::' APPROX. 
POT SKO 

I 
'::' 

Figure 4 

The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage 
at the logic threshold control in (pin 1. VLd· 
Figure 6 shows the relationship between VLC 
and VTH over the temperature range, with VTH 

nominally 1.4 above VLC' For TTL and DTl 
interface, simply ground pin 1. When interfac
ing ECl, an IREF = 1 rnA is recommended. For 
interfacing other logic families, see Figure 7. 
For general setup of the logic control circuit, it 
should be noted that pin 1 may source up to 
200I'A. External circuitry should be designed 
to accommodate this current. 

Fastest settling times are obtained when pin 
1 sees a low impedance. If pin 1 is connect
ed to a 1 k!1 divider, for example, it should be 
bypassed to ground by a O.01I'F capacitor. 

Analog Output Currents 
Both true and complemented output sink 
currents are provided, where 10 + 10 = IFS. 
Current appears at the true output when a 1 
is applied to each logic input. As the binary 
count increases, the sink current at pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a 0 is 
applied to any input bit, that current is 
turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases 10 as in a 
negative or inverted logiC D-to-A converter. 
Both outputs may be used simultaneously. 
If one of the outputs is not req uired it must 
still be connected to ground or to a paint 
capable of sourcing I FS. Do not leave an 
unused output pin open. 

Both outputs have an extremely wide voltage 
compliance enabling fast direct current-to
voltage conversion through a resistor tied to 
ground or other voltage source. Positive com
pliance is 36V above V - and is independent 
of the positive supply. Negative compliance is 
given by the equation: 

V - + (IREFo 1kO) + 3.0V 

Note that lower values of IREF will allow a 
greater output compliance. 

The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT de
flection and in other balanced applications 
such as balanced bridge AID circuits as well 
as driving center-tapped coils and trans
formers. 

Power Supplies 
The DACOa operates over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
± 5V or less, IREF ,;1 rnA is recommended. 

Signetics 
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PULSED REFERENCE OPERATION 

+VREF 

<i 
.t (OPTIONAL RESISTOR 
.... FOR OFFSET INPUTS 

.... RREF 

ov~~VV~~~~14 41~~~~~ 

Figure 5 

low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common mode range, negative logic input 
range, and negative logic threshold range. 
Consult the various figures for guidance. For 
example, operation at - 4.5V with IREF = 2mA 
is not recommended because negative output 
compliance would be reduced to near zero. 
Operation from lower supplies is possible; 
however, at least av total must be applied 
between pins 2 and 4, and pin 3 to insure 
turn-on of the internal bias network. 

Symmetrical supplies are not required, as the 
DACOa is quite insensitive to variations in sup
ply voltage. Battery operation is feasible as 
no ground connection is required; however, 
an artificial ground may be useful to insure 
logic swings, etc., remain between accep
table limits. 

Power consumption may be calculated by this 
equation. 

p" IlllIV III II+JlV-1 + 12IREFIIV-1 

A usoful fontura of the DACOS design is that 
supply curront is constant and independent of 
input logic states. This is useful in crypto
graphic applications and further serves to 
reduce the size of the power supply bypass 
capacitors. 

Temperature Performance 
The linearity and monotonicity speCifications 
of the DAC08 are guaranteed to apply over 
the entire rated operating temperature range. 
Full scale output current drift is low, typically 
± 10ppm/oC, with zero scale output current 
and drift essentially negligible compared to 
1/2 lSB. 

Full scale output drift performance will be 
best with + 10.0V references, as Vas and 
TCVos of the reference amplifier will be very 
small compared to 10.0V. The temperature 
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VTH - VLC VB TEMPERATURE 

2.0 

1.8 

1. 6 

~ 1.4 

!::l 1.2 

~ 1.0 

i: o. 8 
> 

o. 6 

0.4 

0.2 

-60 

r-.. 
...... 

...... 

+50 -1-100 +160 

TEMPERATURE (OC) 

Figure 6 

coeffiCient of the reference resistor R14 
should match and track that of the output 
resistor for minimum overall full scale drift. 
Settling times of the DACOa decrease approx
imately 10% at - 55°C and an increase of 
about 15% at + 125°C is typical. 

Settling Time 
The DACOa is capable of extremely fast set
tling times (typically 85ns at IREF = 2.0mA). 

Judicious circuit design and careful board lay
out must be employed to obtain full perform
ance potential during testing and application. 
The logic switch design enables propagation 
delays of only 35ns for each of the 8 bits. 
Settling time to within 1/2 LSB of the LSB is 
therefore 35ns, with each progressively larger 
bit taking successively longer. The MSB set
tles in 85ns, thus determining the overall set
tling time of 85ns. Settling to 6-bit accuracy 
requires about 65 to 70 ns. The output capa
citance, including the package, is approxi
mately 15pF. Therefore the output RC time 
constant dominates settling time if RL 
>5000. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli
tude and rise and fall times due to the high 
gain of the logic switches. Settling time also 
remains essentially constant for IREF values 
down to 1.0mA, with gradual increases for 
lower IREF values. The principal advantage 
of higher IREF values lies in the ability to 
altain a given output level with lower load 
resistors, thus reducing the output RC time 
constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 41'A. Therefore 
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a 1 kO load is needed to provide adequate 
drive for most oscilloscopes. The settUng time 
fixture of Figure 8 uses a cascode design to 
permit driving a 1 kOload with less than 5pF of 
parastic capacitance at the measurement 
node. At IREF values of less than 1.0mA, 
excessive RC damping of the output is diffi
cult to prevent while maintaining adequate 
sensitivity. However, the major carry from 
01111111 to 10000000 provides an accurate 
indicator of settling time. This code change 
does not require the normal 6.2 time con
stants to settle to within ± 0.20Al of the final 
value; thus, settling time may be observed at 
lower values of IREF 

The DAC08 switching transients or glitches 
are very low and may be further reduced by 
small capacitive loads at the output at a minor 
sacrifice in settling time. 

Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and VLC 
terminals. Supplies do not require large 
electrolytic bypass capacitors as the supply 
current drain is dependent of input logic 
states. O.lI'F capacitors at the supply pins 
provide full transient performance. 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

I VTH = VlC + 1.4V 

TTL,OTl I +15V CMOS.HTL,HNIl 
VTH:: +1.4V I VTH:: +7.6V I 

PMOS 
VTH:: ov 
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NOTE 

1'12VTO"5V~ ~'5V [ 
I 10Ku 9.1K!! I 
I V~ I 
I Vle I 
I 6.2V 6.2K!! Io.1tJF r 
I ZENER I 
I - I I -.". .". I 

1- IN4,48 

Vle 

10K!! 

-5V TO -10V 

-:;VCMOS-+-:;WCMOS-T-------~OKECl----------

,~,. ! f~~ '""OVTH -,29V .". 
I VLC I 2N3904 

1 ~ I o.1t.iF IN4148 
I I") 3.9K!! VLC 

I "':" -= lK!! 

.". I 
I 
I -S.2V 

Do not exceed negative logic input range of CAe 

Figure 7 
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TYPICAL APPLICATIONS 

Full scale 
Full scale - LSB 

Half scale + LSB 
Half scale 
Half scale - LSB 

Zero scale + LSB 
Zero scale 

SETTLING TIME MEASUREMENT 

FOR TURN-ON. VL 2.7V 
FOR TURN-OFF. VL O.7V 

Figure 8 

15Kn 

-15V 
TO D.U.T 

I 
+.4V 

Your Lov 
~!lPRO~OV 
-= -4V 

BASIC UNIPOLAR NEGATIVE OPERATION 

MSB LSB 

nr'nnr 1 5.0000 
IREF lo~ 
=2.0~ 14 

DAC08 J. 
5.0000 -

- 2 IOJ I ~ 
ED 

81 82 83 84 85 8S 87 88 lOrnA lOrnA 

1.992 000 
1.984 .008 

1.008 .984 
1.000 .992 

.992 1.000 

.008 1.984 

.000 1.992 

Figure 9 
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9 
EO EO 

-9.960 .000 
-9.920 -.040 

-5.040 -4.920 
-5.000 -4.960 
-4.960 -5.000 

-.040 -9.920 
.000 -9.960 
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TYPICAL APPLICATIONS (Cont'd) 

POS full scale 
POS full scale - LSB 

Zero scale + LSB 
Zero scale 
Zero scale - LSB 

BASIC BIPOLAR OUTPUT OPERATION 

'REF (-) 

=2.0~ 

B1 

DAcoa 

B2 B3 

+ 10,0001'2 

1Q,QOon 10,0000 

);-

0 

104 if 

- 2 0 
10/ 

B4 B5 B6 B7 Ba EO 

-9.920 
-9.840 

-0.080 
0.000 

+0.080 

+9.920 Neg full scale + LSB 
Neg full scale +10.000 

Figure 10 

SYMMETRICAL OFFSET BINARY OPERATION 

5.0kO 

E. 

B1 B2 B3 B4 B5 B6 B7 Ba EO 

POS full scale 1 1 1 1 1 1 1 1 +9.920 
POS full scale - LSB 1 1 1 1 1 1 1 0 +9.840 

(t) Zero scale 1 0 0 0 0 0 0 0 +0.040 
H Zero scale 0 1 1 1 1 1 1 1 -0.040 

Neg full scale + LSB 0 0 0 0 0 0 0 1 -9.840 
Neg full scale 0 0 0 0 0 0 0 0 -9.920 

Figure 11 
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+10.000 
+9.920 

+0.160 
+0,080 

0.000 

-9.840 
-9.920 
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POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

DACOB 

OTOIFS·RL 

IFS = ~:: 'REF 

For complementary output (operation as negative logic DAC), connect inverting 
input of OP·amp to 10 (pin 2), connectTo (pin 4) to ground. 

Figure 12 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

OTOIFS - RL 

IFS == ~:: 'REF 

For complementary output (operation as a negative logic DAC), connect non
inverting input of OP-amp to 10 (pin 2); connect 10 (pin 4) to ground. 

Figure 13 
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LOW COST a-BIT 1 MICROSECOND A-TO-D CONVERTER 

Signetics 

START 

END·Of·ENCODE 

SCHOTTKY 
TTL 

LOGIC 

B·BIT ./'1-, 
OUTPUT~~~~~~~ 

Figure 14 

COMPARATOR 
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3 IC LOW COST A-TO-D CONVERTER 

22SMHz 

NOTE 

-15V ·15V 
ANALOG 

INPUT 

Connect "stnrt" to "conversion complete" for continuous conversions. 

Figure 15 

DC-COUPLED DIGITAL ATTENUATORI 
PROGRAMMABLE GAIN AMPLIFIER 

-lOV 
~ov 

10V 

INPUT 

'15V -15V 

Bipolar input offset multiptications-AC input } 
Performs 2 quadrant 

binary output controls output polarity. 

Figure 17 

NOTES 

1. R1 = R2 = R3 
2. R4=R5 
3. Eo DC to 20KHz = ±5V 
4. Eo DC to 10KHz = ±10V 

AN101 

LOW COST 2-DIGIT BCD DAC 

VFS - +9.9V FOR 
(10011001) CODE 

NOTE 

Output is directly proportional to positive power supply. 

Figure 16 

HIGH SPEED WAVEFORM GENERATOR 

OUTPUT SWITCH CONDITIONS 
TYPE (EO) S(+) S(-) 

Unipolar positive + GND 
Unipolar negative GND -
Bipolar + -

CLOCK INPUT 

NOTES 

1. Bipolar output is symmetrical around zero, adjustable peak to peak amplitude. 
2. For triangle wave, count up to full, reverse and count down. 
3. For positive-going sawtooth, count up to full, clear, repeat. 
4. For negative·going sawtooth, count down, clear, repeat. 
5. For other waveforms, use a ROM programmed with the desired fUnction. 

Figure 18 
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DIGITAL ATTENUATOR 

Figure 1 shows a D-C coupled Digital Atten
uator or Programmable Gain Amplifier. 

Pin 14 of the DAC is a Virtual Ground. Current 
must always flow into Pin 14, so the current 
through R4 must be greater than that through 
R1 when the input signal is at its most nega
tive usable value. If the input signal value 
goes low enough to cause the current through 
R1 to be greater than that through R4, output 
clipping will occur. 

To extend the operating frequency range, the 
compensation cap, Ce , needs to be 
minimized, which implies that the resistance 
at Pin 14 (R1 and R4) must be minimized. If 
the voltage to which R4 and R5 are returned 
has any noise on it at all, R4 and R5 should 
be formed of two series resistors with the 
junction of them bypassed with 0.1 ~F to 
ground. Pin 15 could be grounded with a 
small sacrifice in accuracy and temperature 
drifL R6 and R7 compensate for reference 
amplifier input offset. 

R1 and R4 should be chosen such that, when 
the input is at peak usable Signal, the total 
current into Pin 14 does not exceed 4mA. 
When the input is most negative, R1 current 
must be less than R4 current (remember, 
pin 14 is always at OV). Also, when the input is 
at its absolute positive peak value, current 
into pin 14 should not exceed 5mA. Minimum 
compensation capacitor, Cc, in pF is 15 times 
the parallel combination of R1 and R4 in 
K-ohms. 

With a single DAC, there is a D C offset at the 
circuit output that varies with the digital word 
input. To eliminate this, we use a second DAC 
to subtract this offset at the sum node of the 
op-amp. 

Example 1: Input signal is to be 20V pop, cen
tered at Ov. Maximum input fre
quency is to be 15kHz. Power 
supplies available are + 1- 15V, 
both regulated. Determine val
ues of all resistors for maximum 
gain of unity. 

Solution 1: At minimum input (- 10V), 
reference current, IAEF is 

IAEF = 15V + (- 10V) 
R4 R1 

If minimum IAEF = 0, then 

15V 10V --=-
R4 R1 

and R4 = (1.5)(R1), 

Therefore, 60 percent of IAEF 
comes through R4. If we let IAEF go 
to about 3.9mA (4mA is max 

recommended), R4 current is 
found to be 

IA4 = (0.6) (3.9mA) = 2.34mA 
and R4 = 6.4K. 

The balance of the reference current IA1 is 
found to be 

IA1 = 3.9mA - IA4 
or 
IA1 =3.9mA- 234mA= 1.56mA 
and 
R1=6.4K 

Using commonly available values, and 
remembering that R4 current must exceed R1 
current, we set 

R1 = 6.8K 
and R4 = 6.2K. 

Maximum reference current is now 

IAEF (max) = ~ + 10V = 3.9mA. 
6.2K 6.8K 

The parallel combination of R1 and R4 is 
found to be 3.24K, so minimum compensa
tion capacitor value is 

Ce (min) = (3.24)(15)pF = 48.6pF. 

If we use 50pF, from the graph we find F(max) 
to be 370kHz. For unity gain, 

R2=R1=6.8K 
R3= R2= 6.8K 
R5=R1 =6.8K 

R6 = R7 = (R1) (R4) = 3.24K 
R1 +R4 

(use 3.3K) 

Example 2: Usable input signal is 12V pop, 
centered at OV, with occasional 
excursion to twice this ampli
tude, which we do not care 
about. Maximum input fre
quency is to be 500kHz. Avail
able power supplies are + 5V 
logic supply, + 15V, - 15V, all 
regulated. Determine values of 
all resistors and Cc for max
imum gain of 2. 

Solution 2: To extend the frequency re
sponse, we want minimum com
pensation capacitor value, 
therefore need minimum R1 and 
R4 values, for which reason we 
want to return R4 to as low a 
regulated supply as is possible; 
we will use the 5V logic supply. 

At minimum usable input, 

IAEF = 5V 
R4 

6V 

R1 
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or, for 5V 6V 
IAEF =0, 

R4 R1 

therefore, 55 percent of I(AEF) 
comes through R4, and 

R4 = (5/6)R1. 

Because peak input goes to 
+ 12V, this condition should not 
cause I(AEF) to exceed 5mA, and 

12V + 5V =5mA 
R1 R4 

Recall that R4 = (5/6) R1 

12V + __ 5 __ =5mA 
R1 (5/6) (R1) 

12V + 6V =5mA 
R1 R1 

R1 =3.6K 
and R4 = (5/6) R1 = 3.0K 

Because the reference source will be the 5V 
logic supply, which will be noisy, we will split 
R4 into two resistors and bypass their junc
tion with 0.1~F to ground. Furthermore, to be 
sure that R4 current exceeds R1 current, we 
will increase R1 to 4.3K. The absolute maxi
mum reference current is now 

IAEF (max) = 12V + 5V = 4.46mA. 
4.3K 3K 

The parallel combination of R1 and R4 is 
1.77K, so minimum compensation capacitor 
is 

Cdmin) = (15)(1.77) = 26.5pF 

If we use 27pF, the graph tells us the max
imum frequency is about 490kHz, which is 2 
percent lower than desired. If we wanted to 
further extend this frequency range, we find 
that we can reduce R4 to two resistors of 1.1 K 
and 1.2K, bringing the absolute maximum 
reference current to 

IAEF (max) = 12V + 5V = 4.96mA 
4.3K 2.3K 

and the maximum usable reference current 
becomes 

IAEF = 6V + 5V = 3.57mA, 
4.3K 2.3K 

below the 5mA and 4mA respective desired 
maximum values. Now the resistance at pin 
14 is the parallel combination of R1 and R4, 
or 1.4K, and the minimum compensation 
capacitor becomes 

Cdmin) = (15)(1.4)pF = 21 pF. 

If we use 22pF, the graph tells us we can just 
go to 500kHz. 
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USING THE DAC08 WITHOUT A 
NEGATIVE SUPPLY 
The DAC08 can be used without a negative 
supply if a few precautions are observed: 

1. Vee must be in the range of 10V to 30V. 
2. VREF(-) must be at least 3V more positive 

than pin 3 at all times. 
3. Pins 2 and 4 must always be at least S 

volts above pin 3 for reference currents up 
to 2mA, and at least 8 volts above pin 3 for 
reference currents above 2mA. 

4. Pin 1 must be at least S volts above pin 3. 

Figure 1 shows the DAC08 in a circuit without 
a negative supply with two MC1489's used as 
level shifters. The need for level shifters is 
implied from requirement 4 above, since the 
logic threshold is about 1.3S volts above pin 1. 
Vo must be the same potential as the positive 
logic supply because of the internal circuitry 
of the MC1489. 

If V REF( +) is a very stable source with no rip
ple or noise, Rl and R2 can be a single resis
tor. The same is true of R3 and R4 if VREF( _) 
is a very stable source. Resistor values are 
determined as follows: 

R1 +R2- VAEF(+)-VREFC_) 

'REF 

R3+R4.R1 +R2 
where 'REF is reference current through Rl and R2 

(pin 14 Is at VAEF(-) potential) 

The value of the compensation capacitor, Ce, 
is determined by the relationship: 

ee.15 (R1 +R2) 
where Cc is in pF and Rl and R2 are in Kilohms. 

Vo (DAC08 pin 1 and MC1489 pin 7) must be 
at least S volts for DACOS reference currents 
at or below 2mA, and at least 8 volts for 
reference currents above 2mA. Vo must also 
be .equal to the positive potential of the logic 
supply, as mentioned above. It should be 
noted that the MC14S9 inverts the logic 
inputs. 

EXAMPLE 

Power supply voltages of + SV and + lSV are 
available and the input logic is TTL. The need 
is for a DAC with a full scale output of 2mA. 

• Vo is set to +SV 
• Vee for the DACOS and the MC1489 are set 

to + lSV 
• II VREF( +) and VREF( _) are setto + lSV and 

+ SV respectively, 

R1+R2.~.~. 5K 
IREF 2mA 

• R3 + R4 should also add up to S Kilohms. 
• Ce is lS(S)pF = 7SpF. 
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Figure 1. Using the DACOa without a negative supply. 
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DAC products are designed to convert a 
digital code to an analog signal. Since a 
common source of digital signals is the data 
bus of a p. processor, DAC circuits that are 
bus compatible ease the design engineer's 
interface problems. 

WHAT FEATURES MAKE A DEVICE 
BUS COMPATIBLE? 
The five conditions which determine pro
cessor bus compatibility are: 

• Inputs must be low loading 
• Addressing must be provided 
• Inputs must be latched 
• Logic threshOlds must be compatible 
• Timing requirements should be ade

quate « 1 p. sec) 

Signetics microprocessor compatible DACs, 
the NE5018 series, meet these requirements. 
In addition, they provide an internal reference 
source. The NE5018 provides a scaled 
voltage output, eliminating the need for an 
external op amp. The NE5118 is identical to 
the NE5018, except it provides the user with a 
current output. Figure 1 shows a typical 
microprocessor system with analog 1/0 using 
the NE5018 to provide a programmable 
voltage and an NE5118 to provide a program
mable current. 

The following discussions detail the operation 
of the NE5018 and NE5118 series DAC's. 

LATCH CIRCUIT 

The latch circuits of the NE5018 and 
NE5118 are identical. Both the data inputs 
and latch enable (CEO) input feature ultra-low 
loading for ease of interfacing. The eight bit
data latch, controlled by the latch enable 
input, is static and level sensitive. When 
(eE) is low, all the latches become transpar
ent and the output changes as the bit pat
tern changes on the data bus. When the 
latch enable returns to its high state, the 
last set of inputs are held by the latch and a 
unique output corresponding to the binary 
word in the latch is produced. While the 
latch enable is high, the latch inputs repre
sent a high impedance load on the data bus 
and changes on the data bus have no effect 
on the DAC output. 

The digital logic input for the NE5018 and 
NE5118 series DAC's utilize a differential 
input logic system with a threshold level of 
+ 1.4 volts with respect to the voltage level on 
the digital ground pin (Pin 1). 
To be compatible with microprocessors, the 
DAC should respond in as short a period as 
possible to insure full utilization of the "p and 
1/0 data bus lines. Figure 2 gives the typical 
timing requirements of the latch circuits in the 
NE5018 and NE5118. 

The voltage levels on the data bus should be 
stable for approximately 150ns before latch 
enable returns to high level. The timing dia
gram shows 1 ~Ons is required for set-up 
time and the information on the data lines 
should remain valid for another 50ns. 

REFERENCE INTERFACE 

The NE50 18 and NE5118 contain an internal 
bandgap voltage reference which is de
signed to have a very low temperature coef
ficient and excellent long term stability char
acteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VREF (ADJ) (pin 
12) allows easy trimming of the reference out
put (pin 13). Use of a 10K pot and series resis
tor, as shown in Figure 3, adjusts the gain of 
the buffer amplifier therefore varying the out
put reference voltage level. 

This network can then be used as a full scale 
output adjust. A variation in the VREF OUT of 

- .8V, results in a corresponding 1.6V vari
ation in the full scale output. This is more 
than adequate since the untrimmed VREF 
OUT is typically within 200mv of the nominal 
5 volts. The VREF OUT will provide a maxi
mum of 5mA drive and can be used as a 
reference voltage for other system compo
nents, if required. 

Since a potential need exists to use the 
NE5018 and NE5118 as multiplying DAC's, the 
VREF is not connected internally, allowing the 
use of external reference sources. To utilize 
the internal reference, the VREF OUT (pin 13) 
must be jumper connected to the VREF IN 
(pin 14). This also makes it possible to use a 
common reference for other D/A or AID cir
cuits in a system. 

INPUT AMPLIFIER OF THE NE5018 

The DAC reference amplifier has been de
signed to eliminate the need for compensa· 
tion when operating from the internal refer
ence or from an external reference which is 
buffered by an op amp or low impedance 

INTERFACING TO A I'PROCESSOR 

Figure 1 

LATCH ENABLE (LE) TIMING DIAGRAM 
for the NE5018 and NE5118 

"T"·~·-1 
1- I, -1- 10 -1 

O'I'~WO"' 500'. 
Figure 2 
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source. Compensation is required, however, 
when operating from a high impedance 
source. The addition of an external resistance 
reduces the phase margin of the amplifier 
making if less stable. Compensation, when 
required, is a single capacitor from pin 16 to 
ground. 

Figure 4 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the OAC amp will generate a 
1 mA reference current through OR with a 5 
volt VREF This current sets the input bias to 
the ladder network. Data bit 7 (087) 0 7 , when 
turned on, will mirror this current and will con
tribute 1 mA to the output. 086 (06) will contri
bute 1/2 of that value or .5mA, and so on. If all 
bits are on, the output current will be 2mA - 1 
LS8. The full scale VOUT will be (I0UTRS) or 
(2mA - 1 LS8 x 5K) = (10V - 1 LS8) = 9.961V. 
The overall input/output expression for the 
NE5018 is: 

VOUT = 2vREF x (O~7 + 0~6 + 0~5 + 

01~4 + 0~3 + 0:42 + ~:~ + ~~~) 

The minimum current for the ladder network 
to be operative in the linear region is 1001lA. 
Therefore the minimum VREF input is 
500mV. The slew rate of the reference am
plifier is typically. 7V I IlS without compensa
tion. The input structure of the NE5118 is 
slightly different and will be discussed in 
greater detail later. QT provides a termina
tion for the R-2R ladder network and does 
not contribute to lOUT. 

OUTPUT INTERFACE OF THE 
NE5018 
The NE50Hl has an internal op amp which 
provides a voltage output, while the NE5118 is 
a current output device. The NE5018 output 
op amp is a two stage design with feed
forward compensation. Having a slew rate 
10V/p.s, it provides a voltage output from 0 to 
10V (± .2%) typically within 2p.s (the time 
allowed for the output voltage to settle to 
within 1/2 LS8). Compensation must be pro
vided externally as shown in Figure 5. 

The addition of the optional diode between 
the summing node (Pin 20) and ground pre
vents the OAC current switches from driving 
the op amp into saturation during large signal 

transitions which would increase the settling 
time. 
Zero adjust circuits such as the one shown in 
Figure 5 may also be connected to the sum
ming node to provide a means to zero the out
put when all zeros are present on the input. 
Not all applications require a zero adjust cir
cuit since the untrimmed zero scale is typi
cally less than 5mV. Excess stray capacitance 
at the sum node of the output op amp may 
necessitate the use of a feedback capacitor 
from VOUT to the sum node (CFF) to insure sta
bility of the op amp. Typical values of CFF 

range from 15 to 22pF. The rated load of the 
op amp is - 2Kohm. For stability, the load 
capacitance should be minimized (50pF 
max). 

REFERENCE ADJUST CIRCUIT 

V;:"l=---.:'~;3~"t 
B2K VREF AOJ 

10K ~- ----0---+---------' 
(12) 

5' 

Figure 3 

R - 2R LADDER NETWORK DEVELOPS A SCALED REFERENCE CURRENT 
VALUE INTO THE DAC SWITCHING NETWORK 
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Figure 4 

Signetics 

DAC SWITCHES 

2R 2R 2R 2R 2R 2R R 

R R R R R 



LINEAR LSI PRODUCTS 

MICROPROCESSOR COMPATIBLE DACs AN109 

MODES OF OPERATION OF THE 
NE5018 

The NE501B has two basic modes of oper
ation: unipolar and bipolar. When operating in 
the unipolar mode the output range is 0 to 
+ 10 volts. To change from unipolar to bipolar 
operation the bipolar offset pin is connected 
to the summing node. This provides the 5 volt 
offset required for this mode of operation. The 
output now will have a range from - 5 to + 5 
volts. Figure 6 details the connection of the 
NE501B in the bipolar mode of operation. 

With the bipolar offset pin (15) connected to 
the sum node pin (20), it forms a unity gain 
inverter with an input of + VREP The bipolar 
offset develops an IREF current through the 
internal 5K resistor. This current is then fed to 
the sum node of the output amplifier where it 
is summed with the current output of the DAC 
ladder network. Assume for the moment that 
the current output of the ladder network is 
OmA. With a VREF equal to + 5 volts, IREF is 
1 mA and the output of the op amp is con
verted to - 5V. If the DAC switches are now 
set to full scale, the current from the DAC lad
der is 2mA. This is summed against the 1 mA 
IREF and causes the output of the op amp to 
swing from - 5V to + 5 volts. 

(lOAC . 'RE F) SK = (2mA· 1 mAl SK = +S volts 

Since the bipolar offset resistor is monolith· 
ic. tracking with the 5K feedback resistor of 
the output amplifier is excellent. 

Note that the bi polar offset pin could not be 
used when using the DAC in a multiplier ap
plication since the VOUT would reflect an 
inverted input signal. 

NOTES ON THE NE5118 CURRENT 
OUTPUT DAC 

The basic operation of the NE511B current 
output DAC is the same as the NE501B. The 
current output structure allows the user to 
provide a programmable current sink (lOUT 
max of 2mA). Several jumper options provide 
a variety of operational modes. Figure 7 is a 
block diagram of the NE511B. The input logic 
and V REF portions are identical to the 
NFE501B. 

REFERENCE INPUT AMPLIFIER 

The characteristics of the reference input 
amplifier are identical to the NE5018; how
ever. extended versatility of the input struc
ture allows for both current (via pin 14) or 
voltage (via pin 15) reference inputs. 

The maximum DAC output current is 2mA. 
The DAC has an internal' gain of 2, limiting 
the maximum usable input current to 1 mAo 
(Note: The absolute maximum input current 
should be limited to 5mA to prevent damage 
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SWITCHES 

">---1='---- To R-2R Ladder 

-= 
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to the input reference amplifier). Figure B 
shows the basic operating mode of the 
NE511B using an external current reference 
resistor (RI ) and a positive reference voltage. 

This voltage can be provided by either an 
internal or external reference voltage. Figure 
9 shows a typical connection using a voltage 
input directly via pin 15. 

Besides a reduced parts count, use of the 
internal RREF provides excellent tracking 
characteristics with the ROUT resistor (pin 20) 
when developing a high slew rate voltage out-

Signetics 

put. The negative VREF input must be 
returned to ground directly or through R2· R2 
is optional and is used to cancel minor errors 
developed by the input bias currents of the 
reference amplifier (R2 = RI ). A negative 
voltage can be the reference by using the 
- VREF input pin as shown in Figure 10. 

The positive VREF is returned to ground via 
RIN (pin 15). As with the NE5018, a compen
sation capacitor on Pin 16 is not required if 
the VREF is supplied by a low impedance 
source. 
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BLOCK DIAGRAM 
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OUTPUT STRUCTURE 

The output of the NES118 is a current sink 
with a capacity of 2mA (full scale) capable 
of settling to .2% in 200ns. Internal bias and 
feedback resistors are also made available 
to ease the designer's task of interfacing, 

Figure 11 shows the NE5118 using a current 
to voltage converter at the output to provide a 
high slew rate voltage output. Using the 
NES38 as shown can provide 60V/f"s slew 
rate output. The diode at the inverting node of 

9·20 

12 VOUT 

the op amp improves the response time by 
prevenling saluration of the op amp during 
large signal transitions. The feedback resistor 
ROUT1 (pin 20) is provided internally; this pro
vides excellent thermal tracking characteris
tics with the RREF on the input. 

Sipolar operation can be accomplished by 
connecting the VREF OUT (Pin 12) to the ROUT 

resistor (Pin 20)(Figure 12). The principal is 
the same as the NE5018 bipolar operation. 
The internal resistors exhibit excellent ther
mal tracking characteristics. 

Signetics 

An alternate method of bipolar output oper
ation is shown in Figure 12. The RREF and 
ROUT set up a current to voltage converter 
while two (2) external resistors provide a bipo
lar offset. R EXT and R EXT2 should have simi
lar thermal tracking characteristics. 

The NES118 can provide a voltage output 
directly when driving a high impedance load 
as shown in Figurel3. With a full scale current 
of 2mA, pin 20 tied to + 10V and a digital 
input of zero, the high impedance load will 
see + 10V. For a full scale digital input, the 
load will see 0 volts. Since the load and the 
internal resistor form a voltage divider, their 
ratio determines full scale accuracy. 

Sy connecting the ROUT resistor (pin 20) to 
ground (Figurel3), the output voltage seen by 
the load ranges from 0 volts as zero scale to 
- 10 volts as full scale. Only a few of the 
many possible output configurations have 
been shown to demonstra:e the NES118 
flexibility. 

CIRCUIT EXAMPLES 

Now that the basics of the NES018 and the 
NES118 have been discussed, let's examine 
some specific circuits. Figure 14 is a micro
processor controlled programmable gain 
amplifier, using the NESOI8. The VREF output 
is fed to the non-inverting input to a differen
tial amplifier, Rl + R2 set the differential gain 
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to O.S. This places 2.SV DC bias on the VREF 
input. R2 can be made adjustable to precisely 
control the DC reference input. The analog 
input is fed to the inverting input of the dif
ferential amplifier with a gain of unity. An 
input of ± 2V will provide a ± 4 volt output full 
scale. With a maximum input of ± 2 volts. 
VREF IN will vary from .S volts to 4.S volts. The 
current ladder is always kept in the linear 
operating range and the output will not 
become distorted. 

No compensation is required for the DAC 
reference amplifier since the V REF IN is fed 
from a low impedance source. With a com
pensation cap of 30pF on the output amplifier, 
the frequency response of the output is linear 
to at least 20kHz with less than .1 % distortion 
with an input amplitude of 1V p.p. The 
NES018 is seen by the I' processor as an 1/0 
device. 

In Figure lS, the NS018 and NESl18 provide 
a method of summing two digital words of 
equal weight and generating a voltage output. 
The latch enable feature of both devices 
direct connection to a data bus, using 
address decoding. These devices greatly 
reduced the total component count required 
to perform this operation. 

The reference voltage is common to both 
DAC·s, being provided by the NE5018. The 
bipolar offset resistor of the NES018 pro
vides the 1 mA current reference for the 
NE5118. Using the internal resistor of the 
NESO 18to develop the reference current en
hances the thermal tracking since the cur
rent to voltage resistor of the output op amp 
is also in the NESOI8. Both DAC's can be 
addressed by a I'processor using an ad
dress decoder to select DAC A or DAC B. 

Figure 16 is a schematic of theNESl18 and 
NES27 as a high speed programmable limit 
sensor (or AID converter). A 4.8 volt zener 
diode is used on the comparator input to 
insure the input voltage range of the com
parator is not exceeded. The outputs of the 
NES27 comparator are complementary, eas
ing the logic interface requirement. If the 
strobe function is not used, the strobe inputs 
should be tied high, through a 10K!l resistor. 
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LED DECODER DRIVER 
NE587 and 589 
The NE58? and 589 are latch able decoder 
drivers for L.E.D. displays. Figure 1 provides 
a summary of their features. 

The programmable constant current supplies 
(fixed or adjustable) are essentially indepen
dent of output voltage, power supply voltage, 
and temperature. 

The data (BCD) and CE (latch enable) inputs 
are low loading and thus are compatible with 
a data bus system. 

Figure 2 shows a block diagram of the 
NE58? Seven segment decoding is imple
mented using a ROM so that alternate decod
ing fonts can be made available. 

L.E.D. Orivers and Power Dissipa
tion Consideration 

The following discussion refers to the NE58?, 
but is also applicable for the 589. 

LED displays are power hungry devices, 
and, inevitably, somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro-

CE 
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NE587/589 LED DRIVERS 
• Strobed Latch • Inputs are compatible with mlcropro-
• Inputs compatible with NMOS, CMOS, cessor bus 

DMOS, TTL • BCD Inputs-Hexadecimal Outputs 
• Single 5 yolt supply • Programmable segment current 
• Constant Current Outputs 

Figure 1 

vided that the LEOs are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from seg
ment-to-segment and digit-to-digit. 

When designing a display system, particular 
care must be taken to minimize power dissi
pation within the IC display driver. Since the 
NE58? output is a constant programmed cur
rent source, all the remaining supply voltage, 
which is not dropped across the LED (and the 
digit driver, if used) will appear across the out
put of the NE5S? Thus the power dissipation 
in the NE58? will go up sharply if the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display sup
ply voltage as low as possible consistent with 
proper operation of the output current 
sources. Inserting a resistor or diode in series 

NE58?/589 
LED DRIVERS 

BLOCK DIAGRAM 

Figure 2 

Signetics 

DECODER 

with the display supply is a good way of 
reducing the power dissipation within the inte
grated circuit segment driver, although, of 
course, total system power remains the same. 

Power dissipation within the NE58? may be 
calculated as follows. Referring to Figure 3, 
the two system power supplies are V cc and 
Vs. In many cases, these will be the same 
voltage. Necessary parameters are: 

• Vcc 
• Vs 
• Icc 
• ISEG 

• VF 

• KDC 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of driver 
LED segment current 
LED segment forward voltage at Iseg 
% Duty cycle 

VF, the forward LED drop, depends upon 
the type of LED material (hence the colorl 
and the forward current. The actual forward 
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Vee TYPICAL APPLICATIONS 
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Figure 3 

voltage drops should be obtained from the 
LED display manufacturers literature forthe 
peak segment current selected. However, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEOs per segment, hence the forward volt
age drop was around 3.5V. 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Pd = Vee x Icc + (Vs - VF) x 7 x Ise9 x Koc mW 

Assuming Vs = Vcc = 5.25V 
VF = 2.0V 

Koc = 100% 

Iseg =30mA 

Pd max 5.25 x 50 + 3.25 x 7 x 30 mW 
945 mW 

(1 ) 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 x 30 + 3.00 x 5 x 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation graph 
in Figure 4. 

However, a major portion of this power 
dissipation IPd ma,) is because the current 
source output is operating with 3.25V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the 
integrated circuit. 

Suppose the worst case VeelVs supply is 
4.75 to 5.25V, and that the maximum VF for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Vee to Vs. The value of this 
resistor is calculated by using equation 2. 

Rs:::: VOROP 

Ise9 x # of seg 

or Rs = ~ = 10n (1/2 W ratingl 
7 x Ise9 

assuming worst case Iseg of 30mA 
Hence now: 

Pd max = Vee x Icc + (Vs - Vv - Rx x 7 x 
Iseg) x 7 x Iseg x KDC 

= 5.25 x 50 + 1.25 x 7 x 30mW 

(2) 

= 525mW (3) 

and Pd av = 5.0 x 30 + 1.25 x 5 x 25 
= 306mW 
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75 

If a diode lor 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal to 

Vs - VF - nVd ,VD = O.BV 

Where n is the number of diodes used, and 
so power dissipation can be calculated in a 
similar manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be con
sidered in computing device power dis
sipation. It may even be an advantage to use 
a digit driver which drops an appreciable 
voltage, rather than the saturating PNP tran
sistors shown in Figure 5. For example a 
Darlington PNP or NPN emitter follower may 
be preferable. Figure 6 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.8V 
which means thilt tho power dissipation is 
evenly distributed between the two integrated 
circuits. 

Where Vs and Vee are two different sup
plies, the Vs supply may be optimized for 
minimum system power dissipation andlor 
cost. Clearly, good regulation in the Vs 
supply is totally unnecessary, and so this 
supply can be made much cheaper than the 
regulated 5V supply used in the rest of the 
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4-DIGIT MULTIPLEXED LED DISPLAY 
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system. In fact a simple unsmoothed full
wave rectified sine wave works extremely well 
if a slight lossin brightness can be tolerated. 
A transformer voltage of about 3-4.5Vrms 
works well in most LED display systems. 
Waveforms are shown in Figure 7. 

The duty cycle for this system depends 
upon Vs, VF and the output characteristics 
of the display driver. 

With 

Vs ~ 4.9V pk. 
VF ~ 2.0V 

The duty cycle is approximately 60%. 

Vs in this example was derived by the circuit 
shown in Figure 7. Remember that the 
forward voltage drop of the rectifying diode 
must be subtracted to arrive at the exact peak 
of the Vs Voltage. 

Figure 8 shows other typical application 
schemes for multiplexing LED diplays. 

INTERFACING a-DIGIT LED DISPLAY 
WITH I'P BUS 

DATA BUS 

ADDRESS BUS 

NES91 

I DO 0, 0, 03 D. 05 D. 0, 

h·" 
B ----------------B 

. 

NESS7 

1 
Figure 6 

ADDRESSABLE PERIPHERAL 
DRIVERS SUPPORT 
/lP-BASED SYSTEMS 

I 

b 

The Signetics NE590 and NE591 address
able peripheral drivers (APDsl greatly facili
tate interfacing a variety of support circuits 
to microprocessor based systems. 

The APDs are designed to eliminate the 
need for many of the buffers, latches, TTL 
les, and discrete transistors currently 
needed to drive peripheral devices. 

Figure 9 shows that each driver includes a set 
of input latches, a 1-of-8 demultiplexer, and a 
set of high current drive outputs together with 
the assorted chip enable and clear logic. 

The low loading inputs of these drivers 
Itypically IlL = 15fLA and IIH = 1fLAI allow 
direct interfacing to the fLP-bus. Eight ad
dressable latches, which are addressed by a 
three bit binary code and (set/resetl by a 
single binary bit, allow storage of each 
output condition (ON/OFFI, allowing the I'P 
to continue processing after the APD has 
been addressed. 

Signetics 
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Driver selection is accomplished with a low 
active chip enable which may be derived 
from the 1/0 decoder common to all 1/0 
devices. A low active master clear is also 
provided to reset all outputs simultaneous
ly. Th is signal may be generated from the 
1/0 decoder or set high when not required. 

The high-current outputs of the drivers 
1250mA sinking with the NE590 and 250mA 
sourcing with the NES91) allows direct inter
facing to relays, motors, lamps, LED's, and 
other devices or systems requiring high 
current drive capabilities. 

Figure 10 demonstrates the use of APD's in a 
uP-based system. When driving LED dis
plays, a single a-bit word contains all the data 
required for defining both digit location and 
segment selection. The APD uses four bits
three to address one of a outputs and one to 
set the output to an ON or OFF state. 

When using he NE590, ON refers to the out
put low state in which the output is 

INPUT STAGE 

Vee 

00 

0, 

0, 

0, NE590 

0, 

Os 

0, -::-

OUTPUT STAGE 

0, Y s 
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.1 I 
ADDRESS BUS )I BUS DRIVER 

'I I 

DATA BUS ,>1 BIDIRECTIONAL ~ 'I BUS DRIVER 

MICROPRO-
CESSOR 

CONTROL 8US 

capable of sinking a maximum of 250mA. 
The clear (CLI pin may be tied high and 
would normally not be required in this appli
cation. 

The four remaining data bits are required by 
the NE589 which supplies segment data. 
These four BCD data bits are converted into 
seven-segment data used for driving the 
anodes of the LED's. Data is strobed into the 
latches by the LATCH ENABLE INPUT at 
the same time that information is being sup
plied to the NE590. Since the NE589 pro
vides a constant current source, uniform 
brightness is obtained from each segment 
in the display. The NE589 is capable of 

MICROPROCESSOR BASED SYSTEM 
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Figure 10 

supplying up to 50 mA/segment. Segment 
currents are set by a single programming 
resistor. 

Figure 10 shows several devices connected to 
the NE591: a relay, a motor, and a D-C sub
system. Each device is selected in the same 
manner as the LED digits: that is, three bits 
are used to select the output and one bit is 
used to turn the output ON or OFF. 

An output may be cleared in one of two 
ways: 

11 By direct selection and clearing of the 
individual latch, 
or 

Signetics 

21 By clearing all outputs through the use 
of the clear input. 

The latter method does not require address
ing. 

The examples shown in Figure 10 clearly 
demonstrate the advantages that can be 
derived from using the NE590 and NE591 
APDs in microprocessor-based systems. 
These devices provide easy interfacing and 
minimize the number of interfacing compo
nents; they also provide the logic interface to 
the microprocessor and the switch function 
and high-current drive required by the 
peripheral units. 

9·29 

9 



LINEAR LSI PRODUCTS 

USING THE MC1488/1489 LINE DRIVERS AND RECEIVERS AN113 

LINE DRIVERS AND RECEIVERS 
Many types of line drivers and receivers are 
available today. Each device has been de
signed to meet specific criteria. For instance, 
the device may be extremely wide band or be 
intended for use in party line systems. Some 
include built in hysteresis in the receiver while 
others do not. 

The EIA Standard 
The Electronic Industries Association has 
produced a set of specifications dealing with 
the transmission of data between data ter
minal and communications equipment. This 
is EIA Standard RS-232-C and delineates 
much information about signal levels and 
hardware configurations in data systems. 

MC1488/1489 

As line driver and receiver the MC1488 and 
MC1489 meet or exceed the RS-232 
specification. 

Standard RS-232 defines the voltage level as 
being from 5 to 15 volts with positive voltage 
representing a logic O. The MC1488 meets 
these requirements when loaded with resis
tors from 3k to 7k ohms. 

Output slew rates are limited by RS-232 to 30 
volts per microsecond. To accomplish this 
specification the MC1488 is loaded at its out
put by capacitance as shown by the typical 
hookup diagram of Figure 1. A graph of slew 
rate vs output capacitance is given in Figure 
2. For the standard 30V/p.s a capacitance of 
400pF is selected. 
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The short circuit current charges the capaci
tance with the relationship. 

Ise~T 
c = ---z;y-

Where C is the required capacitor, Ise is the 
short circuit current value, and ::..V/::..T is the 
slew rate. 

Using the worst case output short circuit cur
rent of 12mA in the above equation, calcula
tions result in a required capacitor of 400pF 
connected to each output to limit the output 
slew rate to 30V/p.s in accordance with the 
EIA standard. 

The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus the 
MC1488 is designed such that the output will 
withstand shorts to other conductors indefini
tely even if these conductors are at worst 
case voltage levels. In addition to output pro
tection, the MC1488 includes a 300 ohm 
resistor to ensure that the output impedance 
of the driver will be at least 300 ohms even if 
the power supply is turned off. In cases where 
power supply malfunction produces a low 
impedance to ground, the 300 ohm resistors 
are shorted to ground also. Output shorts 
then can cause excessive power dissipation. 
To prevent this, series diodes should be 
included in both supply lines as pictured in 
Figure 3. 

The companion receiver, MC1489, is also 
designed to meet RS-232 specifications for 
receivers. It must detect a voltage from ± 3 to 
± 25 volts as logic signals but cannot 
generate an input differential voltage of grea-
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ter than 2 volts should its inputs become 
open circuited. Noise and spurious signals 
are rejected by incorporating positive feed
back internally to produce hysteresis. 
Featured also in the receiver is an external 
response node so that the threshold may be 
externally varied to fit the application. Figure 
4 shews the shift in high and low trip points as 
a function of the programming resistance. 

APPLICATIONS 
The design of the MC1488 and MC1489 
makes them very versatile with many possi
ble applications. The MC1488 output current 
limiting enables the user to define the output 
voltage levels independent of supply 
voltages. Figure 5 shows the MC1488 as a 
TTL to MaS Translator, while Figures 6 and 7 
illustrate TTL to HTL and TTL to MaS 
Translator. 

The MC 1489 response control node allows 
the user to modify the input threshold voltage 
levels. This is accomplished by adding a 
resistor between the response control pin 
and an external power supply. Figure 4 shows 
the shift thus provided. This feature and the 
fact that the inputs are designed to withstand 
± 30 volts permit the use of the MC1489 for 
level translation as shown in the MaS to TTL 
translator of Figure 8. This feature is also 
useful for level shifting, as illustrated in 
Figure 9. 

The response control node can also be used 
to filter out high frequency, high energy noise 
pulses. Figures 10 and 11 give typical noise 
pulse rejection curves for various sized 
external capacitors. 
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TYPICAL LINE DRIVER-RECEIVER APPLICATION 

Figure 1 

OUTPUT SLEW RATE vs. LOAD CAPACITANCE 
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COMPARATORS 
Voltage compartors are high gain differential 
input-logic output devices. They are specifi
cally designed for open loop operation with a 
minimum of delay time. Although variations of 
the comparator are used in a host of applica
tions, all uses depend upon the basic transfer 
function of Figure 1. As shown, device opera
tion is simply a change of output voltage 
dependent upon whether the signal input is 
above or below the threshold input. The 
threshold in this example is 0 volts. 

Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example the circuit of Figure 2 
produces a logic 1 level when the non
inverting input is more positive than the 
reference voltage. 

DEFINITIONS 
Many similarities exist between operational 
amplifiers and the amplifier section of voltage 
comparators. In fact op amps can be used to 
implement the comparator function at low fre
quencies. 

Thus, the characteristic definitions presented 
here are similar to those reveiwed for op 
amps. 

Input Offset Voltage 
As with operational amplifiers, the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the output 
structure of comparators is digital rather than 
linear. Hence, input offset voltage is defined 
for comparators as the dc voltage required at 
the input to force the output to the logic 
threshold of ensuing devices (1.2 volts for 
TTL). 

Input Offset Current 
Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential input amplifier. As for op 
amps, the imbalance is referred to as input 
offset current. 

Bias Current 
As with op amps the input structure of com
parators is usually a differential bipolar stage. 
Input bias current is the average of the two 
input currents. 

Common Mode Range 
When specifying voltage comparators one of 
the key parameters is common mode range, 
which is defined as the range of voltages over 
which both inputs can be varied simulta
neously without abnormal output voltage tran
sitions or device degradation. This parameter 

must be kept uppermost in the designer's 
mind because the reference and signal 
voltages become common mode Signals at 
threshold. All ranges of input Signals thus 
must be within the common mode range of 
the input amplifier. 

Voltage Gain 
Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs in the amplifier section. 

In general, higher gains would be advanta
geous for resolving smaller input signals. Of 
course, the propagation delay suffers due to 
the more severe saturation of the transistors. 
Typical gains for TTL output devices are set 
for 5000 volts per volt. This gain provides 5 
velts of output swing with 1mV input signal 
change for reasonable accuracy but does not 
contribute severely to the overload recovery 
delay. 

Propagation Delay 

Voltage comparisons of analog signals with a 
reference voltage usually require that the 
operation take as little time as possible. Long 
delays in the comparator cause a pulse posi
tion error at the output since the analog signal 
in the meantime has changed value. At low 
frequencies the delay is of small conse
quence but, at higher frequencies, transit 
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time becomes intolerable. Design of voltage 
comparator devices includes, as a prime 
goal, the minimizing of transit times. 

Propagation delay testing is done under worst 
case conditions. The recovery from saturation 
varies depending upon the initial state of the 
amplifier and the overdrive. Worst case condi
tions begin by applying a 100mV signal on the 
reference terminal. With no signal applied the 
amplifier is in saturation in one direction. A 
step input pulse on the signal line of 
100mV ± Vos will bring the amplifier to a 
threshold level. Propagation delay at this 
point is undefined since the output has not 
switched. 

To attain output switching a small overdrive is 
necessary. Propagation delay is tested in a 
configuration such as Figure 3. The input is a 
step function of 100mV plus a specified 
excess or overdrive signal. This causes the 
amplifier to be exercised from saturation in 
one direction to saturation in the other for 
worst case propagation delay. Note that 
larger overdrive reduces delay time as can be 
seen in Figure 4. An overdrive of 5mV causes 
12ns delay, whereas a 100mV overdrive 
improves transit time to only 6ns. 

PROPAGATION DELAY 
TEST SETUP 

SIGNAL 

100 mY PLUS 
OVERDRIVE 

Figure 3 
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If the measurement were made without initial 
saturation (less than 100mV V threshold) the 
delay time would be less, due to the 
decreased storage times of unsaturated tran
sistors. 

STATE-OF-THE-ART 
Comparator design has always been opti
mized for four basic parameters. They are: 
1. High Speed 
2. Wide Input Voltage Range 
3. Low Input Current 
4. Good Resolution 

Unfortunately these four parameters are not 
compatible. For instance gain and input cur
rent can be improved by using thinner diffu
sions for higher beta, but only at the expense 
of input voltage range. Higher gain also 
means higher saturation for an increase in 
delay time. So it becomes obvious that older 
comparators such as the 710 were designed 
with the best compromises in mind using 
standard processing. 

One method of improving overall response 
adds gold doping to the processing flow. The 
gold dopant causes a decrease in minority 
carrier lifetime which aids the recombination 
process and shortens ti18 saturation recovery 
time. Unfortunately, the transistor beta is 
adversely affected by gold causing slightly 
higher bias and offset currents. 

It was not until advent of the Schottky clamp 
that a vast improvement in speed without 
input degradation was possible. A very fami
liar term in the semiconductor industry, the 
Schottky barrier diode's (SBD) location is 
illustrated in Figure S. 

The Schottky clamped transistor is formed 
by parallelling the Schottky diode with the 
base-collector junction of the npn transis
tor. Without the clamp, as base drive is 
increased the collector voltage falls until 
hard saturation occurs. At this point the 
collector voltage is very near the emitter 
voltage, and stored charges in the junctions 
causes slow recovery from saturation after 
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SCHOTTKY CLAMPED 
TRANSISTOR 

Figure 5 

SCHOTTKY CLAMPED TRANSISTOR GEOMETRY 

Figure 6 

base drive has been removed. The forward 
voltage drop of the Schottky diode is 0.4 
volts-less than the forward drop of silicon 
diodes. This difference in forward drop is 
used by plaCing the diode across the tran
sistor base-collector junction. The Schottky 
diode becomes forward biased when the 
collector voltage falls 0.4 volts below the 
base voltage. Excess base drive is then 

shunted into the collector circuit prohibit
ing the transistor from reaching classic 
saturation. With almost no stored charge in 
either the SBD or the transistor, there is a 
large reduction in storage time. Thus, tran
sistor switching time is significantly re
duced. 

A cross sectional area of the Schottky diode 
is shown in Figure 6. 

COMPARATOR SELECTION GUIDE 

Propagation Vas los Ibias CMR 
Device Delay (ns) (mV) (~A) (~A) Gain (V) Benefits 

NES21 12 7.S S 20 SOOO ±3 Dual, very fast, standard 
supplies, TTL compatible, 
individual & common strobe. 

NE522 IS 7.5 5 20 SOOO ±3 Same as NES21 plus open 
collector outputs for addi-
tional decoding. 

NES27 26 6 0.7S 2 SOOO ±6 Fast, very low input current, 
differential outputs, flexible 
surplus wide common mode 
range. 

NES29 22 6 S 20 SOOO ±6 Same as NES27 but with 
faster response. 

LM311 200 7.S O.OS 0.2S 200K ±30 High common mode input 
range, ± SV to ± ISV supply, 
strobe input, open collector 
output. 

LM319 80 8 0.2 1.2 40K ±S Low input bias, dual, + SV to 
± 15V supply, open collector 
output. 

LM339 200K 
V+ High common mode input 

1300 2 O.OS 0.2S -1.SV range, low input bias, quad, 
+ SV to ± ISV supply, open 
collector output. 

LM393 1300 2 O.OS 0.25 200K 
V+ 

-1.5V Same as LM339 but dual. 

Figure 7 

NOTE Parameters are based on minimax limits at 25° C as defined in the individual data sheet. 
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COMPARING THE 
COMPARATORS 
Presently available comparator les range 
from the ultra fast SE/NE521 to the general 
purpose comparator fashioned from an in
expensive op amp. Selection of the device 
depends upon the application in which it will 
be used. Speed of conversion is often of pri
mary importance to minimize pulse position 
errors of high frequency signals. At other 
times the requirements are much less 
stringent allowing the use of a general pur
pose comparator. 

A handy reference guide to the major pa
rameters is summarized in Figure 7. The 
necessary parameters can be chosen to 
select the proper device. 

A general description of the comparator 
devices is included here to familiarize the 
user with available devices and their advan
tages. 

SEINE521/522 Comparators 
Processed with state-of-the-art Schottky bar
rier diodes, the NE521/522 series' devices 
provide good input characteristics while pro
viding the fastest analog to TTL conversion to 
date. Total delay from input to output is typi
cally 6ns with a guaranteed speed of 12ns. 
Additional features of this device include the 
dual configuration and individual output 
strobes to simplify system logic. The NE522, 
although sacrificing some speed, features 
open collector outputs for party line or wired
OR configurations for additional system flex
ibility. 

NE/SE527 Comparator 
Featuring darlington inputs for very low bias 
current, the NE527 is generically related to 
the NE529 comparator. Emitter follower 
inputs to the differential amplifier are used to 
trade better input parameters for slightly less 
speed. As Figure 7 shows, a factor of 10 
improvement in IBIAS is gained with a propa
gation delay increase of only 4ns maximum. 

NE529 Comparator 
The NE529 is manufactured using Schottky 
technology. Although a few nano seconds slo
wer than the NE521, the NE529 features 
variable supplies from ± 5 to ± 10 volts with a 
high common mode range of ± 6 volts. Both 
the NE527 and NE529 Schottky comparators 
boast complimentary logic outputs with out
put A being in phase with input A. In addition, 
the .supplies of both the NE527 and NE529 
may be non-symmetrical to produce a desired 
shift in the common mode range. 

This technique is illustrated by the Eel to 
TTL and TTL to Eel transistor of Figures 17 
and 18 respectively. The only major require-

ment of the supplies is that the negative sup
ply be at least 5 volts more negative than the 
ground terminal of the gate. This is necessary 
to insure that the internal bias arrangement 
has sufficient voltage to operate normally. 

APPLICATIONS 
Today's state-of-the-art ultra-high speed 
comparators are capable of making logic 
decisions in less than 10 nano seconds. 
They are easily applied and possess good 
input and power supply noise rejection. As 
with all linear les however, some prelimi
nary steps should 'be taken in their use. 

General Precautions 

Layout 
The comparator is capable of resolving sub
millivolt signals. To prevent unwanted signals 
from appearing at signal ports, good physical 
layout is required. For any high speed design, 
ground planes should be used to guard 
against ground loops and other sources of 
spurious signals. At high frequencies hidden 
signal paths become dominant. Distributed 
capacitance is a particular nuisance. If care is 
not taken to isolate output from input, distri
buted capacitance can couple a few millivolts 
into the input, causing oscillation. 

Another source of spurious signals is ground 
current. Input structures are relatively high 
impedance while the gale structures of com
parators run with large signal and ground cur
rents. If this gate ground current is allowed to 
pass near the input signal path, the small 
impedances of the ground circuit will cause 
millivolt changes in reference or signal 
voltages producing errors, sustained oscilla
tion, ringing, or excessive Vas. A ground 
plane arranged such that output currents do 
not flow near input areas is highly 
recommended. 

Power Supplies 
Another general precaution that should 
always be execised is power supply by
passing. As mentioned the name of the game 
is speed. Very high speed gates are used to 
produce the desired output logic levels. Max
imizing response speed also requires higher 
current levels, giving rise to power supply 
noise. For this reason, good power supply by
passing very close to the device itself is 
always mandatory. A tantalum capacitor of 1 
to 10l'F in parallel with 500 to 1000pF will 
prove effective in most cases. lead lengths 
should be as short as physically possible to 
preserve low impedances at high frequency. 

Unused Inputs 
Some currently available comparators such 
as the NE521 and NE522 are dual devices. 
Most often both sections of these devices 
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will be utilized. Should a system utilize one 
device, the unused inputs should be biased 
in a known condition. The high gain
bar.dwidth may otherwise cause oscilla
tions in the unused comparator section. A 
low impedance should be provided from 
both unused inputs to ground. A resistor of 
relatively high impedance may then be used 
to supply a differential input on the order of 
100mV to insure the comparator assumes a 
known state. 

11' the inverting input is tied to the positive 
differential voltage the gate output will be 
low. The strobe inputs then provide II means 
of utilizing the Schottky gate for other sys
tem logic functions. 

If the strobe inputs are not used, they should 
be connected to the output of a logic gate that 
is always high, or to the + 5 volt supply 
through a 5 to 10 K-ohm resistor. They should 
never be tied directly to the + 5 volt supply as 
the relatively minor spiking on the supply may 
damage these inputs. 

Common Mode Signals 

Manufacturers specify the maximum voltage 
range over which the inputs may be taken. In 
addition the maximum differential voltage that 
may be safely applied to the inputs is speci
fied. In the case of the NE529 comparator the 
differential voltage is restricted to less than 
± 5 volts, with a common mode of ± 6 volts. 
That these two quantities interact cannot be 
overlooked, Fcor instance, with both inputs at 
± 4 volts the common mode restriction is 
satisfied. If Vre! is now left at + 4 volts the 
signal input may not be taken mar" than 1 volt 
below ground because the differential signal 
becomes 5 volts, 

It is important to observe this maximum 
rating since exceeding the cifferential input 
voltage limit and drawing excessive current 
in breaking down the emitter-base junctions 
of the input transistors could cause gross 
degradation in the input offset current and 
bias current parameters. 

Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam
age through excessive current. However, 
even if the current is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can result. 

Input Impedance 
The differential bias and offset currents of 
comparators are minimized by design. As 
was pointed out for op amps, the input 
resistance seen by both inputs should be 
equal. This reduces to a minimum the con
tribution of offset current to threshold error. 
Unbalanced input impedance also adds to 
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the offset error due to the difference in volt
age drop across the Input resistances. 

BASIC APPLICATIONS 
The basic comparator circuit and its transfer 
function were presented by Figures 1 and 2. 

When the Input exceeds the reference volt
age, the output switches either positive or 
negative, depending on how the Inputs are 
connected. 

The vast majority of specific applications 
Involve only the basic configuration with a 
change of reference voltage. A to 0 con
verters are realized by applying the signal to 
one terminal and the voltage derived from a 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuit. Both are only a small deviation from 
the basic level detector. 

Hysteresis 
Normally saturated high or low, the amplifi
ers used In voltage comparators are seldom 
held in their threshold region. 

They possess high gain-bandwidth products 
and are not compensated to preserve swit
ching speed. Therefore, If the compared 
voltages remain at or near the threshold for 
long, periods of time, the comparator may 
oscillate or respond, to noise pulses. For 
Instance, this is a common problem with suc
cessive approximation D/A converters where 
the differential voltage seen by the compara
tor becomes successively smaller until noise 
signals cause indecision. To avoid this oscilla
tion in the linear range, hysteresis can be 
employed from output to input. Figure 8 
defines the arrangement. Both positive and 
negative feedback is provided by RIN and RI. 

Hysteresis occurs because a small portion of 
the "one" level output voltage is fed back in 
phase and added to the input signal. This 

LEVEL DETECTOR WITH HYSTERE,SIS 

R'N RF 
V,N o-'Wv-r---'lM.------, 

EOUT 

R'N 

Figure 8 
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feedback aids the signal In crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before switching can 
occur. The switching process Is then assured 
and oscillations cannot occur. The threshold 
"dead zone" created by this method, Illustra
ted In Figure 9, prevents output chatter with 
signals having slow and erratic zero 
crossings. 

As shown In Figure 8, the voltage feedback Is 
calculated from the expression: 

V EOUT,. RIN 
HYST = RIN + Rt 

where EOUT Is the gate high output voltage. 
The hysteresis voltage Is bounded by the 
common mode range and the ability of the 
gate to source the current required by the 
feedback network. If symmetrical hysteresis 
Is desired an additional inverting gate is 
required If the com'parator does not have dif
ferential outputs. The NE527 and NE529 
devices provide inverted signals from dif
ferential outputs while the NE521 and NE522 
devices will require the Inverter. Care should 
be taken in the selection of the Inverter that 
propagation delay Is minimum, especially for 
very high speed comparators such as the 
NE521. 

Line Receiver 
Retrieving signals which have been trans
mitted over long cables in the presence of 
high electrical noise is a perfect application 
for differential comparators. Such systems 
as automated production lines and large 
computer systems must transmit high fre
quency digital signals over long distances. 

If the twisted pair of the system is driven 
differentially from ground, the signals can 
be reclaimed easily via a differential line 
receiver. 

o VOLT LEVEL DETECTOR 
WITH ± 10mV HYSTERESIS 

INPUT (IOmV/<:m1 

Figure 9 
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Since the electrical noise imposed upon a 
pair of wires takes the form of a common 
mode signal, the very high common mode 
rejection of the NE521/522 makes the unit 
ideal for differential line receivers. Figure 10 
depicts the simple schematic arrangement. 
The NE521 Is used as a differential amplifier 
having a logic level output. Because common 
mode signals are rejected, noise on the cable 
disappears and, only the desired differential 
signal remains. Figure 11 Illustrates the 
NE521 response to the 200mV peak to peak 
10MHz differential signal. In Figure 12 the 
same signal has been burled In 5 volts peak 
to peak of lHMz common mode "noise." 

The circuit suffers no degradation of signal. If 
desired several NE522 comparators may be 
"wire OR'd," or latched output can be built as 
shown In Figure 10. 

The NE521 and NE529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. 

Double Ended Limit (Window) 
Detector 
Many system designs require that It be known 
when a signal level lies between two limits. 
This function is easily accomplished with a 
single NE522 package. The schematic and 
transfer curve of the circuit is shown In Figure 
13. 

Each half of the NE522 is referenced to the 
desired upper or lower voltage limit producing 
the desired transfer curve shown. Taking 
advantage of the dual configuration and the 
open collectors of the NE522 minimize 
external components and connections. 

Crystal Oscillator 
Any device with a reasonable gain can be 
made to oscillate by applying positive feed
back in controlled amounts. The NE521 will 
lend itself to crystal control easily, provided 
the crystal is used in its fundamental mode. 
Figure 14 shows a typical oscillator circuit. 

The crystal is operated in its series resonant 
mode, providing the necessary feedback 
through the capacitor to the input of the 
NE521. The resistor Radj is used to control the 
amount of feedback for symmetry. Oscilla
tions will start whenever a circuit disturbance 
such as turning on the power supplies occurs. 
The NE521 will oscillate up to 7OMHz. 
However, crystals wth frequencies higher than 
about 20MHz are usually operated in one of 
their overtones. To build an oscillator for a 
specific overtone requires tuned circuits in 
addition to the crystal to provide the neces
sary mode suppression. If the spurious 
modes are not tuned out the crystal will oscil
late at the fundamental frequency. Higher fre
quency oscillators could be realized using 
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LINE RECEIVER DOUBLE ENDED LIMIT DETECTOR 
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input and output mode suppression or tuning. 
The NES22 is especially desirable since the 
open collector topology allows the output to 
be collector tuned readily. 

Analog to Digital Converter 

There are many types of A to D converter 
designs, each having its own merits. However, 
where speed of conversion is of prime 
interest the multi-threshold conversion type is 
used exclusively. It is apparent from Figure 
lS, that the conversion speed of this design is 
the sum of the delay through the comparator 
and the decoding gates. 

The sacrifices which must be made to ob
tain speed are the number of components, 
bit accuracy and cost. The number of com
parators needed for an N-bit converter is 2n-
1. Although the NES21 provides two com
parators per package, the length of parallel 
converters is usually limited to less tha.n 4 
bits. Accuracy of multi-threshold A-D con
verters also suffers since the integrity of 
each bit is dependent upon comparator 
threshold accuracy. 

The implementation of a 3-bit parallel A-D 
converter is shown in Figure 16 with a 3-bit 
digital equivalent of an analog input shown in 
Figure 15. 

Aeference voltages for each bit are devel
oped from a preCision resistor ladder net
work. Values of A and 2A are chosen so that 
the threshold is one half of the least signifi
cant bit. This assures maximum accuracy of 
±1/2 bit. 

It is apparent from the schematic that the 
individual strobe line and duality features of 
the NES21 have greatly reduced the cost and 
complexity of the design. The speed of the 
converter is graphically illustrated by the 
photo of Figure lS. All 3-bit outputs have set
tled and are true a mere lSns after the input 
step of 3 volts has arrived. The output is 
usually strobed i~to a register only after a cer
tain time has elapsed to insure that all data 
has arrived. 

logic Interface 

During the design of the NE527 and NES29 
devices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, if the 
"ground" terminal is set at -S.2 volts and the 
other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5 volts and 
logic 0 will be at -S.O volts. With this freedom 
of power supply voltage, the user may ad
just the output swings to match the desired 
logic levels even if that logic is other than 
TTL levels. 

9·38 

ECl to TTL Interface 
Emitter coupled logic is very popular due to 
its speed. Systems are often built around 
standard TTL logic with those portions re
quiring higher soeed being implemented 
with emitter coupled logic. As soon as such 
a decision is made the problem of interfac
ing TTL to ECL logic levels is encountered. 

The standard logic output swings of ECL are 
- O.BV to - 1.BV at room temperature. Con
verting these signals to TTL levels is accom
plished simply by using the basic voltage 
comparator circuit with slight modifications. 
Figure 17 reveals that the power supplies 
have been shifted in order to shift the com
mon mode range more negative. This insures 
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that the common mode range is not exceeded 
by the logic inputs. Since ECl is extremely 
fast the NE529 is usually selected because of 
its superior speed so that a minimum of time 
is lost in translation. 

TTL to Eel 
Operating in the reverse, TTL levels can also 
be converted to ECl levels by the NE529. 
Again the NE529 is selected as the fastest 
converter with the necessary power supply 
flexibility to accomplish the level shifting 
with a minimum of effort and cost. 

A check of output voltage for the NE529 
reveals that the voltage is slightly less than 
required by the ECl logic for fast switching 
R2 and the diode of Figure 18 raises the gate 
supply voltage and therefore the NE529 out
put voltage by 0.7 sufficient to guarantee fast 
switching of the translator. Resistive pull up 
from the NE529 output to Vee can also be 
used with the gate supply grounded. This 
method is dependent upon RC time constants 
of distributed capacitance and is the there
fore much slower. 

Photo Diode Detector 
Responding to the presence or absence of 
light, the photo diode increases or decreases 
the current through it. Detecting the changes 
becomes a matter of converting light and dark 
currents to voltage across a resistor as shown 
in Figure 19. Rl is selected to be large 
enough to generate detectable differences 
between light and dark conditions. Once the 
signal levels are defined by Rl and the diode 
characteristics, the average between light 
and dark signals is used for V reference and 
is produced by the resistive divider consisting 
of Rl and R2. The comparator then produces 
an output dependent upon the presence or 
absence of light upon the diode. 

SENSE AMPLIFIERS 
Closely related to the comparator is the sense 
amplifer. Signals derived from the many 
sources, such as transducers, are not of suffi
cient amplitude to be compatible with subse
quent logic. It then becomes necessary to 
amplify and convert the signal to TTL levels, 
which is the responsibility of the sense ampli
fier. 

Some transducers produce an output current. 
It remains, then, for the user to convert these 
currents to TIL levels. A terminating resistor 
from the drain to ground provides a voltage 
output proportional to the current and the 
resistor size. larger signals can be produced 
by larger reSistors; but in practice resistors 
larger than 1 k ohm are avoided because of 
increasing access time. Distributed capacit
ance forms a time constant with this output 

resistance causing slow rise and fall times 
when the resistor is large, adding to the 
access time. 

Virtually any voltage comparator or sense 
amplifier can be used. Since total time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics com
parators NE521 and NE522 are ideal in this 
application because of low input offset 
voltages and very fast response. USing these 
Schottky clamped comparators significantly 
reduces the total cycle time of the memory. 

Consideration must first be given to the dif
ferential input voltage requirements of the 
sense amplifier. The required reference 
voltage is calculated from the relationship: 

Vref'; 111 - Is) Rl - Vdiff 

Table 1 
IMPORTANT SENSE 

AMPLIFIER PARAMETERS 

Design of the sense amplifier network 
depends upon the transducer used and the 
input characteristics of the sense amplifier. 
The significant specifications are given in 
Table 1. 

DEVICE 

521 
522 

VOS(rnV) 

10 
10 

IS(j..<A) V1N(MIN)(mV) 

40 15 
40 15 

ECl TO TTL TRANSLATOR 

Eel 
INPUT 

Signetics 

'5 V 

1---"9 0 

t 
529 TTL OUTPUTS 

)-----00 

-lOV 

Figure 17 

TTL TO ECl TRANSLATOR 

'"v 

3R, 

10 

R, 
200 

527/529 

~ -lOV -S.2V 

Figure 18 

Eel GATE 

SPEED (NS) 
(V'N=100mV) 

12 
15 

GAIN 

5000 
5000 
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PHOTO DIODE DETECTOR 

+5V 

", 
'0 

Q 

527 

-5V 

Figure 19 

Where I, is the transducer output current, 18 is 
sense amplifier bias current and V dill is mini
mum differential voltage to switch the sense 
amplifier. 

In large systems, noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns with 
sense lines as short as possible will help, but 
will not always be sufficient. One method of 
eliminating noise is to use a balance sense 
line as shown in Figure 20. 

A dummy line should be run parallel to the 
actual sense line in as close proximity as pos
sible. One end is connected to the sense 
amplifier at the V's, point while the other end 
is left open. The normal sense line is con
nected as usual. Electrical noise imposed 
upon the pair of sense lines takes the form of 
a common mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen
tial signals at the sense amp causing the out
put to switCh. 
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INTRODUCTION 

An LVDT is an electromechanical trans
ducer which makes possible the measure
ment of very small motion in a structure or 
mechanical device. Mechanical motion is 
translated to an electrical signal which 
contains position information much as a 
radio frequency carrier contains sound in
formation. The position information from 
the LVDT is contained in the phase and 
amplitude of the output AC waveform. In 
order to remove the pOSition information 
(demodulation). a system such as is 
shown in block form in Figure 1 must be 
used. Once signal demodulation is 
achieved the position data may be read 
out on a meter or digital display in addi
tion to being processed by microproces
sor or computer. The Signetics NE5520 is 
a new Monolithic L VDT Driver-Demodu
lator designed to interface with most 
LVDT's presently being used in the in· 
dustry. 

Uses will range over a large number of 
potential applications including the accu
rate measurement of position, pressure, 
load weight. angular position and even ac
celeration. Historically. LVDT's have been 
used in the following applications: 

• Load cell 
• Linear motion 
• Torque cell 
• Vibration 
• Fluid pressure 
• Accelerometer 
• Inclinometer 
• Seismic load cell 

MOTION MAY-BE 

• Linear 
• Rotary 

The N E5520 provides sinusoidal drive to 
the Linear Variable Differential Trans
former (LVDT). the output of which is buf
fered. rectified and phase demodulated to 
obtain both direction and displacement in
formation in the form of a DC output 
Signal (Figure 2). 

LVDT LOADING 

Due to the loosely coupled characteristics 
of the typical LVDT. loading effects versus 
frequency may be critical to a successful 
deSign. The graph (Figure 3A) shows this 
relationship in the form of a family of 
cu;ves relative to LVOT core displacement 
for 400Hz and 2500Hz. From the curves it 
is obvious that the linearity and output 
level versus displacement is superior lor 
an LVOT operated at 2500Hz with a very 
high impedance load (0.5 meg ohm). The 

ALL PIN NUMBERS REFER TO N PACKAGE 

THE LVDT WITH SINEWAVE EXCITATION AND SYNCHRONOUS DEMODULATION 

CORE POSITION 

;·1 ' 
SIGNAL OUTPUT 

LVDT" ~ 

~" DISPLACEMENT 
PRIMARY 

~----~~r-----~ 

I, 

Figure 1 

LVDT SYSTEM TRANSFER FUNCTION 

Vour 

OUTPUT 

Figure 2 

NE5520 demodulator presents a very high 
input impedance to the LVOT secondary 
for maximum linearity_ (Fig. 3B) 

LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 

In order to obtain usable information from 
the LVOT a series of signal conditioning 
circuit operations are required. First, a 
stable source of constant frequency ex-

Signetics 

citation voltage must be applied to the 
primary of the LVOT. 

Next some form of demodulator is needed 
to extract position information from the 
LVOT secondary output signal. A full wave 
rectifier will provide usable amplitude in
formation when adequately filtered, how
ever, relative phase information is lacking. 
In order to obtain both phase and ampli
tude information synchronous demodula
tion is needed. This type of demodulator 
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OUTPUT CHARACTERISTICS OF A TYPICAL LVDT FOR VARIOUS LOADS 
AND EXCITATION FREQUENCIES 
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DEMOD 
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NOTE: INTERNAL BUFFER AMP PROVIDES HIGH IMPEDANCE LOAD TO SECONDARY. 

Figure 3b 

"HANDBOOK OF MEASUREMENT AND CONTROL" BY HERCEG. 

Figure 3a 

exists in the Signetics NE5520. Once 
phase and amplitude information is ob
tained in the form of a po 1m full wave recti
fied signal (see Figure 3C) from the syn
chronous demodulator, the carrier compo
nent (actually 2nd harmonic of the carrier 
plus higher order spectral components) 
must be filtered out leaving only the true 
position information. This is accom
plished by passing the demodulated sig
nal through a low-pass active filter. An 
auxiliary operational amplifier is provided 
for this purpose within the NE5520, in ad
dition to adjustable signal gain for proper 
full scale output (span adjustment). In ad
dition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary ampli
fier. The resulting system is a complete 
LVDT signal conditioner. Figure 4 shows a 
block diagram of the NE5520. The device 
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Figure 3c 

will operate in a single supply range from 
5 to 20 volts DC or with split supplies of 
± 5 to ± 10 volts DC. A device current, Icc, 
of 10 milliamperes at an operating voltage 
of 10 volts is typical. 

DESCRIPTION OF THE NE5520 
(Figure 4) 

The NE5520 oscillator consists of a tri
angle wave generator, a current source
sink circuit which switches when the 
capacitor voltage reaches discrete levels 
at 114 and 314 VREF . The total swing being 
V REFI2 volts pop. The triangle wave is fed 
into a non-linear load which generates a 
sinusoidal waveform with low distortion. 
The sine wave output is then buffered by 
two op amps, the output of which appear 
on pins 9 and 10 in phase opposition. This 

Signetics 

then is the excitation signal for the LVDT 
primary. 

The second major functional portion of 
the NE5520 is the synchronous demodu
lator and this section performs full wave 
rectification in phase synchronism (pin 6) 
with the above oscillator output. In order 
to extract true position information, the 
phase relationship of the LVDT secondary 
must be obtained. This means that as the 
LVDT core passes through null an abrupt 
180" phase change occurs. Once full wave 
rectification is accomplished, the result· 
ing signal carrier frequency must be re
moved by filtering. Demodulator output 
appears on pin 5. This is accomplished by 
an active filter incorporating the auxiliary 
op amp (pins 1, 2, 3). The original position 
information then appears ripple free on 
pin 1 of the auxiliary amplifier. 
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BLOCK DIAGRAM 

VREF 
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DE~~~~5+-______________ ~~ 

-IN 

+IN 

OUT <>-'-+------------' 

NOTE: 
Pm numbers for for N !)ackage. 

Other functions include buffer amplifier 
feedback in the oscillator circuit. The loop 
is closed with negative feedback around 
both amplifiers (pin 10 to 11) operating at 
unity gain. 

The oscillator timing capacitor controls 
the frequency as shown in the graph, Fig
ure 5. The frequency is related by the 
equation fosc= 110/C"F Absolute output 
frequency will vary slightly with supply 
voltage. 

BIASING THE REFERENCE 
VREF (PIN 12) 

The manner in which the VA pin is biased 
will effect the output voltage function of 
the NE5520 and consideration must be 
given to this in order to arrive at an opti
mum system design. There are two basic 
modes of operation involved as listed 
below: 

Figure 4 

OSCILLATOR FREQUENCY vs 
CAPACITANCE 

0.1l1li. 

0.001 L-.llJ..llWJ....I....l-.LJJJ.J.JJJ---JI....l-WlllJ 

O.OIK lK 10K lOOK 

10 (Hz) 

Figure 5 

1) Ratiometric 
2) Fixed Reference 

With the ratiometric mode, pin 12 (V REF) is 
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11 
FEEDBACK 

OSC l 
~VOLTSRMS 

10 
OSC J 
VR/2 

LVOT IN 

SYNC 

connected to pin 14 (+ V). Since VR con
trols the DC common mode voltage of the 
demodulator and the oscillator rms out
put, these magnitudes will now change 
with supply voltage. The DC output from 
pin 1, using a single ground referenced 
supply, will be ratiometric with the supply 
voltage and centered within the common 
mode range of the output amplifier when 
the LVDT transducer is at null. Single or 
dual supply operation will be ratiometric 
when + V is connected to V R' 

The alternate method of biasing is the 
fixed reference mode with pin 12 (V R) con
nected to a fixed reference voltage such 
as + 10 volts and pin 14 (+ V) allowed to 
vary with an incoming poorly regulated 
supply. This might occur In automotive 
applications where battery voltage may 
vary from 10 to 14 volts. However, with a 
fixed reference driving V A, DC voltage at 
the output will not vary with supply but 
will vary within the common mode limits 

9-43 

9 



LINEAR LSI PRODUCTS 

USING THE LVDT SIGNAL CONDITIONER 

of the amplifier as the LVDT core traverses 
its path. Output voltage of pin 1 at LVDT 
null will be Vp,12. Thus, for the case men· 
tioned with VR= 10 volts, the null voltage 
will be + 5 volts. The maximum linear 
swing would be 1.5-8.5 volts around this 
value. The fixed reference mode may be 
used with single or dual supply operation. 

DUAL SUPPLY OPERATION 
When connected to a typical LVDT transducer 
as shown in Figure 6, the NE5520 will exhibit 
an extremely linear transfer function. Very 
important to precision position measurement 
is the inherent repeatability of the system. 
The graphs in Figure 7A, B illustrate the 
highly linear transfer function and its repeat
able accuracy with different supply voltages, 
in this case ± 6 and ± 10 volts. The transdu
cer motion was over a .range of ± 150 milli
inches each side of the LVDT null. Typical DC 
output signal is shown with an output ampli
fier gain of X10 in both cases. Note that 
linearity remains constant, however, full scale 
output varies with supply voltage. This is due 
to the increased excitor drive to the LVDT with 
increased reference voltage. LVDT ouput is a 
linear function of excitor amplitude on the pri
mary winding. The addition of a single gain 
control may easily be added between pins 1 
and 3 to reduce gain in order to retain cons
tant output for different supply voltages (see 
Figure 8) or VR may be connected to a fixed 
voltage. (See 'Biasing.') 

TRANSFER FUNCTION :: 6V 

+ 4.00 H-t-+-1-+-+VREF = + v = ± 6V 
+ 3.00 f-+-t-H-t-"""'f-+-t-+-t-t--H 

; +2.00 SiE=l=EE1;Ee=s 
~ + 1.00 H++-1-+-t-H*-t-H-t-1 

I!: o~::t~:t:tIZ+++=H+1 
::> 

o -1.00 !E~i~~E~~E~ i!! g -2.00 

- 3.00 

-4.00_120_80_40 0 +40+80+120 

DISPLACEMENT 1m II.) 

Figure 78 

::10V 
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DISPLACEMENT (mils) 

Figure 7b 

TYPICAL MEASURING SYSTEM 
(RATIOMETRIC MODE) 

r-----------------~+6V 
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TYPICAL GAIN ADJUST CIRCUIT 

GAIN 

,,-.-~--
RI 

GAIN= 1 +.!!i 
R1 

Figure 8 

SIGNAL 
OUT 

1 

It is strongly recommended that dual out· 
put tracking regulated supplies be used in 
this type of application in order to mini· 
mize system DC offset and impaired mea· 
surement· accuracy due to power supply 
unbalance. An optional circuit capable of 
automatically tracking and nulling power 
supply offset is shown in Figure 9. The 
bipolar output signal is referenced to 
ground. 

r-7!-"12=----,-,1",4 __ -, V" 

-vo--.-..o~-l 

9-44 

DUAL 
TRACKING 

REGULATOR 

+ 

~------------t---------~-bV 
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AUTO PSRR FOR USE WITH NON·TRACKING SUPPLIES 

M 
CT 

0.033" ~ 

epk + 
~ 

VR/2 ...... -----

+6V 

TRACKING 

1000 >-..... NY-4-::-I 
12 14 

VR NE5520 

-6V 

13 

Figure 9 

VR 

12 

TYPICAL SINGLE SUPPLY LVDT CIRCUIT 
Vcc 

+loV 

14 

NULLING PROCEDURE 
(Ref Fig. 9) 

AN118 

1. Null transducer position by observing 
pin 4 waveform. Set supply voltage for 
:!: 6.00 volts. 

2. Set offset adjust pot (feeds pin 3 of 
NE5520) for 0.00 volts DC at pin 1 of 
NE5520. 

3. Adjust offset null pot (NE5512) for zero 
output on Terminal A. 

4. Check for equal voltage :!: deflection 
when transducer is displaced equal 
distances from physical null position. 

5. Adjust tracking control for minimum 
DC output change when either supply 
Is varied over operating range at 'A'. 

SINGLE SUPPLY OPERATION 

Single ended supply operation requires a 
different circuit approach to obtain mea· 
surement system interface. Figure 10 
shows a typical circuit using a single 
10·volt supply. Note that the output (pin 1) 
of the N E5520 Is now floating above 
ground at approximately VR/2. Simple 
measuring circuits may be realized (Fig· 
ures 11A, e, C) by placing a DC microam· 
meter between pin 1 and a resistive divider 

--Y' 
osc 

V R/2 b--ir.-<>-t.,.....L...J.TTlo __ J TlrT '-'--, 

'--_-I ~~~~~~~~~~~I-___ -t.:...,,_±_-_L. ______ ..J---' 

LOW PASS 
FILTER 

RI 

OUTPUT 
SIGNAL 

Figure 10 
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creating a bridge readout which is ratio· 
metric with supply voltage variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the volt· 
age divider or V A/2 and the readout circuit 
in order to minimize offset due to measur· 
ing circuit loading. DC offset due to inter
nal tracking error in the NE5520 may be 
reduced by using the nulling circuit shown 
in Figure 12. Offset sensitivity and its ef
fect on system accuracy will be inversely 
proportional to full scale signal output of 
the NE5520 which is a function of the DC 
gain of the auxiliary amplifier and LVDT 
output. A typical full scale output with 
1 O·volt supply operation is V A/2 ± 3.5 volts 
with gain equal to 10. 

OUTPUT fNTERFACING EXAMPLES 
+v 

1 SIGNAL 

HI 
NE5520 AIN DVM 

+vcc 

VA 

A 
I.>--t-'--<>--j R~~~I~~T 

NE5520 

VR/2 

+v 
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Figure 11b 

LVDT a-.---. 

~ 

I"\..., 
Figure 11c 

D.C. OFFSET ADJUST 

+vcc 

10K 

~6~~~i >~5"oo-n--=-iH 

10K 

VCM= +VCC/2 

SIGNAL 
OUT 

12 

Figure 12 

NE5520 

MATCHING THE NE5520 TO 
LOW IMPEDANCE LVDT's 

14 

The NE5520 exciter output is capable of 
driving LVDT primary windings with a min
imum impedance of 1 K ohm. When a sig· 
nificantly lower impedance primary is 
driven by the device some form of step
down impedance matching or a power buf
fer is recommended. Figure 13 shows a 
step·down matching transformer ap· 
proach. A transformer with primary imped
ance of approximately 1 K ohm (audio type) 
with the proper secondary impedance to 
match the LVDT primary is used to couple 

oscillator excitation. Depending on the 
output efficiency of the LVDT, output sig
nal losses may occur with a correspond
ing loss in measuring sensitivity. The aux
iliary amplifier gain may be increased to 
offset this loss. 

A second approach makes use of a power 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit 
(Figure 14) results in less signal loss and 
is inexpensive. A DC decoupling capacitor 
must be used to prevent DC offset cur
rents from flowing in the LVDT primary 
winding. A 3dB signal reduction is noted 
when driving a 15-ohm load to 6 volts peak 
to peak (10-volt operation); and 12 volts 
peak to peak for 20·volt supply. 

NE5520 TEMPERATURE 
COM PENSATION 

Internal offset voltages originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best 
measurement accuracy when operating 
over the full temperature range. The cir
cuits shown (Figures 15A, B) give a simple 
approach using a thermistor inserted in 
series with the offset null resistors to 
reduce voltage drift to a reasonable level. 
These tolerances are based on ± 3.5 volts 
full scale output for LVDT displacements 
each side of physical null. A thermistor 
having a positive coefficient of +0.7%IOC 
is used. Obviously, if the total divider 
resistance is changed a different ther
mistor resistance will be required. 

DRIVING LOW Z LVDT'S WITH THE NE/SE5520 

+v 

LOW Z I . I r-l- -, 
'-"=+-;~~ 11 ~ i 

I . I 
L ~D!......J 

Figure 13 
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NE5520 

10Kn 
1'% M.F. 

LOW Z LVDT 

• POWER BUFFER FOR OSCILLATOR OUTPUTS. 

osc 

~ IN 

10 OSC 
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Figure 14 

LVDT DRIVER DEMODULATOR 

+Vcc 
+ 10V 

14 
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R 
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• WITH TEMPERATURE COMPENSATION 0-70°C 

Figure 15a 

+V 

OUT 

AMPLIFIER 
CIRCUIT 
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DEMODULATOR DISTORTION 
(OVERDRIVE) 

When the demodulator input exceeds 2 
volts peak to peak clipping distortion will 
increase and must be avoided by control· 
ling oscillator drive to the primary of the 
LVOT. Figure 16 shows an example of a 
circuit for attenuating primary excitation 
using a 1 K ohm potentiometer. 

The procedure for adjusting the level IS 

simply to: 

1. Set LVOT core position for maximum 
output from the secondary. 

2. Monitor the waveform on (pin 5 demod· 
ulator output) and adjust oscillator 
level for the amplitude just below clip· 
ping. Normally this should result in a 
maximum of 2 volts peak to peak at pin 
4 of the NE5520 (25°C). 

>' 

THERMISTOR TEMPERATURE 
COMPENSATION 

~ + 0.2 -- -- -t-++-H-t-+-H-t---H 

" vi 
~ +0.1 

vi 
u: 

ti: -0.1 a: 
c 

" c 
>" 

- 0.2 H-+-+-H--+++-,H++-H 

_ 0.3 Ll...L.L..;LL...L.LJ-L...L.L..J.---'-l 
o 10 20 30 40 50 60 70 

TEMPERATURE °C 

Figure 15b. 
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LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 

The LVDT has a frequency dependent 
phase shift associated with the particular 
characteristics of the device and its exci
tation frequency. This phase shift is in ad
dition to the 180" shift which occurs when 
passing through null position. 

8y adlusting the frequency of the sine 
wave excitation a condition results which 
causes secondary voltage to be in phase 
with primary excitation. The adjustment of 
relative primary and secondary phase 
angles has several effects. First, if the 
primary excitation is referenced to the 
synchronous demodulator, as in the 
N E5520, optimum rectification occurs at 
zero phase differential between secondary 
AC phase and demodulator switching rela
tive to the waveform zero crossings. Sec
ond, "Exciting an LVDT at its zero phase 
angle frequency results in minimum sensi
tivity to frequency and temperature varia
tions" (Schaevitz Handbook of Measure
ment and Control, 1976). 

DEMODULATOR SYNC PHASE 

A second method of phase compensation 
of the NE5520 versus the LVDT is to use a 
variable phase shift network between the 
oscillator output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequency remains fixed and the 
pot is tuned for optimum demodulator 
phasing. 

It is emphasized that an external phasing 
adjustment as outlined above is not al
ways necessary. Some LVDT's operating 
In the 1-5kHz range will be near zero 
phase and will need no phase compensa
tion. Experimental evaluation of the proto
type design combined with system speci
fications will be the best means of making 
this decision. 

Waveform photo in Figure 18A-8, shows 
the demodulator output signal when phas
ing of the synchronous demodulator is 
correct (AI and improperly adjusted (8). 

Proper phasing of the sync signal to the 
demodulator results in optimum sensitiv
ity and linearity. 

9-48 

LIMITING LVDT EXCITATION TO PREVENT DEMODULATOR DISTORTION 
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Figure 16 
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Figure 18a 

NE5520 LVDT DRIVER 
DEMODULATOR APPLICATIONS 

OPERATED WITH A SINGLE 
POWER SUPPLY 

The NE5520 may be operated with a single 
ended power supply ranging from + 5 to 
20 volts. 

A very simple motion transducer may be 
constructed using the circuit shown in 
Figure 19A, B. The output is biased to one· 
half the supply voltage. This requires 
special interface circuitry for the signal 
readout. One simple method is to use a 
zero center meter in a bridge configura· 
tion as shown. Displacement now may be 
measured as a positive or negative meter 
reading. Readout sensitivity is a function 
of the particular LVDT and of the gain of 
the error amplifier. DC offsets may be 
nulled by using a simple offset adjustment 
circuit as indicated. 

The transducer is centered in its displace· 
ment and the offset adjust pot set for a 
zero meter reading. Once this procedure is 
completed, the circuit is capable of mak· 
ing measurements based on transducer 
displacement. Displacement sensitivity is 

a function of the LVDT transducer rated in 
volts-per·inch in addition to the transfer 
gain of the NE5520 demodulator. The in
put excitation is generally a fixed level as 
is the LVDT transducer transformer ratio. 
However, the auxiliary gain stage may be 
used to adjust the overall system sensitiv
ity. This section of the device is also used 
to obtain a low-pass active filter for the 
smoothing of demodulator ripple. The 
design examples use a simple VCVS low
pass filter which allows gain and cut-off 
frequency to be adjusted independently. 
Gain equals ten in the example. 

Note that using a single supply results in a 
DC common mode voltage at the output of 
one-half the reference voltage on pin 12. 
This voltage V R may be equal to but not 
greater than the supply voltage on pin 14. 

LVDT MEASURING CIRCUIT 
USING A DUAL SUPPLY 

A second mode of operation makes use of 
dual power supply. A common choice may 
be ± 5, ± 6, or ± 10 volts. Special consid
eration must be made in properly biasing 
the internal circuitry to operate under 
these conditions. Figure 20 shows a sim
ple design for working with ± 6-volt sup
plies. Special provisions for minimizing 

Signetics 

I 

Figure 18b 

DC power supply offsets may be made by 
using the NE5512 dual op amp as a track· 
ing voltage source and difference ampli
fier-output buffer (see Figure 9). A second 
method is to use a dual tracking regulator 
to supply the NE5520. 

LVDT IN CLOSED LOOP SERVO 

The LVDT provides an excellent method of 
obtaining position information for closed 
loop servo drive systems. Pressure rollers, 
hydraulic drivers, and motor driven linear 
motion transducers are a few of the gen
eral applications which may benefit from 
the accuracy and speed of response inher
ent in the LVDT sensor. 

A simple block diagram (Figure 21A) 
shows one possible application in which 
the NE5520 with LVDT sensor provides 
accurate position control in a closed loop 
servo. Linear motion from millimeters to 
inches of translational motion are possi· 
ble using the LVDT technique. 

In practice the position voltage may be the 
output of a D/A converter which in turn is 
activated digitally from a controlling 
microprocessor. Keyboard information or 
software commands are translated direct· 
Iy into mechanical motion (Figure 21 B). 
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NE5520 LVDT MEASURING CIRCUIT WITH LIMIT DETECTOR 
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NE5520 LVDT DRIVER·DEMODULATOR <10 = 2900Hz> 
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NE5520 POSITION SERVO WITH LVDT SENSOR 
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LVOT SIGNAL TRANSMISSION 
BY CURRENT LOOP 

In certain situations the demodulated out· 
put signal must be transmitted over long 
wires or cables before reaching the signal 
monitoring equipment. The receiver end 
may consist of chart recorders, digital 
panel meters and computers or micro· 
processors. In some systems many LVDT 
signals must be monitored from different 
locations thus requiring variable wire 
length between transmitter and receiver, 
thus a different line resistance in each 
case. If voltage feed were used, signal 
accuracy would be affected by line 
resistance. This need for accurate signal 
transmission necessitates the use of a 
current loop. A current loop develops a 
current exactly in proportion to the 
demodulated LVDT output voltage. It is 
not affected by line resistance within cer· 
tain limits governed by the current 
generator. 

One method of current loop transmission 
uses the V R/2 common mode reference to 
create a null balance signal circuit which 
is converted to a bipolar current signal 
corresponding to the LVDT transducer null 
(I.e. physical displacement center null po· 
sition at which zero current occurs). This 
method is shown in Figure 22 and requires 
the use of an external dual op amp, half of 
which is used to provide a buffered refer· 
ence (VRI2) voltage return for the current 
loop. With R2 = 200 ohms the current loop 
sensitivity is 5 milliamperes per volt of in· 
put signal. In all cases, the current output 
to the loop roceiver will remain constant 
with fixed input voltage (LVDT demodula· 
tor)'even for varying line resistance up to 
600 ohms. This resistance must include all 
wire and load drops in the loop. Various 
full scale current limits require different 
supply voltages and without external sup· 
plies will be limited by op amp swing char· 
acteristics, for to force a given current 
across RL + R2 results in an ultimate volt· 
age limit from the op amp output in the 
current converter as total resistance in· 
creases. 

Another method uses an external supply 
and discrete transistor controlled by the 
closed loop op amp referenced to shunt 
resistor RSH in the emitter return circuit. 
This of course is a unipolar current loop. 
See Figure 23. 
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Some systems in common use require two 
wire source to include both the device 
operating current and the signal loop cur
rent. Thus the quiescent device current 
must be nulled out at the receiver end 
leaving the residual signal loop current. 
The NE5520 is not well suited to this par
ticular application since the device stand
by current is approximately 10 milli
amperes. 

A current loop operated from supply volt· 
age sources at the transducer location is a 
better choice for the operation of an out· 
put signal loop where long lines must 
carry locally generated LVDT signals after 
demodulation back to the monitor site. 

POSITIONING THE NE5520 LVDT 
3-WIRE REMOTE DRIVER 
DEMODULATOR SENSING HEAD 
The NE5520 may be placed in close prox· 
imity to the LVDT transducer provided the 
environment stays within device specifi· 
cations. This physical arrangement allows 
only DC supply and low frequency sign31 
lines (3 wires) being run between the 
transducer·conditioner unit and the signal 
processing station as shown in Figure 24. 

POSITIONING THE NE/SE5520 LVDT 3 WIRE REMOTE DEMODULATOR 
SENSING HEAD 

,..... 
Vcc 
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Figure 24 
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MULTIPLE TRANSDUCER OPERATION - SYNCHRONOUS OSCILLATOR MODE 

MASTER 
NE5520 

13 

t 
SLAVE·l 
NE5520 

13 

SLAVE·2 
NE5520 

13 

SLAVE 3 
NE5520 

13 

I 

9-56 

r----
~ 

I 
-<>- 1 

L.. ____ 

L2 
i...+- + XI 

LVDH 

NV\ 

NV\ 

NV\ 

,----- ...., 
I ~ 

I = I 0 

-u- 1 I L.. ____ 
--' 

LVDT-3 r---- ...., 
I ~:.....,..... 

I « ) 

rvvv--. 
I 0 

~ I I L.. ____ 
--I 

LVDT·4 r---- ...., 
~ I 

I ( 1 

rvvv--. 
I 0 

I I L.. ____ 
--' 

Figure 25 

Signetics 

AN118 

REFERENCES 

Hanqbook of Measurement and Control, 
Revised Edition 1976, by Edward Herce9, 
Schaevitz Engineering Publication, Penn
sauken, New Jersey. 

Handbook of Integrated-Circuit Opera
tiona/ Amplifiers, by George B. Rutkowski, 
Prentice Hall 1975, Englewood Cliffs, New . 
Jersey. 



LINEAR LSI PRODUCTS 

NE555 AND NE556 APPLICATIONS 

INTRODUCTION 

In mid 1972, Signetics introduced the 
555 timer, a unique functional building 
block that has enjoyed unprecedented 
popularity. The timer's success can be 
attributed to several inherent character
istics foremost of which are versatility, 
stability and low cost. There can be no 
dou bt that the 555 timer has altered the 
course of the electronics industry with 
an impact not unlike that of the I.C. 
operational amplifier. 

The simplicity of the timer in conjunc· 
tion with its ability to produce long time 
delays in a variety of appl ications has 
lured many designers from mechanical 
timers, op amps, and various discrete 
circuits into the ever increasing ranks 
of timer users. 

DESCRIPTION 

The 555 timer consists of two voltage 
comparators, a bistable flip·flop, a dis· 
charge transistor, and a resistor divider 
network. To understand the basic con· 
cept of the timer let's first examine the 
timer in block form as in Fi9ure 1. 

changes state and sets the flip-flop driv· 
ing the output to a high state. The 
threshold pin normally monitors the 
capacitor voltage of the RC timing net· 
work When the capacitor voltage 
exceeds 2/3 of the supply, the threshold 
comparator resets the f1ip·flop which in 
turn drives the output to a low state. 
When the output is in a low state, the 
discharge transistor is "on", hereby dis· 
charging the external timing capacitor. 
Once the capacitor is discharged, the 
timer will await another trigger pulse, 
the timing cycle having been completed. 

The 555 and its complement, the 556 
Dual Timer, exhibit a typical initial 
timing accuracy of 1% with a 50ppmtC 
timing drift with temperature. To oper· 
ate the timer as a one shot, only two 
external components are necessary; resis· 
tance & capacitance. For an oscillator, 
only one additional resistor is necessary. 
By proper selection of external com· 
ponents, oscillating frequencies from 
one cycle per half hour to 500KHz can 
be realized. Duty cycles can be adjusted 
from less than one percent to 99 percent 
over the frequency spectrum. Voltage 

555/556 TIMER FUNCTIONAL BLOCK DIAGRAM 

555 OR 112 565 

1-------------------, 
DISCHARGE 0-----;--+-------, I 

THRESHOLD 0--i----1--1 

OUTPUT 

TRIGGER 0--+---1--1 

RESET 

I 
I 
I 
I 
I 

r---I;-I -o'OIITPUT 

I 
I 
I 
I 
I 
I 
I 

Figure 1 

The resistive divider network is used to 
set the comparator levels. Since all three 
resistors are of equal value, the threshold 
comparator is referenced internally at 
2/3 of ,supply voltage level and the trig
ger comparator is referenced at 1/3 of 
supply voltage. The outputs of the com· 
parators are tied to the bistable flip-flop. 
When the trigger voltage is moved below 
1/3 of the supply, the comparator 

control of timing and oscillation func
tions is also available, 

Timer Circuitry 

The timer is comprised of five distinct 
circuits; two voltage comparators, a 
resistive voltage divider reference, a bi
stable flip-flop, a discharge transistor, 
and an output stage that is the "totem 
pole" design for sink or source capability. 
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QIO - QI3 comprise a Darlington dif
ferential pair which serves as a trigger 
comparator. Starting with a positive 
voltage on the trigger; QIO and Q11 

turn on when the voltage at pin 2 is 
moved below one third of the supply 
voltage. The voltage level is derived 
from a resistive divider chain consisting 
of R 7, R 8 and R 9. All th ree resistors 
are of equal value (5K ohms). At fif
teen volts supply, the triggering level 
would be five volts. When QI 0 and QII 
turn on, they provide a base drive for 
Q15, turning it on. QI6 and QI7 form 
a bistable flip-flop. When QI5 is satu
rated, QI6 is 'off' and QI7 is saturated. 
Q16 and Q17 will remain in these states 
even if the trigger is removed and Q15 
is turned 'off'. While QI7 is saturated, 
Q20 and Q14 are turned off. 

The output structure of the timer is a 
"totem pole"design, with Q22 and Q24 
being large geometry transistors capable 
of providing 200mA with a fifteen volt 
supply. While Q20 is 'off', base drive is 
provided for Q22 by Q21, thus provid
ing a high output. 

For the duration that the output is in 
a high state, the discharge transistor is 
'off'. Since the collector of Q14 is typ
ically connected to the external timing 
capacitor, C, while Q14 is off the timing 
capacitor now can charge thru the tim
ing resistor, R A. 

The capacitor voltage is monitored by 
the threshold comparator (Q1 - Q4) 

which is a Darlington differential pair. 
When the capacitor voltage reaches two 
thirds of the supply voltage, the current 
is directed from Q3 and Q4 thru QI and 
Q2. Ampl ification of the current change 
is proviLad by Q5 and Qb. Qs - Q6 and 
Q7 - Q8 comprise a diode-biased ampli
fier. The amplified current change from 
Q6 now provides a base drive for Q16 
which is part of the bistable flip-flop to 
change states. In doing so, the output is 
driven "low", and Q14 the discharge 
transistor is turned "on" shorting the 
timing capacitor to ground. 

The discussion to this point has only 
encompassed the most fundamental of 
the timer's operating modes and cir
cuitry. Several points of the circuit are 
brought out to the real world which 
allow the timer to function in a variety 
of modes. It is important; more than 
that, it is essential that one understands 
all the variations possible in order to 
utilize this device to its fullest extent. 
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SCHEMATIC 555 OR 1/2556 DUAL TIMER 

AS 
10K 

TRIGGER o-------t--t---i:: 

RESET 0-----1::" Q" 

7 
DISCHARGE ~~_ 

ALL RESISTOR VALUES ARE IN OHMS 

Reset Function 

Regressing to the trigger mode, it should 
be noted that once the device has trig
gered and the bistable flip-flop set, con
tinued triggering will not interfere with 
the timing cycle. However, there may 
come a time when it is necessary to in
terrupt or halt a timing cycle. This is the 
function that the reset accomplishes. 

In the normal operating mode the reset 
transistor, 025, is off with its base held 
high. When the base of 025 is grounded, 
it turns on, providing base drive to 014, 
turning it on. This discharges the timing 
capacitor, resets the flip-flop at 017, 
and drives the output low. The reset 
overrides all other functions within the 
timer. 

Trigger Requirements 

Due to the natu .. e of the trigger circuitry, 
the timer will trigger on the negative 
going edge of the input pulse. For the 
device to time out properly, it is nec
essary that the trigger voltage level be 
returned to some voltage greater than 
one third of the supply before the time 
out period. This can be achieved by 
making either the trigger pulse suffi
ciently short or by AC coupling into 
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Figure 2 

the trigger. By AC coupling the trigger, 
see Figure 3, a short negative going pulse 
is achieved when the trigger signal goes 
to ground. AC coupling is most fre
quently used in conjunction with a 
switch or a signal that goes to ground 
which initiates the timing cycle. Should 
the trigger be held low, without AC 
coupling, for a longer duration than the 
timing cycle the output will remain in a 
high state for the duration of the low 
trigger signal, without regard to the 
threshold comparator state. This is due 
to the predominance of Olson the base 
of 016, controlling the state of the bi
st:.ble flip-flop. When the trigger signal 
then returns to a high level, the output 
will fall immediately. Thus, the output 
signal will follow the trigger signal in 
this case. 

Control Voltage 

One additional point of significance, the 
control voltage, is brought out on the 
timer. As mentioned earlier, both the 
trigger comparator, 010 - 013, and the 
threshold comparator, 01 - 04, are ref
erenced to an internal resistor divider 
network, R7, Rs, R9. This network es
tablishes the nominal two thirds of 
supply voltage (Vcc) trip point for the 
threshold comparator and one third of 

Signetics 
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Vcc for the trigger comparator. The two 
thirds point at the junction of R7, Rs 
and the base of Q4 is brought out. By 
imposing a voltage at this point, the 
comparator reference levels may be 
shifted either higher or lower than the 
nominal levels of one third and two 
thirds of the supply voltage. Varying the 
voltage at this point will vary the timing. 
This feature of the timer opens a mul· 
titude of application possibilities such as 
using the timer as a voltage controlled 
oscillator, pulse width modulator, etc. 
For applications where the control voltage 
function is not used, it is strongly rec· 
ommended that a bypass capacitor 
(.01I'F) be place across the control volt· 
age pin and ground. This will increase 
the noise immunity of the timer to high 
frequency trash which may monitor the 
threshold levels causing timing error. 

Monostable Operation 
The timer lends itself to th ree basic 
operating modes: 

1. Monostable (one shot) 
2. Astable (oscillatory) 
3. Time delay 

By utilizing anyone or combination of 
basic operating modes and suitable var· 
iations it is possible to utilize the timer 
in a myriad of appl ications. The applica' 
tions are limited only to the imagination 
of the designer. 

One of the simplest and most widely 
used operating modes of the timer is the 
monostable (one shot). This configura· 
tion requires only two external compo· 
nents for operation (See Figure 4). The 
sequence of events starts when a voltage 
below one third Vcc is sensed by the 
trigger comparator. The trigger is nor· 
mally applied in the form of a short 
negative going pulse. On the negative 
going edge of the pulse, the device trig· 
gers, the output goes high and the dis· 
charge transistor turns off. Note that 
prior to the input pulse, the discharge 
transistor is on, shorting the timing ca· 
pacitor to ground. At this point the tim· 
ing capacitor, e, starts charging thru the 
timing resistor, R. The voltage on the 
capacitor increases exponentially with a 
time constant T = Re. Ignoring capacitor 
leakage, the capacitor will reach the 
two thirds Vcc level in 1.1 time con· 
stants or 

T=1.1RC (1) 

where T is in seconds; R is in ohms and; 
e is in Farads. This voltage level trips 
the threshold comparator, which in turn 

MONOSTABLE OPERATION 
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Figure 5 

drives the output low and turns on the 
discharge transistor. The transistor dis
charges the capacitor, C, rapidly. The 
timer has completed its cycle and will 
now await another trigger pulse. 

Astable Operation 

In the astable (free run) mode, only one 
additional component, Rb is necessary. 

Signetics 

The trigger is now tied to the threshold 
pin. At power up, the capacitor is dis
charged, holding the trigger low. This 
triggers the timer, which establishes the 
capacitor charge path thru RA and Rs. 
When the capacitor reaches the thresh
old level of 2/3 Vcc, the output drops 
low and the discharge transistor turns 
on. 
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The timing capacitor now discharges 
thru RB. When the capacitor voltage 
drops to 1/3 Vcc, the trigger comparator 
trips, automatically retriggering the 
timer, creating an oscillator whose fre
quency is given by: 

f 1.49 
= (RA +2RB) C 

(2) 

Selecting the ratios or RA and RB varies 
the duty cycle accordingly. Lo and be
hold, we have a problem. If a duty cycle 
of less than fifty percent is required, 
then what? Even if RA = 0, the charge 
time cannot be made smaller than the 
discharge time because the charge path 
is RA + RB while the discharge path is 
RB alone. In this case it becomes 
necessary to insert a diode in parallel 
with RB, cathode toward the timing ca
pacitor. Another diode is desireable, but 
not mandatory, this one in series with 
RB, cathode away from the timing ca
pacitor. Now the charge path becomes 
RA, thru the parallel diode into C. Dis
charge is thru the series diode and RB 
to the discharge transistor. This scheme 
will afford a duty cycle range from less 
than 5% to greater than 95%. It should 
be noted that for reliable operation a 
minimum value of 3Kn for RB is rec
ommended to assure that oscillation 
begins. 

METHOD OF ACHIEVING 
DUTY CYCLES LESS THAN 50% 

Figure 6 

Time Delay 

In this third basic operating mode, we 
aim to accomplish something a little 
different from monostable operation. In 
the monostable mode, when a trigger 
was applied, the output immediately 
changed to the high state, timed out, 
and returned to its pre-trigger low state. 
in the time delay mode, we require the 
output not to change state upon trig
gering, but at some precalculated time 
after trigger is received. 
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The threshold and trigger are tied to
gether monitoring the capacitor voltage. 
The discharge function is not used. The 
operation sequence begins as transistor 
(Tl) is turned on, keeping the capacitor 
grounded. The trigger sees a low state 
and forces the timer output high. When 
the transistor is turned off the capacitor 
commences its charge cycle. When the 
capacitor reaches the threshold level, 
then and only then does the output 
change from its normally high state to 
the low state. The output will remain 
low until Tl is again turned on. 

GENERAL DESIGN 
CONSIDERATIONS 
The timer will operate over a guaranteed 
voltage range of 4.5 volts to 15 volts 
DC, with 16 VDC being the absolute 
max. rating. Most of the devices, how
ever, will operate at voltage levels as low 
as 3 VDC. The timing interval is inde
pendent of supply voltage since the 
charge rate and threshold level of the 
comparator are both directly proportion
al to supply. The supply volatage may be 
provided by any number of sources: 
however, several precautions should be 
taken. The most important, the one 
which provides the most headaches if 
not practiced, is good power supply 
filtering and adequate bypassing. Ripple 
on the supply line can cause loss of tim
ing accuracy. The threshold level shifts 
causing a change of charging current. 
This will cause a timing error for that 
cycle. 

Signetics 

Due to the nature of the output struc
ture, a high power totem pole design, 
the output of the timer can exhibit large 
current spikes on the supply line. By
passing is necessary to eliminate this 
phenomenon. A capacitor across the Vcc 
and ground, ideally, directly across the 
device is necessary. The size of capacitor 
will depend on the specific application. 
Values of capacitance from .011lF to 
10llF are not uncommon. Note that the 
bypass capacitor would be as close to 
the device as physically possible. 

Selecting External 
Components 

In selecting the timing resistor and ca· 
pacitor, there are several considerations 
to be taken into account. 

Stable external components are neces
sary for the RC network if good timing 
accuracy is to be maintained. The timing 
resistor(s) should be of the metal film 
variety if timing accuracy. and repeata
bility are important design criteria. The 
timer exhibits a typical initial accuracy 
of one percent. That is, with anyone 
RC network, from timer to timer only 
one percent change is to be expected. 
Most of the initial timing error (i .e. de
viation from the formula) is due to in
accuracies of external components. Re
sistors range from their rated values by 
.01 % to 10 and 20 percent. Capacitors 
may have a 5 to 10 percent deviation 
from rated capacity. Therefore, in a 
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system where timing is critical, an adjus
table timing resistor or precision com
ponents are necessary_For best results, 
a good quality trim pot, placed in series 
with the largest feasible resistance will 
allow for best adjustability and perfor
mance_ 

The timing capacitor should be a high 
quality, stable component with very low 
leakage characteristics_ Under no cir
cumstances should ceramic disc capaci
tors be used in the timing network! 
Ceramic disc capacitors are not suffi
ciently stable in capacitance to operate 
properly in an RC mode_ Several accept
able capacitor types are: silver mica, 
mylar, polycarbonate, polystyrene, tan
tulum or similar types_ 

The timer typically exhibits a small nega
tive temperature coefficient (50ppm/oC). 
If timer accuracy over temperature is a 
consideration, timing components with 
a small positive temperature coefficient 
should be chosen_ This combination will 
tend to cancel timing drift due to tem
perature_ 

In selecting the values for the timing 
resistors and capacitor, several points 
should be considered_ A minimum value 
of threshold current is necessary to trip 
the threshold comparator. This value is 
_25J-lA To calculate the maximum value 
of resistance, keep in mind that at the 
time the threshold current is required, 
the voltage potential on the threshold 
pin is two thirds of supply_ Therefore: 

Vpotential = Vcc - Vcapacitor 

Vpotential = Vcc - 2/3 Vcc = 
1/3 Vcc 

Maximum resistance is then defined as 

R _Vcc-Vcap 
max - 'thresh 

Example: V cc = 15V 

15-10 n 
Rmax =_25(10-6) = 20M •• 

Vcc = 5V 

5 - 3_33 
Rmax = _25 (10-6) 6_6Mn 

(3) 

NOTE: If using a large value of timing 
resistor, be certain that the capacitor 
leakage is significantly lower than the 
charging current available to minimize 
timing error_ 

On the other end of the spectrum, there 
are certain minimum values of resistance 
that should be observed_ The discharge 
transistor, 014, is current limited at 
35mA to 55mA internally_ Thus, at the 
current limiting values, 014, establishes 
high saturation voltages_ When examining 
the currents at 014, remember that the 
transistor, when turned on will be carry
ing two current loads. The first being 
the constant current thru timing resis
tor, RA. The second will be the varying 
discharge current from the timing capac
itor. To provide best operation the cur
rent contributed by the RA path should 
be minimized so that the majority of 
discharge current can be used to reset 
the capacitor voltage. Hence it is rec
ommended that a 5K ohm value be the 
minimum feasible value for RA. This 
does not mean lower values cannot be 
used successfully in certain applications. 
Yet there are extreme cases that should 
be avoided if at all possible. 

Capacitor size has not proven to be a 
legitimate design criteria. Values ranging 
from picofarads to greater than one 
thousand microfarads have been used 
successfully. One precaution need be 
utilized though. (It should be a cardinal 
rule that applies to the usage of alii C's.) 
Make certain that the package power 
dissipation is not exceeded. With ex
tremely large capacitor values, a max
imum duty cycle which allows some 
cooling time for the discharge tran
sistor, may be necessary. 

The most important characteristic of 
the capllcitor should be as Iowa leakage 
as possible. Obviously any leakage will 
subtract from the charge count causing 
the calculated time to be longer than 
anticipated. 

Control Voltage 

Regressing momentarily, we recall that 
the control voltage pin is connected 
directly to the threshold comparator at 
the junction of R7, or Rs. The combina
tion of R7, Rs and R9 comprise the 
resistive voltage divider network that es
tablishes the nominal 1/3 Vcc trigger 
comparator level (junction Rs, R9) and 
the 2/3 Vcc level for the threshold com
parator (junction R7, Rs). 

For most applications, the control volt
age function is not used and therefore 
is bypassed to ground with a small capac
itor for noise filtering. The control volt
age function, in other applications be· 
comes an integral part of the design. By 
imposing a voltage at this pin, it becomes 
possible to vary the threshold com para-
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tor "set" level above or below the 2/3 
Vcc nominal, hereby varying the timing. 
In the monostable mode, the control 
voltage may be varied from 45 percent 
to 90 percent of Vcc. The 45 to 90 per
cent figure is not firm, but only an in
dication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applica
tions. 

In the oscillatory (free run) mode, the 
control voltage limitations are from 1.7 
volts to Vcc. These values should be 
heeded for reliable operation. Keep in 
mind that in this mode the trigger level 
is also important. When the control volt
age raises the threshold comparator level 
it also raise the trigger comparator level 
by one half that amount due to Rs and 
R9 of Figure 2. As a voltage controlled 
oscillator, one can expect ±25% around 
center frequency (fo) to be virtually 
linear with a normal RC timing circuit. 
For wider linear variations around Fo it 
may be desireable to replace the charging 
resistor with a constant current source. 
In this manner the exponential charging 
characteristics of the classical configura
tion will be altered to linear charge time. 

Reset Control 

The only remaining function now is the 
reset. As mentioned earlier, the reset, 
when taken to ground, inhibits all device 
functioning. The output is driven low, 
the bistable flip-flop is reset, and the 
timing capacitor is discharged. In the 
astable (oscillatory) mode, the reset can 
be used to gate the oscillator. In the 
monostable it can be used as a timing 
abort to either interrupt a timing se
quence or establish a standby mode (i.e. 
- device off during power up). It can 
also be used in conjunction with the trig
ger pin to establish a positive edge trig
gered circuit as oJ.lI.JOsed to the normal 
negative edge trigger mode. One thing 
to keep in mind when using the reset 
function is that the reset voltage (switch
ing) point is between 0.4 V and 1.0V 
(min/max). Therefore, if used in con
junction with the trigger, the device will 
be out of the reset mode prior to reach
ing 1 volt. At that point the trigger is in 
the "turn on" region, below 1/3 Vcc. 
This will cause the device to trigger im
mediately, effectively triggering on the 
positive going edge if a pulse is applied 
to pins 4 and 2 simultaneously. 

FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 

The following is a harvest of various mal
adies, exceptions, and idiosyncracies 
that may exhibit themselves from time 
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to time in various applications. Rather 
than cast aspersions, a quick review of 
this list may uncover a solution to the 
problem at hand. 

1. In the oscillator mode when reset is 
released the first time constant is ap' 
proximately twice as long as the rest. 
Why? 

Answer: I n the oscillator mode the 
capacitor voltage fluctuates between 
1/3 and 2/3 of the supply voltage. 
When reset is pulled down the capaci· 
tor discharges completely. Thus for 
the first cycle it must charge from 
ground to 2/3. Vcc which takes twice 
as long. 

2. What is maximum frequency of 
oscillations? 

Answer: Most devices will oscillate 
about 1 M Hz. However, in the in· 
terest of temperature stability one 
should operate only up to about 
500kHz. 

3. What is temperature drift for oscil/a· 
tor mode? 

Answer: Temperature drift of oscilla· 
tor mode is 3 times that of one shot 
mode due to addition of second volt
age comparator. Frequency always 
increases with an increasing tempera
ture. Therefore it is possible to par
tially offset this drift with an off
setting temperature coefficient in the 
external resistor/capacitor combina
tion. 

4. Oscillator exhibits spurious oscilla
tions on cross over points. Why? 

Answer: The 555 can oscillate due to 
feedback from power supply. Always 
bypass with sufficient capacitance 
close to the device for all applica· 
tions. 

5. Trying to drive a relay but 555 hangs 
up. How come? 

Answer: Inductive feedback. A clamp 
diode across the coil prevents the coil 
from driving pin 3 below a negative 
.6 volts. This negative voltage is suffi
cient in some cases to cause the timer 
to malfunction. The solution is to 
drive the relay through a diode thus 
preventing pin 3 from ever seeing a 
negative voltage. 

6. Double triggering of the TTL loads 
sometimes occurs. Why? 

Answer: Due to the high current ca
pability and fast rise and fall times of 
the output a totem pole structure 
different from the TTL classical struc
ture was used. Near TTL threshold 
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this output exhibits a cross over dis
tortion which may double trigger log
ic.A 1000 pF capacitor from the out
put to ground will eliminate any false 
triggering. 

7. What is the longest time I can get out 
of the timer? 

Answer: Times exceeding an hour are 
possible, but not always practical. 
Large capacitors with low leakage 
specs are quite expensive. It becomes 
cheaper to use a countdown scheme 
(see Figure 15) at some point depen
dent on required accuracy. Normally 
20 to 30 min. is the longest feasible 
time. 

DRIVING HIGH Q INDUCTIVE LOADS 

D, 

D, 

TRIGGER 

Figure 8 

DESIGN FORMULAS 

Before entering the section on specific 
applications it is advantageous to review 
the timing formulas. The formulas given 
here apply to the 555 and 556 devices. 

MONOSTABLE TIMING 

Figure 9a 
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APPLICATIONS 

The timer since introduction has spurred 
the imagination of thousands. Thus the 
ways in which this device has been used 
are far too numerous to present each 
one. A review of the basic operation and 
basic modes has previously been given. 
Presented here are some ingenious appli
cations devised by our applications en
gineers and by some of our customers. 
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Missing Pulse Detector 

Using the circuit of Figure 10a, the timing 
cycle is continuously reset by the input pulse 
train. A change in frequency, or a missing 
pulse, allows completion of the timing cycle 
which causes a change in the output level. 
For this application, the time delay should be 
set to be slightly longer than the normal time 
between pulses. Figure 10b shows the actual 
waveforms seen in this mode of operation. 

SCHEMATIC DIAGRAM 
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Figure 10a 
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Figure 10b 

Frequency Divider 

If the input frequency is known, the timer 
can easily be used as a frequency divider by 
adjusting the length of the timing cycle. 

SCHEMATIC DIAGRAM 

+ vee (5 TO 15V) 

OUTPUT 

Figure 11a 
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Figure 11b 

Figure 11 b shows the waveforms of the timer 
in Figure 11a when used as a divide by three 
circuit. This application makes use of the fact 
that this circuit cannot be retriggered during 
the timing cycle. 

Pulse Width Modulation 
(PWM) 

In this application, the timer is connected in 
the monostable mode as shown in Figure 
12a. The circuit is triggered with a continuous 
pulse train and the threshold voltage is modu
lated by the signal applied to the control 
voltage terminal (pin 5). This has the effect of 
modulating the pulse width as the control 
voltage varies. Figure 12b shows the actual 
waveform generated with this circuit. 

DEVICE SCHEMATIC 
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Figure 12a 
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Figure 12b 
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Pulse Position Modulation 
(PPM) 

This application uses the timer connected for 
astable (free-running) operation. Figure 13a, 
with a modulating signal again applied to the 
control voltage terminal. Now the pulse posi
tion varies with the modulating signal, since 
the threshold voltage and hence the time 
delay is varied. Figure 13b shows the wave
form generated for triangle wave modulation 
signal. 
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. " 
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Figure 13b 
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Tone Burst Generator 

The 556 Dual Timer makes an excellent tone 
burst generator. The first half is connected as 
a one shot and the second half as an oscilla
tor. (Figure 14) 

The pulse established by the one shot turns 
on the oscillator allowing a burst to be genera
ted. 

Sequential Timing 

One feature of the dual timer is that by utiliz
ing both halves it is possible to obtain sequen
tial timing. By connecting the output of the 
first half to the input of the second half via a 
.0011dd coupling capacitor sequential timing 
may be obtained. Delay t, is determined by 
the first half and t2 by the second half delay. 
(Figure 15) 

The first half of the timer is started by momen
tarily connected pin 6 to ground. When it is 
timed out (determined by 1.1 R,C,) the sec
ond half begins. Its duration is determined by 
1.1 R2C2 . 

SEQUENTIAL TIMER 

Vee Vee 

,R, 
10K 1meg 

R, 
l30K 10K 

4 10 14 

556 

.001 
INPUT 0---1 f-'~---j , 

All RESISTOR VALUES ARE IN OHMS 

Figure 15 

12 h----: Cz 

13~ ~501'F 
8 f-----i .001 

5 f-----+-o OUTPUT 1 

9 f------o OUTPUT 2 

METHOD OF ACHIEVING LONG TIME DELAYS 

LONG TIME COUNTER 

(HOURS, DAYS, WEEKS, ETC.) 
.--~-~-~--~--~---~-'-----~~~-~-~-O Vee 

R, 
(5M) 

c J(130 I'F) 

R, 

{SKI 

ALL RESISTOR VALUES ARE IN OHMS 

Long Time Delays 

In the 556 timer the timing is a function 
of the charging rate of the external ca
pacitor. For long time delays expensive 
capacitors with extremely low leakage 
are required. the practicality of the com
ponents involved limits the time between 
pulses to something in the neighbor
hood of twenty minutes. 

To achieve longer time periods both 
halves may be connected in tandem with 
a "divide-by" network in between. 
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10K 

INPUT FROM 
N8281 COUNTER 

(3D MIN.) \ 

(t HOUR) .00/LF 

(2 HOURS) b--f 
(4 HOURS) 

CLOCK TO NEXT N8281 

COUNTER FOR LONGER 
TIMES 

10 14 

13 

12 1/2·556 9 OUTPUT 

.OlI'F 

OUTPUT PULSE WIDTH, T '" 1.1RC 

Figure 16 

The first timer section operates in an 
oscillatory mode with a period of lifo. 
This signal is then applied to a "Divide
by-N" network to give an output with 
the period of N/fo. This can then be 
used to trigger the second half of the 
556. The total time is now a function 
of Nand fo (Figure 16). 

Speed Warning Device (1) 

Utilizing the "missing pulse detector" 
concept, a speed warning device, such as 

Signetics 

depicted, becomes a simple and inex
pensive circuit (Figure 17a). 

Car Tachometer (1) 

The timer receives pulses from the distri
butor points. Meter M receives a cali· 
brated current thru R6 when the timer 
output is high. After time out the meter 
receives no current for that part of the 
duty cycle. Integration of the variable 
duty cycle by the meter movement pro
vides a visible indication of engine speed 
(Figure 18). 
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SCHEMATIC OF SPEED WARNING DEVICE 

v," o----+--+-----':;t----j 

Figure 17a 

R, 
15 

10K 

.Ol/,F 

TACHOMETER 

12Vo--~-V~~~-~--------~---~-, 

DISTRIBUTOR 
POINTS 

1 

IGNITION 
COIL 

R, 
1K 

R, 
5K 

01 R2 
5 V 5K 

555 

1N5231 '--i---i------' 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 18 

Signetics 
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OPERATING WAVE FDRMS OF 
SPEED WARNING DEVICE 

PIN 6 

R, 
200K 
CALIBRATOR 

DC 
50"A 
FULL 
SCALE 

Figure 17b 
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Oscilloscope Triggered 
Sweep 
The 555 timer holds down the cost of adding a 
triggered sweep to an economy oscilloscope. 
The circuit's input op amp triggers the timer, 
setting its flip-flop and cutting off its discharge 
transistor so that capacitor C can charge. 
When capacitor voltage reaches the timer's 
control voltage (0.33Veel, the flip-flop resets 
and the transistor conducts, discharging the 
capacitor (Figure 19). 

Greater linearity can be achieved by substi
tuting a constant current source for the fre
quency adjust resistor (R). 

N'v 
~ROM 

VERTICAL 
AMPLIFIER 

1 M 

100K 

Square Wave Tone Burst 
Generator (4) 

Depressing the pushbutton provides 
square·wave tone bursts whose duration 
depends on the duration for which the 
voltage at pin 4 exceeds a threshold. 
Components R I, R2 and CI causes the 
astable action of the timer IC (Figure 6-20l. 

Regulated DC-to-DC 
Converter (2) 

Regulated DC to DC converter produces 15V 
DC outputs from a + 5V DC input. Line and 
load regulation is 0.1 % (Figure 21). 

SCHEMATtC OF TRIGGERED SWEEP 

AN170 

Voltage to Pulse Duration 
Converter (1) 

Voltage levels can be converted to pulse dura
tions by combining an op amp and a timer IC. 
Accuracies to better than 1 % can be obtained 
with this circuit (a) and the output signals (b) 
still retain the original frequency, independent 
of the input voltage (Figure 22). 

SIGNETICS NE555 

1 K FREQUENCY 
ADJUST 

+ Vee 

N 
{~~~~-------.::rr-l-I°--c TO HORIZONTAL 

AMPLIFIER 

+

VCC

1'M 

SENSITIVITY 

lOOK 

~'T-R-'G-GE-R ----+-j 

_ LEVEL 
- ADJUST 

ALL RESISTOR VALUES ARE IN OHMS 
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Figure 19 

SQUARE WAVE TONE BURST GENERATOR 

vcc (5·15V) 

I I PB 
I sw 

C2 h~~K 
60/tF r r 

'-----<~'f'I\"'r-__j4 NE555 61-----4 

~~K ~R3 1 2r-----1 
1300K'L.....-1T---' 
L-__ ~ ____ ~ 

ALL RESISTORS VALUES IN OHMS 

Figure 20 
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REGULATED DC TO DC CONVERTER 

REMOTE SHUTDOWN 

+ 15V UN REG 
12 

11 Kc r- 6 10 Q2 2N3642 

2 +15 V OUT 

? PEAK INVER SE 110V I'A723 R4 

+6VDCo-~-----------+--~----------~--, 

GNDO-~--~~~----~~--------~ 

'SMC3359 

2A 

~ 
f 3 

4 
t---

I 502 

'" lN2071 

C4 r22,F 

~ 
C5 

1'22,F 
35 V 

r-- 5 
7 

O.05I'F C6 Fl 

-15V UNREG. 

Cg 
R7 r 0.05,F I 
lSK L 

12 
t--- 6 

3 
5.6 

r ~~'F Cll 
0.1 

4 h 
R5 

13 

C7 R6 
100 pF 2.2K 

GND. OUT 

1 Rg Rl 0 

11 47K 2K 

10 f--~ 
03 

Q3 
p.A723 9 1~2N3644 

ALL RESISTOR VALUES IN OHMS 

• SHAFER MAGNETICS 
COVINA, CALIF. 
(213) 331-3115 

VCC+15V 

OFFSET 5K 
ADJUST 

2.5K 

VIN" 
10K lOOK 

VREF lOOK 

2/3 VCC 

47K 
2N3642 

15V 

ALL RESISTOR VALUES IN OHMS 

Servo System 
Controller (1) 

To control a servo motor remotely, the 555 
needs only six extra components (Figure 6-
23). 

5 
7 13 

RS 

j I 22K 

Figure 21 

VOL TAGE·TO·PULSE·DURATION CONVERTER 

PULSE GENERATOR 
OR SYSTEM CLOCK 

1M 

Figure 22 

VOUT 
FOR 
VIN=V2 
V2 Vl 

• VIN IS LIMITED TO 2 

DIODE DROPS WITHIN 
GROUND OR BELOW 
VCC 

Stimulus Isolator (5) 

Stimulus isolator uses a photo·SCR and a 
toroid for shaping pulses of up to 200V at 
200!,A (Figure 24). 

Signetics 

Q4 

4- Cl0 2N3644 

100 Rll C12 

pF 5.6 O.1p.F 

Voltage to Frequency 
Converter 
(0.2% Accuracy) (6) 

-15 V OUT 

Linear voltage·to·frequency converter (a) 
achieves good linearity over the a to - 10V. Its 
mirror image (b) provides the same linearity 
over the O·to + 10V range but is not DTUTTL 
compatible (Figure 258 & b). 
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SERVO SYSTEM CONTROLLER 

VCC v 

R4 R5 R7 
\ 0.47"F 33 33 56K 

\ V 

TRANSMITTER 

\ R 
\ 5;K I4.7·F I4.7·F 

\ ~ ~ 

ALL RESISTOR VALUES IN OHMS '--------T---
I 
I 

TO CONTROL SURFACE 

Figure 23 

STIMULUS ISOLATOR 

+15V O-1'--.,---t_----~--t__1~------_, 

PULSE 

'N 

10K 

1''' 

ALL RESISTOR VALUES IN OHMS 

'20 

'K 

GATED 

,K 

". 

560 

'POWER RATING DEPENDS ON DUTY CYCLE 
FROM tl2W FOR 20-25% DUTY CYCLE TO 15-20W 
FOR 75-90% DUTY CYCLE 

Figure 24 
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VOLTAGE-TO-FREQUENCY CONVERTER (0.2% ACCURACY) 

RAMP OUTPUT RAMP OUTPUT 

C, 
1000pF 15V 

R' R, 
OI~~~V o--'>"NO"K ;-*-, o 1~6~~v o-.....,""O"K -..,.,.---=-j 

R, 
"K 

R, 
15K 

C, 

30pF 

ALL RESISTOR VALUES IN OHMS 

Positive to Negative 
Converter (7) 

Figure 25a 

Transformerless dc-dc converter derives a 
negative supply voltage from a positive. As a 
bonus the circuit also generates a clock 
signal. 

The negative output voltage tracks the dc 
input voltage linearity (a), but its magnitude is 
about 3V lower. Application of a 500[J load, 
(b), causes 10% change from the no-load 
value (Figure 26a, b, & c). 

POSITIVE TO NEGATIVE CONVERTER 
vee 2kHz CLOCK 

7 
SIGNET1CS 

55' R8 

=33K 

O.01"F 

1N916 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 26a 

"K 

Auto Burglar Alarm (8) 

OUTPUT 

,v 

'---<~{) OUTPUT 

12 

11 ... 10 :::> 
0-... 
:::> 
0 

!:i 
0-
0-
:::> 
II) 

"' > 
~ 4 

" 3 "' z 

R2 
100K 

Figure 25b 

RL=500 OHMS 
f- + . -

V 

C, 
20pF 

i7 f'" 

-f--

1 2 3 4 5 6 7 8 9 10 1112 1314 15 

POSITIVE SUPPLY 

Figure 26b 

POSITIVE SUPPLY = 10V 

------~ 

/ 
lJ 

/ 
/ 

NE555 3 

-15V 

Timer A produces a safeguard delay, allowing 
driver to disarm alarm and eliminating 
vulnerable outside control switch. The SeR 
prevents timer A from triggering timer B, 
unless timer B is triggered by strategically 
located sensor switches (Figure 27). 

10 100 1000 10K 100K 

LOAD RESISTANCE 

Figure 26c 

Signetics 

AN170 

OUTPUT 

9·69 



LINEAR LSI PRODUCTS 

NE555 AND NE556 APPLICATIONS AN170 

Cable Tester (9) 

Compact tester checks cables for open-circuit 
or short-circuit conditions. A differential tran
sistor pair at one end of each cable line 
remains balanced as long as the same clock 
pulse-generated by the timer IC - appears at 
both ends of the line. A clock pulse just at the 
clock end of the line lights green light-emilting 
diode, and a clock pulse only at the other end 
lights a red LED (Figure 28). 

Low Cost Line Receiver (10) 

The timer makes an excellent line receiver for 
control applications involving relatively slow 
electro-mechanical devices. It can work 
without special drivers over single unshielded 
lines (Figure 29). 

CLOCK 

~ 

180K O =?O.OTI'F 1 
8.7 TIMER , j 
'.8 , 

47K' 1 O.OO1"F 

, I 180KO *O.011'F 
6.7 TIMER 

'L '.8 , 
47K' 1 O.OO1 .... F 

I 180K' =f0.011'F 

, 
8.7 TIMER 

'h '.8 , 
.7K. 1 O.OOt"F 

I , 
180lC' *O.01I'F 

6.7 TIMER 

, ~ 
'.8 , 

47K' I O.OO1I'F 

I , 
180K' +O'01I'F 

8.7 TIMER , 

tD
, 

'.8 , 
0 . I 

ALL RESISTOR VALUES ARE IN OHMS 
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LOW COST LINE RECEIVER 

VCC+ 5V 

Temperature Control (11) 

A couple of transistors and thermistor in the 
charging network of the 555-type timer enable 
this device to sense temperature and produce 
a corresponding frequency output. The circuit 
is accurate to within ± 1 Hertz over a 78°F 
temperature range (Figure 30a & b). 

Automobile Voltage 
Regulator (12) . 

INPUT 100K 
<r-'olv..--.. ..... ---j 

OUTPUT 

Monolithic 555-type timer is the heart of this 
simple automobile voltage regulator. When 
the timer is off so that its output (pin 3) is low, 
the power Darlington transistor pair is off. If 
battery voltage becomes too low (less than 
14.4 volts in this case), the timer turns on and 
the Darlington pair conducts (Figure 31). 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 29 

TEMPERATURE CONTROL 

Vcc (5 -15 Vdc) 

2.7K 

OUTPUT 

RT 
5.000 
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::>::> 
@!;;; 20 
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WI-
0: -3.0 ::> 
I-
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Figure 30a Figure 30b 
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20K ~ .-1"~'-+--12 TIMER 
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ON STARTER RELAY ----\,vv-.....,.-.f: 
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ALL RESISTOR VALUES ARE IN OHMS Figure 31 

2.2K 
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0, 

0 5 
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Switching Regulator (13) 

The basic regulator of Figure 32 is shown 
here with its associated timing and pulse 
generating circuitry. The block diagram illus
trates how the over-all regulator works. The 
multivibrator determines switching frequency. 
and the error amplifier adjusts the pulse width 
of the modulator to maintain output voltage at 
the desired level. The output resistor divider 
provides the sensing voltage. (Figure 35). 

DC-to-DC Converter (14) 

DC TO DC CONVERTER 

+V 

10K 555 
2 TIMER 3 

O.001~F 

Figure 32 

Ramp Generator (14) 

+VRAMP GENERATOR 

TRIGGER 

OUT 

Figure 33 

Audio Oscillator (14) 

AUDIO OSCILLATOR 

+v 

11Gc:J 
1.49 

1=----
(RA ·2RB)C 

Figure 34 
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Low Power Monostable 
Operation 

In battery operated equipment where 
load current is a significant factor figure 
36 can deliver 555 monostable operation 
at low standby power. This circuit inter
faces directly with CMOS 4000 series 
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INTRODUCTION 

The 558 is a monolithic Quad Timer designed 
to be used in the timing range from a few 
microseconds to a few hours. Four entirely 
independent timing functions can be 
acheived, using a timing resistor and capaci
tor for each section. Two sections of the quad 
may be interconnected for astable operation. 
All four sections may be used together, in tan
dem, for sequential timing applications up to 
several hours. No coupling capacitors are 
required when connecting the output of one 
timer section to the input of the next. 

FEATURES 

• 100mA OUTPUT CURRENT PER SEC
TION 

• EDGE TRIGGERED (NO COUPLING CA
PACITOR) 

• OUTPUT INDEPENDENT OF TRIGGER 
CONDITIONS 

• WIDE SUPPLY VOLTAGE RANGE 4.5V 
TO 16V 

• TIMER INTERVALS FROM MICROSEC
ONDS TO HOURS 

• TIME PERIOD EQUALS RC 

CIRCUIT OPERATIONS 

I n the one shot mode of operation, it 
is necessary to supply a minimum of 
two external components, the resistor 
and capacitor for timing. The time per
iod is equal to the product of Rand C. 
An output load must be present to com
plete the circuit due to the output structure of 
the 558. 

For astable operation, it is desirable to cross 
couple two devices from the 558 Quad. The 
outputs are direct coupled to the opposite 
trigger input. The duty cycle can be set by 
ratio of R,C, to R2C2 from close to zero to 
almost 100%. An astable circuit using one 
timer is shown in Figure 5b. 

9-74 

OUTPUT STRUCTURE 558 

The 558 structure is open collector which 
requires a pull-up resistor to Vcc and is 
capable of sinking 100mA per unit but 
not to exceed the power dissipation and 
junction temperature rating of the die 
and package. The output is normally 
low and is switched high when triggered_ 

RESET 

A reset function has been made available 
to reset all sections simultaneously to an 
output low state. During reset the trigger 
is disabled. After reset is finished, the 
trigger voltage must be taken high and 
then low to implement triggering_ 

The reset voltage must be brought be
low O.8V to insure reset_ 

THE CONTROL VOLTAGE 

The control voltage is also made available on 
the 558 timer. This allows the threshold volt
age to be modulated, therefore controlling the 

AN171 

output pulse width and duty cycle with an 
external control voltage. The range of this 
control voltage is from about 0.5V to Vcc 
minus 1 vol!. This will give a cycle time varia
tion of about 50: 1. In a sequential timer with 
voltage controlled cycle time, the timing peri
ods remain proportional over the adjustment 
range. 

TEST BOARD FOR 558 

The circuit layout can be used to test and 
characterize the 558 timer. 82 is used to con
nect the loads to either Vcc or ground. The 
main precaution, in layout of the 558 circuit, 
is the path of the discharge current from the 
timing capacitor to ground (pin 12). The path 
must be direct to pin 12 and not on the 
ground bus. This is to prevent voltage spikes 
on the ground bus return due to current 
switching transient. I! is also wise to use good 
power supply by passing when large currents 
are being switched. 

558 TEST CIRCUIT 

vee RESET 

S1~ 

R1 R2 

C1 
13 TR1 

~' LOAD 
SWITCH 

C3 (558) 
10 11 

C4 9 (559) 

15 14 

Vee 

Figure 1 

Signetics 



LINEAR LSI PRODUCTS 

NESS8 APPLICATIONS 

INPUTS 1 
o 

OUTPUTS 1 
o 

TEST BOARD LAYOUT 
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A single section of the Quad time may 
be used as a non precision oscillator. The 
values given are for oscillation at about 
400Hz. Tl ~ Rl Cl and T2 ~ 2.25 R2 
C2 for Vcc of 15 volts. The frequency 
of oscillation is subject to the changes 
in Vcc . 
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AN OVERVIEW OF PHASE LOCKED LOOP (Pll) 

2.1 An Overview of the Phase Locked Loop (PPL) 
Portions of this Phase Locked Loop section were edited by Dr. J.A. Connelly 

INTRODUCTION 
The basic phase locked loop (PLL) concept 
has been known and widely utilized since 
first being proposed in 1922 (1). Since that 
time PLLs have been used in instrumenta· 
tion, space telemetry, and many other appli· 
cations requiring a high degree of noise 
immunity and narrow bandwidth. Tech
niques and systems involved in these appli
cations frequently are quite complex, 
requiring a high degree of sophistication. 
Many of the PLL applications have been at 
microwave frequencies and employ com
plex phase shifters, signal splitters, modu
lation, and demodulation schemes such as 
biphase and quadraphase. Because of the 
high frequencies involved in microwave ap
plications, most all components of these 
PLL systems are made from discrete as op
posed to integrated circuits. However in 
other communication system applications 
such as FSK and FM and AM demodulation 
where frequencies are below approximately 
100MHz, monolithic PLLs have found wide 
application because of their low ccst ver
sus high performance. 

A block diagram representation of a PLL is 
shown in Figure 1. Phase locked loops 
operate by producing an oscillator frequency 
to match the frequency of an input signal, I,. 
In this locked condition, any slight change in I, 
first appears as a change in phase between f, 
and the oscillator Irequency. This phase shift 
then acts as an error signal to change the fre
quency of the local PLL oscillator to match fi. 
The locking onto a phase relationship 
between fi and the local oscillator accounts 
lor the name phase locked loop. 

A MECHANICAL ANALOG 
TO THE PLL 
To better visualize the Irequency and phase 
relationships in a PLL, consider the mechani
cal system shown in Figure 2 which is a dual 
to the electronic PLL. This mechanical sys
tem has two identical, heavy disks with two 
separate center shafts attached to each disk. 
Each staft is presumed to be mounted on a 
bearing that allows each massive disk to be 
rotated in either direction when some external 
lorce is applied. The shafts are coupled 
together by a spring whose end paints are 
lixed to each shalt. This spring can be twisted 
in either direction depending upon the rela
tive positions of the shafts. The spring cannot 
"kink up" due to the shafts passing through 
the center of the spring. 

Now suppose the sequence of events shown 
on Figure 3 occurs to the mechanical system. 
The disks are simply represented like clock 
laces with positional reference markers. 
Initally both disks are stationary in a neutral 
position. Then the left disk, or input, is 
advanced slowly clockwise through an angle 
8 , from the neutral position. The right disk, or 
output, initially doesn't move as the spring 
begins to tighten. As the input continues to 
move and when it reaches 8 2, the output disk 
just begins to turn and tracks the input with a 
positional phase shift error 01 

(1) 

At any point in time with both disks slowly 
turning at the same speed, there will be 
some inherent phase error between the 
disks, Qr 

AN177 

(2) 

This positional phase error in the mechanical 
system is analogous to the phase error in the 
electronic PLL. When the input disk coasts to 
a stop, the output also gradually comes to a 
stop with a lixed phase error equal to that in 
Equation 2 or 

8 e = 8 5 - 8 6 = 83 - 8 4• (3) 

The spring has a residual stored twist in one 
direction due to 8 e. 

Now consider that the disks are first re
turned to their neutral positions. Then the in
put disk is instantaneously rotated through 
an angle of 01 as shown in Figure 4. The 
output disk can't respond instantaneously 
because of its large mass. It doesn't move 
instantaneously and the spring develops 
considerable torque. Then as shown in the 
sequence of events in Figure 4, the output 
disk begins accelerating after some delay 
due to the large phase error. It swings past 
the stopped position of the input disk due to 
its momentum, reaches a peak overshoot, 
and gradually oscillates about 01 with a 
damped response, finally coming to rest 
with some small residual phase error. The 
input twist of 01 represents the .application 
of a step of position or phase to the system, 
and the response of the output disk is typi
cal for a second-order, under-damped sys
tem. This same type of second-order 
behavior occurs in the PLL system for an in
stantaneous change of input phase. 

As a final example, consider the events in 
Figure 5 where both disks are rotating at 
a constant rate. Applying a strobing light 
(strobotac) simultaneously to both disks 
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and adjusting its flashing rate to one flash 
per disk rotation will cause the positional 
markers to appear stationary. There will be 
a constant phase error in this case just as 
there was in Figure 3. Now suppose the 
revolution rate of the input disk gradually in
creases by a small amount to a new rate. 
The positional marker will appear to walk 
around the disk. The output first senses the 
increased rate of the input through an in
crease in the phase error. Then, after some 
delay, the rate of the output gradually in
creases to track the input. Both positional 
markers appear to be walking around each 
disk at the same rate until the strobotac is 
adjusted for the higher input and output 
rate. Then the strobe light again freezes the 
markers, producing a phase error at this 
higher rate that is larger than before the in
put rate was increased. This gradual in
crease in the input rate to the mechanical 
system simulates a ramp change in the in
put frequency to the PLL system. The re
sponse to the output disk simulates the 
behavior of the oscillator in the PLL. 

If the rate of the input disk is alternately in
creased and decreased by some small 
amount compared to the nominal revolution 
rate, the positional markers will appear to 
walk both clockwise and counter clock
wise, momentarily appearing stationary 
when the strobing light rate equals the disk 
revolution rate. This "walking" represents a 
changing phase error which is occurring at 
the modulation rate. Thus the phase error 
can be thought of as a useable demodulat
ed output signal. 

The disk-spring mechanical system is a 
helpful analog for visualizing frequency, 
phase, transient, and steady-state re
sponses in the electronic phase locked 
loop system. In this example, the positions 
of the disk marker and rotation rates are 
analogous to phase and frequency in the 
electronic PLL system. The spring acts as a 
phase comparator to constantly sense the 
relative pOSitions or phases of the disks. 
The torque developed in this spring acts as 
the driving force or input signal to turn the 
second disk. 

Thus the spring torque simulates a voltage 
which controls the rate or frequency of the 
output disk or oscillator. Hence the second 
disk is analogous to a voltage-controlled 
oscillator (VeO). The large mass of the 
disks together with their angular momentum 
slows down the systems response time and 
simulates a low-pass filter in the electronic 
PLL system. This describes the lagging of 
the veo free-running frequency to the input 
signal in an analog phase locked loop. 
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EXAMPLES OF PLL APPLICATIONS 
Now consider the action of the voltage con
trolled oscillator, phase comparator and 
low pass filter in the PLL. The VCO gener
ates a signal that is periodic. Normally, the 
rate or frequency of the VCO is primarily de
termined by the value of a capacitance con
nected to this oscillator. This action of 
starting the VCO running by itself is analo
gous to disconnecting the spring from one 
of the shafts in the mechanical system and 
starting the output disk rotating at a con
stant rate through some external means 
such as a motor. In the PLL system this fre
quency is called the oscillator's free run
ning frequency, (fo'), because it occurs 
when the system is unlocked and there is no 
coupling between input and output frequen
cies. With the PLL, the VCO frequency can 
be shifted above and below fo' by applying 
a voltage to the optional fine tune input.' 
This signal generator property is just one of 
the many uses of the PLL. Specifically with 
integrated circuit PLLs, frequency ranges 
from less than 100Hz to more than 50MHz 
can be produced just by selecting the right 
value of capacitance from a chart on the 
data sheet. 

Selecting fa' and then changing it by a con
trol voltage makes the VCO well suited for 
converting digital data that is represented 
by two different voltage levels into two dif
ferent frequencies. A "1" voltage level can 
be related to a frequency called a mark, and 
an "0" level to a frequency called a space. 
This technique called frequency shift key
ing, or (FSK), is typical of data being trans
mitted over telephone and radio links where 
it is impractical to use dc voltage level 
shifts. Essentially this is what a modem 
(modulator-demodulator) does as it con
verts data to tones to go out of the system 
into a transmission link. Then it reverses the 
process and converts received tones to 
"1"'s and "O"'s at the receiver for the sys
tem to use. Sometimes confusion arises be
cause different names are used for the 
same thing. For example, 

A shift up in frequency = "1" = Mark 
A shift down in frequency = "0" = Space 

If voice or music is applied to the VCO in
stead of digital data, the oscillator's fre
quency will move or modulate with the voice 
or music. This is frequency modulation (FM) 
and is simply moving the frequency in rela
tion to some input voltage which represents 
intelligence. Of course as in the modem 
case the process has to be reversed and 
the PLL can do this also. The PLL is a com
plete working system that can be used to 

• Some oscillators have frequencies controlled by an input 
current rather than a voltage Bnd Bre referred to as cur· 
rent-controlled oscillators (CeO). 
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send and receive signals. In fact the PLL 
can create the signal, or select a signal, de
code it and reproduce it. Now let's look at 
how this works. 

The VCO is connected to a section where 
its frequency is put together with an incom
ing signal or signals. In a radio this is known 
as a "mixer" where signals are mixed to
gether. In a PLL it is usually called a Phase 
Comparator. Other names for this function 
are phase detector or multiplier - either 
analog or digital. (Differences between ana
log and digital phase comparators will be 
explained later in this chapter). The pur
pose of this phase comparator isto pro
duce an output which represents how far 
the VCO frequency is from that of the in
coming signal. Comparing these frequen
cies and producing an error signal 
proportional to their difference allows the 
VCO frequency to shift from fa' and become 
the same frequency as the input signal. This 
is exactly what happens with the VCO fre
quency - first "capturing" the input frequen
cy, and then locking onto it. A similar type 
action can be vislJolizod in the mechanical 
system by having tile coupling spring dis
connected at one end with the two disks ro
tating at diflerent rates. When their rotation 
rates are approximately equal, the spring is 
suddenly connected, and the output disk's 
speed will gradually become equal to and 
track the inputs rate as in Figure 1.5. 

When the VCO shifts frequency and locks 
to the input, the signal frequency is dupli
cated. If the input signal contains static or 
noise, the VCO output will be an exact re
production of the signal frequency without 
the static or noise. Thus the PLL has ac
complished signal reconditioning or recon
stitution. 

The error signal used to keep the VCO ex
actly synchronized with an incoming signal 
can be amplified, filtered, and used to 
"clock" the signal or give synchronizing in
formation necessary to look at the signal. 
For example, in some digital memories and 
transmission systems, data are stored in a 
code and looked at or strobed at a rate 
which must be synchronized to the data. 
This strobing may be at twice or one-half 
the data rate. By setting fa' equal to twice 
or one-half the data rate, the PLL will lock 
to the data and give an exact synchronized 
clock. This shows another application of 
the PLL for multiplying or dividing frequen
cies. 

PLLs can separate a signal of one frequen
cy from among many others as for example 
is done in television and radio reception. 
This selectivity or capture range is con-

9-82 

trolled in the PLL by the low-pass filter 
(LPF) which allows the PLL to only see sig
nals close to the frequency of interest. The 
time constant of the LPF is set easily by the 
selection of a resistor and capacitor net
work. This network determines how far 
away in frequency an input signal can be 
from fa' and still permit the PLL to respond 
and capture. Once locking is activated, the 
PLL system will continue to track the input 
frequency unless the instantaneous phase 
error exceeds the systems capability. 

The error signal which drives the VCO and 
keeps the system locked is a usable output. 
In the FSK example the oscillator's frequen
cy is shifted with each "1" or "0" digital in
put. Converting these frequency shifts back 
to the "I" and "0" signals automatically oc
curs in a PLL because a mark input gener
ates an error signal to move the VCO up to 
that frequency. When the mark changes to 
a space, the error signal jumps suddenly 
down, forcing the VCO to follow. The error 
signal then is exactly the data that generat
ed the FSK signals. A PLL for FSK can con
vert data to tones for transmission to a 
remote point. Then another PLL can recon
vert the data tones back to voltage levels, 
all without tuned circuits. 

The PLL system decodes FM signals in a 
similar way. The frequency variations 
caused by voltages from a microphone into' 
one VCO serve as the input signal to an
other PLL which reverses the action since 
the error signal driving the second PLLs 
VCO is exactly the same as the original mi
crophone voltage. 

Decoding of an amplitude modulated (AM) 
input signal is another application of the 
PLL. This application is more involved than 
FM demodulation because a phase shift 
network, a second phase comparator, and 
another low-pass filter are required. This 
application is discussed in detail later in 
Chapters 4 and 5. However, it should be 
pointed out that AM demodulation with PLLs 
offers improved system linearity than the 
more commonly employed technique of non
linear diode detection. Tone decoding is a 
special case of AM demodulation. When 
performed with PLLs, the second phase 
comparator is called a quadrature phase 
detector (OPD). The OPD produces a maxi
mum output error voltage whenever the in
put and oscillator frequencies are locked to 
the free-running frequency, fa', unlike the 
regular phase comparator which has a 
nominal zero error voltage under this same 
condition. 

These application examples show that with 
the PLL is a system that can: 
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1 Generate a signal 
2 Modulate a signal (encode) 
3 Select a signal from among many 
4 Demodulate (decode) 
5 Recreate (reconstitute) a signal frequen-

cy with reduced noise 
6 Multiply and divide frequency 

TYPES OF PLLS 
Generally speaking the monolithic PLLs can 
be classified into two groups - digital and 
analog. While both perform as PLLs, the 
digital circuits are more suitable for syn
chronization of digital signals, clock recov
ery from encoded digital data streams, and 
other digital applications. Analog monolith
ic PLLs are used quite extensively in com
munication systems since they maintain 
linear relationships between input and out
put quantities. 

The phase comparator is perhaps the most 
important part of the PLL system since it is 
here that the input and VCO frequencies are 
simultaneously compared. Some digital 
PLLs employ a two-input Exclusive-Or gate 
as the phase comparator. When the digital 
loop is locked to fa', there is an inherent 
phase error of 90' that is represented by 
asymmetry in the output waveform. Also the 
phase comparators output has a frequency 
component of twice the referencefrequen
cy. Because of the large logic voltage 
swings in digital systems, extensive filtering 
must be performed to remove the harmonic 
frequencies. For this reason, other types of 
digital phase comparators achieve locking 
by synchronizing the "edges" of the input 
and VCO frequency waveshapes. The 
phase comparator produces an error volt
age that is proportional to the time differ
ence between the edges, i.e., the phase 
error. This edge-triggering technique for the 
phase comparator produces lower output 
noise than with the Exclusive-Or approach. 
However time jitter on the input and VCO 
frequencies is translated into phase error 
jitter that may require additional filtering 
within the loop. 

Triggering on the edges of digital signals 
means that only frequency (or period) is im
portant and not duty cycle. This is a key 
consideration in PLL applications utilizing 
counters where waveshapes usually aren't 
symmetrical, i.e., 50% duty cycle. For the 
TTL family, it is easier to provide the edge 
matching function on the falling edges ("I" 
to "0") transition of the waveform. CMOS, 
12L, and ECL are better suited for leading 
edge triggering ("0" to "1"). 

Analog PLLs utilize a phase comparator 
which functions as a four-quadrant analog 
multiplier to mix the input and VCO Signals. 
Since this mixing is true analog multiplica-
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tion, the phase comparators output is a 
function of Input and VCO signal amplitudes, 
frequencies, phase relationships, and duty 
cycles. The inherent linearity afforded by 
this analog multiplication makes the mono
lithic analog PLL well suited for many gener
al purpose and communication system 
applications. 

Another way of distinguishing between dlgi· 
tal and analog phase comparators is by 
thinking of the similarities and differances 
between voltage comparators and oper· 
ational amplifiers. Voltage comparators are 
specially designed for digital applicatioli9 
where response time between o.utput levels 
has been minimized at the expense of sys
tem linearity. Feedback is seldom used to 
maintain linear system relationships, with 
the comparator normally running open loop. 
Op amps, on the other hand, are designed 
for a linear input-output relationship, with 
negative feedback being employed to fur
ther improve the system linearity. 

PLL TERMINOLOGY 
The following is a brief glossary of frequent
ly encountered terms in PLL literature. 

Free-running Frequency (fo', wo'). 
Also called the center frequency, this is the 
frequency at which the loop VCO operates 
when not locked to an input signal. The 
"prime" superscripts are used to distin' 
guish the free-running frequency from fo and 
Wo which are used for the general oscillator' 
frequency. (Many references use fo and Wo 
for both the free-running and general oscil
lator frequency and leave the proper choice 
for the reader to infer from the context). The 

appropriate units for fo' and wo' are Hz-and 
radians per second respectively. 

Lock Range (2 fL, 2wL) .• 

The range of frequencies over which the 
loop will remain in lock. Normally the lock 
range is centered at the free-running fre
quency unless there is some nonlinearity in 
the system which limits the frequency devi
ation on one side 01 fo'. The deviations from 
fo' are referred to as the Tracking Range or 
Hold·in Range. (See Figure 1.6). The track
ing range is therefore one-half of the lock 
range. 

Capture Range (2 fc, 2wC> .•• 
Although the loop will remain in lock 
throughout its lock range, it may not be able 
to acquire lock at the tracking range ex· 
tremes because of the selectivity afforded 
by the low· pass filter. The capture range 
also is centered at fo ' with the equal devi· 
ations called the Lock-in or Pull-in Ranges. 
The capture range can never exceed the lock 
range. 

Lock-up Time (tLl.··· 
The transient time required for a free run
ning loop to lock. This time depends princi
pally upon the bandwidth selectivity 
designed into the loop with the low-pass fil
ter. The lock-up time is inversely proportional 
to the selectivity bandwidth. Also, lock
up time exhibits a statistical spreading due 
to random initial phase relationships be
tween the input and oscillator phases: 

Phase Comparator Conversion Gain (Kd). 
The conversion constant relating the phase 
comparators output voltage to the phase 
difference between input and VCO signals 
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when the loop is locked. At low input signal 
levels, Kd is also a function of'signal ampli
tude. Kd has units of volts per radian 
(V Irad). 

VCO Conversion Gain (Ko)' 
The conversion constant relating the oscil
lators frequency shift from fo' to the applied 
input voltage. Ko has units of radians per 
second per volt (rad/sec/volt). Ko is a lin
ear function of wo' and must be obtained us
ing a formula or graph provided or 
experimentally measured at the desired 
wo'· 

Loop Gain (Kv) 
The product of Kd, Ko, and the low-pass fil
ters gain at dc. Kd is evaluated at the ap
propriate input signal level and Ko at the 
appropriate wo'. Kv has units of (sec)-I. 

Closed Loop Gain (CLG) 
The output signal frequency and phase can 
be determined from a product of the CLG 
and the input signal where the CLG is given 
by 

Kv 
CLG = I+Kv (4) 

Natural Frequency (wn). 
The characteristic' frequency of· the loop, 
determined mathematically by the final pole 
positions in the complex plane or deter
mined experimentally as the modulation fre
quency for which an underdamped loop 

,gives the maximum frequency deviation 
from fo' and at which the phase error swing 
is the greatest. 

Damping Factor m. 
The standard damping constant of a second 
order feedback system. For the PLL, l' re
fers to the ability of the loop to respond 
quickly to an input frequency step without 
excessive overshoot. 

Loop Noise Bandwidth (BL)' 
A loop property relating Wn and l' which 
describes the effective bandwidth of the 
received signal. Noise and signal compo
nents outside this bandwidth are greatly at
tenuated. 

• Also called Synchronization Range. 
•• Also called Acquisition Range . 
••• Also called Acquisition Time. 
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MODELING THE PLL 

INTRODUCTION 
The phase locked loop is a feedback system 
comprised of a phase comparator, a low pass 
filter and an error amplifier in the forward sig
nal path and a voltage-controlled oscillator 
(VeO) in the feedback path. The block dia
gram of a basic PLL system is shown in Fig
ure 1. Perhaps the single most important 
point to realize when designing with the PLL 
is that it is a feedback system and, hence, is 
characterized mathematically by the same 
equations that apply to other, more conven
tional feedback systems. However, the para
meters in the equations are somewhat differ
ent since the feedback error signal in the 
phase locked system is a phase rather than a 
current or voltage signal, as is usually the 
case in conventional feedback systems. 

PHASE LOCKED LOOP OPERATION 
The basic principle of the PLL operation 
can be briefly explained as follows: 

With no signal input applied to the system, 
the veo control voltage Vd(t) is equal to 
zero. The veo operates at a set frequency, 
fo' (or the equivalent radian frequency wo') 
which is known as the freo·running frequen· 
cy. When an input signal is applied to the 
system, the phase comparator compares 
the phase and the frequency of the input 
with the veo frequency and generates an 
error voltage Ve(t) that is related to the 
phase and the frequency difference be
tween the two signals. This orror voltage is 
then filtered, amplified, and applied to the 
control terminal of the veo. In this manner, 
the control voltage V d(t) forces the veo 
frequency to vary in a direction that reduces 
tile frequency difference between Wo and 
the input signal. If the input frequency wi is 
sufficiently close to wo, the feedback na
ture of the PLL causes the veo to synchro
nize or lock with the incoming signal. Once 
in lock, the veo frequency is identical to 
the input signal except for a finite phase dif
ference. 

This net phase difference of 0 e where 

0 e = 0 0 - 0i (1) 

is necessary to generate the corrective er· 
ror voltage V d to shift the veo frequency 
from its free-running value to the input signal 
frequency wi and, thus, keep the PLL in 
lock. This self· correcting ability of the sys· 
tem also allows the PLL to track the fre· 
quency changes of the input signal once it is 
locked. The range of frequencies over 
which the PLL can maintain lock with an in· 
put signal is defined as the "lock range" of 
the system. The band of frequencies over 
which the PLL can acquire lock with an in
coming signal is known as the "capture 
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BLOCK DIAGRAM OF PHASE LOCKED LOOP 

INPUT 
SIGNAL OUTPUT 

SIGNAL 

Figure 1 

range" of the system and is never greater 
than the lock range. 

Another means of describing the operation of 
the PLL is to observe that the phase compara
tor is in actuality a multiplier circuit that mixes 
the input signal with the veo signal. This mix 
produces the sum and difference frequencies 
Wi ± Wo shown in Figure 1. When the loop in in 
lock, the veo duplicates the input frequency 
so that the difference frequency component 
(Wi' wo) is zero; hence, the output of the phase 
comparator contains only a dc component. 
The low pass filter removes the sum fre
quency component (Wi + wo) but passes the 
dc component which is then amplified and fed 
back to the veo. Notice that when the loop is 
in lock, the difference frequency component 
is always dc, so the lock range is independent 
of the band edge of the low pass filter. 

LOCK AND CAPTURE 
Consider now the case where the loop is 
not yet in lock. The phase co'mparator again 
mixes the input and veo signals to produce 
sum and difference frequency components. 
However, the difference component may fall 
outside the band edge of the low pass filter 
and be removed along with the sum frequen
cy component. If this is the case, no infor· 
mati on is transmitted around the loop and 
the veo remains at its initial free·running 
frequency. As the input frequency ap· 
proaches that of the veo, the frequency of 
the difference component decreases and 
approaches the band edge of the low pass 
filter. Now some of the diffElrence compo
nent is passed, which tends to drive the 
veo towards the frequency of the input sig· 
nal. This, in turn, decreases the frequency 
of the difference component and allows 
more information to be transmitted through 
the low pass filter to the veo. This is es
sentially a positive feedback mechanism 
which causes the veo to snap into lock 
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with the input signal. With this mechanism in 
mind, the term "capture range" can again 
be defined as the frequency range centered 
about the VCO initial free-running frequency 
over which the loop can acquire lock with 
the input signal. The capture range is a 
measure of how close the input signal must 
be in frequency to that of the veo to ac
quire lock. The "capture range" can assume 
any value within the lock range and de
pends primarily upon the band edge of the 
low pass filter together with the closed loop 
gain of the system. It is this signal capturing 
phenomenon which gives the loop its fre
quency selective properties. 

It is important to distinguish the "capture 
range" from the "lock range" which can, 
again, be defined as the frequency range 
usually centered about the VCO initial free
running frequency over Which the loop can 
track the input signal once lock has been 
achieved. 

When the loop is in lock, the difference fre
quency component at the output of the 
phase comparator (error voltage) is dc and 
will always be passed by the low pass filter. 
Thus, the lock range is limited by the range 
of error voltage that can be generated and 
the corresponding veo frequency deviation 
produced. The lock range is essentially a 
dc parameter and is not affected by the 
band edge of the low pass filter. 

THE CAPTURE TRANSIENT 
The capture process is highly complex and 
does not lend itself to simple mathematical 
analysis. However, a qualitative description 
of the capture mechanism may be given as 
follows. Since frequency is the time deriva
tive of phase, the frequency and the phase 
errors in the loop can be related as 

d0e 
.1w= ~ (2) 
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ASYNCHRONOUS ERROR BEAT FREQUENCY 
DURING THE CAPTURE PROCESS: 

(A) VCO CONTROL VOLTAGE VARIATION 
DURING CAPTURE TRANSIENT 

oo~ LEVEL 

Vdl!1 ~ 

~ - LOCKED DC LEVEL 

(B) OSCILLOGRAM SHOWING A CAPTURE PROCESS 
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Figure 2 

EXHIBITED BY FIRST ORDER LOOP 
FAST CAPTURE TRANSIENT 

Figure 3 

where uw is the instantaneous frequency 
separation between the signal and veo fre
quencies and 0 e is the phase difference be
tween the input signal and veo signals. 

If the feedback loop of the PLL were 
opened between the low pass filter and the 
veo control input, then for a given condition 
of Wo and wi the phase comparator output 
would be a sinusoidal beat note at a fixed 
frequency uw. If wi and Wo were sufficiently 
close in frequency, this beat note would ap
pear at the filter output with negligible at
tenuation. 

Now suppose that the feedback loop is 
closed by connecting the low pass filter out
put to the veo control terminal. The veo 
frequency will be modulated by the beat 
note. When this happens, UW itself will be
come a function of time. If during this modu
lation process, the veo frequency moves 
closer to wi (i.e., decreasing uw), then 

d8e decreases and the output of the 
dl 

phase comparator becomes a slowly vary
ing function of time. Similarly, if the VCO is 

de 
modulated away from wi, T increases 
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and the error voltage becomes a rapidly vary
ing function of time. Under this condition the 
beat note waveform no longer looks sinusoi
dal; it looks like a series of aperiodic cusps, 
depicted schematically in Figure 2(a). 
Because of its asymmetry, the beat note 
waveform contains a finite dc component that 
pushes the average value of the veo toward 
Wi, and lock is established. When the system 
is in lock, UW is equal to zero and only a 
steady-state dc error voltage remains. 

Figure 2(b) displays an oscillogram of the loop 
error voltage Vd(t) in an actual PLL system 
during the capture process. Note that as lock 
is approached, UW is reduced, the low pass 
filter attenuation becomes less, and the 
amplitude of the beat note increases. 

The total time taken by the PLL to establish 
lock is called the pull-in time. Pull-in time 
depends on the initial frequency and phase 
differences between the two signals as well 
as on the overall loop gain and the low pass 
filter bandwidth. Under certain conditions, 
the pull-in time may be shorter than the peri
od of the beat note and the loop can lock 
without an oscillatory error transient. 

A specific case to illustrate this is shown in 
Figure 3. The 565 PLL is shown acquiring 
lock within the first cycle of the input signal. 
The PLL was able to capture in this short time 
because it was operated as a first order loop 
(no low pass filter) and the input tone-burst 
frequency was within its lock and capture 
range. 

EFFECT OF THE LOW 
PASS FILTER 

In the operation of the loop, the low pass filter 
serves a dual function: 

First, by attenuating the high frequency error 
components at the output· of the phase com
parator, it enhances the interference-rejection 
characteristics; second, it provides a short
term memory for the PLL and ensures a rapid 
recapture of the signal if the system is thrown 
out of lock due to a noise transient. Decreas
ing the low pass filter bandwidth has the fol
lowing effects on system performance: (Long 
Time Constant). 

a The capture process becomes slower, 
and the pull-in time increases. 

b The capture range decreases. 
c Interference-rejection properties of the 

PLL improve since the error voltage 
caused by an interfering frequency is at
tenuated further by the low pass filter. 

d The transient response of the loop (the 
response of the PLL to sudden changes 
of the input frequency within the capture 
range) becomes underdamped. 
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The last effect also produces a practical 
limitation on the low pass loop filter band
width and roll-off characteristics from a sta
bility standpoint_ These points will be 
explained further in the lollowing analysis. 

MATHEMATICALL Y DEFINING PLL 
OPERATION 

As mentioned previously. the phase compara
tor is basically an analog multiplier that forms 
the product of an RF input signal. VI(t). and 
the output signal. volt). from the VCO. Refer 
to Figure 1 and assume that the two signals to 
be multiplied can be described by 

viet) = Vi sin Wit 

vo(t) = Vo sin (wot + eel 

(3) 

(4) 

where Wi. WOo and·ee are the frequency and 
phase difference (or phase error) charac
teristics of interest. The product of these 
two signals is an output voltage given by 

ve(t) = K,ViVo(sin Wit) [sin (wot + eel] 

(5) 

where K 1 is an appropriate dimensional 
constant. Note that the amplitude of ve(t) is 
directly proportional to the amplitude of the 
input signal Vi. The two cases of an un
locked loop (wi * wo) and of a locked loop 
(wi = wo) are now considered separately. 

Unlocked State (wi * wo) 

When the two frequencies to the phase com
parator are not synchronized. the loop is not 
locked. Furthermore the phase angle differ
ence e. in Equations 4 and 5 is meaningless 
for this case since it can be eliminated by 
appropriately choosing the time origin. 

Using trigonometric identities. Equation 5 can 
be rewritten as 

() K,ViVo 
ve t ~ --2- [COS(Wi - "'oll 

- cos(wi + wo)t I (6) 

When ve(t) is passed through the low pass 
filter, F(s), the sum frequency component is 
removed. leaving 

Vf(t) = K2ViVoCOS (Wi - woll (7) 

where K2 is a constant. After amplification, 
the control voltage for the veo appears as 

Vd(t) = AK2ViVo cos (wi - wo)t (8) 

This equation shows that a beat frequency 
effect is established between Wi and Wo, 
causing the veos frequency to deviate by 
± ~w from wo' in proportion to the signal 
amplitude (AK2ViVo) passing through the 
filter. If the amplitude of Vi is sufficiently 
large and if signal limiting or saturation 
does not occur. the VCO output frequency 
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LINEAR MODEL OF PLL SYSTEM 

Figure 4 

MEASUREMENT SCHEME FOR Kd AND Ko DETERMINATIONS 
tVee 

~ I BIASANO 

--~--i GAIN SET 

LOW PASS 
FILTER 

Vo 

Figure 5 

will be shifted from wo' by some C.w until 
lock is established where 

Wi = Wo = wo' ± Aw (9) 

If lock cannot be established, then either Vi 
is too small to drive the veo to produce the 
necessary ± C.w deviation or Wi is beyonq 
the dynamic range of the veo, i.e., Wi~WO 
± ~w. Remedies for these no lock condi
tions are: 

Increase Vi either internally or externally 
to the loop by providing additional ampli
fication. 

2 Increase the internal loop gain by adjust
ing upward (larger -3dB frequency) the 
response of the low-pass filter. 

3 Shift wo' closer to the expected Wi. Es
tablishing frequency lock leads to the 
second case where Wi = woo 

Locked State (wi = wo) 
When Wi and Wo are frequency synchro
nized, the output signal from the phase 
comparator for Wi = Wo = wand a phase 
shift of ee is 
ve(t) =K,ViVo(sin wt) (sin wt + eel 

=K,ViVo [cos ee - cos (2wt + ee)1 
-2- (10) 

The low pass filter removes the high fre
quency, ac component of ve(t), leaving only 
the dc component. Thus, 

(11) 
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After amplification the dc voltage driving 
the veo and maintaining lock within the 
loop is 

Vd(t) = Vo = AK2ViVo cos ee (12) 

Suppose Wi and Wo are perfectly synchro
nized to the free-running frequency wo'. For 
this case, Vo will be zero, indicating that ee 
must be ± 90'. Thus Vo is proportional to 
the phase difference or phase error be
tween ei and eo centered about a reference 
phase angle of ± 90'. If Wi changes slightly 
from wo', the first effect will be a change in 
ee from ± 90'. Vo will adjust and settie out 
to some nonzero value to correct wo; under 
this condition frequency lock is maintained 
with Wi = w00 The phase error will be shifted 
by some amount c.e from the reference 
phase angle of ± 90'. This concept can be 
simplified by redefining ee as 

(13) 

where e r is the inherent, reference phase 
shift of ± 90' and c.e is the departure from 
this reference value. Now the veo control 
voltage becomes 

Vo = AK2ViVo cos (er±c.e) (14) 
= ± AK2ViVosinC.e 

Since the sine function is odd. a momentary 
change in c.e contains information about 
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which way to adjust the VCO frequency to 
correct and maintain the locked condition. 
The maximum range over which 110 changes 
can be tracked is -90° to +90°. This cor
responds to a 0 e range from 0 to 180°. 

In addition to being an error signal, VD re
presents the demodulated output of an FM 
input applied as vinet) assuming a linear 
VCO characteristic. Thus FM demodulation 
can be accomplished with the PLL without 
the inductively tuned circuits that are em
ployed with conventional detectors. 

DETERMINING PLL 
MODEL PARAMETERS 
Since the PLL is basically an electronic servo 
loop, many of the analytical techniques devel
oped for control systems are applicable to 
phase locked systems. Whenever phase lock 
is established between v;(t) and vo(t) the linear 
model of Figure 4 can be used to predict the 
performance of the PLL system. Here 0; and 
0 0 represent the phase angles associated 
with the input output waveshapes repectively; 
F(s) represents a generalized voltage transfer 
function for the low pass filter in the s complex 
frequency domain; and Kd and Ko are conver
sion gains of the phase comparator and veo 
respectively, each having units as shown. The 
1Is term associated with the veo accounts 
for the inherent 90 0 phase shift in the loop 
since the veo converts a voltage to a fre
quency and since phase is the integral of fre
quency. Thus the veo functions as an 
integrator in the feedback loop. 

Specific values of Kd and Ko for all of Sig
netics general purpose PLLs can be found in 
the sections describing the particular loop of 
interest. However, sometimes it may be 
desired to determine these conversion gains 
exactly for a specific device. The measure
ment scheme shown in Figure 5 can be used 
to determine Kd and Ko for a loop under lock. 
The function of hte Khron-Hite filters is to 
extract the fundamental sinusoidal frequency 
component of their square wasve inputs for 
application to the Gain-Phase Meter. If the 
input signal from the Function Generator is 
sinusoidal, then the first Khron-Hite filter may 
be eliminated. It is recommended to use high 
impedance oscilloscope probes so as to not 
distort the input of veo waveshapes, thereby 
potentially altering their phase relationships. 
The frequency counter can be driven from the 
scope as shown, or connected directly to the 
input or VCO provided its input impedance is 
large. 

The procedure to follow for obtaining Kd 
and Ko is as follows: 

Established the desired external bias 
and gain conditions for the PLL under 
test. 

2 With the Function Generator turned ·off, 
set the free-running frequency of the loop 
via the timing capacitor and timing res is· 
tor if appropriate. Monitor fo' with the 
Frequency Counter. 

3 Turn on the Function Generator and 
check to make sure the amplitude of the 
input Signal is appropriate for the particu
lar loop under test. 

4 Adjust the input frequency for lock. Lock 
is discern able on a dual-trace scope 
when the input and VCO waveforms are 
synchronized and stationary with respect 
to each other. One should be especially 
careful to check that locking has not oc
curred between the VCO and some har
monic frequency. Carefully inspect both 
waveshapes, making sure each has the 
same period. (If a second Frequency 
Counter is available, an alternate scheme· 
can be used to confirm frequency locking. 
One frequency counter is used to monitor 
the input signal frequency, and the sec
ond counter is used for the VCO frequen
cy. When the two counters display the 
same frequency, the PLL is locked). 

5 Set the input frequency to the free·run
ning frequency and note the Gain-Phase 
Meter display. It should be approximately 
90°, ± 10° nominally. Record the phase 
error, 0 e, the VCO control voltage, VD, 
and the input frequency, fi. 

6 Adjust fi for frequencies above and below 
fo' and record 0 e and VD for each fi as 
appropriate. 

7 Making a plot of VD versus 0 e is useful 
for checking the measurement data and 
the systems linearity. The slope of this 
plot (IlVD /1l0e) is Kd in units of volts / de
gree. ·Multiplying this slope by 180/11" 
gives the desired Kd in volts / radian. 

8 A plot of fi = fo versus VD while the loop 
remains locked will check the VCO lin
earity. The slope of this plot is Ko at the 
particular free-running frequency. The 
units of slope taken directly from the 
graph are Hz / volt. Multiplying this slope 
figure by 211" gives the desired Ko in units 
of radians/volt-sec. 

Kd is generally constant over wide frequen
cy ranges, but is linearily related to the in· 
put signal amplitude. Kois constant with 
input signal level but does vary linearily with 
fo'. Often it is convenient to specify a nor
malized Ko as 

Ko(norm) = Ko radians (15) --r;;r- volt 

The Ko value at any desired free-running 
frequency then can be estimated as 

Ko (@ any fo') = Ko(norm) fo' (16) 

The loop gain for the PLL system is 
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(17) 

(Often when the gain A is due to an amplifier 
internal to the IC, A will be included in either 
Kd or Ko. This is further illustrated in the 
article on the 565 PLL. 

MODELING THE PLL SYSTEM WITH 
VARIOUS LOW PASS FILTERS 
The open loop transfer function for the PLL 
is 

T(s) = KvF(s) 
s (18) 

Using linear feedback analysis techniques, 
the closed loop transfer characteristics 
H(s) can be related to the open loop perfor-
manee as 

H(s) = _ T~)_ 
~ 

(19) 

and the roots of the characteristic system 
polynominal can be readily determined by 
root-locus techniques. 

From these equations, it is apparent that 
the transient performance and frequency 
response of the loop is heavily dependent 
upon the choice of filter and its correspond
ing transfer characteristic, F(s). 

Zero Order Filter - F(s) = 1 
The simplest case is that of the first order 
loop where F(s) = 1 (no filter). The closed 
loop transfer function then becomes 

Kv 
T(s) = s + Kv (20) 

This transfer function gives the root locus as a 
function of the total loop gain K" and the cor
responding frequency response shown in Fig
ure 6(a). The open loop pole at the origin is 
due to the integrating action of the veo. Note 
that the frequency response is actually the 
amplitude of the difference frequency compo
nent versus modulating frequency when the 
PLL is used to track a frequency modulated 
input signal. Since there is no low pass filter 
in this case, surn frequency components are 
also present at the phase comparator output 
and must be filtered outside of the loop if the 
difference frequency component (demodu
lated FM) is to be measured. 

First Order Filter 
With the addition of a single pole low pass 
filter F(5) of the form 

F(5) = __ 1_ 
I+TI 5 (21) 

where 71 = R1C1, the PLL becomes a second 
order system with the root locus shown in Fig
ure 6(b). Again an open loop pole is located at 
the origin because of the integrating action of 
the veo. Another open loop pole is posi
tioned on the real axis at - 1171 where 71 is 
the time constant of the low pass filter. 
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One can make the following observations 
from the root locus characteristics of Figure 
6(b): 

a As the loop gain Kv increases for a given 
choice of Tl, the imaginary part of the 
closed loop poles increase; thus, the nat
ural frequency of the loop increases and 
the loop becomes more and more under
damped. 

b If the filter time constant is increased, the 
real part of the closed loop poles be
comes smaller and the loop damping is 
reduced. 

As in any practical feedback system, excess 
shifts or non-dominant poles associated with 
the blocks within the PLL can cause the root 
loci to bend toward the right half plane as 
shown by the dashed line in Figure 6(b). This 
is likely to happen if either the loop gain or the 
filter time constant is too large and may cause 
the loop to break into sustained OSCillations. 

First Order Lag-Lead Filter 
The stability problem can be eliminated by 
using a lag-lead type of filter, as indicated in 
Figure 6(c). This type of a filter has the trans
fer function 

F(s) = 1 + T2 s 
1 + {Tl + T2)S (22) 

where T2 = R2C and T 1 = RIC. By proper 
choice of R2, this type of filler confines the 
root locus to the left·half plane and ensures 
stability. The lag-lead filler gives a frequen
cy response dependent on the damping, 
which can now be controlled by the proper 
adjustment of Tl and T2. In practice, this 
type of filter is important because it allows 
the loop to be used' with a response be
tween that of the first and second order 
loops and it provides an additional control 
over the loop transient response. If R2 = 0, 
the loop behaves as a second order loop 
and as R2 ~ ce, the loop behaves as a first 
order loop due to a pole-zero cancellation. 
However, as first-order operation is ap
proached, the noise bandwidth increases 
and interference rejection decreases since 
the high frequency error components in the 
loop are now attenuated to a lesser degree. 

Second and Higher Order Filters 
Second and higher order filters as well as 
active filters occasionally are designed and 
incorporated within the PLL to achieve a par
ticular response not possible or easily 
obtained with zero or first order filters. Adding 
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more poles and more gain to the closed loop 
transfer function reduces the inherent stabil
ity of the loop. Thus the designer must exer
cise extreme care and utilize complex stability 
analysis if second order (and higher) filters or 
active filters are to be considered. 

CALCULATING LOCK AND 
CAPTURE RANGES 
In terms of the basic gain expression in the 
system, the lock range of the PLL WL can be 
shown to be numerically equal to the dc loop 
gain (2 sided lock range). 

(23) 

where F(O) is the value of the low pass fil
ters transfer function at dc. 

Since the capture range wc denotes a tran
sient condition, it is not as readily derived as 
the lock range. However, an approximate 
expression for the capture range can be writ
ten as (2 sided capture range). 

2we = 4".fe "" 2Kv I FGwell (24) 

where F(iwcJ is the magnitude of the low pass 
filter transfer functiOn evaluated at We' Solu
tion of Equation 24 frequently involves a "trial 
and error" process since the capture range is 
a function of itself. Note that at all times the 
capture range is smaller than the lock range. 

For the simple first-order lag filter of Figure 
6(b) the capture range can be approximated 
as 

2WC=2~=2~ Tl Tl 
(25) 

This approximation is valid for 

Tl »_1_ 
2wL (26) 

Equations 23 and 24 show that the capture 
range increases as the low pass filter time 
constant is decreased, whereas the lock 
range is unaffected by the filter and is deter
mined solely by the loop gain. 

Figure 7 shows the typical frequency-to
voltage transfer characteristics of the PLL. 
The input is assumed to be a sine wave 
whose ,frequency is swept slowly over a broad 
frequency range. The vertical scale is the cor
responding loop error voltage. In Figure 7(a), 
the input frequency is being gradually 
increased. The loop does not respond to the 
signal until it reaches a frequency W1' corres
ponding to the lower edge of the capture 
range. Then, the loop suddenly locks on the 
input and causes a negative jump of the loop 
error voltage. Next, V d varies with frequency 
with a slope equal to the reciprocal of veo 
conversion gain (liKe) and goes through zero 
as WI = wo'. The loop tracks the input until the 
input frequency reaches W2' corresponding to 
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the upper edge of the lock range. The PLL 
then loses lock and the error voltage drops to 
zero. If the input frequency is swept slowly 
back, the cycle repeats itself, but is inverted, 
as shown in Figure 7(b). The loop recaptures 
the signal at W3 and tracks it down to W4' The 
total capture and lock ranges of the system 
are: 

2wC = w3 - WI 
and 

2wL = w2 - w4 

(27) 

(28) 

Note that, as indicated by the transfer charac
teristics of Figure 7, the PLL system has an 
inherent selectivity about the free-running fre
quency, wo'. It will respond only to the input 
signal frequencies that are separated from 
wo' by less than wc or WL, depending' on 
whether the loop starts with or without an ini
tial lock condition. The linearity of the 
frequency-to-voltage conversion characteris
tics for the PLL is determined solely by the 
veo conversion gain. Therefore, in most PLL 
applications, the veo is required to have a 
highly linear voltage-to-frequency transfer 
characteristic. 

DETERMINING LOOP RESPONSE 
The transient response of a PLL can be cal
culated using the model of Figure 4 and 
Equations 18 and 19 as starting points. Com
bining these equations gives 

0 0 (s) KvF(s) 
H(s) = """0;(s) s + KvF{s) (29) 

The phase error which keeps the system in 
lock is 

0 e(s) = 0i(S) - 0 0 (s) (30) 

Define a phase error transfer function 
0 e(s) 0 0 (s) 

E(s) = 0i{S) = 1 - """0;(s) = 1 - H(s) 

(31) 

As an example of the utilization of these 
equations, consider the most common case 
of a loop employing a simple first·order lag 
filter where 

F(s) = I + STI (32) 

For this filter, Equations 29 and 31 become 

H(s) = Kv lT l 
s2 + SITl + KvlTl (33) 

E(s) = s(s + 1/Tl) 

s2 + s/Tl + Kv/Tl (34) 

Both equations are second order and have 
the same denominator which can be ex
pressed as 

D(s) = s2 + slTl + Kv/Tl = 
.s2 + 2l"wns + wn2 (35) 

where Wn and l" are respectively the sys
tems undamped natural frequency and 
damping factor defined as 

(36) 
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ROOT LOCUS AND FREQUENCY RESPONSE PLOTS 
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ROOT LOCUS FREQUENCY RESPONSE 
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\ wn 
ROOT LOCUS -Jw FREQUENCY RESPONSE 

ROOT LOCUS 

1= (37) 

The system is considered overdamped for 
> 1.0, and critically damped l"= 1.0. 

Now examine this PLL systems response to 
various types of inputs. 

Step of Phase Input 
Consider a unit step of phase as the input sig
nal. This input is shown in Figure 8 and can 
be thought of as simply shifting the time axis 
by a unit step (one radian or one degree 

(e) FIRST-ORDER LAG-LEAD FILTER 
+Jw 

A 

-Jw FREQUENCY RESPONSE 

Figure 6 

gree depending upon the working units) 
while maintaining the same input frequency. 
Mathematically this input has the form 

8i(S) = -'- (38) s 
The phase of VCO output and the systems 
philse error are represented by 

H(s) wn 2 
8 0 (s) = -s- = s (s2 + 21wns + wn 2) (39) 

E(s) s + 21wn 
8 e(s) = -s- = s2 + 21wns + wn2 (40) 

Signetics 

depending upon the working units) while 
maintaining the same input frequency. Mathe
matically this input has the form 

8 0 (t) = 1 + e -Iwnt sin (u!nt~ + w) 

~ (41) 
J1 _12 

where W = arc tan I (42) 

and l" "" 1. 
e-Iwn t 

8 e (tl = ---
V1="f2 

sin (wnt ~ + w) 

(43) 
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TYPICAL PLL FREQUENCY-TO-VOLTAGE 
TRANSFER CHARACTERISTICS 

(A) INPUT FREQUENCY INCREASING 

I-- "L ----+1 

Yd ~ : ''"''~, 
SWEEP 

\ .. 

INCREASING 
FREQUENCY 

(8) DECREASING INPUT FREQUENCY 
I CAPTURE RANGE 

I-- 'we --+-l 

+ I INCREASING Yd ~ : 
FReQUENCY 

o DIREe~T-'O-N"'O-F "T
4-----""7I'O--"--__oI---__oo-- --. 

SWEEP 

Figure 7 

INPUT SIGNAL REPRESENTING A UNIT STEP OF 
PHASE AT CONSTANT FREQUENCY 

INPUT f 
~OLTAGE 
lUI 

Figure 8 

When I = 1, these phase responses are 

Bo(t) = 1 - (1 - wnt)e-wnt (44) 

and 

(45) 

Figure 9 is a plot of the veo phase response 
and the phase error transient for various 
damping factors. Note from this figure that an 
under-damped system has overshoot which 
can cause the loop to break lock if this over
shoot is too large. The critical condition for 
maintaining lock is to keep the phase error 
within the dynamic range for the phase com
parator of - 1t12 to 1t12 radians. For the under
damped case, the peak phase-error 
overshoot is 

8e(max) = e -17r/{1=--f2 (46) 

which musl be less than 1t 12 to maintain 
lock. Lock can also be broken for the over
damped and critically-damped loops if the 
input phase shift is too large where the 
phase error exceeds ± 7r 12 radians. 

The analysis and equations given are based 
upon the small-signal model of Figure 4. If the 
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signal amplitudes become too large, one or 
more functional blocks in the system can sat
urate, causing a slew-rate type limiting action 
that may break lock. 

The transient change in the veo frequency 
due to the unit step of phase input can be 
found by taking the time derivative of Equa
tion 41 or alternatively by finding the inverse 
Laplace transform of 

wn 2 
wo(s) = s80(s) = 2 + 2> + 2 (47) 

S )wns Wn 

which is 
wne-lwnt .~ 

wo(t) = sin wnt VI - 12 
~ (48) 

Unit Step of Frequency Input 
This type of input occurs when the input fre
quency is instantaneously changed from one 
frequency to another as is done in FSK and 
modem applications. For this input as shown 
in Figure 10, 

0·(s) = -'- (49) , . s2 

The veo output phase is 
w 2 ° (s) = n (50) 

o s2(s2 + 21wns + wn2) 
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The transient time expression for-the .VCO 

phase change is -lw t 
00(1) = t _ gL + e n 

Wn wn"j, -!2 
sin (wnt 1/1 -!2 + 2'1t) (51) 

for t "" 1. 

The time expression for the veo frequency 
change for a unit step of frequency input is 
the same as the time response veo phase 
change due to a step of phase input (Equa
tion 41), or 

wO(t) for frequency step input = 0 0 (t) 
for phase 
step input 

Thus -lwnt 
wo(t) = 1 + _e ___ sin (wnt ~ + 'It) 

..J1=-f2 
(52) 

Unit Ramp of Frequency Input 
This form of input signal represents sweeping 
the input frequency at a constant rate and 
direction as shown in Figure 11. The ampli
tude and phase of the input remain constant; 
the input frequency changes linearly with 
time. Since the input signal to the PLL model 
is a phase, a unit ramp of frequency appears 
as a phase acceleration type input that can be 
mathematically described as 

0i(S) = :3 (53) 

The veo output phase change is 
wn2 

0 0 (s) = (54) 
s3 (s2 + 21wns + wn2) 

The time expression for the veo phase 
change is 

t2 2\1 21 [ 00 (t) = 2 - Wn T wn 2 21(1 - wn 2) + 

( 
1 - 412wn2 + 412wn4 \ l1! x e-twnt sin (wnt 

1 -!2 ) 

VI - 12 + 'It')J (55) 

1/1 -!2 
where 'It' = arc tan + 'It 

1(1 - 2wn2) 

and 'It is given in Equation 42. 

PLL BUILDING BLOCKS 
veo 

Since three different forms of veo have been 
used in the Signetics PLL series, the veo 
details will not be discussed until the individ
ual loops are described. However, a few gen
eral comments about veos are in order. 

When the PLL is locked to a signal, the veo 
voltage is a function of the frequency of the 
input signal. Since the veo control voltage 
is the demodulated output during FM de
modulation, it is important that the veo 
voltage-to-frequency characteristic be lin-
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ear so that the output is not distorted. Over 
the linear range of the VCO, the conversion 
gain is given by KO (in radian Ivolt-sec) 

;lwo 
ko = ;lVd (56) 

Since the loop output voltage is the VCO 
voltage, we can get the loop output voltage 
as 

(57) 

The gain Ka can be found from the data sheet. 
When the VCO voltage is changed, the fre
quency change is virtually instantaneous. 

Phase Comparator 
All of Signetics analog phase locked loops 
use the same form of phase comparator -
often called the doubly-balanced multiplier or 
mixer. Such a circuit is shown in Figure 12. 

The input stage formed by transistors 01 and 
02 may be viewed as a differential amplifier 

which has an equivalent col/ector resistance 
Rc and whose differential gain at balance is 
the ratio of Rc to the dynamic emitter resist
ance, re, of 01 and 02. 

RC 
0.026 RCIE 
iE72 = 0.052 (58) 

where IE is the total dc bias current for the 
differential amplifier pair. 

The switching stage formed by 03-06 is 
switched on and off by the veo square wave. 
Since the collector current swing of 02 is the 
negative of the collector current swing of 01, 
the switching action has the effect of multiply
ing the differential stage output first by + 1 
and then by - 1. That is, when the base of 04 
is positive, RC2 receives 1, and when the base 
of 06 is positive, RC2 receives i2 = i1' Since 
the circuit is cal/ed a multiplier, performing the 
multiplication will gain further insight into the 
action of the phase comparator. 

veo PHASE AND LOOP PHASE ERROR TRANSIENT 
RESPONSES FOR VARIOUS DAMPING FACTORS 

t 
t'\. I 

I l-"r=0.10 

fl ~r=0.25 

00 (1) 1,.8 

1.6 
1.4 

1.2 

1.0 

0.8 

0 .• 

0.4 

0.2 

..-~=0.50 
'L ./ r-\. i-'1 
'/ (=0.7.\ II 

(=1 t f--' 
I I 

'/ t 
0123456 

Figure 9 

INPUT SIGNAL FOR A UNIT STEP 
OF FREQUENCY AT CONSTANT PHASE 

INPUT 

0.81 0,(1) 

0.6 

0.4 

V. r-
0.2 

-0.2 

-0.4 

- 0.6 

- 0.8 

VOLTAGE 11\ f\ f\ f\ (\ f\ f\ 
'1(1) I V V V'lVVV~ 

I " I " I~ 
Figure 10 

INPUT SIGNAL FOR A UNIT RAMP OF FREQUENCY INPUT 

INPUT I ;-VVVWf---. 
Figure 11 
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Consider an input signal which consists of 
two added components: a component at 
frequency Wi which is close to the free·run· 
ning frequency and a component at frequen· 
cy wk which may be at any frequency. The 
input signal is 

Vi(!) + Vk<t) = Visin(wit + 0i) + 

Vksin(Wkt + 0k) (59) 

where 0i and 0k are the phase in relation to 
the VCO signal. The unity square wave de· 
veloped in the multiplier by the VCO signal 
is co 

vo(!) = \' __ 4 __ sin [(2n+l)wot] 
L 1I"(2n+l) 
n=o (60) 

where Wo is the VCO frequency. Multiplying 
the two terms, using the appropriate trigo
nometric relationships, and inserting the dif
ferential stage gain Ad gives: 

ve(t) = 2Ad 

" 00 

[ L (2:~ 1) cos [(2n+ 1 )wot - Wit - 0;] 
n=O 

00 

\' Vi - L (2n+ 1) cos [(2n + l)wot + Wit + 0iJ 

n=O 
00 

+L (2:!1) cos [(2n +1)wot-wkt - 0 k] 

n=O 

-~ (2:~t) cos [(2n+l)WoHWkH0k]] 

(61) 

Assuming that temporarily Vk is zero, if WI 
is close to wo, the first term (n = 0) has a 
low frequency difference frequency compo
nent. This is the beat frequency component 
that feeds around the loop and causes lock 
up by modulating the VCO. As Wo is driven 
closer to Wi, this difference component be
comes lower and lower in frequency until Wo 
= Wi and lock is achieved. The first term 
then becomes 

ve(t) = VE = 2AdVi cos 0i (62) 
" 

which is the usual phase comparator formu
la showing the dc component of the phase 
comparator during lock. This component 
must equal the voltage necessary to keep 
the VCO at wo.1t is possible for Wo to equal 
Wi momentarily during the lock up process 
and, yet, for the phase to be incorrect so 
that Wo passes through Wi without lock be
ing achieved. This explains why lock is usu
ally not achieved instantaneously. even 
when Wi = Wo at t = O. 

If n * 0 in the first term, the loop can lock 
when Wi = (2n + 1) wo, giving the dc phase 
comparator component 

2AdVi 
Ve(!) = VE = ;'(2n+l) cos 0i (63) 
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INTEGRATED PHASE COMPARATOR CIRCUIT 

veo 
INPUT 

+Vcc +Vcc 

+----<)Vd 

Figure 12 

showing that the loop can lock to odd har
monics of the free-running frequency. The 
(2n + 1) term in the denominator shows that 
the phase comparators output is lower for 
harmonic lock, which explains why the lock 
range decreases as higher and higher odd 
harmonics are used to achievo lock. 

Note also that the phase comparators out
put during lock is (assuming Ad is constant) 
also a function of the input amplitude Vi. 
Thus, for a given dc phase comparator out
put VE, an input amplitude decrease must 
be accompanied by a phase change. Since 
the loop can remain locked only for 0i be
tween 0 and 180', the lower Vi becomes, 
the more the lock range is reduced. 

Note from the second term that during lock 
the lowest possible frequency is Wo + wi = 
2Wi- A sum frequency component is always 
present at the phase comparator output. 
This component is usually greatly attenuat
ed by the low pass filter capacitor connect
ed to the phase comparator output. 
However, when rapid tracking is required 
(as with high-speed FM detection or FSK
frequency shift keying), the requirement for 
a relatively high frequency cutoff in the low 
pass filter may leave this component unat
tenuated to the extent that it interferes with 
detection. At the very least, additional filter
ing may be required to remove this compo
nent. Components caused by n .. 0 in the 
second term are both attenuated and of 
much higher frequency, so they may be ne
glected. 
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Suppose that other frequencies represent
ed by Vk are present. What is their effect 
for Vk .. 07 

The third term shows that Vk introduces an
other difference frequency component. Ob
viously, if wk is close to Wi, it can interfere 
with the locking process since it may form a 
beat frequency of the same magnitude as 
the desired locking beat frequency. Howev-· 
er, suppose lock has been achieved so that 
Wo = Wi. In order for lock to be maintained, 
the average phase comparator output must 
be constant. If Wo = wk is relatively low in 
frequency, the phase 0i must change to 
compensate for this beat frequency. Broad
ly speaking, any signal in addition to the sig
nal to which the loop is locked causes a 
phase variation. Usually this is negligible 
since wk is often far removed from Wi. How
ever, it has been stated that the phase 0i 
can move only between 0 and 180'. Sup
pose the phase limit has been reached and 
Vk appears. Since it cannot be compensat
ed for, it will drive the loop out of lock. This 
explains why extraneous signals can result 
in a decrease in the lock range. If Vk is as
sumed to be an instantaneous noise compo
nent, the same effect occurs. When the full 
swing of the loop is being utilized, noise will 
decrease the lock or tracking range. This 
effect can be reduced by decreasing the 
cutoff frequency of the low pass filter so 
that the Wo - wk is attenuated to a greater 
extent, which illustrates that noise immunity 
and out-band frequency rejection is im
proved (at the expense of capture range 
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since Wo - Wi is likewise attenuated) when 
the low pass filter capacitor is large. 

The third term can have a dc component 
when wk is an odd harmonic of the locked 
frequency so that (2n + 1) (wo - wl) is zero 
and Ok makes its appearance. This will 
have an effect on 01 which will change the 
01 versus frequency W 1. This is most no
ticeable when the waveform of the incoming 
signal is, for example, a square wave. The 
Ok term will combine with the 0i term so that 
the phase is a linear function of input fre
quency. Other waveforms will give different 
phase versus frequency functions. When 
the input amplitude Vi is large and the loop 
gain is targe, the phase will be close to 90' 
throughout the range of VCO swing, so this 
effect is often unnoticed. 

The fourth term is of little consequence ex
cept that if Wk approaches zero, the phase 
comparator output will have a component at 
the locked frequency Wo at the output. For 
example, a dc offset at the input differential 
stage will appear as a square wave of fun
damental Wo at the phase comparator out
put. This is usually small and well 
attenuated by the low pass filter. Since 
many out-band signals or noise components 
may be present, many Vk terms may be 
combining to influence locking and phase 
during lock. Fortunately, only those close to 
the locked frequency need be considered. 

Quadrature Phase Detector (QPD) 
The quadrature phase detector action is ex
actly the same except that its output is pro
portional to the sine of the phase angle. 
When the phase 0i is 90', the quadrature 
phase detector output is then at its maxi
mum, which explains why it makes a useful 
lock or amplitude detector. The output of 
the quadrature phase detector is given by 

2A V' 
Vq = ~ sinei (64) 

where Vi is the constant or modulated AM 
signal and 0i '" 90' in most cases so that 
sine 0i = 1 and 

V _ 2AgVi 
q - " (65) 

This is the demodulation principle of the 
autodyne receiver and the basis for the 567 
tone decoder operation. 

INITIAL PLL SETUP CHOICES 
In a given application, maximum PLL effec
tiveness can be achieved if the designer un
derstands the tradeoffs which can be 
made. Generally speaking, the designer is 
free to select the frequency, lock range, 
capture range, and input amplitude. 
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FREE-RUNNING 
FREQUENCY SELECTION 
Selling the center or free-running frequency 
is accomplished by selecting one or two ex
ternal components. The center frequency is 
usually set in the center of the expected in
put frequency range. Since the loops ability 
to capture is a function of the difference be
tween the incoming and free'running fre
quencies, the band edges of the capture 
range are always an equal distance (in Hz) 
from the center frequency. Typically, the 
lock range is also centered about the free
running frequency. Occasionally, the center 
frequency is chosen to be offset from the 
incoming frequency so that the tracking 
range is limited on one side. This permits re
jection of an adjacent higher or lower fre
quency signal without paying the penalty for 
narrow band operation (reduced tracking 
speed). 

All of Signetics loops use a phase campara· 
tor in which the input signal is multiplied by 
a unity square wave at the veo frequency. 
The odd harmonics present in the square 
wave permit the loop to lock to input signals 
at these odd harmonics. Thus, the center 
frequency may be set to, say, 1/3 or 1/5 of 
the input signal. The tracking range howev· 
er, will be considerably reduced as the 
higher harmonics are utilized. 

The foregoing phase comparator discus· 
sian would suggest that the PLL cannot 
lock to subharmonics because the phase 
comparator cannot produce a dc compo
nent if Wi is less than woo 

The loop can lock to both odd harmonic and 
sub harmonic signals in practice because 
such signals often contain harmonic compo
nents at woo For example, a square wave of 
fundamental Wo / 3 will have a substantial 
component at Wo to which the loop can lock. 
Even a pure sine wave input signal can be 
used for harmonic locking if the PLL input 
stage is overdriven (the resultant internal 
limiting generates harmonic frequencies). 
Locking to even harmonics or subharmon
ics is the least satisfactory since the input 
or veo signal must contain second harmon· 
ic distortion. If locking to even harmonics is 
desired, 'the duty cycle of the input and veo 
Signals must be shifted away from the sym
metrical to generate substantial even har
monic content. 

In evaluating the loop for a potential appli
cation, it is best to actually compute the 
magnitude of the expected signal compo
nent nearest w00 This magnitude can be 
used to estimate the capture and lock 
ranges. 

All of Signetics loops are stabilized against 
center frequency drift due to power supply 
variations. Both the 565 and the 567 are 
temperature compensated over the entire 
military temperature range (-55 to 
+ 1250 e). To benefit from this inherent sta
bility, however. the designer must provide 
equally stable (or beller) external compo
nents. For maximum cost effectiveness in 
some noncritical applications, the designer 
may wish to trade some stability for lower 
cost external components. 

GUIDELINES FOR LOCK RANGE 
CONTROL 
Two things limit the lock range. First, any 
veo can swing only so far; if the input signal 
frequency goes beyond this limit, lock will 
be lost. Second, the voltage developed by 
the phase comparator is proportional to the 
product of both the phase and the ampli
tude of the in·band component to which the 
loop is locked. If the signal amplitude de· 
creases, the phase difference between the 
Signal and the veo must increase in order 
to maintain the same output voltage and, 
hence, the same frequency deviation. The 
564 contains an internal limiter circuit be
tween the signal input and one input to the 
phase comparator. This circuit limits the 
amplitude of large input signals such as 
those from TTL outputs to approximately 
100mV before they are applied to the 
phase comparator. The limiter significantly 
improves the AM rejection of the PLL for in
put signal amplitudes greater than 100mV. 

It often happens with low input amplitudes 
that even the full ± 900 phase range of the 
phase comparator cannot {jenerate enough 
voltage to allow tracking wide deviations. 
When this occurs, the effective lock range 
is reduced. Weak input signals cause a re
duction of tracking capability and greater 
phase errors. Conversely, a strong input 
Signal will allow the use of the entire veo 
swing capability and keeps the veo phase 
(referred to the input signal) very close to 
900 throughout the range. Note that the 
lock range does not depend on the low pass 
filter. However, if a low pass filter is in the 
loop, it will have the effect of limiting the 
maximum rate at which tracking can occur. 
Obviously, the LPF capacitor voltage can
not change instantly, so lock may be lost 
when large enough step changes occur. Be
Iween the constant frequency input and the 
step-change frequency input is some limit
ing frequency slew rate at which lock is just 
barely maintained. When tracking at this 
rate, the phase difference is at its limit of 00 

or 1800 . It can be seen that if the LPF cutoff 
frequency is low, the loop will be unable to 
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track as fast as if the LPF cutoff frequency 
is higher. Thus, when maximum tracking 
rate is needed, the LPF should have a high 
cutoff frequency. However, a high cutoff fre
quency LPF will allenuate the sum frequen
cies to a lesser extent so that the output 
contains a significant and often bothersome 
signal at twice the input frequency. The 
phase comparators output contains both 
sum and difference frequencies. During 
lock, the difference frequency is zero, but 
the sum frequency of twice the locked fre
quency is still present. This sum frequency 
component can then be filtered out with an 
external low pass filter. 

INPUT LEVEL AMPLITUDE 
SELECTION 
Whenever amplitude limiting of the in·band 
signal occurs, whether in the loop input 
stages or prior to the input, the lock and 
capture ranges become independent of sig
nal amplitude. 

Beller noise and out-band signal immunity is 
achieved when the input levels are below 
the limiting threshold since the input stage 
is in its linear region and the creation of 
cross-modulation components is reduced. 
Higher input levels will allow somewhat fas
ter operation due to greater phase compa
rator gain and will result in a lock range 
which becomes constant with amplitude as 
the phase comparator gain becomes can· 
stant. Also, high input levels will result in a 
linear phase versus frequency characteris· 
tic. 

CAPTURE RANGE CONTROL 
There are two main reasons for making the 
low pass filter time constant large. First, a 
large time constant provides an increased 
memory effect in the loop so that it remains 
at or near the operating frequency during 
momentary fading or loss of signal. Second, 
the large time constant integrates the 
phase comparators output so that in
creased immunity to noise and out· band 
signals is obtained. 

Besides the lower tracking rates attendant 
to large loop filters, other penalties must be 
paid for the benefits gained. The capture 
range is reduced and the capture transient 
becomes longer. Reduction of capture 
range occurs because the loop must utilize 
the magnitude of the difference frequency 
component at the phase comparator to 
drive the veo towards the input frequency. 

If the LPF cutoff frequency is low, the differ· 
ence component amplitude is reduced and 
the loop cannot swing as far. Thus, the cap· 
ture range is reduced. 
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LOCK-UP TIME AND TRACKING 
SPEED CONTROL 
In tracking applications, lock-up time is nor
mally of little consequence, but occasions 
do arise when it is desirable to keep lock-up 
time short to minimize data loss when noise 
or extraneous signals drive the loop out of 
lock_ Lock-up time is of great importance in 
tone decoder type applications. Tracking 
speed is important if the loop is used to de
modulate an FM signal. Although the follow
ing discussion dwells largely on lock-up 
time, the same comments apply to tracking 
speeds_ 

No simple expression is available which 
adequately describes the acquisition or 
lock-up time. This may be appreciated 
when we review the following factors which 
influence lock-up time. 

a Input phase 
b Low pass filter characteristic 
c Locp damping 
d Deviation of input frequency from center 

frequency 
e In-band input amplitude 
f Out-band signals and noise 
g Center frequency 

Fortunately, it is usually sufficient to know 
how to improve the lock-up time and what 
must be sacrificed to get faster lock-up. 
Consider an operational loop or tone de
coder where occasionally the lock-up tran
sient is too long. What can be done to 
improve the situation-keeping in mind the 
factors that influence lock? 

a Initial phase relationship between incom
ing signal and VCO - This is the greatest 
single factor influencing the lock time. If 
the initial phase is wrong, it first drives the 
VCO frequency away from the input fre
quency so that the VCO frequency must 
walk back on the beat notes. Figure 13 
gives a typical distribution of lock-up times 
with the input pulse initiated at random 
phase_ The only way to overcome this vari
ation is to send phase information all the 
time so that a favorable phase relationship 
is guaranteed at t = O. For example, a num
ber of PLLs or tone decoders may be 
weakly locked to low amplitude harmonics 
of a pulse train and the transmitted tone 
phase related to the same pulse train. Usu
ally, however, the incoming phase cannot 
be controlled. 

b Low pass Iilter - The larger the low pass 
filter time constant, the longer will be the 
lock-up time. The lock-up time can be re
duced by decreasing the filter time con
stant, but in doing so, some of the noise 
immunity and out-band signal rejection 
will be sacrificed. This is unfortunate 
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since this is what necessitated the use of 
a large filter in the first place. Also pre
sent will be a sum frequency (twice the 
VCO frequency) component at the low 
pass filter and greater phase jilter result
ing from out-band signals and noise. In 
the case of the tone decoder (where con
trol of the capture range is required since 
it specifies the device bandwidth) a low
er value of low pass capacitor automati
cally increases the bandwidth. Speed is 
gained only at the expense of added 
bandwidth. 

c Loop damping - A simple first-order low 
pass filter of the form 

F(s) = --,--:h-;:- (66) 

produces a loop damping of 

1~ 
1'="2\1 TKv (67) 

Damping can be increased not only by re
ducing T, as discussed above, but also by 
reducing the loop gain Kv. Using the loop 
gain reduction to control bandwidth or 
capture and lock ranges achieves belter 
damping for narrow bandwidth operation. 
The penalty for this damping is that more 
phase comparator output is required for a 
given deviation so that phase errors are 
greater and noise immunity is reduced. 
Also, more input drive may be required for 
a given deviation. 

d Input frequency deviation from free-run
ning frequency - Naturally, the further an 
applied input signal is from the free-run
ning frequency of the loop, the longer it 
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will take the loop to reach that frequency 
due to the charging time of the low pass 
filter capacitor. Usually, however, the ef
fect of this frequency deviation is small 
compared to the variation resulting from 
the initial phase uncertainty. Where loop 
damping is very low, however, it may be 
predominant. 

e In-band input amplitude - Since input am
plitude is one factor in the phase compa
rators gain Kd and since Kd is a factor in 
the loop gain Kv, damping is also a func
tion of input amplitude. When the input 
amplitude is low, the lock-up time may be 
limited by the rate at which the low pass 
capacitor can charge with the reduced 
phase comparator output (see d above). 

Out-band signals and noise - Low levels 
of extraneous signals and noise have liltle 
effect on the lock-up time, neither improv
ing or degrading it. However, large levels 
may overdrive the loop input stage so that 
limiting occurs, at which point the in-band 
signal starts to be suppressed. The lower 
effective input level can cause the lock-up 
time to increase, as discussed in e above. 

g Center frequency-Since lock-up time can 
be described in terms of the number of 
cycles to lock, fastest lock-up is 
achieved at higher frequencies. Thus, 
whenever a system Gan be operated at a 
higher frequency, lock will typically take 
place faster. Also, in systems where dif
ferent frequencies are being detected, 
the higher frequencies on the average 
will be detected before the lower fre
quencies. 
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However, because of the wide variation due 
to initial phase, the reverse may be true for 
any single trial. 

PLL MEASUREMENT TECHNIQUES 
This section deals with measurements of 
PLL operation. The techniques suggested 
are meant to help the designer in evaluating 
the performance of the PLL during the initial 
setup period as well as to point out some 
pitfalls that may obscure loop evaluation. 
Recognizing that the test equipment may be 
limited, techniques are described which re
quire a minimum of standard test items. 

The majority of the PLL tests described can 
be done with a signal generator, a scope and 
a frequency counter. Most laboratories have 
these. A low-cost digital voltmeter will facili
tate accurate measurement of the VCO con
version gain. Where the need for a FM 
generator arises, it may be met in most cases 
by the VCO of a Signetics PLL. Any of the 
loops may be set up to operate as a VCO by 
simply applying the modulating voltage to the 
low pass filter terminal(s). The resulting gen
erator may be checked for linearity by using 
the counter to check frequency as a function 
of modulating voltage. Since the VCOs may 
be modulated right down to dc, the calibration 
may be done in steps. Moreover, loop mea
surements may be made by applying a con
stant frequency to the loop input and the 
modulating signal to the low pass filter termi
nal to simulate the effect of a FM input so that 
a FM generator may be omitted for many 
measurements. 

FREE-RUNNING FREQUENCY 
Free·running frequency measurements are 
easily made by connecting a frequency 
counter or oscilloscope to the VCO output 
of the loop. The loop should be connected 
in its final configuration with the chosen val
ues of input, bypass, and low pass filter ca
pacitors. No input signal should be present. 
As the free-running frequency is read out, it 
can be adjusted to the desired value by the 
adjustment means selected for the particu
lar loop. It is important not to make the fre· 
quency measurement directly at the timing 
capacitor unless the capacity added by the 
measurement probe is much less than the 
timing capacitor value since the probe ca· 
pacity wiil then cause a frequency error. 

When the frequency measurement is to be 
converted to a dc voltage for production 
readout or automated testing, a calibrated 
phase locked loop can be used as a fre
quency meter. 

CAPTURE AND LOCK RANGES 
Figure 14(a) shows a typical measurement 
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Figure 14 

setup for capture and lock range measure
ments. The signal input from a variable fre
quency oscillator is swept linearly through the 
frequency range of interest and the loop FM 
output is displayed on a scope or (at low fre
quencies) X-V recorder. The sweep voltage is 
applied to the X axis. 

Figure 14(b) shows the type of trace which 
results. The lock range is given by the outer 
lines on the trace, which are formed as the 
incoming frequency sweeps away frorn the 
center frequency. The inner trace, formed as 
the frequency sweeps toward the center fre
quency, designates the capture range. line
arity of the VCO is revealed by the 
straightness of the trace portion within the 
lock range. The slope (t>flt>V) is the conver
sion gain Ka for the VCO at the particular free
running frequency. 

By using the sweep technique, the effect on 
free-running frequency, capture range, and 
lock range of the input amplitude, supply volt
age, low pass filter and temperature can be 
examined. 

Signetics 

Because of the lock-up time duration and vari
ation, the sweep frequency must be very 
much lower than the free-running frequency, 
especially when the capture range is below 
10% of the free-running frequency. Other
wise, the apparent capture and lock range will 
be function os sweep frequency. It is best to 
start sweeping as slow as possible and, if 
desired, increase the rate until the capture 
range begins to show an apparent reduction -
indicating that the sweep is too fast. Typical 
sweep frequencies are in the range of 1/1000 
to 1/100,000 of the free-running frequency. In 
the case of the 567, the quadrature detector 
output may be similarly displayed on the Y 
axis, as shown in Figure 15 showing the out
put level versus frequency for one value of 
input amplitude. 

Capture and lock range measurements may 
also be made by sweeping the generator 
manually through the band of interest. 
Sweeping must be done very slowly as the 
edges of the capture range are approached 
(sweeping toward center frequency) or the 
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QUADRATURE PHASE DETECTOR AND 
PHASE COMPARATOR OUTPUTS OF THE 567 PLL 
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Figure 15 

lock-up transient delay will cause an error in 
reading the band edge. Frequency should 
be read from the generator rather than the 
loop veo because the veo frequency gy
rates wildly around the center frequency 
just before and after lock. Lock and unlock 
can be readily detected by simultaneously 
monitoring the input and veo Signals, the 
dc voltage at the low pass filter or the ac 
beat frequency components at the low pass 
filter. The latter are greatly reduced during 
lock as opposed to frequencies just outside 
of lock. 

FM AND AM DEMODULATION 
DISTORTION 
These measurements are quite straight
forward. The loop is simply setup for FM 
detection and the test signal is applied to the 
input. A spectrum analyzer or distortion ana
lyzer (HP333A) can be used to measure dis
tortion at the FM output. 

For FM demodulation, the input signal am
plitude must be large enough so that lock is 
not lost at the frequency extremes. The 
data sheets give the lock (or tracking) 
range as a function of input signal and the 
optional range control adjustments. Due to 
the inherent linearity of the veos, it makes 
little difference whether the FM carrrier is 
at the free-running frequency or offset 
slightly as long as the tracking range limits 
are not exceeded. 

The faster the FM modulation in relation to 
the center frequency, the lower the value of 
the capacitor in the low pass filter must be 
for satisfactory tracking. As this value de
creases, however, it attenuates the sum 
frequency component of the phase compa
rator output less. The demOdulated signal 
will appear to have greater distortion unless 
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this component is filtered out before the 
distortion is measured. 

NATURAL FREQUENCY AND 
DAMPING 

Circuits and mathematical expressions for 
the natural frequencies and dam pings are 
given in Figure 16 for two, first-order low pass 
filters. Because of the integrator action of the 
PLL in converting frequency to phase, the 
order of the loop always will be one greater 
than the order of the LPF. Hence both these 
first order LPFs produce a second order PLL 
system. 

The natural frequency (wn) of a loop in its final 
circuit configuration can be measured by 
applying a frequency modulated signal of the 
desired amplitude to the loop. Figure 16 
shows that the natural frequency is a function 
of Kd, which is, in turn, a function of input 
amplitude. As the modulation frequency (wm) 
is increased, the phase relationship between 
the modulation and recovered sine wave will 
go through 90° at Sm = Wn and the output 
amplitude will peak. 

Damping is a function of ~, 1<0, and the low 
pass filter. Since 1<0 and Kd are functions of 
the free-running frequency and Input ampli
tude respectively, damping is highly depen
dent on the particular operating condition of 
the loop. Damping estimates for the desired 
operating condition can be made by applying 
an input signal which is frequency modulated 
within the lock range by a square wave. The 
low pass filter voltage is then monitored on an 
oscilloscope which is synchronized to the 
modulating waveform, as shown in Figure 17. 
Figure 18 shows typical waveforms displayed. 
The loop damping can be estimated by com
paring the number and magnitude of the over
shoots with the graph of Figure 19 which 
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gives the transient phase error due to a step 
in input frequency. 

An expression for calculating the damping for 
any underdamped second-order system 
(r< 1.0) when the normalized peak overshoot 
is known is 

Mp = 1 + e -17r/~ (68) 

Examination of Figure 18 shows that the nor
malized peak overshoot of the error voltage is 
approximately 1.4. Using this value for Mp in 
Equation 68 gives a damping of I =,,0.28. 

Another way of estimating damping is to 
make use of the frequency response plot 
measured for the natural frequency (wn) mea
surement. For low damping constants, the 
frequency response measurement peak will 
be a strong function of damping. For high 
damping constants, the 3dB-down point will 
give the damping. Figure 19 tabulates some 
approximate relationships. 

NOISE 
The effect of input noise on loop operation 
is very difficult to predict. Briefly, the input 
noise components near the center frequen
cy are converted to phase noise. When the 
phase noise becomes so great that the 
± 900 permissible phase variation is ex
ceeded, the loop drops out of lock or fails to 
acquire lock. The best technique is to actu
ally apply the anticipated noise amplitude 
and bandwidth to the input and then perform 
the capture and lock range measurements 
as well as perform operating tests with the 
anticipated input level and modulation devi
ations. By including a small safety factor in 
the loop design to compensate for small 
processing variations,' satisfactory oper
ation can be assured. 



LINEAR LSI PRODUCTS 

MODELING THE PLL 

FIRST ORDER LOW PASS FILTERS 

(A) SIMPLE 

CIRCUIT 

R, 
In~Out 

"" R,C 1 c 

TRANSFER FUNCTION 

, 
f(I)=--

1 + ST1 

NATURAL FREQUENCY 

DAMPING 

t" -"-"-
2KoKcf 

Figure 16 

MEASUREMENT SETUP FOR DISPLAY OF PLL 
TRANSIENT RESPONSE 

Figure 17 

Signetics 

'" 

AN178 

(B) LAG-LEAD 

CIRCUIT R, 
0,1 

T1 = R,C 
R, 

72'" Rle 

TRANSFER FUNCTION 

, + IT2 
F (I) = 

1 +. (T1 + T2) 

N~TURAL FREQUENCY 

~ <..In = ~ 

DAMPING 

w" , 
f= -(72+·-) 

2 KoKd 

9 

9-97 



LINEAR LSI PRODUCTS 

MODELING THE PLL AN178 

TRANSIENT RESPONSE OF PLL ERROR VOLTAGE TO SQUARE 
WAVE FREQUENCY MODULATION FOR VARIOUS DAMPING CQNDITIONS: 

(a) UNDERDAMPED WITH 1",,0.28 (b) CRITICALLY DAMPED WITH 1",,1.0 
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ESTIMATING THE DAMPING IN A SECOND ORDER PLL 

-"" 0.7 

0.6 

0.5 

0.4 

0.3 

0.' 

0.1 

0.1 

-0.2 

-0.3 

(A) TRANSIENT PHASE ERROR AS AN 
INDICATION OF DAMPING 

~ 

/ 
0.3 

l\ t.-.. 

~ 
0.5 '\ \ ~ 

r,.. ~\\ 
" ~ r;--,.. 
~ \... 

5 

_\ \ 
K::-t--' 5 , t..... 1 

DAMPING \ I"'--L/.; ~ FACTOR 

Oil 
'-t 3 

(a) 

~ 

Figure 19 

Signetics 

AN178 

(B) RATIO OF PEAK AMPLITUDE TO LOW 
FREQUENCY AMPLITUDE OF ERROR VOLTAGE 
FROM MODULATING FREQUENCY RESPONSE 

PEAK AMPLITUDE 
l" LOW FREQUENCY w-w3ndb 

AMPLITUDE 

.3 G.OdB 1.8 

.5 3.2dB 2.1 

.7 2.2dB 2.5 

1.0 1.3dB 4.3 

5.0 0.5dB 10 

(b) 

9·99 



LINEAR LSI PRODUCTS 

CIRCUIT DESCRIPTION OF THE NE564 

CIRCUIT DESCRIPTION OF 
THE 564 
The 564 contains the functional blocks shown 
in Figure 1. In addition to the normal PLL 
functions of phase comparator, VCO, ampli
fier and low-pass filter, the 564 has internal 
circuitry for an input signal limiter, a dc 
retriever, and a Schmitt trigger. The complete 
circuit for the 564 is shown in Figure 1. 

Limiter 
The input limiter functions to produce a near 
constant amplitude output that serves as 
the input for the phase comparator. Elimi
nating amplitude variations in the FM input 
signal improves the AM rejection of the 
PLL. Additional features of the 564s limiter 
are that it is capable of accepting TTL sig
nals, operates at high-frequencies up to 
50MHz, and remains functional with variable 
supply voltages between 5 and 12' volts. 

Signal limiting is accomplished in the 564 
with a differential amplifier whose output volt
age is clipped by diodes 0, and 02 (see Fig-

ure 2). Schottky diodes are used because 
their limiting occurs between 0.3 to 0.4 volts 
instead of the 0.6 to 0.7 volt for regular IC 
diodes. This lower limiting level is helpful in 
biasing, especially for 5 volt operation. When 
limiting, the dc voltage across R2 R3 remains 
at the Schottky diode voltage. Good high
frequency performance for 02 and 03 is 
achieved with current levels in the low mA 
range. Current-source biaSing is established 
via the current mirror of 0s and 04 (See Fig
ure 1). 

Base biasing for 03 is of concern because of 
the nature of the input signal which can be 
either a TTL digital signal of 0 to 5 volts ampli
tude or a low-level, ac coupled analog signal. 
Compatibility for either type is achieved by 
modifying the limiter of Figure 2 with the addi
tion of the vertical Schottky PNP transistors 
01 and 05 shown in Figure 3. The input sig
nal voltage appears as a collector-base volt
age for 01 which presents no problems for 
either high TTL level inputs or low-level ana
log inputs. 05 is in turn diode biased by D3 
and 04 (see Figure 1) which places the base 
voltages of 01 and 05 at approximately 1.0 

SCHEMATIC DIAGRAM OF 564 

I 
I 
I 
I veo -4: I L ________________ ~_~ ______ ~ 

Figure 1 
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volt. This same biasing network establishes a 
1.3 volt bias at the base of 013 for biasing the 
phase comparator section. A differential out
put signal from the input limiter is applied to 
one input of the phase comparator (09 
through 012) after buffering the level shifting 
though the 07-08 emitter followers. 
·When operating above 5Vdc, a limiting resistor must be 
used from Vee to pin 10 of the 564, 

Phase Comparator 
The phase comparator section of the 564 is 
shown in Figure 4. It is basically the conven
tional, double-balanced mixer commonly 
used in PLL circuits with a few exceptions. 
The transconductance, gm' for the 013-014 
differential amplifier is directly proportional to 
the mirror current in 015. Thus by externally 
sinking or sourcing current at pin 2, gm can be 
changed to alter the phase comparators con
version gain, Kd• The nominal current injected 
into this node by the internal current source is 
0.75mA for 5 volt operation. If the current is 
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VCO SECTION OF 564 
+Vcc 
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Figure 6 

externally removed by gating, the phase com
parator can be disabled and the veo will 
operate at its free-running frequency. 

The variation of Kd with bias current at pin 2 is 
shown in the experimental results of Figure 5. 
Note the inherent 900 phase error in the loop 
produces an approximate zero phase com
parator output voltage. For any particular bias 
current, the slope of the line is the Kd conver
sion gain for the phase comparator. Numeri
cally the data of Figure 5 can be expressed as 

Kd",,0.46 volts +7.3xl0-4 volts xlBIAS 
"Tad rad x /LA 

(1) 

where IBIAS is in p.A. Equation 1 is valid for 
bias current less than 800p.A where saturation' 
occurs within the phase comparator. 

The current level established in 015 of Figure 
3 determines all other quiescent currents 
in the phase comparator (09 through 014). 
Currents through R12 and R13 set the com
mon-mode output voltage from the phase 
comparator (pins 4 and 5). Since this com
mon-mode voltage is applied to the veo to 
establish its quiescent currents, the veo con
version gain (Ke) also depends upon the bias 
current at pin 2. 

9-102 

VCO 

YCOContrql 

~-. 

The veo is of the basic emitter-coupled asta· 
ble type with several modifications included to 
achieve the high frequency, TTL compatible 
operation while maintaining low frequency 
drift with temperature changes. The basic 
oscillator in Figure 6 consists of 019, 020, 
021, and 023 with current sinks of 025 and 
026. The master current sink of 028 keeps 
the total current constant by altering the ratio 
of currents in 025-026 and the dummy cur
rent sink of 027. 

The input drive voltage for the veo is made 
up of common-mode and difference-mode 
components from the phase comparator. 
After buffering the level shifting through 017-
018 and RWR16' the veo control voltage is 
applied differentially to the base of 027 and 
to the common bases of 025 and 026. 

The VCO control voltages from the phase 
comparator are the pin 4 and pin 5 voltages 
or 

V4 = VC9 = VBla = VCM +-tVOM (2) 

V5 = VC12 = VB17 = VCM --tVOM (3) 

where VCM and VOM are the respective 
common-mode and the difference-mode 
voltages. 
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VCO WAVESHAPES 

Figure 7 

emitter followers 017 and 01 a convert 
these control voltages into control currents 
through Oe and 07 of the form 

Ie = R~5 [VCM - -t VOM - 3 vee] (4) 

17 = R~e [VCM + -t VOM - 3 VBe] (5) 

These individual currents are summed in Oa 
and become with R15 = Rle = R. 

la = I = 16 + 17 = ~ (VCM - 3 Vee) (6) 

Writing Ie and 17 as functions of the to
tal I current gives 

I VOM 
Ie = T(1 -Ai) (7) 

I VOM 
17 = T (1 + Ai ) (8) 

Now consider variations in Ie and 17 
while I remains constant. 

Let x indicate the current imbalance such 
that 

I VOM Ie = (1 - x) 1= T(1 -Ai) (9) 

I VOM 
17 = xl = T(1 +Ai) (10) 

where 0 :5 x :5 1. Thus x is defined to be 

1 VOM 
X=2'(I+Ri) (11) 

Currents Ie and 17 establish proportional 
currents in 025, 02e, and 027 in a manner 
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similar to the analysis above since the cur
rent in 028 is a constant, or 

10 = IC28 = IE25 + IE26 + IE27 A + 
IE27B 

Gilbert (10) has shown that the DTDa diode 
pair will cause identical differential currents to 
be reflected in both the 025-026 and the 
027A-027B differential amplifier pairs. Con
sequently the constant current of 10 jointly 
shared by the differential amplifier pairs will 
divide in each pair with the same x factor 
imbalance as in Equation 11. 

IE25 + IE26 = xlo (12) 

IE25 = IE26 = ~ 10 (13) 

IE27A + IE27B = (1 - x) 10 (14) 

IE27A = IE27B =(1 "2 x) 10 (15) 

Now consider placing a capacitor between 
the collectors of 025 and 026 (pins 12 and 
13). Oscillation will occur with the capacitor 
alternately being charged by 021 and 023 
and constantly discharged by 025 and 026. 
When the 021 and 022 pair conducts, 023 
and 024 will be off causing a negative ramp 
voltage to appear at pin 13 and a constant 
voltage at pin 12 as shown in Figure 7. During 
the next half-cycle, the transistor roles and 
voltages are reversed. Capacitor discharge is 

via 025 and 026 which act as constant
current sinks with current amplitudes as in 
Equation 13. 
During each half-cycle, the capacitor volt
age changes linearily by 2AV volts in AT 
seconds where 

x 1-x 
AV = 2R20 10 (T+ -2- )= R20 10 (16) 

and 
AT = C2AV. (17) 

IE25 

Combining these two equations with Equation 
13 gives a half period of 

AT = 4C R20 
x 

(18) 

Utilizing Equation 11 with the AT expression 
gives the desired VCO frequency expression 
of 

, ( VDM ) '[ VDM ] 
10=10 1 + AI = 10 2(vCM - 3 VBE) 

(19) 

where 10' is the VCOs free-running frequen
cy given by 

1'- 1 
a - 16 R20 C 

(20) 

Equation 19 shows that the oscillator fre
quency is a linear function of the differential 
voltage from the phase comparator. Resistors 
R35 and R36 function to insure that an initial 
current imbalance exists between the 025 -

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT 

-400 

veo FREQUENCY 
IN MHz 

.0 

Figure 8 

ODD 800 

Vo IN mV 
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026 transistor pair and the dummy 027. This 
imbalance insures that the oscillator is self
starting when power is first applied to the cir
cuit. 

The VCO conversion gain is determined as 

ala fa' 
Ko = aVDM = AT Hz/volt (21) 

which is valid as long as the transistors VBE 

changes are small with respect to the 
common-mode voltage. Both fa and Ko are 
inversely proportional to R which has a strong 
positive temperature coefficient. An internal 
current IR having an equal and opposite nega
tive temperature coefficient is inserted into 
the VCO as shown in Figure 6. 

Experimental determination of Ka can be 
found from the data of Figure 8 where Ka is 
the slope of either line. Numerically these 
results are for IBIAS = O. 

Ko = 0.95 ~~~ = 5.9 x 106 v;I~-~ec (22) 

and for IBIAS = 800!,A 

_ MHz _ 6~ (23) 
Ko -1.7 volt --:10.45 x 10 volt-sec 

It must be noted that the specific values ob
tained for Ko in the manner above· are valid 
only for the 1.0MHz free-running frequency 
where the data was taken .. However, good 
estimates for Ko at other free-running fre
quencies can be obtained by linearly scal
ing Ko to the desired fa'. Thus it is 
sometimes convenient to define a normal
ized Ko as 

Ko rad 
Ko(norm) = 10' = 5.9 volt (I BIAS = 0) 

= 10.45 ~~~t (lBIAS = 800!,A) (24) 

The Ko estimate for any bias then can be 
obteined by multiplying the normalized con
version gain by the desired free-running Ire
quency, or 

Ko (any fo') = Ko(norm) 10" (25) 

The additonal VCO circuitry of 029 through 
036 functions to produce the TTL and ECl 
compatible outputs at pins 9 and 11. 

Amplifier 
The difference-mode voltage from the phase 
comparator is extracted and amplified by the 
amplifier in Figure 1. The single-ended output 
from this amplifier serves as input Signals for 
both the Schmitt Trigger and a second differ
ential amplifier. low-pass filtering with a large 
capacitance at pin 14 produces a stable dc 
reference level as the second input to the 
Schmitt Trigger. When the Pll is locked, the 
voltage at pin 14 is directly proportional to the 
difference between the input frequency and 
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fo'. Thus pin 14 provides the demodulated 
output for a FM input signal. 

Schmitt Trigger 
In FSK applications the pin 14 voltage will 
assume two different voltage levels corre
sponding to the mark and space input fre
quencies. A voltage comparator could be 
used to sense and convert these two volt
age levels to logic compatible levels. How
ever at high data rates, VDM will contain a 
considerable amount of carrier signal which 
can be removed by extensive filtering. Nor
mally this complex filtering requires quite a 
few components, most all of which are ex
ternal to the monolithic PLL. Also since the 
control voltage for the comparator depends 
upon Ko and the deviations of the mark and 
space frequencies from fa', the filtering has 
to be optimized for each different system 
utilized. However the necessary dc refer
ence level for the comparator is present in 
the PLL but buried in carrier frequency 
feedthrough which appears as noise in the 
system. A Schmitt trigger with variablehys
terisis can be used successfully to decode 
the FSK data without the need for extensive 
filtering. 

Consider the system shown in Figure 9 where 
the input signal is the single-ended output 
derived from the amplifier section of the 564. 
The dc retriever functions to establish a dc 
reference voltage for the Schmitt trigger. The 
upper and lower trigger points and adjustable 
externally around the reference voltage giving 
the variable hysteresis. For very low data 
rates, carrier feedthrough will be negllble and 
the Ideal situation depicted In Figure 10 
results. Increased data rate produces the car
rier feedthrough shown In the (b) figure where 
false FSK outputs result because the feed
though amplitude exceeds the hysteresis volt
age. Having the capability to increase the 
hysteresis as In (c) produces the desired FSK 
output in the presence of carrier feedthrough. 

Another Important factor to be considered Is 
the temperature drift of the fo' in the VCO. 
Small changes in fo' will change the dc level 
of the input voltage to the Schmitt trigger. This 
dc voltage shift would produce errors in the 
FSK output in narrow-band systems where 
the mark and space deviations in fin are less 
than the fo' change with temperature. How
ever this effect can be eliminated if the dc or 
average value of the amplifier Signal is 
retrieved and used as the reference voltage 
for the Schmitt trigger. In this manner, varia
tions in the fo' with temperature do not affect 
the FSK output. 
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FREQUENCY SYNTHESIS WITH 
THE NE564 
Frequency multiplication can be achieved 
with the PLL in two ways: 
a Locking to a harmonic of the input signal. 
b Insertion of a counter (digital frequency 

divider) in the loop. 

Harmonic locking is simpler and usually can 
be achieved by setting the VCO free-run
ning frequency to a multiple of the input fre
quency and allowing the PLL to lock. 
However, a limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. This limits the practical harmonic 
locking range to multiples of approximately 
less than ten. For larger multiples, the sec
ond scheme is more desirable. 

A block diagram of the second scheme is 
shown in Figure 1 a. Here, the loop is broken 
between the veo and the phase comparator 
and a counter Is Inserted. In this case, the 
fundamental of the divided veo frequency is 
locked to the Input reference frequency so 
that the veo is actually running at a multiple 
of the reference frequency, The amount of 
multiplication Is determined by the counter, 
An obvious practical application of this mUlti
plication property Is the use of the PLL In wide 
range freq uency synthesizers, 

In frequency multiplication applications it Is 
Important to take into account that the 
phase comparator Is actually a mixer and 
that Its output contains sum and difference 
frequency components, The difference fre-

quency is dc and is the error voltage which 
drives the VCO to keep the PLL in lock, The 
sum frequency components (of which the 
fundamental is twice the frequency of the in
put signal) if not well filtered, will induce in
cidental FM on the VCO output, This occurs 
because the VCO is running at many times 
the frequency of the input signal and the 
sum frequency component which appears 
on the control voltage to the VCO causes a 
periodic variation of its frequency about the 
desired multiple, For frequency multiplica
tion it is generally necessary to filter quite 
heavily to remove this sum frequency com
ponent. The tradeoff, of course, is a re
duced capture range and a more under
damped loop transient response. 

Producing a large number of frequencies with 
close spacing requires a counter with a large 
N for the system of Figure 1 (a), Large N val
ues. in turn, require reference frequencies 
too low to be practical for commercially availa
ble crystals, To overcome this difficulty, a sec
ond counter ( + M) Is inserted as a prescaler 
as In Figure 1 (b) to divide down the reference 
frequency Input, This also gives more pro
gramming flexibility since the synthesized 
output frequencies are functions of both M 
and N Integers, each of which can be 
changed separately, As an example of frac
tional frequency synthesis, the two counters 
can be set to generate an output frequency 
exactly 16/3 of the Input reference frequency, 
In this case N = 16, M '" 3, and the Initial fo' Is 
set to approximately 16/3 times the reference 
frequency Input. The output always will be 
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exactly 16/3 of the input frequency as long as 
the PLL remains in lock. 

PLL frequency synthesizers based upon Fig
ure 1 b find wide applications in many types of 
communications systems that require pre
cisely spaced channels having narrow band
widths which are centered anound relatively 
high frequencies. For example, Citizens Band 
(CB) transceiver applications require forty 
channels corresponding to forty different ref
erence frequencies, each separated by 
10kHz bandwidths and centered in the 26 -
27MHz range. Channel 4 uses 27,055MHz; 
Channel 5 uses 27.015MHz; Channel 6 uses 
27.025MHz; and so on. These frequencies 
could be produced by using forty different 
crystals - one for each channel. However, this 
becomes expensive and adds unnecessary 
complexity to the system. Frequency mixing 
techniques have been employed to reduce 
the number of crystals needed to less than 
one crystal per channel. For example one 
common mixer design uses 14 crystals for 23 
channels. As a general rule, Inost practical 
approaches that use numerous crystals and 
mixers to produce discrete frequencies 
require more than one crystal for every two 
channel frequencies produced, As the num
ber of channels grows large, frequency syn
thesis using PLLs becomes more attractive, 
especially since usually only one or two crys
tals are needed, Frequency stability of all 
channels will be essentially the same as that 
of the crystal reference frequency, Reduced 
system complexity, size, weight, and power 
consumption are key advantages of PLL syn
thesizers, 

(a) FREQUENCY MULTIPLICATION (b) FRACTIONAL-FREQUENCY SYNTHESIS 
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FRACTIONAL FREQUENCY SYSTHESIS WITH THE 564 

(b) CIRCUIT IMPLEMENTATION 
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FREQUENCY SYNTHESIS WITH THE NE564 

Since the function of frequency synthesiz
ers is to generate frequencies and not to lin
earily decode or demodulate input Signals, 
digital PLLs are more commonly used than 
analog loops. 

Analog PLLs also can be used for frequency 
synthesis applications. The 564 is particu
larly well suited for these applications be
cause the loop is open between the veo 
output and the phase comparator input. 
Also the phase comparator input and veo 
output are compatible with TTL counters. 

NE564 FREQUENCY SYNTHESIS 
WITH CRYSTAL CONTROL 
The system shown in Figure 2 has been used 
to generate frequencies of 5.4MHz and 
21.6MHz from a 3.6MHz crystal-controlled 
source. This reference signal input is pro
duced by using the crystal as the frequency 
determining element in the VCO of a second 
PLL. The thermal stability of all three frequen
cies will be same as the stability afforded by 
the crystal. It may be necessary to place a 
small detuning capacitor in parallel with the 
crystal to precisely tune the PLL to the crys
tals resonant frequency and to prevent oscil
lations at harmonics of the resonant 
frequency. The value of this tuning capaci
tance must always be kept considerably less. 
than the value required to produce an fo' with
out the crystal present. Otherwise the crystal 
will lose control and the input reference fre
quency will be set by the capacitor alone. 

A recommendation for improved 564 opera
tion is to utilize a divide-by-N counter in the 
loop which produces "square" waves for the 
phase comparator that have as close to a 
50% duty cycle as possible. Normally 
counters with even N values produce square 
wave outputs perfectly compatible for the 
phase comparator. Counters for odd N values 
more commonly produce unsymmetrical out
puts that can be less desirable inputs to the 
phase comparator. An easy modification to 
"square up" odd divide-by-N counter outputs 
is to insert a single toggling flip-flop stage 
between the counter output and the phase 
comparators input. This produces an effec
tive 2N multiplication of the input frequency 
within the PLL. The extra factor of two is 
removed by a second toggle flip-flop whose 
input is the output from the first flip-flop. This 
is the same system as was previously shown 
in Figure 2(a) where the + N counter 
becomes a + 2N and M ~ 2 for the second 
counter. 

FSK Demodulation with the 564 
The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter
nal voltage comparator and VCO which 

have TTL compatible inputs and outputs, 
and it can operate from a single 5 volt pow
er supply. Demodulated dc voltages asso
ciated with the mark and space frequencies 
are recovered with a single external ca
pacitor in a dc retriever without utilizing ex
tensive filtering networks. An internal 
comparator, acting as a Schmitt trigger with 
an adjustable hysteresis, shapes the de
modulated voltages into compatible TTL 
output levels. The high frequency design of 
the 564 enables it to demodulate FSK at 
high data rates in excess of 1.0M baud. 

Figure 3 shows a high-frequency FSK de
coder designed for input frequency deviations 
of ± 1.0MHz centered around a freerunning 
frequency of 10.BMHz. The value of the tim-' 
ing capacitance required was estimated from 
Figure 4(a) to be approximately 40pF. A trim
mer capacitor was added to fine tune fo' to 
10.BMHz. 

Figure 4(b) indicates that the ± 1.0MHz fre
quency deviations will be within the lock 
range for input signal levels greater than 
approximately 50mV with zero pin 2 bias cur
rent. While strictly this figure is appropriate 
only for 5MHz, it can be used as a guide for 
lock range estimates at other fo' frequencies. 

A more thorough analysis confirms these 
lock range conclusions and serves as a 
guide for designing other systems. The 
closed loop gain of the PLL is equal to the 
systems lock range and is found as the 
product of Kd and Ko, or 

2wL ~ Kv = KdKo (1) 

2WL = (0.46 ~) (0.75 MHz) 
radian volt 

(211" x 10.8 x 106 radian) 
sec 

2WL = 3 X 107 radian (Lock range total) 
sec 

Thus pin 2 could be left as an open circuit and 
the internally set closed-loop gain would be 
adequate for tracking the mark and space 
input frequencies. However, to be safe, a bias 
adjustment as shown in Figure 3 is recom
mended to allow for Kd and Ko variations from 
device to device. 

Designing for a capture range of approxi
mately 700kHz gives a low-pass filter time 
constant of 

(211" X 700 x 103) "" 

T= 0.775 

WL ~Kv 

J 7.38;--;OS 

(2) 

Therefore, choose the low'pass filter ca· 
pacitor as 

Signetics 
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C ~ .:!... = 0.775~s ~ 596pF (3) 
R 1.3K 

Two 300pF capacitors were selected for 
the design. 

Capacitive coupling was used for the FSK 
input and is recommended to avoid dc feed
through. This dc voltage would act as a dc off
set to shift fo' from 10.BMHz. Balanced 
biasing with the 1.0kO resistors from pin 7 to 
pins 3 and 6 also is recommended to estab
lish symmetrical, quiescent current condi
tions in the limiter and phase comparator 
sections of the 564. The 3000 pull-up resistor 
for the VCO output was found to give a rise 
time less than 10ns. This rise time was further 
reduced by adding the 1000 resistor between 
pins 9 and 11. Figure 5 shows an unmodu
lated 10.8MHz input signal and the VCO out
put. Note the approximate 90° phase lag of 
the VCO output. 

A O.lI'F dc retriever capacitor (pin 14) has 
less than 1 ohm impedance at fo' and repre
sents a good compromise between high baud 
rates (-lOOK baud) at fo' and higher order fil
tering. If very high baud rates are used, this 
capacitor could be made smaller with an 
accompanying increase in the Schmitt trigger 
hysteresis voltage. The hysteresis was 
adjusted experimentally via the 10kO potenti
ometer and 2kO bias arrangement to give the 
waveshape shown in Figure 6 for 20K, 500K, 
2M baud rates with square wave FSK modula
tion. Note the magnitude and phase relation
ships of the phase comparators output 
voltages with respect to each other and to the 
FSK output. The high frequency sum compo
nents of the input and VCO frequency also 
are visible as noise on the phase comparators 
outputs. 

The phase comparators outputs exhibit the 
waveshapes shown in Figure 7 when the FM 
input is changed from a square wave FSK 
modulation to a triangular sweep at a 100Hz 
modulation rate. The amplitude of the triangu
lar sweep was increased from that used with 
square wave modulation, causing the loop to 
be driven in and out of lock. The loop is 
locked during the smooth, linear portions of 
the phase comparators waveshapes and 
locked during the remaining portions. Lock 
and capture frequencies were measured for a 
pin 2 bias current of 3751'A and fa' = 1.0BMHz 
as: 

Lock: fL1 = 6.2MHz fL2 = 16.4MHz 

Capture: fC1 ~ 9.3MHz fC2 ~ 12.2MHz 

When the loop is locked, the phase detectors 
outputs represent the demodulated FM out
put. When unlocked, high frequency harmon
ics are present, increasing in amplitude until 
lock is achieved. 

9-107 

9 



LINEAR LSI PRODUCTS 

FREQUENCY SYNTHESIS WITH THE NE564 ANi80 

10.8 MHz FSK DECODER USING THE 564 
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INPUT 

VCO 

PLL INPUT AND VCO OUTPUT FOR PHASE AND 
FREQUENCY LOCK AT 10.8 MHz 
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Figure 5 
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Design Example 
It is desired to design an FSK converter oper
ating at 6MHz with deviation of ±1%. 
Supply voltage is 5 volts. Input to the 564 
is from a radio receiver with an amplitude of 
0.5 voltsrms ' Worst case SIN is 10dB. An over
all loop damping factor of 0.5 is specified (I). 

Using the circuit in Figure 1 

First the frequency determining capacitor 
must be established. Using the equation 

fo = -R1 C where Rc is the internal resist-
25 c 0 

ance in the VCO oscillator equal to 100 ohms. 
Given two parameters the third is calculated 
fo = 6MHz; therefore 

Co = 1 66pF. 
271' x 100 x 6 X 106 

A parallel 2-20pF trimmer and a 47pF ± 5% 
fixed mica capacitor is chosen. 

Next, signal level versus bias current and lock 
range is examined. 

LOCK RANGE vs SIGNAL INPUT 
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Figure 2 

The signal input to the 564 is specified to be 
0.5 voltsrms ; in the lock range graph, the input 
level is well within the limiting region of the 
564. Thus no external AM limiter circuit is 
required and a 10dB SIN (3.1:1) min. should 
provide reliable communication with a narrow 
deviation of ± 1 % ( ± 60KHz) and there is no 
problem with adequate lock range as it per
tains to bias current. We are free to use any 
loop gain necessary. The bias current sinking 
into pin 2 is set to an initial value of 2001'A. 
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It's now possible to determine the damping 
factor of the closed loop. First the natural fre
quency of the loop is calculated from the 
relationship, 

..JKoKo 
wn =--7-

where 

Ko = VCO conversion gain in radianslt sec. vo 

(1) 

Ko = Phase detector conversion gain in 
volts 

radian 

7 = Loop filter time constant in seconds 

For fa = 6MHz and 19 = 200I'A, Ko may be 
derived from Figure 3a by first constructing 
an extrapolated transfer line with slope one
quarter of the angle between the existing 
19 = 0 and 19 = 800 plots. 

Interpolation gives 

Ko '" (1.48 -1.25 MHz) _ .a.fo; 
(0.4 - 0.2 Volt) .a. Va 

Multiplying .a.F by 271' results in f '" 1.45 x 106 

radians/sec at 1 MHz and 

Ko = 1.45 X 106 rad/sec _ 7.2 x 106 radians 
0.2 volts sec. volt 

Next, using the Ko graph (Figure 3b), ± 1 
radian (- 90 0 ± 57 0 ); i.e., .a.8 = 1 radian, 
results in an output of 0.6 volts/radian. 

Therefore, Ko = 10;:d = 0.6 volts/radian at 

19= 200p.A. 

Signetics 

The value obtained for Ko is for data taken at 
1 MHz and must be multiplied by 6 in order to 
find the correct value. 

Therefore, Ko = 6 x 7.2 X 106 radians 
sec. volt 

(6MHz) = 4.34 x 107 radians 
sec. volt 

KoKo = Kv = (4.34 x 107)(0.6) = 2.6 x 107 

(loop gain) 

The damping factor specified (0.5) is now 
used to determine the necessary filter time 
constant (pins 4, 5). 

1= __ 1 __ = __ 1_=~ 

27 ..JKoKo 2..;v;;r 2Kv (2) 
7 

:.7 1 38ns 
(4) (2.6 x 107)(0.5)2 

Note that the filters on pins 4 and 5 operate 
differentially with the net effect that break fre
quency is 

Wp = R~ (single pole filter - 3dB freq.) 

Now solving for Wn using (1): 

Wn =' 8 = 26 X 106 radians/sec [ (2 6x 107) J'/2 
(3.8 x 10- ) 

fn = 4.14MHz (natural frequency of the loop 
and approximate one-sided capture 
B.W.) 
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The value of the loop filter capacitor may be 
determined by dividing the time constant by 
the value of the internal resistance 1.3K ohm. 

eL~ __ T __ ~ 3.8x10- B 

1.3K ohm 1.3 x 103 

~29pF 

This value filter time constant will give a less
than-critically-damped response allowing the 
fast excursion in veo frequency necessary to 
good FSK reception. The tradeoff between 

response speed and carrier frequency har
monic rejection will have to be considered. A 
longer time constant gives more carrier rejec
tion but slower response and less damping. 
(Refer to equation 2.) 

The next step is to test the circuit under actual 
operating conditions with the specified FSK 
signal. The level on pin 15 (hysteresis adjust) 
must be set in the vicinity of + 1.4 volts in 
order to attain proper FSK demodulation. 
Final signal tests may be carried out with 

noise injected through a resistive summing 
network at the input (pin 6) to simulate the 
10dB SIN. 

Note that the loop filter response actually 
operates on the frequency spectrum above 
( +) and below (-) the carrier center fre
quency or center of deviation for a symmetric 
FM or FSK signal. This may be seen in Figure 
4. 

VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 

AND BIAS CURRENT (Ko) 

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (Ko) 

Vo· PHASE COMPARATOR"S 
OUTPUT VOLTAGE IN mV 

fO ~ 1.0 MHz 

Figure 3b 

- 2fo 
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CLOCK REGENERATOR WITH CRYSTAL CONTROLLED 
PHASE LOCKED VCO 

INTRODUCTION 
In order to obtain a local clock signal in 
Multiplexed Data Transmission systems, a 
phase and frequency coherent method of 
signal extraction is required. A Master
Slave system using the quartz crystal as the 
primary frequency determining element in a 
phase lock loop veo is used to reproduce a 
phase coherent clock from an asynchronous 
Data Stream. 

The NE564, a versatile phase locked loop 
(PLL) operating at frequencies of 50MHz, 
has inputs and outputs designed to be TTL 
compatible. The Signetics NE564 is used to 
generate the phase locked, crystal-stabi
lized clock reference signal. 

Its particular adaptation, for use with a cry
stal-controlled veo instead of the usual R-e 
control elements, requires a brief review of 
the principles of the Phase Lock Loop de
sign. 

The NE564 Phase Locked Loop Is a fully 
contained system, Including limiter, phase 
detector, veo, dc amplifiers, de retriever 
and output comparator (referance figure 1). 
For the clock regeneration system to be dis
cussed the portions of the NE564 'Imple
mented are the Input limiter, phase detector 
and veo. 
The signal limiter amplifies low level Inputs 
(until saturation Is reached, which Is typical
ly 60mv p.p for the NE564). The signal limit
er output Is fed to the phase detector, where 
the "unknown" Input Is compared to the 
"known" veo frequency of the NE564. The 

FM/FIF 
INPUT 

differential error signal that Is generated is 
fed through a dc amplifier and a voltage to 
current converter. The change in the current 
generated forces the veo frequency to vary 
in its frequency and I or phase relationship, 
such that a e of gO degrees lagging is ob
tained (the actual phase relationship may 
be somewhat less than 90 degrees depend
ing upon the KdKo (gain) product of the 
NE564 at the operating frequency and bias 
current). The external filtering incorporated 
at pins 4 and 5 control the dynamic frequen
cy response and loop stability criteria. 

The NE564 is a first order system; therefore, 
the use of single capacitors (at pins 4 and 5) 
will automatically create a "second order" 
system. An R-e series filter combination will 
cause a lead-lag condition that will permit 
dynamic selectivity, along with closed loop 
stability. 

LOOP GAIN FUNCTIONS 
The phase detector conversion gain (Kd) 
and the VCO conversion gain (Ko) deter
mine, In large PSrt, the lock rsnge, capture 
range and linearity characteristics of the 
NE564. These device parameters are both 
dependent upon bias current snd operating 
frequency. Some typical curves for each of 
the parameters are shown for the NE564 In 
figures 2 and 3. 'rile reader should refer to 
the Signetics Phase Locked Loop Design 
and Applications Manual for a more In-depth 
study of these parameters and specifiC In
ternal circuit configurations. 

LOW PASS 
FILTER --

AN182 

THE CLOCK REGENERATOR 
CIRCUIT 
The basic building blocks of the clock re
generator circuit are shown in figure 4. The 
PLL is shown as a frequency multiplier incor
porating a divide by "N" in the VeO-phase 
detector feedback loop (reference to the 
Signetics PLL Manual will provide greater in
depth explanation of a frequency multiplier). 
The functions of the ringing circuit and the 
NE527 high speed comparator will be dis
cussed later. 

The wave forms of figure 5 indicate the 
waveforms transmitted over a Tiline. The 
bipolar signal transmitted has "no" de com
ponents induced in the transmission line 
(reference should be made to the effect of 
normal mode and common effects on signal 
information). When transmitted over tele
phone wire pairs, the resultant signal (at the 
receive end) will have been degraded in 
both waveshape and signal-to-nolse ration. 
Typical attenuation factors for a TIline are 
-30dS per 6000 feet. 

In addition, palr-to-palr cross talk can de
grade slgnal-!o-nolse ratios. Tha energy 
transmitted In the bipolar system of signal 
transfer Is centered at 772kHz (generated 
by the bit format), 

At the receiving end the bipolar signal Infor
mation Is converted to a unipolar pulse train 
alter being amplified, filtered and fed 
through an dutomatlc level control circuit. 
Some types of PCM systems use the recti
fied and filtered dc (average) to control the 

,. 
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VARIATION OF THE PHASE COMPARATOR'S OUTPUT VOLTAGE VERSUS PHASE ERROR AND BIAS CURRENT 

Vo - PHASE COMPARATOR'S 

OUTPUT VOLTAGE IN mV 
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CLOCK REGENERATOR WITH CRYSTAL CONTROlLED 
PHASE LOCKED VCO AN182 

VCO OUTPUT FREQUENCY AS A FUNCTION OF INPUT VOLTAGE AND BIAS CURRENT 

-400 

phase of the regenerator clock; however, in 
newer systems, bipolar signals are prepro
cessed (or preconditioned) by terminal com
mon equipment resulting in unipolar 
information. 

T1 Data Transmission 
The bipolar signal as transmitted on a T 1 
line appears below with the original binary, 
converted unipolar and clock waveform (ref
erence figure 5). 

The bipolar signal when transmitted over 
standard wire pairs will be degraded both in 
wave shape and signal to noise by the time it 
reaches the signal repeater. This is due to 
the attenuation factor of the cable which is 
nearly -30dB for 6000 ft. In addition, pair to 
pair cross talk degradas signal to noise. The 
energy In the transmitted bipolar signal is 
centered at 772kHz due to the particular bit 
formal. Bipolar signals have no dc offset. 

At each receiving atation the bipolar signal 
la amplified, filtered and fed through an 
automatic level control circuit. A full wave 
I'ectilied aignal Is then aent to the clock re
generation circuit. Thlsjs essentially the for-
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DATA 

veo FREOUENCY 
IN MHz 

.6 

FIgure 3 

RINGING 
CRT 

600 .00 

Vo IN mY 

REGENERATED 
CLOCK 

FIgure 4 

mat followed by some of the original T1 re
peater equipment. The clock regeneratiqn 
circuit described here could be adapted to 
this system. 

THE T1 SPECTRUM 
The bipolar signal is similar to NRZ data in 
t!lat it does not contain carrier information. 
In order to give the PLL coherent frequency 

Signetics 

information sufficient to obtain "capture" 
and lock, carrier components must be ob
tained from the data atream. The time dura
tion of the frequency information fed to the 
PLL is also important in ordar to obtain ac-

NOTE 
-The PLL clock regeneration circuit is fully compatible with 
NRZ data and needs no signal processing for this format. 
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BINARY CODE 

BIPOLA.R SIGNAL 

UNIPOLAR 

CLOCK 

50~~ DUTY 
CYCLE 

1.544MHl 

Figure 5 

323.80$ 

Figure 6 

curate and stable information to update the 
PLL. In order to begin the extraction of fre
quency information, the positive going por
tions of the bipolar data signals are used to 
drive a class "C" transistor tank circuit (ref
erence figure 4) which is sharply tuned to 
the basic clock frequency (1.544MHz). Each 
positive half cycle of data then starts a 
wave train of coherent information which is 
phase synchronous with each succeeding 
positive data bit. When the L-C tank is opti
mally tuned, relatively extended periods 
without data bits can be tolerated with mini
mal loss of frequency and phase informa
tion. The combination of good short term fre
quency stability of the high "0" L-C tank, 
coupled with the long term stability of the 
crystal controlled VCO, is the foundation of 
the NE564 clock regeneration system accu
racy. 

It must be emphasized that data pulse syn
chronization of the pre-processing circuit 
must be frequency coherent with the funda
mental period of the time base to be extract
ed. That is, if the time period of the clock is 
-/- = T, where fc is the clock frequency, 
thgn the spacing between any positive code 
bit sequence must be n x t (reference figure 
6)_ 

period is T = 647.67ns_ The pulse or bit 
width is 323_8ns. 

Here the bit duration 323.8ns = b. The 
Fourier expansion of the discrete spectrum 
is related by the following equation. 

I . (n"b ) I (Ab) Sin T 
F(n) = -- n = 0.1,2. 

T n.,-b 

T 

(1) 

The basic frequency component resulting 
from various bit spacing !actors is defined 
by the equation 

1 
f=-

T 

where f ~ '0 = 1.544MHz 

(2) 

If we consider the special case of a single 
pulse present out of 16 bipolar or 32NRZ 
periods, then 

T = 16 bipolar bit times 
= 16 x 647.67ns = 10.36JLsec 

f = 96.5kHz 

(Fn) 

Ab 
T 
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Accordingly, the spectral lines will be 
spaced in multiples of 96.5kHz. The spec
trum for this particular worst case condition 
is shown in figure 7 below. 

Solving equation 1 for the relative amplitude 
of the 1.544MHz spectral component with 
the pulse spacing shown, 

sin(T> 
(16;b) 

where T = 2nb, n = 16. 

Ab 
( (2)(16)b) 

. 1611'"b 
Sin (32'b) 

(~) 
32b 

A 

32 

= (.02)A 

= -34dB 

It is evident that as the bit spacing in
creases to the point where fo is the 16th 
harmonic of the fundamental, very little fo 
energy is available to drive a phase lock 
regeneration circuit. F (16) is a bad case 
since it is an even subharmonic of fo. The 
PLL will not normally lock to even 
harmonics; in fact, an error signal is pro
duced which tends to force the VCO out of 
lock. This fact further stresses the need for 
preprocessing in the frequency domain. The 
class "c" pulsed resonant tank significantly 
multiplies the magnitude of the fo spectral 
component and filters out unwanted 
subharmonics. 

The loop error voltage available from the 
phase detector for phase correction of the 
VCO is directly related to the product of the 
incoming coherent spectral energy multi
plied in the balanced mixer with the refer
ence signal derived from the VCO_ Since the 
phase error information is integrated in the 
loop filters, the instantaneous magnitude of 
the dc error voltage is proportional to the 
time integral of coherent mixer products. 
Thus, as the magnitude and time duration of 
the desired frequency component is in-

Looking at the spectral analysis of the rela
tive energy available to the clock extraction 
circuitry (with a worst case duty cycle of 1 of 
16) will demonstrate the need for 
enchancing the particular desired frequency 
component before applying the signal to the 
Phase Lock Loop. For fo = 1.544MHz, the 

Figure 7 

Signetics 9-115 
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creased in the preprocessing circuitry, the 
VCO phase accuracy is greatly improved. 
Capture time is obviously enhanced also. 

The signal from the tuned tank is buffered by 
a FET follower N-channel enhancement 
mode device (reference figure 12). This pro
vides power gain with virtually no loading on 
the tank circuit and avoids degrading the 
"Q". The buffered signal is then fed to a high 
speed comparator (Signetics NE527) which 
allows for waveform symmetry adjustment in 
addition to providing a standard TTL output to 
drive the NE564 PLL. 

In the particular circuit shown in figure 12, 
the 1.544MHz information is applied to the 
phase detector input of the NE564 Phase 
Lock Loop. The VCO, however, is operated 
at four (4) times this frequency to order to 
take advantage of e"conomical and readily 
available crystals. The VCO signal is fed 
through a divide-by-four counter (74LS73) 
to provide the Phase Detector reference 
and final regenerated clock signal. To avoid 
loading, the clock signal (1.544MHz) is 
buffered by the 75451 peripheral driver 
which provides a high speed open collector 
TTL output. The input signal is AC coupled in 
order to reduce dc bias errors in the Phase 
Detector caused by "0" level variations. 

" 
Nue4 c, 

131-~~4-1-...J 

Flgur.8 

The Crystal 
The crystal used was chosen to match the 
NE564 VCO drive characteristics. It is an 
"AT" cut oscillator crystal which operates 
near tha anti-rellonate or "parallel" mode In 
this circuit. The crystal may have to be fine 
tuned, as indicated In figure 8. The pulling 
characteristic of the crystal is adequate to 
allow for 0 to 70·C operational drift plus 
Initial and aging accuracy tolerance factors 
and stili retain lock between master and 
slave station VCXO's. The average lock 
rsnge at room temperature with ona of six
teen data bits present is typically 1000Hz 
for a 6. 176MHz crystal with a capture range 
greater than 500Hz. 

NE 564 CRYSTAL 
CONTROLLED VCO 
As shown in figure 8, the crystal is operated 
with a series capacitor. When properly 
trimmed, this allows the crystal to operate 
near the series resonant mode. A crystal 
manufactured to operate in the series reso
nant mode will do so only if it sees a pure 
resistance looking into the oscillator termi
nals. The circuit below shows an oscillator 
which looks inductiva with the equivalent 
crystal circuit and trimmer capaCitor Ct (ref
erence figure 9). 

If Lo is small and the internal gain of the 
device high over a wide frequency range, Lo 
may resonate with the Co of the crystal at a 
very high frequency. Under certain condi
tions the circuit may even tend to operate in 
the 3rd overtone mode unless measures are 
taken to roll off the circuit gain. This Is the 
purpose of Cs in figure 8. Since the gain of 
the VCO is a factor in spurious oscillation, 
the current injected into pin 2 will also have 
an effect in this respect. (Ko increases with 
12)' At higher operating frequencies this pa
rameter may becQme more critical In attain
ing stable start ups in the desired frequency 
mode. Obviously the size of Cs must be 
smaller than the value needed to cause free 
running near the desired frequency without 
the crystal connected. 

CRYSTAL SPECIFICATION 
Crystals may be manufactured to operate'ln 
either the series mode with no external ca
pacitance (purely resistive load) or in the 
parallel mode with a speCified value of load 
capacitance. The 564 tands to operate at a 
frequency above the specified value when a 
series mode crystal is used. For a design 
frequency of 6.176000MHz and zero load 
capacitance. Referring to figure 8, for Cs " 
10pF and CT " 10pF the average center 
frequency for an NE564 sample measured in 
the lab was 8181.192kHz. For the same Cs 
but with CT equal to 60pF, fo measured 
8178.585kHz. A second crystal showed a 
spread of 8178.800kHz to 8 I 80.855kHz. 
The effect of the VCO was to pull the xtalto 
a frequency above Its design value. This ef
fect is then nearly tuned out by the external 

~ 
~R1 1 

XTAl 
c. 
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capacitances Cs and CT .If CT is sufficiently 
increased, the crystal will see a purely re
sistive load and operate at its rated 
frequency. 
A second approach is to specify a crystal 
which is to operate near the anti-resonate or 
parallel mode. Normally this is done with a 
certain value of external load" capacitance 
specified by the customer which matches 
the existing circuit parameters. The maxi
mum difference between series and parallel 
resonance for any crystal is 0.5% of fo (se-' 
ries resonant mode) For fr = 8. I 28MHz, 
0.5% of fr = 30kHz. The usual value would 
be lower than this. (fa" fiVI + -&' r 0 = 
electromechanical coupling factor, f~ = par
allel resonant frequency). The particular cut 
of the crystal material determines the drift 
response over temperature. For oscillator 
applications the AT cut offers the best over
all stability over a wide frequency and tem
perature range. Final design uses second 
approach. 

For a Itablllty or total tolerance of 
± 15ppm over the rated operating range of 
-20·C to +70·C, a certain manufacturer's 
crystal actually performed as shown above. 
(Refer to figure II.) 

Calibration accuracy is the allowable fre
quency tolerance at the reference tempera
ture, i.e. ± 10ppm @ 25·C. 

Third Is a long term drift spec which deter
mines the qustomer's maximum allowable 
drift due to aging effects. An acceptable val
ue In quality crystals Is ±2ppm/year. 

Using our reference crystal of 6. I 78MHz and 
the above specifications, the crystal limits 
over a I year period would be: 

Temperature 
stability: ± 15ppm x 8.178 

., ±93HZ 
Calibration 
tolerance: 

@ 25·C 
Long term drift: 

Total-

± 10ppm x 8.178 
" ±82Hz 

± 2ppm x I x 8.178 
" ± 12Hz 
(± 187Hz) 

The above figure of ± 187Hz then deter
mines the capture and lock range over which 

CO" XTAL SHUNT CAPACITORS 

c, .. EaUIVA,LENT XTAL 
SERIES RESONANT 
ARM CAPACITANCE 

L, ., EQUIVALENT MOTIONAL 
INDUCTANCE 

A, = EOUIVALENT CRYSTAL 
SERIES RESISTANCE 

CB = EXTERNAL SHUNT OR 
STRAY CAPACITANCE 

For VCO operation at 6. 176MHz, Csis 22pF, 
Cc is 18pF, and Ct, a 1-8pF trimmer capaci
tor (reference figure 8). 

Flgur.9 
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BASIC CRYSTAL EQUIVALENT CIRCUIT 

;"-:-,' ----.-1-
co

-----<0 

c, '" MOTIONAL CAPACITANCE 

Co '" SHUNT CAPACITANCE 

A 1 = EOUIVAL.ENT RESISTANCE 

Ll = EaUIVALENT INDUCTANCE 

Figure 10 

DESIGN EXAMPLE 

+2OHz 

-20Hz 

-20"C +20"C HO"C 

Figure 11 

two crystal stabilized VCO's must track un· 
der worst case conditions when the exact 
same crystal specifications are used for 
master and slave units within an operational 
system. 

CRYSTAL SPECIFICATIONS 
'AT' CUT OSCILLATOR TYPE 
Fundamental mode operation HC'33 Case 
(Standard) 

Calibration tolerance: 
± 10ppm @ 25·C 

Temperature stability: 
± 15ppm; -15·C to +65·C 

Circuit operating condition: 
Parallel resonance 

Frequency specified: 6.176000MHz 

Part designation: 
Croven # A330 DEF·32 or equivalent 

Set-up Procedure 
Referring to figure 12, the following set·up 
procedure will aid the user in establishing 
proper circuit operation. 

Regulated supply voltage of +5 and -6 
volts are required. Current drain on the +5V 
line is - 100mA, and 6mA for the -6V. 

With proper voltage epplied (1), first check 
the supply currents to be sure they are in the 

range indicated above. (2), check the oper· 
ation of the NE564 VCXO by looking at pin 9 
with en oscilloscope (see figure 13). A rea· 
sonably symmetric square wave should be 
present, having a frequency near 6.1MHz. 
(3), attach a DVM across the 2K resistor 
which feeds pin 2 of the NE564 and adjust 
for a reading of 2.00 volts, indicating a 1 
milliampere dc current flowing into pin #2. 

(The (+) lead of the DVM should be con· 
nected to the end of the 2K resistor which 
ties to the wiper of the 10K pot and the (-) 
lead to pin 2 of the 564. Reference figure 
14). 

(4), the exact center frequency is set by 
adjusting Ct, the crystal trimmer cap, for ex· 
actly 6.176000MHz with no signal input 
(This sets the center frequency of the VCXO 
to free run in the center of the capture 
range.). 

(5), enable strobe 'A' and 'B' with a +2.711 
min. to +5V max. level. Apply a standard 
1.544MBS NRZ data signal to the input ter· 
minai, terminated in 50 ohms. The amplitude 
should be +3 to +5V (0 to peak). Set the 
duty cycle for 1 bit in a 16 bit period. Note 
the data generator must be driven from a 
crystal controlled master oscillator also 
adjusted for a center data rate of 1.544 
OOOMBS. Monitor the buffered output of the 
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ringing circuit with a scope connected to the 
source of the SD213 (figure 15). 

The waveform should appear as in figure 17. 

(6), adjust tank trimmer cap CT for a maxi
mum amplitude and note that the cycle peri
od should be 647 nanoseconds. (7). Now 
monitor the comparator outpufsignal at pin 
7 and adjust Rt for a 50% duty cycle. The 
same signal will appear at pin 5 of the 
NE527 except it will be inverted. The signal 
on pin 7 of the NE527 and pin 6 of the NE564 
should appear as shown in figure 19. Now 
attach one lead of a dual trace scope to pin 
7 of the NE527 and the other to pin 3 of the 
NE564 as shown (figure 16). 

The two signals should be in phase lock with 
an approximate 90· differential as shown in 
figure 20 (data signal applied to input @ 
1.544MBS). If lock does not occur, a slight 
trimming of the crystal trimmer CT should 
correct for slight differences in master to 
slave crystal tolerance. It is recommended 
that master and slave crystals be of the ex· 
act same design and specification to insure 
optimal tracking over time and temperature. 
A recommended manufacturer and part num· 
ber appears at the end of this application 
note for your convenience. 

Once lock is attained, move one lead of the 
dual trace scope to the buffered output of 
the 75451 pin 3, leaving the other scope 
probe on pin. 6 of the NE564. The phase 
locked waveform should appear as in figure 
25. If a data word generator is being used, 
you may check overall operation for various 
bit patterns by synchronizing the scope trig
ger on the "end of word" pulse, then observe 
the phase error effect as different combina· 
tions are fed in. 

PHASE JITTER 
When operating with real time A·D data 
transmission, the PLL loop filters must be 
optimized to minimize regenerated clock jit· 
ter. A good grade of mylar capacitor is rec· 
ommended as connected to pins 4 and 5 of 
the NE564. A simple pair of shunt connected 
loop filter caps of 0.33 /tF to 0.76/tF was 
found to be adequate. 
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CHECK VCO FREE RUNNING FREQUENCY 
AND OUTPUT WAVESHAPE 

11 
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Figure 13 
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Figure 15 
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Figure 17 
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Figure 16 
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(4 DATA PULSES IN 16) 

100mV 5000S 

I I" I II 'I 
L 1 IL l 

" h In r t""I :n ,.. 
/ /1 \ \ I II \ 'I 

J l t J IV l U 
2V 

Figure 18 

PHASE COMPARATOR SIGNALS 
(IN LOCK) 

200mV 200nS , , r 
l l t J 

I II I 
.J IL L 

2V 

Figure 20 

AN182 

DATA 14 in 16) 

NES64INPUT 
PIN6 

HE ... 

PIN 3 

9-119 

9 



LINEAR LSI PRODUCTS 

CLOCK REGENERATOR WITH CRYSTAL CONTROLLED 
PHASE LOCKED VCO 

REGENERATED CLOCK SIGNALS 

IV 

I-
I I 

.... L 

r r 
J J 

2V 

Figure 21 

200nS 

l 
I 

, DATA BIT 

N '6 I 

CLOCK OUT 

.544MHz , 

REGENERATED CLOCK SIGNALS 
RELATIVE TO NE564 VCO SIGNAL 

IV 

\ _ ... 
I I 

L J l 

I / I 
III IJ U 

2V 

Figure 23 

200nS 

I~ 
IlL 
'r 

DATA IN 
RANDOM) I I 

il-

~ I 
veo OUT 
BUFFERED 

Ei.176MHz) 1 .... ' 

REGENERATED CLOCK SIGNAL 
RELATIVE TO RANDOM NRZ DATA SIGNAL 

IV 200nS 

- L_ 
I Ii II 

DATA IN (RANDOM) 

J I.. - II.. 

r r 
J J 

CLOCK OUT (BUFFERED) 

2V 

Figure 25 
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CIRCUIT DESCRIPTION OF 
THE NE565 PLL 
The 565 is a general purpose PLL designed 
to operate at frequencies below 1 MHz. The 
loop is broken between the VCO and phase 
comparator to allow the insertion of a counter 
for frequency multiplication applications. With 
the 565, it is also possible to break the loop 
between the output of the phase comparator 
and the control terminal of the VCO to allow 
additional stages of gain or filtering. This is 
described later in this section. 

The VCO is made up of a precision current 
source and a non-saturating Schmitt trigger. 
In operation, the current source alternately 
charges and discharges an external timing 
capacitor between two switching levels of the 
Schmitt trigger, which in turn controls the 
direction of current generated by the current 
source. 

A simplified diagam of the VCO is shown in 
Figure 1. 1, is the charging current created by 
the application of the control voltage Vc. In 
the initial state, 03 is off and the c~rrent 1, 
charges capacitor C, through the diode O2, 

When the voltage on C, reaches the upper 
triggering threshold, the Schmitt trigger 
changes state and activates the transistor 
03. This provides a current 'sink and essen
tially grounds the emitters of 01 and 02. The 
charging current 1, now flows through 0

" 
01 

and 03 to ground. Since the base-emitter 
voltage of 02 is the same as that of 01, an 
equal current flows through 02. This dis
charges the capacitor C, until the lower trig
gering threshold is reached at which point the 
cycle repeats itself. Because the capacitor C, 
is charged and discharged with the constant 
current 11, the VCO produces a triangle wave 
form as well as the square wave output of the 
Schmitt trigger. 

The complete circuit for the 565 is shown in 
Figure 2. Transistors 01-07 and diodes 0,-03 
form the precision current source. The base 
of 01 is the control voltage input to the VCO. 
This voltage is transferred to pin 8 where it is 
applied across the external resistor R1. This 
develops a current through R1 which enters 
pin 8 and becomes the charging current for 
the VCO. With the exception of the negligible 
01 base current, all the current that enters 
pin 8, appears at the anodes of diodes O2 and 
0 3, When 08 (controlled by the Schmitt trig
ger) is on, 0 3 is reverse biased and all the cur
rent flows through O2 to the duplicating 
current source Q5-Q7, R2-R3 and appears as 
the capacitor discharge current at the collec
tor of 05. When 08 is off, the duplicating cur
rent source 05-07, R2-R3 floats and the 
charging current passes through 0 3 to charge 
C,. 

The Schmitt trigger (011,012) is driven from 
the capacitor triangle wave form by the emit
ter follower Q9. Diodes 0 6-09 prevent satura
tion of Qll and 012, enhancing the switching 
speed. The Schmitt trigger output is buffered 
by emitter follower 013 and is brought out 
to pin 4, and is also connected back to the 
current source by the differential amplifier 
(014-Q16). 

When operated from dual symmetrical sup
plies, the square wave on pin 4 will swing 
between a low level of slightly (0.2V) below 
ground to a high level of one diode voltage 
drop (0.7V) below the positive supply. The tri
angle wave form on pin 9 is approximately 
centered between the positive and negative 
supplies and has an amplitude of 2V with sup
ply voltages of ± 5V. The amplitude of the tri
angle waveform is directly proportional to the 
supply voltages. 

The phase comparator is again of the dou
bly-balanced modulator type. Transistors 
Q20 and 024 form the signal input stage, 
and must be biased externally. If dual sym
metrical supplies are used, it is simplest to 
bias Q20 and 024 through external resis
tors to ground. The switching stage 018, 
Q 19, 022 and Q23 is driven from the 
Schmit! trigger via pin 5 and 011' Diodes 
012 and D 13 limit the phase comparator 
output, and differential amplifier Q26 and 
Q27 provides increased loop gain. 

The loop low pass filter is formed with an 
external capacitor (connected to pin 7) and 

the collector resistance R24 (typically 
3.6KQl. The voltage on pin 7 becomes the 
error voltage which is then connected back 
to the control voltage terminal of the VCO 
(base of Q 1). Pin 6 is connected to a tap on 
the bias resistor string and provides a refer
ence voltage which is nominally equal to the 
output voltage on pin 7. This allows differen
tial stages to be both biased and driven by 
connecting them to pins 6 and 7. 

The free-running center frequency of the 
565 is adjusted by means of R 1 and C 1 and 
is given approximately by 

f' _ 1.2 
o - 4R1Cl (1) 

When the phase comparator is in the limit
ing mode (Vin ~ 200mV p-p), the lock range 
can be calculated from the expression: 

2wL = 2KoKdAEld (2) 

where Ko is the veo conversion gain, Kd is 
the phase comparators conversion gain, A is 
the amplifier gain, and 6 d is the maximum 
phase error over which the loop can remain in 
lock. Specific values for the terms of Equation 
2 for the 565 are 

Kd = 1,;.4 volts I radian (3) 

A =1A ~ 

ed =; radians (5) 

50 fa' radians (6) 
Ko = --vee Volt-sec 

where VCC is the total supply voltage ap
plied to the circuit. 

SIMPLIFIED DIAGRAM OF 565 veo 
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vco 

The tracking range for the 565 then be
comes: 

fl :::: + Wl :::: + ~ Hz. (7) 
- 271' - Vcc 

to each side of the free-running frequency, 
or a total lock range of: 

2fl :::: 16fo Hz (8) 
VCC 

The capture range, over which the loop can 
acquire lock with the input signal is given 
approximately by: 

2wC::::2~ (9) 

where wl is the one-sided tracking range 

(10) 

and T is the time constant of the loop filter 

T = RC2 (11) 

The lock-in range can be written as: 

fC:::: ±~ J 271'fl = ±..2... J 3271'fo' 
271' T 271' VCC 

(12) 

to each side of the free-running frequency 
or a total capture range of: 

(13) 
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CIRCUIT DIAGRAM OF 565 

R15 R27 

SCHMITT TRIGGER PHASE COMPARATOR AMPLIFIER FILTE~ 

Figure 2 

This approximation works well for narrow 
capture ranges (fC = 1!3fl but becomes 
too large as the limiting case is approached 
(fc = fl)· 

When it is desired to operate the 565 out of its 
limiting mode (Vin < 200mV pop or 32mV rms). 
Kd can be estimated from the graph in Figure 
3 for the specfic input voltage anticipated. 
The previous calculations for the lock and 
capture ranges remain valid with the new 
val ue of Kd from the graph being used to 
replace the KdA product in Equation 2. In Fig
ure 3, the dc amplifier gain A has been 
included in the Kd value. 

For applications where both a narrow lock 
range and a large output voltage swing are 
required, it is necessary to inject a constant 
current into pin 8 and increase the value of 
R,. One scheme for this is shown in Figure 4. 
The basis for this scheme is the fact that the 
output voltage controls only the current 
thought R, while the current through 01 
remains constant. Thus, if most of the charg
ing current is due to 01, the total current can 
be varied only a small amount due to the 
small change. in current through R,. Conse
quently, the VCO can track the input signal 

Signetics 

over a small frequency range yet the output 
voltage of the loop (control voltage of the 
VCO) will swing its maximum value. 

Diode D 1 is a Zener diode, used to allow a 
larger voltage drop across RA than would 
otherwise be available. D4 is a diode which 
should be matched to the emitter-base 
junction of a 1 for temperature stability_ In 
addition, D 1 and D2 should have the same 
breakdown voltages and D3 and D4 should 
be similar so that the voltage seen across 
RS and RC is the same as that seen across 
pins 10 and 1 of the phase locked loop. This 
causes the frequency of the loop to be in
sensitive to power supply variations. The 
free-running frequency can be found by: 
f ,_ 2RS 1 H 
o - (RS + RC) RACI + 4R1Cl z (14) 

and the total range is given by: 
2fL _ 22. 4VO(RB+Rc)RAfo ' 

- qv'l+lv21 Vz VO)[BRBR,+RA(RB+Rc)]HZ 

(15) 

where VD is the forward biased diode volt
age (""a. lV), Vz is the zener diode break
down voltage, V 1 is the positive supply 
voltage. and V2 is the negative supply volt
age. 
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PHASE COMPARATOR'S CONVERSION 
GAIN, KD, FOR THE 565 AS A 

FUNCTION OF INPUT SIGNAL AMPLITUDE 

NARROW BANDWIDTH FM DEMODULATOR 
USING THE 565 

Kd 
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Figure 3 

When the output excursion at pin 7 need be 
only a volt or so, diodes 0 I, 02 and 03 may 
be replaced by short circuits. 

The value of RIcan be selected to give a 
prescribed output voltage for a given fre
quency deviation. 

where Ilf is the desired frequency deviation 
per volt of output. 

In,most instances, RB and RA are chosen to 
be equal so that the voltage drop across 
them is about 200mV. For best temperature 
stability, diode 01 should be a base-collec
tor shorted transistor of the same type as 
01. 

When the 565 is connected normally, feed
back to the veo from the phase comparator 
is internal. That is, an amplifier makes the pin 
a voltage track the pin 7 (phase comparator 
output) voltage. Since the capacitor e, 
charge current is determined by the current 
through resistance R" the frequency is a 

.--.--..----..-ow, 
AS 

0, 

0---11---..--+----1 
DEMODULATED 

OUTPUT 

565PIN7-
'6V SUPPLY 

II 
50 100 

INPUT 
mV - AMS 

INPUT 

600 

600 

function of the voltage at pin a. It is possible, 
however, to bypass and swamp the 'internai 
loop amplifier so that the current into pin a is 
no longer a function of the pin a voltage but 
only of the pin 7 voltage. This makes a greater 
charge-discharge current variation possible, 
allowing a greater lock range. Figure 5 shows 
such a circuit in which the fLA741 operational 
amplifier is set for a differential gain of 5, 
feeding current to pin a through the 33KO 
resistor (simulating a current source). Not 
only is the tracking range greatly expanded, 
but the output voltage as a function of fre
quency is five times greater than normal. In 
setting up such a circuit, the designer should 
keep in mind that for best frequency stability, 
the charge-discharge current should be in the 
range of 50 to 1500l'A which also specifies 
the pin a input current range, showing that a 
ratio of upper to lower lock extremes of about 
30 can be achieved. 

Many times it would be advantageous to be 
able to break the feedback connection be
tween the output (pin 7) and the control volt
age terminal (01) of the veo. This can be 
easily done once it is seen that it is the current 
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L---4--..... -_-o -V2 

Figure 4 

into pin a which controls the veo freqency. 
Replacing the external resistor R, with a cur
rent source, such as the Figure 6, effectively 
breaks the internal voltage feedback connec
tion. The current flowing into pin a is now 
independent of the voltage on pin a. The out
put voltage (on pin 7) can now be amplified or 
filtered and used to drive the current source 
by a scheme such as that shown in Figure 6. 
This scheme allows the addition of enough 
gain for the loop to stay in lock over a 100:1 
frequency range, or conversely, to stay in lock 
with a precise phase difference (between 
input and veo signals) which is almost inde
pendent of frequency variation. Adjustment of 
the voltage to the non-inverting input of the op 
amp, together with a large enough loop gain 
allows the phase difference to be set at a con
stant value between O· and· lao· . In addition, 
it is now possible to do special filtering to 
improve the performance in certain applica
tions. For instance, in frequency multiplica
tion applications it may be desirable to 
include a notch filter tuned to the sum fre
quency component to minimize incidental FM 
without excessive reduction of capture range. 
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TYPICAL APPLICATIONS WITH NE565 AN184 

FSK DEMODULATION 
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 result· 
ing frequencies correspond to the "0" and 
"1" states (commonly called space and 
mark) of the binary data signal. 

FSK Demodulation with the 565 
A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is shown 
in Figure 1. 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 (pin 7). 

The loop filter capacitor C2 is chosen to set 
the proper overshoot on the output and a 
three·stage RC ladder filter is used to reo 
move the sum frequency components. The 
band edge of the ladder filter is chosen to 
be approximately half-way between the 
maximum keying rate (300 baud or bits per 
second, or 150Hz). The free·running fre· 
quency should be adjusted (with R 1) so that 
the dc voltAge level at the output is the 
same as that at pin 6 of the loop. The output 
signal can now be made logic compatible by 
connecting a voltage comparator between 
the output and pin 6. 

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 achieve a 
600n input impedance). 

A more sophisticated approach primarily use
ful for narrow frequency deviations is shown 
in Figure 2. Here, a constant current is 
injected into pin 8 by means of transistor Ql. 

This has the effect of decreasing the lock 
range and increasing the output voltage sen
sitivity to the input frequency shift. The basis 
for this scheme is the fact that the output volt
age (control voltage for the VCO) controls 
only the current through R1, while the current 
through Ql remains constant. Thus, if most of 
the capacitor charging current is due to 01, 
the current variation due to R, will be a small 
percentage of the total charging current and, 
consequently, the total frequency deviation of 
the VCO will be limited to a small percentage 
of the center frequency. A 0.251'F loop filter 
capacitor gives approximately 30% overshoot 
on the output pulse, as seen in the accompa
nying photographs. Figure 3 shows the output 
of the "A71D comparator and the output of the 
565 phase locked loop. 

O.1~F 

o-j 
FSK 
INPUT 

600 600 

FSK DECODER USING THE 565 

,--...... --.,r--.... --..... --...... -o+5V + 14V 

5K C2 
0.2.F 0.02.F O.O~F 0.02.F 

565 

k-~~----------------------~----o-5V 

Figure 1 

FSK DECODER WITH EXPANDED 565 
OUTPUT VOLTAGE RANGE 

Rb 
3.9KD 

FSK 1-...... --+--I'2"r---"""1lG"] 10KD tOKa 
INPUT 0-1 J---< ....... \M~ ..... 'WIr-..... -t ..... 

600n 

Figure 2 
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TYPICAL APPLICATIONS WITH NE565 

seA Demodulator Using the 565 
This application involves demodulation of a 
frequency modulated sub carrier of the main 
channel. A popular example here is the use 
of the PLL to recover the SCA (Subsidiary 
Carrier Authorization or storecast music) 
signal from the combined Signal of many 
commercial FM broadcast stations. The 
SeA signal is a 67kHz frequency modulated 
subcarrier which puts it above the frequen
cy spectrum of the normal stereo or monau
ral FM program material. By connecting the 
circuit of Figure 5.14 to a point between the 
FM discriminator and the de-emphasis filter 
of a commercial band (home) FM receiver 
and tuning the receiver to a station which 
broadcasts an SCA signal, one can obtain 
hours of commercial free background mu
sic. 

10K 

4.7K 

4.7K 

4.7K 4.7K 

+10V.:SVCC.:S+ 24V 
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CIRCUIT DESCRIPTION OF 
THE 566 PLL 
The 566 is the voltage controlled oscillator 
portion of the 565. The basic die is the same 
as that of the 565; modified metalization is 
used to bring out only the veo. The 566 cir
cuit diagram is shown in Figure 1. Transistor 
Q 18 provides a buffered triangle waveform 
output. (The triangle waveform is available at 
capacitor e, also, but any current drawn from 
pin 7 will alter the duty cycle and frequency.) 
The square wave output is available from Q 19 
by pin 4. The circuit will opeate at frequencies 
up to 1 MHz and may be programmed by the 
voltage applied on the control terminal (pin 5), 
by injecting current into pin 6, or by changing 
the value of the external resistor and capaci
tor (R, and e,.) 
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WAVEFORM GENERATORS WITH THE NE566 

WAVEFORM GENERATORS 
The oscillator portion of many of the PLLs 
can be used as a precision, voltage-control
lable waveform generator. Specifically, the 
566 Function Generator contains the oscil
lator of the 565 PLL. Most of the applica
tions which follow are designs using the 
566. Many of these designs can be modified 
slightly to utilize the oscillator section of 
the 564 if higher frequency performance is 
desired. 

Ramp Generators 
Figure 1 shows how the 566 can be wired as a 
positive or negative ramp generator. In the 
positive ramp generator, the external transis
tor driven by the pin 3 output rapidly dis
charges C, at the end of the charging period 
so that charging can resume instantaneously. 
The pnp transistor of the negative ramp gen
erator likewise rapidly charges the timing 

capacitor C, at the end of the discharge per
iod. Because the circuits are reset so quickly, 
the temperature stability of the ramp genera
tor is excellent. The period T is '12 fa where fa 
is the 566 free-running frequency in normal 
operation. Therefore, 

t RTCtVcc 
T = Fa' = 5(Vcc - Vc) (t) 

where Vc is the bias voltage at pin 5 and RT 
is the total resistance between pin 6 and 
VCC. Note that a short pulse is available at 
pin 3. (Placing collector resistance in series 
with the external transistor collector will 
lengthen the pulse.) 

Sawtooth and Pulse Generator 
Figure 2 shows how the pin 3 output of the 
566 can be used to provide different charge 
and discharge currents for C, so that a saw
tooth output is available at pin 4 and a pulse 
at pin 3. The pnp transistor should be well sat
urated to preserve good temperature stability. 

AN186 

The charge and discharge times may be esti
mated by using the formula 

T = RTCtVcc 
5(Vcc - Vc) (2) 

where RT is the combined resistance be
tween pin 6 and VCC for the interval consid
ered. 

Triangle to Sine Converters 
Conversion of triangle wave shapes to sinus
aids is usually accomplished by diode-resis
tor shaping networks, which accurately 
reconstruct the sine wave segment by seg
ment. Two Simpler and less costly methods 
may be used to shape the triangle waveform 
of the 566 into a sinusoid with less than 2% 
distortion. 

In Figure 3, the non-linear IDS .VDS transfer 
characteristic of a p-channel junction FET is 
used to shape the triangle waveform. 

RAMP GENERATORS SAWTOOTH AND PULSE GENERATORS 
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The amplitude of the triangle waveform is crit
ical and must be carefully adjusted to achieve 
a low distortion sinusoidal output. Naturally, 
where additional waveform accuracy is 
needed, the diode-resistor shaping scheme 
can be applied to the 566 with excellent 
results since it has very good output ampli
tude stability when operated from a regulated 
supply. 

Single Tone Burst Generator 
Figure 4 is a tone burst generator which sup
plies a tone for one-half second after the 
power supply is activated; its intended use is 
a communications network alert signal. Ces
sation of the tone is accomplished at the 

TRIANGLE-TO-SINE CONVERTERS 

+12 V 

2. 
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SCR, which shunts the timing capacitor C, 
charge current when activated. The SCR is 
gated on when C2 charges up to the gate volt
age which occurs in 0.5 seconds. Since only 
70~A are available for triggering, the SC must 
be sensitive enough to trigger at this level. 
The triggering current can be increased, of 
course, by reducing R2 (and increasing C2 to 
keep the same time constant). If the tone 
duration must be constant under widely vary
ing supply voltage conditions, the optional 
Zener diode regulator circuit can be added, 
along with the new value for R2, R2' = 82kn. 

If the SCR is replaced by a npn transistor, the 
tone can be switched on and off at will at the 
transistor base terminal. 
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Low Frequency FMGenerators 
Figure 5 shows FM generators for low fre
quency (less than 0.5MHz center frequency) 
applications. Each uses a 566 function gener
ator asa modulation generator and a second 
566 as the carrier generator. 

Capacitor C 1 selects the modulation fre
quency adjustment range and C l' selects 
the center frequency. Capacitor C2 is a 
coupling capacitor which only needs to be 
large enough to avoid distorting the modu
lating waveform. 

If a frequency sweep in only one direction is 
required, the 566 ramp generators given in 
this section may be used to drive the carrier 
generator. 
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FREQUENCY MODULATED GENERATORS 
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CIRCUIT DESCRIPTION OF 
THE 567 TONE DECODER 
The 567 is a PLL designed specifically for fre
quency sensing or tone decoding. The 567 
has a controlled oscillator, a phase compara
tor and a second auxiliary or quadrature 
phase detector. In addition, however, it con
tains a power output stage which is driven 
directly by the quadrature phase detector out
put. During lock, the quadrature phase detec
tor drives the output stage on, so the device 
functions as a tone decoder or frequency 
relay. The tone decoder free-running fre
quency and bandwidth are specified by the 
free-running frequency and capture range of 
the loop portion. Since a tone decoder, by def
inition, responds to a stable frequency, the 
lock or tracking range is relatively unimport
ant except as it limits the maximum attainable 
capture range. The complete circuit diagram 
of the 567 is shown in Figure 1. 

The current controlled oscillator is shown in 
simplified form in Figure 2. It provides both a 
square wave output and a quadrature output. 
The control current Ie sweeps the oscillator 
± 7% of the free-running frequency, which is 
set by external components R, and C,. 

Transistors a' through 06 form a flip-flop 
which can switch pin 5 between VSE and 
+V - VSE. Thus, the R,C, network is driv
en from a square wave of +V - 2VSE peak
to-peak volts. On the positive portion of the 
square wave, C, is charged through R 1 un
til V, is reached. A comparator circuit driv
en from C, at pin 6 then supplies a pulse 
which resets the flip-flop so that pin 5 
switches to VSE and C 1 is discharged until 
V2 is reached. A second comparator then 
supplies a pulse which sets the flip-flop and 
C 1 resumes charging. 

CIRCUIT DIAGRAM OF 567 
"V 

RS R6 R9 R10 R11 R21 

A1 ~ 

BIAS 

PHASE DETECTOR 

Figure 1 
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The total swing of the capacitor voltage, as 
determined by the comparator sensing vol
tages, is 

[ 
R22 + R23 ] 

v, - V2 = (+v - 2VSE) R2, + R22 + R23 + R24 

= K (+v -2VSE) (1) 

Due to the excellent matching of integrated 
resistors, the resistor ratio K may be consid
ered constant. Figure 3 shows the pin 5 and 
pin 6 voltages during operation. It is obvious 
from the proportion that t, + t2 is independent 
of the magnitude of + V and dependent only 
on the time constant R,C, of the external 
components. Moreover, if (V, + V2)/2 = + V/2, 
then t, = t2 and the duty cycle is 50%. Note 
that the triangular waveform is phase shifted 
from the square wave. 

A35 A44 

QUADRATURE 
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CIRCUIT DESCRIPTION OF THE 567 TONE DECODER AN187 

A differential stage (022 and 023) ampli
fies the triangular wave with respect to (V 1 
+ V2)/2 to provide the quadrature output. 
(Due to the exponential distortion of the tri
angle wave. the quadrature output is actual
ly phase shifted about 80·. but no operating 
compromises result from this slight devi
ation from true quadrature.) 

One source of error in this oscillator 
scheme is current drawn by the compara
tors from the RIC 1 mode. An emitter follow-

er. therefore. is inserted at X to minimize 
this drain and 021 placed in series with 
020 to drop the comparator sensing volt
age one VBE to compensate for the VBE 
drop in the emitter follower. 

In order to insure that the square wave 
drops quickly and accurately to VBE. an ac
tive clamp scheme is applied to the collec
tor of 02. The base of 09 is held at 2 VBE 
so that as 02 is turned on its base current. 
its collector is held at VBE. Because 02 

and 03 have the same geometry and their 
base-emitter voltages are the same. the 
maximum 02 current when clamped is es
sentially the same as the collector current 

. of 03 (as limited by RS). The flip-flop was 
optimized for maximum switching speed to 
reduce frequency drift due to switching 
speed variations. 

Current control of the frequency is achieved 
by making R21 somewhat less than R24 
and restoring the proper voltage for 50% 

SIMPLIFIED DIAGRAM OF 567 TONE DECODER 
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CIRCUIT DESCRIPTION OF THE 567 TONE DECODER AN187 

duty cycle by drawing Ic of 100",A for the 
R21, 020 junction. When Ie is then varied 
between 0 and 200",A, the frequency 
changes by ± 7%. Because of the slight 
shift in the voltage levels V 1 and V2 with Ic, 
the square wave duty cycle changes from 
about 47% to about 53% over the control 
range. To avoid drift of free-running frequen
cy with 'temperature and supply voltage 
changes when Ic'" 0, Ic is also made a 
function of +V - 2 VBE. 

A doubly balanced multiplier formed by 032 
through 037 (Figure 1) functions as the 
phase comparator. The input signal is applied 
to the base of 032. Transistors 034-037 are 
driven by a square wave taken from the CCO 
at the collector of 02. Phase comparator 
input bias is provided by three diodes, 038 
through 040, connected in series, assuring 
good bias voltage matching from run to run. 
Emitter resistors R26 and R27 , in addition to 
providing the necessary dynamic range at the 
input, help stabilize the gain over the wide 
temperature range. 

The loop dc amplifier is formed by 051 and 
052. Having a current gain of 8, it permits 
even a small phase detector output to drive 
the CCO the full ± 7%. Therefore, full detec
tion bandwidth can be obtained for any in
band input signal greater than about 70mV 
rms. However, the main purpose of high 
loop gain in the tone decoder is to keep the 
locked phase as close to 7r 12 as possible 
for all but the smallest input levels since 
this greatly facilitates operation of the qua
drature lock detector. Emitter resistors R36 
and R37 help stabilize the gain over the re
quired temperature range. Another function 
of the de amplifier is to allow a higher im
pedance level at the low pass filter terminal 
(pin 2) so that a smaller capacitor can be 
used for a given loop cutoff frequency. 
Once again, emitter resistors help stabilize 
the loop gain over the temperature ran·ge. 

The quadrature phase detector (OPO), 
formed by a second doubly-balanced multi
plier 042-047, is driven from the quadrature 
output (E,F, in Figure 1) of the CCO. The sig
nal input comes from the emitters of the input 
transistors 032 and 033. 

The output stage, 053 through 062, com
pares the average OPO current in the low 
pass output filter R3C3 with a temperature 
compensated current in R39 (forming the 
threshold voltage Vt). 

Since R3 is slightly lower in value than R39, 
the output stage is normally off. When the 
lock and the OPO current Iq occurs, pin 1 
voltage drops below the threshold voltage 
Vt and the output stage is energized. 
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The uncommitted collector (pin 8) of the 
power npn output transistor can drive both 
100 - 200mA loads and logic elements, in
cluding TTL. 

The K" conversion gain for the 567 tone 
decoder is given by 

Ko = 0.44 wo' ~~1;~~sc (2) 

while the Kd conversion gain depends upon 
the input signal level as shown in Figure 4. 
These parameters can be used to calculate 
the lock and capture range as has been illus
trated previously. 

The 567 tone decoder is a specialized loop 
which can be set up to respond to a given 
tone (constant frequency) within its band
width. The free-running frequency is set by 
a resistor R 1 and capacitor C 1. The band
width is controlled by the low pass filter ca
paCitor C2' A third capacitor C3 integrates 
the output of the quadrature phase detector 
(OPO) so that the dc lock-indicating compo
nent can switch the power output stage on 
when lock is present. The 567 is optimized 
for stability and predictability of free-run
ning frequency and bandwidth. 

Two events must occur before an output is 
given. First, the loop portion of the 567 must 
achieve lock. Second, the output capacitor 
C3 must charge sufficiently to activate the 
output stage. For minimum response time, 
these events must be as brief as possible. 

As previously discussed, the lock time of a 
loop can be minimized by reducing the re
sponse time of the low pass filter. Thus, C2 
must be as small as possible. However, C2 

also controls the bandwidth. Therefore, the 
response time is an inverse function of band
width as shown by Figure 5, reprinted from 
the 567 data sheet. The upper curve denotes 
the expected worst-case response time when 
the bandwidth is controlled solely by C2 and 
the input amplitude is 200mV rms or greater. 
The response time is given in cycles of free
running frequency. For example, a 2% band
width at a free-running frequency of 1000 
cycles can require as long as 280 cycles 
(280ms) to lock when the initial phase rela
tionship is at its worst. Figure 6 gives a typical 
distribution of response time versus input 
phase. Note that, assuming random initial 
input phase, only 30/180 = 1/6 of the time will 
the lock-up time be longer than half the worst 
case lock-up time. Figure 7 shows some 
actual measurements of lock-up time for a 
set-up having a worst case lock-up time of 27 
cycles and a best-case lock-up time of four 
input cycles. 

The lower curve on the graph of Figure 5 
shows the worst-case lock-up time when the 
loop gain is reduced as a means of reducing 
the bandwidth (see data sheet, Alternate 
Method of Bandwidth Reduction). The value 
of C2 required for this minimum response 
time is 

(3) . 

It is important to note that noise immunity 
and rejection of out-band tones suffer 
somewhat when this minimum value of C2 is 
used so that response time is gained at 
their expense. Except at very low input lev
els, input amplitude has only a minor effect 
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GREATEST NUMBER OF CYCLES BEFORE 
OUTPUT FOR THE 567 TONE DECODER 

LOCK-UP TIME VERSUS INITIAL 
PHASE FOR THE 567 TONE DECODER 
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LOCK-UP TIME VARIATION DUE TO 
RANDOM INITIAL PHASE FOR THE 

567 TONE DECODER 

LOCK-UP TRANSIENT RESPONSE 
FOR 567 TONE DECODER 

10 
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Figure 7 

20 
I 

on the lock-up time - usually negligible in 
comparison to the variation caused by input 
phase. 

Lock-up transients can be displayed on a two
channel scope with case. Figure 8 shows the 
display which results. The top trace shows the 
square wave which either gates the input gen
erator signal off and on (or shifts the fre
quency in and out of the band if you have a 
generator which has a frequency control input 
only). The lower trace shows the voltage at pin 
2, the low pass filter voltage. The input fre
quency is offset slightly from the free-running 
frequency so that the locked and unlocked 
voltage are different. It is apparent that, while 
the C2 decay during unlock is always the 
same, the lock transient is different each 
time. 

30 
I 

This is because the turn-on repetition rate is 
such that a different initial phase relation
ship occurs with each appearance of the in
band signal. It is tempting to adjust the rep
etition rate so that a fast, constant lock-up 
transient is displayed. However, in doing so 
a favorable initial phase is created that is 
not present in actual operation. On the con
trary, it is most realistic to adjust the repeti
tion rate so that the longest lock-up time is 
displayed, such as the fifth lock transient 
shows. Once this display is achieved, the 
effect of various adjustments in C2 or input 
amplitude is seen. However, the repetition 
rate must be readjusted for worst-case 
lock-up after each such change. 

Once lock is achieved, the quadrature 
phase detector output at pin 1 is integrated 

Signetics 

Figure 8 

by C3 to extract the dc component. As C3 

charges from its quiescent value V q (see Fig
ure 9) to its final value (Vq,tN), it passes 
through the output stage threshold, turning it 
on. The total voltage change is a function of 
input amplitude. Since the unadjusted Vq is 
very close (within 50mV) to VI' the output 
stage turns on very soon after lock. Only a 
small fraction of the output stage time con
stant (T = 4700C3) expires before VI is crossed 
so that C3 does not greatly influence the 
response time. However, as shown in Figure 
9(a), the turn-off delay time can be quite long 
when C3 is large. Figure 9(b) shows how 
desensitizing the output stage by connecting 
a high-value resistor between pin 1 and pin 4 
(positive supply voltage) can equalize the 
turn-on and turn-off time. If turn-off delay is 
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CIRCUIT DESCRIPTION OF THE 567 TONE DECODER 

EFFECT OF THRESHOLD VOLTAGE ADJUSTMENT ON 
TONE DECODER TURN-ON AND TURN-OFF DELAY 
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important in the overall response time, then 
desensitizing can reduce the total delay. 

But why not make C3 very small so that 
these delays can be totally neglected? The 
problem here is that the QPD output has a 
large second harmonic component of the 
free-running frequency that must be filtered 
out. Also, noise, outband signals, and differ
ence frequencies formed by close out-band 
frequencies beating with the VCO frequen
cy appear at the QPD output. All these must 
be attenuated by C3 or the output stage will 
chatter on and off as the threshold is ap
proached. The more noisy the input signal 
and the larger the near-band signals, the 
greater C3 must be to reject them. Thus, 
there is a complicated relationship between 
the input spectrum and the size of C3. What 
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must be done, then, is to make C3 more 
than sufficient for proper operation (no 
false outputs or missed signals) under actu
al operating conditions and then reduce its 
value in small steps until either the required 
response time is obtained or operation be
comes unsatisfactory. 

In setting up the tone decoder for maximum 
speed, it is best to proceed as follows: 

a After the center frequency has been set, 
adjust C2 to give the desired bandwidth or, 
if the graph of response time in cycles (Fig
ure 7) suggests that worst case lock-up 
time will be too long, incorporate the loop 
gain reduction scheme as an alternate 
means of bandwidth reduction. (See data 
sheet). 
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b Check lock-up time by observing the wa
veform at pin 2 while pulsing the input sig
nal on and off (or in and out of the band 
when a FM generator is used). Adjust 
repetition rate to reveal worst lock-up 
time. 

c Starting with a large value of C3 (say 10 
C2), reduce it as much as possible in 
steps while monitoring the output to be 
certain that no false outputs or missed 
signals occur. The full input spectrum 
should be used for this test. Ignore brief 
transients or chatter during turn-on and 
turn-off as they can be eliminated with the 
chatter prevention feedback technique 
described in the data sheet. 

d Use the desensitizing technique, also de
scribed in the data sheet, to balance 
turn-on and turn-off delay. 

e Apply the chatter prevention technique to 
clean up the output. 

If this procedure results in a worst-case re
sponse time that is too slow, the following 
suggestions may be considered: 

a Relax the bandwidth requirement. 
b Operate the entire system at higher fre

quency when this option is available. 
c Use two tone decoders operating at 

slightly different frequencies and OR the 
outputs. This will reduce the statistical 
occurrence of the worst-case lock-up time 
so that excessive lock-up time occurs. 
For example, if the lock-up time is mar
ginal 10% of the time with one unit, it will 
drop to 1 % with two units. 

d Control the in-band input amplitude to 
stabilize the bandwidth, set up two tone 
decoders for maximum bandwidth, and 
overlap the detection bands to make the 
desired frequency range equal to the 
overlap. Since both tone decoders are on 
only when a tone appears within the over
lap range, the outputs can be ANDed to 
provide the desired selectivity. 

e If the system design permits, send the 
tone to be detected continuously at a low 
level (say 25mV rms) to keep the loop in 
lock at all times. The output stage, slight
ly desensitized, can then be gated on as 
required by increasing the signal ampli
tude during the on time. Naturally, the sig' 
nal phase should be maintained as the 
amplitude is changed. This scheme is ex
tremely fast, allowing repetition rates as 
fast as 1/3 to 1/2 the free- running fre
quency when C3 is small. This is equiv
alent to ASK (amplitude shift keying). 
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Touch-Tone@ Decoder LOW-COST TOUCH TONE') DECODER 
Touch-Tone" decoding is of great interest 
since all sorts of remote control applications 
are possible if you make use of the encoder 
(the pushbutton dial) that will ultimately be 
part of every phone. A low cost decoder can 
be made as shown in Figure 1. Seven 567 
tone decoders. their inputs connected in com
mon to a phone line or acoustical coupler. 
drive three integrated NOR gate packages. 
Each tone decoder is tuned. by means of R, 
and C,. to One of the seven tones. The R2 
resistor reduces the bandwidth to about 8% 
at 100mV and 5% at 50mV rms. Capacitor C4 

decouples the seven units. The seven R2 
resistors and capacitor C4 can be eliminated 
at the expense of a somewhat slower 
response at low input voltages (50 to 100mV 
rms). The bandwidth can be controlled in the 
normal manner by selecting C2 to be 4.7 ~F for 
the three lower frequencies and 2.2~F for the 
four higher frequencies. 

The only unusual feature of this circuit is the 
meanS of bandwidth reduction using the R2 
resistors. An external resistor RA can·be used 
to reduce the loop gain and. therefore. the 
bandwidth. Resistor R2 serves the same func
tion as RA except that instead of going to a 
voltage divider for dc bias. it goes to a com
mon point with the six other R2 resistors. In 
effect. the five 567s which are not being acti
vated during the decoding process serve as 
bias voltage sources for the R2 resistors of 
the two 567s which are being activated. 
Capacitor C4 decouples the ac currents at the 
common point. 

TONE DECODER 
APPLICATIONS (567) 
The 567 is a special purpose PLL intended 
solely for use as a tone decoder. It contains 
a complete PLL including VCO. phase com
parator, and amplifier as well as a quad· 
rature phase detector or multiplier. If the 
signal amplitude at the lock frequency is 
above a minimal value, the driver amplifier 
turns on, driving a load with as much as 
200mA. Thus the 567 gives an output when· 
ever an inband tone is present. The 567 is 
optimized for both free·running frequency 
and bandwidth stability. 

Dual Tone Decoder 
Two 567 tone decoders connected as shown 
in Figure 2(a) permit decoding of simultane
ous or sequential tones. Both units must be 
on before an output is given. R, C, and R, C, 
are chosen respectively for tones 1 and 2. If 
sequential tones (tone 1 followed by tone 2) 
are to be decoded. then C3 is made very large 
to delay turn off of unit 1 until unit 2 has 
turned on and the NOR gate is activated. 

100-200mVrms 

cr--1 
a.Sld 
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COMPONENT VALUES (TYPICAL) 
R1 6.8 TO 15k ohm 
R2 4.7k ohm 
R3 2.0k ohm 
C1 0.1 mId 
C2 1.0 mId 6V 
C3 2.2 mid 6V 
C4 250 6V 
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DETECTION OF TWO SIMULTANEOUS OR SEQUENTIAL TONES 

(a) NORING OUTPUTS TOGETHER 

OUTPUT 

(B) DISABLING THE SECOND DECODER 
UNTIL ENABLED BY THE FIRST 

(C) BLOCKING POWER TO THE SECOND 
DECODER (PIN 7) UNTIL THE FIRST IS ENABLED. 

+v +V 

Note that the wrong sequence (tone 2 fol· 
lowed by tone 1) will not provide an output 
since unit 2 will turn off before unit 1 comes 
on. Figure 2(b) shows a circuit variation which 
eliminates the NOR gate. The output is takim 
from unit 2, but the unit 2 output stage is 
biased off by RL1 and 0, until activated by 
tone 1. A lurther variation is given in Figure 
2(c). Here, unit 2 is turned on by the unit 1 
output when tone 1 appears, reducing the 
standby power to half. Thus, when unit 2 is 
on, tone 1 is or was present. If tone 2 is now 
present, unit 2 comes on also and an output is 
given. Since a transient output pulse may 
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appear during unit 1 turn on, even if tone 2' is 
not present, the load must be slow in 
response to avoid a false output due to tone 1 
alone. 

High-Speed, Narrow-Band 
Tone Decoder 
The circuit of Figure 2(a) may be used to 
obtain a fast, narrrow·band tone decoder. The 
detection bandwidth is achieved by overlap· 
ping the detection bands of the two tone 
decoders. Thus, only a tone within the overlap 
portion will result in an output. The input 

Signetics 

+v +v 

amplitude should be greater than 70mV rms 
at all times to prevent detection band shrink· 
age and C2 should be between 130/fo and 
1300/fo~F where fo is the nominal detection 
frequency. The small value of C2 allows oper· 
ation at the maximum speed so that worst· 
case output delay is only about 14 cycles. 

Low-Cost Frequency Indicator 
Figure 3 shows how two tone decoders set up 
with overlapping detection bands can be used 
for a go/no·go frequency meter. Unit 1 is set 
6% above the desired sensing frequency and 
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unit 2 is set 6% below the desired frequency_ 
Now, if the the incoming frequency is within 
13% of the desired frequency, either unit 1 or 
unit 2 will give an output. If both units are on, 
it means that the incoming frequency is within 
1 % of the desired frequency. Three light 
bulbs and a transistor allow low cost read-out. 

Phase Modulator 
If a phase locked loop is locked onto a sig
nal at the Iree-running Irequecy, the phase 
01 the veo will be gO' with respect to the 
input signal. II a current is injected into the 
veo terminal (the low pass filter output), 
the phase will shift sufficiently to develop 
an opposing average current out of the 
phase comparator so that the veo voltage 
is constant and lock is maintained. When 
the input signal amplitude is low enough so 
that the loop frequency swing is limited by 
the phase comparator output rather than 
the veo swing, the phase can be modulat
ed over the full range of a to 180'. If the 
input signal is a square wave, the phase will 
be a linear function of the injected current. 

A block diagram of the phase modulator is 
given in Figure 4(a). The conversion factor K 
is a function of which loop is used, as well as 
the input square wave amplitude. Figure 4(b) 
shows an implementation of this circuit using 
the 567. 

FREQUENCY DETECTOR WITH LOW-COST, 
LAMP READOUT 
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(b) CIRCUIT IMPLEMENTATION WITH THE 567 

JLrLI:i;.1 
~ ~~SE 

¢j+K II CONTROL OR 
_ MODULATION 

- -= VOL TAGE 

Figure 4 

Signefics 

ANi88 

9 

9-139 



LINEAR LSI PRODUCTS 

BALANCED MODULATOR/DEMODULATOR APPLICATIONS 
USING THE MC1496/MC1596 

BALANCED MODULATORI 
DEMODULATOR APPLICATIONS 
USING MC1496/MC1596 
The MC1496 is a monolithic transistor array 
arranged as a balanced modulator
demodulator. The device takes advantage of 
the excellent matching qualities of monolithic 
devices to provide superior carrier and signal 
rejection. Carrier suppressions of 50dB at 
10MHz are typical with no external balancing 
networks required. 

Applications include AM and suppressed car
rier modulators, AM and FM demodulators, 
and phase detectors. 

THEORY OF OPERATION 
As Figure 1 suggests, the topography 
includes three differential amplifiers. Internal 
connections are made such that the output 
becomes a product of the two input signals 
Vc and Vs. 

To accomplish this the differential pairs 01-
02 and 03-04, with their cross coupled col
lectors, are driven into saturation by the zero 
crossings 01 the carrier signal Vc. With a low 
level signal, Vs driving the third differential 
amplifier 05-06, the output voltage will be a 
full wave multiplication of Vc and Vs. Thus for 
sine wave signals, Vau! becomes: 

Vau1 = ExEy[cos(wx + wy)t + cos(wx - wy)t] 
(1) 

As seen by font = K (fc - fs) + K (fc + fs) (see 
Figure 2), the output voltage will contain the 
sum and difference frequencies of the two 
original signals. In addition, with the carrier 
input ports being driven into saturation, the 
output will contain the odd harmonics of the 
carrier signals. 

BIASING 
Since the MC1496 was intended for a multi
tude of different functions as well as a 
myriad of supply voltages, the biasing tech
niques are specified by the individual appli
cation. This allows the user complete free
dom to choose gain, current levels, and 
power supplies. The device can be operated 
with single ended or dual supplies. 

Internally provided with the device are two 
current sources driven by a temperature com
pensated bias network. Since the transistor 
geometries are the same and since VSE 
matching in monolithic devices is excellent, 
the currents through 07 and 08 will be identi
cal to the current set at pin 5. Figures 2 and 3 
illustrate typical biasing arrangements from 
split and single ended supplies respectively. 

Of primary interest in beginning the bias 
circuitry design is relating available power 
supplies and desired output voltages to 
device requirements with a minimum of 
external components. 

BALANCED MODULATOR 
SCHEMATIC 

B 

vol+) 
6 

Va H 
9 

CARRIER (-)o-----!----!-----' 
INPUT (+)0' __ _0---1--___ -+ __ -1 

4 
(-(0------"1:. 

SIGNAL 
INPUT 1 

9·140 

(.(o--------!-----' 

5 
8IASo-----t"-~--i':::-"'-----_t: 

10 v- 0----.... ---<>---____ -1 

All resistor values are in ohms 

Figure 1 

R3 

Signetics 

AN189 

The transistors are connected in a cascode 
fashion. Therefore sufficient collector volt
age must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages 
greater than 2 volts are sufficient in most 
applications. 

Biasing is achieved with simple resistor 
divider networks as shown in Figure 3. This 
configuration assumes the presence of sym
metrical supplies. Explaining the dc biasing 
technique is probably best accomplished by 
an example. Thus, the initial assumptions and 
criteria are set forth: 

1. Output swing greater than 4 volts pop. 
2. Positive and negative supplies of 6 volts 

are available. 
3. Collector current is 2mA. It should be 

noted here that the collector output cur
rent is equal to the current set in the 
current sources. 

As a matter of convenience the carrier sig
nal ports are referenced to ground. If de
sired the modulation signal ports could be 
ground referenced with slight changes in 
the bias arrangement. With the carrier in
puts at dc ground, the quiescent operating 
pOint of the outputs should be at one half the 
total positive voltage or 3 volts for this case. 
Thus a collector load resistor is selected 
which drops 3 volts at 2mA or 1.5k ohm. A 
quick check at this point reveals that with 

SINGLE SUPPLY BIASING 

All resistor values are In ohms 

Figure 2 
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these loads and current levels the peak to 
peak output swing will be greater than 4 
volts. It remains to set the current source 
level and proper biasing of the signal ports. 

The voltage at pin 5 is expressed by 

Vbla, = VSE = 500 X Is 

where Is is the current set in the current 
sources. 

For the example VSE is 700mV at room 
temperature and the bias voltage at pin 5 
becomes 1.7 volts. Because of the cascode 
configuration both the collectors of the 
current sources and the collectors of the 
signal transistors must have some voltage to 
operate properly. Hence the remaining volt
age of the negative supply (-6v + 1.7v = 
-4.3vl is split between these transistors by 
biasing the signal transistor bases at 
-2.15 volts. 

Countless other bias arrangements can be 
used with other power supply voltages. The 
important thing to remember is that suffi
cient dc voltage is applied to each bias 
point to avoid collector saturation over the 
expected signal wings. 

BALANCED MODULATOR 
In the primary application of balanced mod
ulation, generation of double sideband sup
pressed carrier modulation is accomplished. 
Due to the balance of both modulation and 
carrier inputs, the output, as mentioned, con
tains the sum and difference frequencies 
while attenuating the fundamentals. Upper 
and lower sideband signals are the strongest 
signals present with harmonic sidebands 
being of diminishing amplitudes as character
ized by Figure 4. 
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Vs S 15. RE (Peak) Gain of the 1496 is set by including emitter 
degeneration resistance located as Re in Fig
ure 5. Degeneration also allows the maximum 
signal level of the modulation to be increased. 
In general, linear response defines the maxi
mum input signal as 

and the gain is given by 
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This approximation is good for high levels of 
carrier signals. Table 1 summarizes the gain 
for different carrier signals. 

As seen from Table 1 the output spectrum suf
fers an amplitude increase of undesired side
band signals when either the modulation or 
carrier signals are high. Indeed, the modula
tion level can be increased if RE is increased 
without significant consequence. However, 
large carrier signals cause odd harmonic 
sidebands (Figure 4) to increase. At the same 
time, due to imperfections of the carrier wave
forms and small imbalances of the device, the 
second harmonic rejection will be seriously 
degraded. Output filtering is often used with 
high carrier levels to remove all but the 
desired sideband. The filter removes 
unwanted signals while the high carrier level 
guards against amplitude variations and max
imizes gain. Broadband modulators, without 
benefit of filters, are implemented using low 
carrier and modulation signals to maximize 
linearity and minimize spurious sidebands. 

AM MODULATOR 
The basic current of Figure 5 allows no carrier 
to be present in the output. By adding offset 
to the carrier differential pairs, controlled 
amounts of carrier appear at the output 
whose amplitude becomes a function of the 
modulation signal or AM modulation. As 
shown, the carrier null circuit is changed from 
Figure 5 to have a wider range so that wider 
control is achieved. All connections are 
shown in Figure 6. 

AM DEMODULATION 
As pointed out in equation 1 the output of the 
balanced mixer is a cosine function of the 
angle between Signal and carrier inputs. Fur
ther, if the carrier input is driven hard enough 
to provide a switching action, the output 
becomes a function of the input amplitude. 
Thus the output amplitude is maximum when 
there is 0° phase difference as shown in 
Figure 7. 

Amplifying and limiting of the AM carrier is 
accomplished by IF gain block providing 
55 dB of gain or higher with limiting of 400!'V. 
The limited carrier is then applied to the 
detector at the carrier ports to provide the 
desired switching function. The signal is then 
demodulated by the synchronous AM demod
ulator (1496) where the carrier frequency is 
attenuated due to the balanced nature of the 
device. Care must be taken not to overdrive 
the signal input so that distortion does not 
appear in the recovered audio. Maximum 
conversion gain is reached when the carrier 
signals are in phase as indicated by the 
phase-gain relationship drawn in Figure 7. 
Output filtering will also be necessary to 
remove high frequency sum components of 
the carrier from the audio signal. 
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+12V 

All resistor values are in ohms 

PHASE COMPARATOR 

Vc 0 1 ~F 
PHASE lo----il-'~-------18 Me 1596 

O-------~~----I, MC1496 

All resistor values are in ohms 

Figure 8 

PHASE DETECTOR 

v
-BVDC 

The versatility of the balanced modulator or 
multiplier also allows the device to be used as 
a phase detector. As mentioned, the output of 
the detector contains a term related to the 
cosine of the phase angle. Two signals of 
equal frequency are applied to the inputs as 
per Figure 8. The frequencies are multiplied 
together producing the sum and difference 
frequencies. Equal frequencies cause the dif
ference component to become dc while the 
undesired sum component is filtered out. The 
dc component is related to the phase angle 
by the graph of Figure 9. At 90 degrees the 
cosine becomes zero, while being at maxi
mum positive or maximum negative at 00 and 
180 0 respectively. 

The advantage of using the balanced modu
lator over other types of phase comparators 
is the excellent linearity of conversion. This 
configuration also provides a conversion 
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gain rather than a loss for greater resolu
tion. Used in conjunction with a phase 
locked loop for instance, the balanced mod
ulator provides a very low distortion FM 
demodulator. 

FREQUENCY DOUBLER 
Very similar to the phase detector of Figure 8, 
a frequency doubler schematic is shown in 
Figure 10. Departure from Figure 8 is primar
ily the removal of the low pass filter. The out
put then contains the sum component which 
is twice the frequency of the input since both 
input signals are the same frequency. 
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APPLICATIONS OF LOW NOISE 
STEREO PREAMPLIFIERS: NE542 

Introduction 
Stereo preamplifiers have come into greater 
and greater demand with the increased 
usage of tape recorders. With stereophonic 
recording systems, the need increased to 
have multiple devices in the same package 
to insure greater thermal tracking and pack
ing density, without sacrificing perform
ance. 

The NE542 qualifies as a low noise dual pre
amplifier. The NE542 is a pin dual-in-line 
device. 

This device has greater than 100dB open loop 
gain and (15-20) MHz gain bandwidth prod
uct. In selecting the proper "low noise" pre
amplifier several factors must be considered. 

Frequency shaping characteristic re
quired. 

II Closed loop response with respect to a 
system reference level. 

III Response of the record/playback 
head. 

IV System distortion requirements. 
V Response of the tape used. 

The following will deal with items I, II, IV. 

When approaching the design criteria of 
Item 2, the designer should be concerned 
with the open loop device characteristics. 
These characteristcs will aid in determining 
the maximum boost available, knowing that 
a specific loop gain (open loop gain minus 
closed loop gain) will be necessary to keep 
the system distortion low and maintain the 
output impedance of the "low noise" pream
plifier constant over the required operating 
frequency range. 

RIAA standards call for a maximum record
ing velocity of 21cm/sec for ster.e.o discs. 
This worst case velocity describes a bound 
for the preamplifier gain because the input 
signal at this velocity is maximum. 

NAB TAPE EQUALIZATION 
Recording and playback characteristics of 
magnetic tape and record/playback heads 
are not flat but exhibit a loss at high frequen
cies and a boost at lower frequencies. To 
obtain an overall flat frequency response 
and improved signal to noise ratio, the audio 
signals are equalized by boosting the higher 
frequencies in amplitude before recording. 
Playback amplifiers must exhibit bass boost 
to remove the effects of pre-emphasis for an 
overall flat response. 

Known as the NAB equalization curve, the 
standard deemphasis employs attenuation 
from the turnover frequency of 50Hz to the 
turnover frequency of 3180Hz for 7 112 Ips 
recording. The slower recording speed of 
3.75 Ips employs turnover frequencies of 
50Hz and 1326Hz. These curves are shown in 
Figure 1. A reference level of 800l'V head 
sensitivity at 1 kHz is also used by the NAB. 

STEREO PREAMPLIFICATION 
The voltage level appearing at the output of 
tape playback heads and some phono car
tridges are too small to be useful without a 
large amount of low noise preamplification. In 
addition to providing low noise amplification, 
the preamplifier should possess enough open 
loop gain so that the RIAA and NAB equaliza
tion curves can be produced in the feedback 
networks of the amplifier. The following para
graphs describe the characteristics and appli
cations of the 542. This device provides a 
matched pair of amplifiers which have been 
specifically designed to minimize amplifier 
noise and maximize signal to noise ratio. 

542 DEVICE DESCRIPTION 
The NE542 is a dual low noise amplifierwith 
104dB open loop gain produced by two 
stages of voltage gain followed by one stage 
of current gain. 

In the design of low noise devices special 
aitemtion must be focused on the input 
stage. If differential topography is used, the 
stage should be designed so that one of the 
differential transistors is turned off. This 
reduces the noise contribution by a factor of 
1.4 since only one transistor is producing 
noise. Current sources and mirrors cannot 
be used for biasing loads because active 
elements will contribute more noise. 

Implementing these observations, the first 
gain stage of the 542 is pictured with the com
plete schematic by Figure 2. 

TAPE EQUALIZATION CURVES 
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Although the differential input configura
tion degrades the noise performance slightc 
Iy, using differential inputs has the advan
tages of higher input impedance, allowing 
smaller capacitors and larger resistors to be 
used to achieve the RIAA and NAB curves. 

The second stage is a common-emitter 
amplifier 10SI with a current source load 
(06), The Darlington emitter-follower 03-
04 provides level shifting and current gain 
to the common-emitter stage lOS 1 and the 
output current sink 1071. The voltage gain of 
the second stage is approximately 2000 
making the total gain of the amplifier typi
cally 160,000 in the differential input con
figuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor, Cl. This 
compensates to unity gain at lSMHz. The 
compensation is adequate to preserve sta
bility to a closed loop gain of 10. 

BIASING 

The non-inverting input has been internally 
biased from a 1.4 Volt internal voltage source. 
Following the zero differential rule of amplifi
ers, the output voltage will be set by the resis
tor feedback network (A4 and A5) of Figure 3. 

The base of 02 requires O,S!LA bias current. 
Hence RS should pass S!LA minimum for 
stability, for an output dc voltage of Vee 
the values of A4 and A5 are: 2 

2 VaE 
RS ="'iO'i; = 240K Max. (1) 

( Vcc ) 
R4 = 2.8 -1 RS (2) 

DC amplifier gain is defined by the ratio of 
R4 and R5. Open loop ac gain can be re
gained by adding a shunt capacitor across 
RS. The low frequency 3dB corner is then 
defined by the capacitor-resistor break 
point. 

NAB Tape Preamplifier 
Design of a preamplifier begins by determin· 
ing the gain and output signal amplitudes in 
reference to the standard 800!'V input signal 
level. For the following design example, we 
will use the 542 to achieve a 100mV output 
level at 1 kHz following the 7-112 Ips NAB 
equalization curve. The graph of Figure 1 has 
been calibrated both in absolute gain for this 
example and relative gain for general use. 

From the given parameters, the closed loop 
gain becomes 32dB at the highest frequency 
of interest. The NAB response is achieved by 
adding frequency selective ac feedback as 
depicted by Figure 4. Aesistors A4 and A5 
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DIFFERENTIAL INPUT BIASING NE542 

Z2 

Rl 
200K 

All resistor values are in ohms 

el 

vee 

R4 

R5 

Figure 3 

NAB RESPONSE AMPLIFIER 

12V 

4,5 

II 

All resistor values are in ohms 

Figure 4 

select the dc gain as defined by Equations 1 
and 2. Placing a value of 200K upon R5, 
Equation 2 yields a value of 680K ohms. 

The lower corner frequency is determined 
next by the reactance of C4 and A4 such 
that: 

.1S9 
11 = C4 R4 (3) 

Solving for C4 yields a value of .0047!,fd. 

Signefics 

The upper corner frequency, f2, is similarly 
fixed by the reactance of C4 and A7. 

.159 
12 = C4 R7 (4) 

Then solving Equation 4 for A7 defines a 
value of 11 k ohms. 

Midband gain is now fixed by the relation
ship. 

A=RS+R7 
RS 

(5) 

Solving forthe 1 kHz gain of 42dB using 11 k 
for R7 yields a value of 88 ohms for A6. The 
final calculation of the low frequency cut off 
of the preamp determines the size of C2. 

C2 = .159 
ICUTOFF RS 

(6) 

Typical Applications 

In addition to the previous detailed design 
examples, the following general amplifier con
figurations (see Figures S through 8) are pre
sented. The choice of design and the device 
used is a function of the desired complexity 
and overall performance. 



LINEAR LSI PRODUCTS 

APPLICATIONS OF LOW NOISE STEREO AMPLIFIERS: NE542 

FLAT RESPONSE TAPE 
AMPLIFIER 

II 
R3 R5 

Figure 5 

TYPICAL NAB RECORD PREAMPLIFIER 

All resistor values are in ohms 

Figure 7 

II 

II 

TWO-POLE FAST TURN-ON 
NAB TYPE PREAMP 

12V 

',' 
680K 120pF 

220K 220K 

2K 2K 24K 

J'" r"_ 
Figu-re 6-

TYPICAL TAPE PLAYBACK 
AMPLIFIER 

>,4",-.5 ----.--0 .SVrms 

2.2M 

62K 1500pF 

Figure 8 

Signetics 

AN190 

9 

9·147 



LINEAR LSI PRODUCTS 

STEREO DECODER APPLICATIONS USING THE ".A758 AN191 

STERO DECODER 
APPLICATIONS: /lA758 

Introduction 
The phase locked loop (PLU has been used 
for many years in consumer equipment. 
Due to the nature of FM STEREO MUL TI
PLEX SYSTEMS, where prime importance 
is the channel separation, discrete systems 
lacked the tracking ability over wide tempera
ture and voltage ranges to be done economi
cally. 

The development of the monolithic PLL and 
improvements in IC processing has made 
the Phase Locked Loop FM Stereo Multi
plexer Decoder a reality. 

Major Advantages 
The economic advantages in using the PLL 
multiplex decoding system are not only cost 
reduction, by eliminating peripheral com
ponents, but the man hour cost reduction by 
eliminating turning coils, thereby eliminat
ing tedious alignment procedures. 

The cost advantages are extremely signif
cant and are in addition to the following: 

• 45 dB Channel Separation 
• Automatic Stereo/Mono Switching 
• Stereo Indicator Lamp Driver With Cur

rent Limiting 
• High Impedance Input-Low Impedance 

Outputs 
• 70dB SCA Rejection (SubSidiary Carrier 

Authorization) 
• One Adjustment for Complete Alignment 
• 10V to 16V Supply Voltage Range 

FM Stereo Multiplex Subcarrier 
and Pilot 
The two (21 basic signals differentiating an 
FM stereo multiplex signal from an FM 

9·148 

monaural signal are the 19kHz pilot and the 
38kHz subcarrier. The frequency and phase 
relationship of these signals is well defined. 

Earlier systems had to reconstruct the 
38kHz subcarrier by using the 19kHz pilot. 
This system required frequency multipliers 
and selective filters Icoilsl. Since maximum 
channel separation is directly related to 
proper phasing, alignment procedures were 
extremely critical and therefore expensive. 
In addition, long term stability and per
formance were degraded due to component 
aging, and temperature. 

quired. The p.A758 is suitable for all 
line-operated and automotive FM Stereo 
Receivers. 

Referencing The Block Diagram 
The upper row of blocks comprises the PLL 
which regenerates the 38kHz subcarrier, 
necessary for multiplex signal demodula
tion. The basic 76kHz generator is voltage 
controlled, and is divided by 2 to insure a 
50% duty cycle 38kHz internally generated 
signal. This symmetry is necessary for max
imum left/right channel separation and SCA 
rejection (band centered at 67kHz)' Dividing 

Use. of the PLL as the multiplex decoder the 38kHz by 2 generates the 19kHz signal 
eliminated these short comings since the necessary to lock on to the incoming pilot 
phase accuracy of the 38kHz signal IS IImlt- signal. A second 19kHz signal is generated 
ed only by the loop gain of the system and. which is in quadrature to the first internally 
the free running oscillator stability. Both of generated 19kHz signal and in phase with 
these parameters are easily controlled, pro- the pilot. This second 19kHz is mixed in a 
vlding easy, rapid adjustment and excellent quadrature (synchronous) phase detector to 
long term stability. operate the stereo switch and lamp driver 

General Description 

The p.A 758 is a monolithic Phase Locked 
Loop FM Stereo Multiplex decoder using the 
16-Lead DIP N Package. This integrated cir
cuit decodes an FM Stereo Multiplex Signal 
into Right and Left audio channels while 
inherently suppressing SCA information 
when it is contained in the composite input 
signal. Internal functions include automatic 
mono-stereo mode switching and drive for an 
external lamp to indicate stereo mode 
operation. 

The p.A758 operates over a wide supply 
voltage range and uses a low number of 
external components. It has only one con
trol to adjust a potentiometer to set oscilla
tor frequency. No external coils are re-

Signetics 

circuitry. 

When a stereo signal is present, the stereo 
switch enables the stereo demodulator and 
when a stereo signal is not present the 
demodulator is disabled allowing the sys
tem to reach optimum noise performance. 

Functional Operation 

To aid in understanding the system operation, 
the p.A758 equivalent circuit has been broken 
down into subsections as follows. Reference 
Figure 2. 

I 
II 
III 
IV 
V 
VI 

Buffer Amplifier and Bias Supplies 
Demodulator 
Stereo Switch and Lamp Driver 
Voltage Controlled Oscillator 
Frequency Dividers 
Pilot Phase and Amplitude Defectors 
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I Buffer Amplifier and Bias 
Supplies (Figure 3) 
The zener diode Z, and its associated tran
sistors generate a 6V internal voltage refer
ence source. From this 6V reference, addi
tional bias levels are established via 
resistors R3, R4, and R5. In addition transis
tor Q7 acts as the control source for several 
current mirrors; Q11 in the Buffer Amplifier, 
Q43 and Q44 in the Stereo Switch and Lamp 
Driver 1111) and Q67 and Q73 in the Voltage 
Controlled Oscillator IIV), 

The input Buffer Amplifier (Q8, Q9) level 
shifts the composite multiplex input signal 
to 2 levels each in phase with each other. 

Transistors 010 - Q13 amplify this same 
signal by the ratio of: 

A=~ 
R'3 

This amplified signal, the gain of which is 
independent of supply voltage variation, is 
fed to the Pilot Phase and Amplitude Detec
tors (VI). 

II Demodulator (Figure 4) 
The basic demodulator, 025 - 030, is a fully 
balanced detector similar to standard phase 
locked loop types. The addition of resistors 
R29, R30, and R31 introduces a small offset 
to allow a small multiplex signal in the 
collector of Q30. This Signal compensates 
the cross talk components inherent to the 
synchronous switching demodulation proc
ess. 

Switching to the left and right channels is 
accomplished through 025 and Q26 when 
the 38kHz drive is present at their bases. 
This occurs when 033 is "ON."When 033 is 
off, a dc bias is placed at the bases of 025 
and Q26 through resistors R32 and R33, this 
automatically converts the system to mono
phonic operation. 

Supply voltage rejection is accomplished at 
the demodulator outputs by converting the 
audio to current supplies in 023 and Q24. 
The voltage developed across pnp transis
tors is 
Ve = (V+ + Vmod) - (Vbe + VD1 + [R22 iac] + Vmod) 

where Vbe = base-emitter voltage across Q22 and 
Q23 

Vmod = modulation on the power line 

V01 = diode drop in 021 

(R22liac = voltage drop due to current in the de
modulator 

Simplifying the above reduces to 

v. = V+ - (Vb. + V01 + R22 iael 

The output voltage developed is 

(1) 

COMPOSITE 
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Voul = ( ~;1 ) Rex! (2) 

where Rext = external resist~r 

The output voltage at pins 4 and 5 are 
provided through 1.3k resistors driven by 
Emitter Followers 021 and 024. 

//I Stereo Switch and Lamp Driver 
(Figure 5) 
The pilot amplitude detector differential 
voltage is sensed by the differential amplifi
er 041 and 042. This pair in conjunction 
with their load resistors (R41, R42) control 
amplifiers 045, 046. Positive feedback ac
tion is achieved through 047, R50, 050 and 
R46 (which turns off 044), 

The turn on threshold is the differential 
input voltage required to overcome the off
set voltagelri R43 times the current summa
tion of IR44 and IR45. When the lamp is ON, 
044 is off and the differential voltage across 
R43 is reduced by the amount (lR45 x R43), 
which means a lower turn off voltage is 
required. This voltage difference is referred 
to as the switch hysteresis. 

Transistors 048 senses tho current across 
R51 which therefore controls the maximum 
current in the Stereo Indicator Lamp. 

Vbe Q48 
ImBx = fi'i'51 

IV Voltage Controlled Oscillator 
(Figure 6) 

(3) 

The basic oscillator 071-079 is an RC relaxa
tion type which generates a positive low duty 
cycle, 76kHz output. The frequency is estab
lished by equations 4 and 5. 

The control voltage from the phase detector 
into the transconductance amplifier 061 -
069 converts the differential error to a bidi
rectional single ended current drive to the 
oscillator. 

Voltage on the capacitor is compared with 
the set voltages by the differential input 
stage 071, 072. This feeds 074,075. The 
output of 075 drives a PNP inverter, 076, 
(whose action eliminates power supply 
modulation as described in the demodula
tor section of this note), when these set 
limits are reached the direction of charge 
reverses. 
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Lower set voltage is set by R79, R80, and the 
regulated 6V supply. The upper set voltage 
(VH) involves two (2) additional resistors R77 
and R78 and is established when 076 turns 
on 077. Both set levels are referenced to the 
regulated 6V supply and are therefore de
pendent only on resistor ratios. (Proper 
design layout should also eliminate tem
perature variations.) 

Capacitor charging is through 078 and R8 
and discharging through the external fixed 
resistor. 

Equations 4 and 5 of Figure 7 are first order 
expressions for the change and discharge 
periods. 

079 supplies a positive output pulse neces
sary to operate the 38kHz dividers. 

V Frequency Dividers 
(Figure 8) 
Transistors 091 through 094 form a simple 
divide-by-two circuit which converts the 
pulse output from the 76kHz oscillator to a 
38kHz square wave. 

The divider changes state during the posi
tive excursion of the input pulse supplied 
from the emitter of 079 in the oscillator. 
Initially, when the input is low, 091 and 092 
are OFF and we may arbitrarily assume 093 
is ON and 094 is OFF. 

As the potential on the input rises, 091 
starts conduction before 092 because the 
emitter of 091 is at a lower potential than the 
emitter of 092. (The emitter of 091 is con
nected through R95 to the collector of 093 
which is in saturation, whereas the emitter 

38kHz OUTPUTS 
TO DEMODULATOR 

0° 1800 

of 092 is at the VBE(ON) potential of 093). 
Since 091 is ON, the current from both R92 
and R93 flows through the emitter of 091 
into R95. As this current increases, the 
rising voltage at the emitter of 091 turns 
094 ON which removes base drive to 093 
and turns it OFF, thus producing a change 
of state in the divider. Even though the 
relative potentials at the emitters of 091 and 
092 are now reversed, current continues to 
flow in 091 for the duration of the positive 
input because 092 is held OFF by 091. 
When the input returns to a low potential, 

091 turns OFF. The divider remains in its 
present state until driven by the next posi
tive going input. 

Oppositely phased 38kHz outputs to the 
demodulator are taken from the collectors 
of 093 and 094. Transistors 095 and 096 
are used to drive the two 38kHz dividers. 

The 38kHz Ouadrature Divider has an 
identical configuration to the 76kHz divider. 
A change of state occurs with each positive 
excursion of the 38kHz input signal from the 
emitter of 096. 

OSCILLATOR WAVEFORMS 

vs ------------------------------------------------__ __ 

SET 
VOLTAGES 

~-------------I,--------------~ 

Basic timing equations: 

11 = R8t C 1 n vv' - vV L 
s- H 

VH 
12=RC1"\iL 

(Equation 4) 

(Equation 5) 

where Rand C are external components on lead 15. R81 is on the chip, and VHandVLsre 
set voltages which are a fixed percentage of Vs• the internally regulated 6 Volt supply. 

Figure 7 

FREQUENCY DIVIDERS 
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INPUT 

19kHz outputs to pilot amplitude and phase detectors. 

90' 

Figure 8 
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The 38kHz In-Phase divider contains a bi
stable pair, Q113 and Q114, steered by 
inputs into Qlll and Q112, la 38kHz input 
from the collector of Q95, and 19kHz inputs 
from the bases of Ql03 and Ql04)' If the 
19kHz input to the base of Qlll is high 
when the 76kHz divider turns Q95 ON, Qlll 
conducts and removes drive to Q114, 
changing the state olthe bistable pair, Q113 
and Q114. The bistable remains in this state 
until the next 38kHz turn on of 095 which, 
this time, turns 0112 ON, removes drive to 
0113 and resets the bistable pair. The re
sulting 19kHz outputfrom 0113 and Q114 is 
at 90 degrees to the Quadrature Divider 
output with no ambiguity in phasing. 

Pilot Phase and 
Amplitude Detectors 
The pilot phase detector and pilot amplitude 
detector as shown in Figure 9 are syn
chronous, balanced chopper types which 
develop differential output signals across 
external filters. Back-to-back NPN transistor 
pairs are used for each switch to insure mini
mum drop regardless of signal polarity with
out reliance on inverse N PN beta 
characteristics. 

The chopper transistors IQ121 through 
0124). in the phase detector are driven from 
the 38kHz Quadrature Divider through tran
sistors 0125 and Q126. The input signal is 
supplied from lead 12 through resistors 
R125 and R126. A differential output is 
developed across the loop filter, comprised 
of resistors R123 and R124 and the external 
R-C network between leads 13 and 14. 

The pilot amplitude detector IQ131 through 
0136), has an identical configuration to the 
phase detector. Since it operates with drive 
which is in phase with the pilot signal 190 
degrees from the drive to the phase detec
tor), its output is proportional to the ampli
tude of the pilot component of the multiplex 
signal. The differential output at leads 9 and 
10 is filtered by the external capacitor on 
these two leads. 

A reference 19kHz square wave signal is 
taken from the collector of drive transistor 
Q136 through resistor R137 to lead 11. It has 
the same phasing as the pilot contained in 
the multiplex input signal. 
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specified. 
C1 Tolerance = + 100%, -20% 
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R1 and R2 Tolerances = ±1% in test circuit and ±5% in typical application. 
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TYPICAL PERFORMANCE CURVES FOR 758 
(Test Circuit 1 unless Otherwise Specified) 
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APPLICATIONS 
The following circuits will illustrate some of 
the wide variety of applications for the 
NE570. 

BASIC EXPANDOR 
Figure 1 shows how the circuit would be 
hooked up for use as an expandor. Both the 
rectifer and .e.G cell inputs are tied to Vin so 
that the gain is proportional to the average 
value of (Vin)' Thus, when Vin falls 6dB, the 
gain drops 6dB and the output drops 12dB. 
The exact expression for the gain is 

Gain expo =: 2 A3 Vin lave' ; 18 = 140/JA 
A, A2 18 

The maximum input that can be handled by 
the circuit in Figure 1 is a peak of 3V. The rec
tifier input current can be as large as 1= 3VI 
R, = 3V/l0K = 300~A. The .e.G cell input 
current should be limited to 1= 2.BVI 
R2 = 2.BV/20K = 140/,A. If it is necessary to 
handle larger input voltages than 0 ± 2.BV pk, 
external resistors should be placed in series 
with R, and R, to limit the input current to the 
above values. 

Figure 1 shows a pair of input capacitors Cin, 
and Cin2. It is not necessary to use both 
capacitors if low level tracking accuracy is not 
important. It R, and R2 are tied together and 
share a common capacitor, a small current 
will flow between the .e.G cell summing node 
and the rectifier summing node due to offset 
voltages. This current will produce an error in 
the gain control signal at low levels, degrad
ing tracking accuracy. 

The output of the expandor is biased up to 
3V by the dc gain provided by R3, R4. The 
output will bias up to 

A3 
You! de = (1 + -) Vref 

A4 

For supply voltages higher than 6V, R4 can 
be shunted with an external resistor to bias 
the output up to 1/2VCC. 

Note that it is possible to externally increase 
R" R2, and R3, and to decrease R3 and R4. 
This allows a great deal of flexibility in 
setting up system levels. If larger input 
signals are to be handled, R, and R2 may be 
increased; if a larger output is required, R3 
may be increased. To obtain the largest 
dynamic range out of this circuit, the rectifi
er input should always be as large as possi
ble (subject to the ±300",A peak current 
restriction). 

BASIC COMPRESSOR 
Figure 2 shows how to use the NE570/571 as 
a compressor. It functions as an expandor in 
the feedback loop of an op amp. If the input 
rises 6dB, the output can rise only 3dB. The 
3dB increase in output level produces a 3dB 
increase in gain in the .e.G cell, yielding a 6dB 
increase in feedback current to the summing 
node. Exact expression for gain is 

Gain camp = LA, A2 18 J'/2 
2 R3 Yin (ave) 

The same restrictions for the rectifier and 
.e.G cell maximum input current still hold, 
which place a limit on the maximum com
pressor output. As in the expandor, the 
rectifier and .e.G cell inputs could be made 
common to save a capacitor, but low level 
tracking accuracy would suffer. Since there 
is no dc feedback path around the op amp 
through the .e.G cell, one must be provided 
externally. The pair of resistors Rdc and the 

BASIC EXPANDOR 
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Figure 1 

R, 

VOUT 
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capacitor Cdc must be provided. The op 
amp output will bias up to 

2 Adc 
Vout de = (1 + --) Vref 

A4 

For the largest dynamic range, the com
pressor output should be as large as possi
ble so that the rectifier input is as large as 
possible (subject to the ±300",A peak cur
rent restriction). If the input signal is small, a 
large output can be produced by reducing 
R3 with the attendant decrease in input 
impedance, or by increasing Rl or R2. It 
would be best to increase R2 rather than Rl 
so that the rectifier input current is not re
duced. 

BASIC COMPRESSOR 

DISTORTION TRIM 
Distortion can be produced by voltage off
sets in the .e.G cell. The distortion is mainly 
even harmonics, and drops with decreasing 
input signal. (Input signal meaning the cur
rent into the .e.G cell.) The THD trim terminal 
provides a means for trimming out the offset 
voltages and thus trimming out the distortion. 
The circuit shown in Figure 3 is suitable, as 
would be any other capable of delivering 
± 30~A into lOon resistor tied to I.BV. 

THO TRIM NETWORK 

Vee 

3.611 

UK 
OVA .20K 

To THO Trim 

Figure 3 
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LOW LEVEL MISTRACKING 
The compandor will follow a 2 to 1 tracking 
ratio down to very low levels. The rectifier is 
responsible for errors in gain, and it is the 
rectifier input bias current of <100na that 
produces errors at low levels. The magni
tude of the error can be estimated. For a full 
scale rectifier input signal of ±200/JA, the 
average input current will be 127/JA. When 
the input signal level drops to a 1/JA aver
age, the bias current will produce a 10% or 
1dB error in gain. This will occur at 42dB 
below the maximum input level. 

It is possible to deviate from the 2 to 1 transfer 
characteristic at low levels as shown in the cir
cuit of Figure 4. Either Ra or Rb, (but not 
both), is required. The voltage on Crect is 
2 X Vb. plus Vin ave. For low level inputs Vin 
ave is negligible, so we can assume 1.3V as 
the bias on Crect. If Ra is placed from Crect to 
gnd we will bleed off a current 1= 1.3V/Ra. If 
the rectifer average input current is less than 
this value, there will be no gain control input 
to the Il.G cell so that its gain will be zero and 
the expandor output will be zero. As the input 
level is raised, the input current will exceed 
1.3V/Ra and the expandor output will become 
active. For large input signals, Ra will have lit
tle effect. The result of this is that we will devi
ate from the 2 to 1 expansion, present at high 
levels, to an infinite expansion, at low levels 
where the output shuts off completely. Figure 
5 shows some examples of tracking curves 
which can be obtained. Complementary 
curves would be obtained for a compressor, 
where at low level signals the result would be 
infinite compression. The bleed current 
through Ra will be a function of temperature 
because of the two V be drops, so the low level 
tracking will drift with temperature. If a nega
tive supply is available, it would be desirable 

to tie Ra to that, rather than ground, and to 
increase its value accordingly. The bleed cur
rentwill then be less sensitive to the Vb. tem
perature drift. 

Rb will supply an extra current to the rectifier 
equal to (Vee -1.3V)Rb. In this case, the 
expandor transfer characteristic will deviate 
towards 1 to 1 at low levels. At low levels the 
expandor gain will stop dropping and the 
expansion will cease. In a compressor this 
would lead to a lack of compression at low lev
els. Figure 6 shows some typical transfer 
curves. An Rb value of approximately 2.5Meg 
would trim the low level tracking so as to 
match the Bell system N2 trunk compandor 
characteristic. 

MISTRACKING WITH R A 
'20 

"0 

~m 
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MISTRACKING 

R, 

Your 

Figure 4 
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MISTRACKING WITH R B 

-40 

EXPANDOR INPUT ·LEVEL dB OR 
COMPRESSOR OUTPUT LEVEL 

Figure 6 

RECTIFIER BIAS CURRENT 
CANCELLATION 
The rectifier has an input bias current of 
between 50 and 100na. This limits the 
dynamic range of the rectifier to about 60dB. 
It also limits the amount of attenuation of the 
Il.G cell. The rectifier dynamic range may be 
increased by about 20dB by the bias current 
trim network shown in Figure 7. Figure 8 
shows the rectifier performance with and 
without bias current cancellation. 

ATTACK AND DECAY TIME 
The attack and decay times of the compandor 
are determined by the rectifier filter time con
stant 10K x Crect. Figure 9 shows how the 
gain will change when the input signal under
goes a 10, 20, or 30dB change in level. 

The attack time is much faster than the decay, 
which is desirable in most applications. Fig
ure 10 shows the compressor attack envelope 
for a + 12dB step in input level. The initial out
put level of 1 unit instantaneously rises to 4 
units, and then starts to fall towards its final 
value of 2 units. The CCITT recommendation 
on attack and decay times for telephone sys
tem compandors defines the attack time as 
when the envelope has fallen to a level of 3 
units, corresponding to t = .15 in the figure. 
The CCITT recommends an attack time of 3 
± 2ms, which suggests an RC product of 
20ms. Figure 11 shows the compressor out
put envelope when the input level is suddenly 
reduced 12dB. The output, initially at a level 
of 4 units, drops 12dB to 1 unit and then rises 
to its final value of 2 units. The CCITT defines 
release time as when the output has risen to 
1.5 units, and suggests a value of 13.5 
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RECTIFIER BIAS CURRENT 
COMPENSATION 
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COMPRESSOR RELEASE ENVELOPE 
-12dB STEP 

I~lb;~, 
o 2 4 6 6 1,0 1.2 1 4 1,6 1.8 

TIME CONSTANTS 10KCRECT 

Figure 11 

± 9ms. This corresponds to t = .675 in the fig-
. ure, which again suggests a 20ms RC prod

uct. Since R, = 10K, the CCITT recommenda
tions will be met if Crect = 2"F. 

There is a trade-off between fast response 
and low distortion. If a small Crect is used to 
get very fast attack and decay, some ripple 
will appear on the gain control line and pro
duce distortion. As a rule, a I"F Crect will pro
duce .2% distortion at 1 kHz. The distortion is 
inversely proportional to both frequency and 
capacitance. Thus, for telephone applications 
where Crect = 2"F, the ripple would cause .1 % 
distortion at 1 kHz and .33% at 300Hz. The 
low frequency distortion generated by a com
pressor would be cancelled (or undistorted) 
by an expandor, providing that they have the 
same value of Crect ' 

FAST ATTACK, SLOW 
RELEASE HARD LIMITER 
The NE570/571 can be easily used to make 
an excellent limiter. Figure 12 shows a typical 
circuit which requires '/2 of an NE570/571, '/2 
of an LM339 quad comparator, and a pnp 
transistor. For small signals, the ~G cell is 
nearly off, and the circuit runs at unity gain as 
set by RB, R7. When the output signal tries to 
exceed a + or - 1 V peak, a comparator 
threshold is exceeded. The pnp is turned on 
and rapidly charges C4 which activates the 
~G cell. Negative feedback through the ~G 
cell reduces the gain and the output signal 
level. The attack time is set by the RC product 
of R'B and C4, and the release time is deter
mined by C4 and the internal rectifier resistor, 
which is 10K. The circuit shown attacks in 
less than 1 ms and has a release time con
stant of lOOms. Rg trickles about .7"A through 
the rectifier to prevent C4 from becoming 
completely discharged. The gain cell is acti
vated when the voltage on pin 1 or 16 ex
ceeds two diode drops. If C4 were allowed to 
become completely discharged, there would 
be a slight delay before it recharged to > 1.2V 
and activated limiting action. 

Signetics 

A stereo limiter can be built out of 1 
NE570/571 , 1 LM339 and two pnp transis
tors. The resistor networks R'2, R'3 and R'4, 
R,s, which set the limiting thresholds, could 
be common between channels. To gang the 
stereo channels together llimiting in one 
channel will produce a corresponding gain 
change in the second channel to maintain 
the balance of the stereo imagel, then pins 1 
and 16 should be jumpered together. The 
outputs of all 4 comparators may then be 
tied together, and only one pnp transistor 
and one capaCitor C4 need be used. The 
release time will then be the product 5KxC4 
since two channels are being supplied cur
rent from C4. 

USE OF EXTERNAL OP AMP 
The operational amplifiers in the NE570/571 
is not adequate for some applications. The 
slew rate, bandwidth, noise, and output 
drive capability can limit performance in 
many systems. For best performance, an 
external op amp can be used. The external 
op amp may be powered by bipolar supplies 
for a larger output swing. 

Figure 13 shows how an external op amp may 
be connected. The non-inverting input must 
be biased at about I.BV. This is easily accom
plished by tying it to either pin 8 or 9, the THD 
trim pins, since these pins sit at I.BV. An 
optional RC decoupling network is shown 
which will filter out the noise from the NE5701 
571 reference (typically about 10"V in 20kHz 
BW). The inverting input of the external op 
amp is tied to the inverting input of the inter
nal op amp. The output of the external op 
amp is then used, with the internal op amp 
output left to float. If the external op amp is 
used single supply (+ Vee and ground), it 
must have an input common mode range 
down to less than I.BV. 

N2 COMPANDOR 
There are four primary considerations in
volved in the application of the NE570/571 
in an N2 compandor. These are matching of 
input and output levels. accurate 600n input 
and output impedances, conformance to 
the Bell system low level tracking curve, and 
proper attack and release times. 

Figure 14 shows the implementation of an N2 
compressor. The input level of .245V rms is 
stepped up to 1.41 V rms by the 6000: 20KO 
matching transformer. The 20K input resistor 
properly terminates the transformer. An inter
nal 20KO resistor (R3) is provided, but for 
accurate impedance termination an external 
resistor should be used. The output imped
ance is provided by the 4K output resistor and 
the 4KO: 6000 output transformer. The .275V 
rms output level requires a l.4V op amp out-
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Figure 13 

1.8V 

put level. This can be provided by increasing 
the value of R2 with an external resistor, which 
can be selected to fine trim the gain. A rear
rangement of the compressor gain equation 
(6) allows us to determine the value for R2. 

Gain2 x 2 R3 Vin ave 12 X 2 X 20K X 1.27 
R2=------~~~-

R,la 10K X 140~A 

= 36.3K 

The external resistance required will thus be 
36.3K - 20K = 16.3K 

The Bell compatible low level tracking 
characteristic is provided by the low level trim 
resistor from Crecl to Vee. As shown in Figure 
6, this will skew the sytem to a 1:1 transfer 
characteristic at low levels. The 21'F rectifier 

OR LM393 
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,oon 

Rn 

Rn 
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R" 

Figure 12 
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'6K 
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4.0K 4K: 600 n ,..----
.275VRMS 

6000. 

Figure 14 

capacitor provides attack and release times 
of 3ms and 13.5ms respectively, as shown in 
Figures to and 11. The R-C-R network around 
the op amp provides dc feedback to bias the 
output at dc. 

An N2 expandor is shown in Figure 15. The 
input level of 3.27V RMS is stepped down to 

Signetics 

1.33V by the 6000: 1000 transformer, which is 
terminated with a 1000 resistor for accurate 
impedance matching. The output impedance 
is accurately set by the 1500 output resistor 
and the 1500: 6000 output transformer. With 
this configuration the 3.46V transformer out
put requires a 3.46V op amp output. To obtain 
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600n:100n 

327 
VRMS 
600n 

this output level, it is necessary to increase 
the value of R3 with an external trim resistor. 
The new value of R3 can be found with the 
expandor gain equation 

R, R2 18 Gain 10K X 20K X 140~A X 2.6 
R3=-----

2VIN avg 2X1.20 
= 30.3K 

An external addition to R3 of 10K is required, 
and this value can be selected to accurately 
set the high level gain. 

A low level trim resistor from Cree' to Vcc of 
about 3Meg provides matching of the Bell low 
level tracking curve, and the 2JlF value of Creet 
provides the proper attack and release times. 
A 16K resistor from the summing node to 
ground biases the output to 7V dc. 

VOLTAGE CONTROLLED 
ATTENUATOR 
The variable gain cell in the NE570/571 may 
be used as the heart of a high quality voltage 
controlled amplifier (VCA). Figure 16 shows a 
typical circuit which uses an external op amp 
for better performance, and an exponential 
converter to get a control characteristic of 
- 6dSIV. Trim networks are shown to null out 
distortion and dc shift, and to fine trim gain to 
OdS with zero volts of control voltage. 

Op amp A2 and transistors 0, and Oz form 
the exponential converter generating an ex
ponential gain control current, which is fed 
into the rectifier. A reference current of 
150I'A, 115V and Rzo = 100K), is attenuated a 
factor of two 16dS) for every volt increase in 
the control voltage. Capacitor Cs slows 
down gain changes to a 20ms time constant 
(Cs x R,) so that an abrupt change in the 
control voltage will produce a smooth 
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N2 EXPANDOR 

R,20K 

Figure 15 

sounding gain change. R'8 assures that for 
large control voltages the circuit will go to 
full attenuation. The rectifier bias current 
would normally limit the gain reduction to 
about 70dS. R 18 draws excess current out of 
the rectifier. After approximately 50dS of 
attenuation at a -6dBIV slope, the slope 
steepens and attenuation becomes much 
more rapid until the circuit totally shuts off 
at about g volts of control voltage. Al should 
be a low noise high slew rate op amp. R'3 
and R'4 establish approximately a zero volt 
bias at A, 's output. 

With a zero volt control voltage, R 19 should 
be adjusted'for OdB gain. At 1V (-6dB gain) 
R9 should be adjusted for minimum distor
tion with a large (+10dBm) input signal. The 
output dc bias (A, output) should be meas
ured at full attenuation (+10V control volt
age) and then R8 is adjusted togive the same 
value at OdS gain. Properly adjusted, the 
circuit will give typically less than .1% dis
tortion at any gain with a dc output voltage 
variation of only a few millivolts. The clip
ping level (140I'A into pin 3, 14) is ±10V 
peak. A signa) to noise ratio of 90dB can be 
obtained. 

If several VCA's must track each other, a 
common exponential converter can be 
used. Transistors can simply be added in 
parallel with Oz to control the other chan
nels. The transistors should be maintained 
at the same temperature for best tracking. 

AUTOMATIC LEVEL CONTROL 
The NE570 can be used to make a very high 
performance ALC as shown in Figure 17. This 
circuit hookup is very similar to the basic com
pressor shown in Figure 2 except that the rec
tifier input is tied to the input rather than the 
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150n 
AOUT 

150n 600n 

346 
VRMS 
600n 

output. This makes gain inversely propor
tional to input level so that a 20dB drop in 
input level will produce a 20dB increase in 
gain. The output will remain fixed at a con
stant level. As shown, the circuit will maintain 
an output level of ± 1 dbm for an input range 
of + 14 to - 43dbm at 1 kHz. Additional exter
nal components will allow the output level to 
be adjusted. Some relevant design equations 
are: 

Output level = --- ---- ; IB = 140l'A R,R2 IB( V,N ) 
2 R3 V,N(avg) 

Gain where 
2 R3 V,N (av9) 

V,N ~ 
V,NlavgJ = 2 ff = 1.11 Itor sine wave) 

If ALC action at very low input levels is not 
desired, the addition of resistor Rx will limit 
the maximum gain of the circuit. 

Gain max. 

R, + Rx 
--,:ay- X R2 X 18 

2 R3 

The time constant of the circuit is deter
mined by the rectifier capacitor, Creet. and 
an internal 10K resistor. 

T = 10K Crect 

Response time can be made faster at the 
expense of distortion. Distortion can be 
approximated by the equation. 

( 1JlF) (1KHZ) THO = __ -- X .2% 
Crect treq. 
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VOLTAGE CONTROLLED ATTENUATOR 

15QK 
A .. '" Au 

DC SHIFT 
TRIM 

3.IY 
THD 
TAIM 

... , 
A, 

10DK 

A, 

100K 

A, 

220K 
Au 

.2K 
A" 

2JJF + I "1 
C, J. L __ ;-, • .; ____ _ _ _______ .J 

1.16 

CONTROL An ~ 
VOLTAGE 5.49K 1,," 1SDK ~~K 

0_10Y o---'V\/'v----1>__---4--_ GAIN 
RJI TRIM 

44 MEG 

A" 

VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 
Compression and expansion ratios other than 
2: 1 can be achieved by the circuit shown in 
Figure 18. Rotation of the dual potentiometer 
causes the circuit hookup to change from a 
basic compressor to a basic expandor. In the 
center of rotation, the circuit is 1 :1, has nei
ther compression nor expansion. The (input) 
output transfer characteristic is thus continu
ously variable from 2: 1 compression, through 
1: 1 up to 1:2 expansion. If a fixed compres
sion or expansion ratio is desired, proper 
selection of fixed resistors can be used 
instead of the potentiometer. The optional 
threshold resistor will make the compression 
or expansion ratio deviate towards 1:1 at low 
levels. A wide variety of (input) output charac
teristics can be created with this circuit, some 
of which are shown in Figure 18. 

_1SY 

'00' 
A .. 

Figure 16 

HI FI COMPANDOR 
The NE570 can be used to construct a high 
performance compandor suitable for use 
with music. This type of system can be used 
for noise reduction in tape recorders, trans
mission systems, bucket brigade delay 
lines, and digital audio systems. The circuits 
to be described contain features which im
prove performance, but are riot required for 
all applications. 

A major problem with the simple NE570 com
pressor (Figure 2) is the limited op amp gain 
at high frequencies. For weak input signals, 
the compressor circuit operates at high gain 
and the 570 op amp simply runs out of loop 
gain. Another problem with the 570 op amp is 
its limited slew rate of about .6V/",s. This is a 
limitation of the expandor, since the expandor 
is more likely to produce large output signals 
than a compressor. 

Signetics 

C, 

3.' 
A" 

Figure 20 is a circuit for a high fidelity com
pressor which uses an external op amp and 
has a high gain and wide bandwidth. An input 
compensation network is required for stability. 

Another feature of the circuit in Figure 20 
is that the rectifier capacitor (Cg) is not 
grounded, but is tied to the output of an op 
amp circuit. This circuit, built around an 
LM324, speeds up the compressor attack 
time at low signal levels. The response times 
of the simple expandor and compressor (Fig
ures 1 and 2) become longer at low signal 
levels. The time constant is not simply 
10K x Crect ' but is really 

1 OK + 2 -- xCrect. ~ ( .026V)) 
Irect 

When the rectifier tnput level drops from 
OdBm to -30dBm. the time constant in
creases from 10.7KxCrcct to 32.6KxCrect. In 

9-161 
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'"' 

THRESHOLD 1 MEG 
LOG 

9-162 

'"' 

(6,11) 

AUTOMATIC LEVEL CONTROL 

12,15) A, (1,18) 

'.K 
RX 

33K "K 

.I'."' 
15,1219------11-----... 

R, 

3.K 

1.8V 

Figure 17 

30pF 

VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 

8,9 31K 

r
I 

DUAL ,.K 

30pl 

,..---..... --oV'N 

COMPRESSION 

I 
EXPANSION 

5"' 
(6.11) {5,1219-'WIr--.---'lM,....." 

Figure 18 

YOUT 
(7,10) 

Signetics 

systems where there is unity gain between 
the compressor and expandor, this will 
cause no overall error, Gain or loss between 
tne compressor and expandor will be a 
mistracking of low signal dynamics, The 
circuit with the LM324 will greatly reduce 
this problem for systems. which cannot 
guarantee the unity gain, 

When a compressor is operating at high 
gain, (small input Signal), and is suddenly hit 
with a signal, it will overload until it can 
reduce its gain, Overloaded the output will 
attempt to swing rail to rail. This compress
or is limited to approximately a 7V peak to 
peak output swing by the brute force clamp 
diodes D3 and D4, The diodes cannot be 
placed in the feedback loop because their 
capacitance would limit high frequency 
gain, The purpose of limiting the output 
swing 'is to avoid overloading any succeed
ing circuit such as a tape recorder input. 

The time it takes for the compressor to 
recover from overload is determined by the 
rectifier capacitor eg. A smaller capacitor 
will allow faster response to transients, but 
will produce more low frequency third har
monic distortion due to gain modulation, A 
value of 11'F seems to be a good compromise 
value and yields good subjective results, Of 
course, the expandor should have exactly 
the same value rectifier capacitor for proper 
transient response, Systems which have 
good low frequency amplitude and phase 
response can use compandors with smaller 
rectifier capacitors, since the third harmon
ic distortion which is generated by the com
pressor will be undistorted by the expandor, 

Simple compandor systems are subject to a 
problem known as breathing, As the system 
is changing gain, the change in the back
ground noise level can sometimes be heard. 

TYPICAL INPUT-OUTPUT 
TRACKING CURVES OF 

VARIABLE RATIO 
COMPRESSOR-EXPANDOR 

OUTPUT 
LEVEL 
'Odl/DIV 

INPUT LEVEL lOdI/DIY. 

Figure 19 
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The compressor in Figure 20 contains a high 
frequency pre-emphasis circuit (C2, Rs and 
Ca, R,4), which helps solve this problem. 
Matching de-emphasis on the expandor is 
required. More complex designs could make 
the pre-emphasis variable and further reduce 
breathing. 

The expandor to complement the compressor 
is shown in Figure 21. Here an external op 
amp is used for high slew rate. Both the com
pressor and expandor have unity gain levels 
of OdBm. Trim networks are shown for distor
tion (THD) and dc shift. The distortion trim 
should be done first, with an input of OdBm at 
10kHz. The dc shift should be adjusted for 
minimum envelope bounce with tone bursts. 
When applied to consumer tape recorders, 
the subjective performance of this system is 
excellent. 

HI-FI COMPRESSOR WITH PRE-EMPHASIS 

+3.6V 

Ru 
220K 

1001( r-"'N..-K 
Ru 

THO 
TRIM 

COMPRESSOR 

'0 c, 

~" 
1100K 

c, 
005 

Signetics 

58K 

t---'IM~- +7.5V 

0, 

D. 

Figure 20 

AN174 

S;<F COMPRESSOR 

·c,~DUT 
Rn 

":'" lOOK 
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,. 

A, 

-:-

9-164 

,OOK 

A, 
220K 

C,C. 
SHIFT 

TRIM 

A. 
lOOK 

HI-FI EXPANDOR WITH DE-EMPHASIS 
+3.8V 

A. 
lOOK 

R" 
220K 
T.H.D. TRIM 

... 7.5V 

270 
pF 

A .. 2.2 K 

An 

lK . 
C'J-"'F 

1"F 

C, 
214 LM324 

Figure 21 

Signetics 

Au 
20K 

C, 
.005 

Au 
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+2"F EXPAND OR 

q.:'"' C, 
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AUTOMATIC LEVEL CONTROL: NE572 AN175 

NES72 AUTOMATIC LEVEL CONTROL 

+ 3.3K 

RX 

'OOK 9.1K 

ROCI 

17.3K 
V,N 0>-----<"---111-+'----""'1'-----..--..... --__1 

2.2/lF R3 

TOTHD ____ ~~~ ____ ._--__1 

TRIM PIN 
OF 572 

PIN 6 

'K 

VODe = VREF (1 + ACC1 + ROC2) 
R, 

OUTPUT LEVEL=(R'R2IBV~) 
2R3 AVIN(BVQ) 

ATTACK TIME = ('OK) CA 

RECOVERY TIME = (10K) CR 

V+ 

TO LIMIT THE GAIN AT VERY LOW INPUT LEVELS, ADD Rx: 

R1 + Rx 

GAIN MAX. = 1.BV ·R2·IB 
2R, 

Signetics 

NOTE: 
PIN NUMBERS ARE FOR SIDE A OF THE NES72 

RECOVERY 
t-=----,.----,CAP 

9.'K 

.>--"_V"'O'-"Uc,T+'-D.:.C_ ...... _--'-j+ r--o VOUT 

2.2/lF 

WHERE: R, = 'OOK 
ROC1=RoC2=9.1K 
VREF = 2.SV 

WHERE: R, = 6.8K (Internal) 
R2=3.3K 
R3= 17.3K 
18= 140/lA 

~=~=1.11 
VIN(avg) 212 
(FOR SINE WAVES) 
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Compandors are versatile, low cost, dual 
channel gain control devices for audio fre
quencies. They are used in tape decks, cord
less telephones, and wireless microphones 
performing noise reduction. Electronic 
organs, modems and mobile telephone 
equipment use compandors for signal level 
control. 

So what is companding? Why do it at all? 
What happens when we do it? Compandor is 
the contraction of the two words compressor 
and expandor. There is one basic reason to 
compress a signal before sending it through a 
telephone line or recording it on a cassette 
tape. It is to process that signal (music, 
speech, data) so that all parts of it are above 
the inherent noise floor of the transmission 
medium and yet not running into the max 
dynamic range limits, causing clipping and 
distortion. The diagrams below demonstrate 
the idea; they are not totally correct because 
in the real world of electronics the 3kHz tone 
is riding on the 1 kHz tone. They are shown 
separated for better explanation. 

Figure 1 is the signal from the source. Figure 
2 shows the noise always in the transmission 
medium. Figure 3 shows the max limits of the 
transmission medium and what happens 
when a signal larger than those limits is sent 
through it. Figure 4 is the result of compress
ing the signal. (Note that 1118 larger signal 
would not be clipped when transmitted.) 

TI18 received/playback signal is processed 
(expanded) in exactly the samp-only inverted
ratio as the input signal was compressed. The 
end result is clean, undistorted signal with a 
high signal-to-noise ratio. 

This document has been designed to give the 
reader a basic working knowledge of the 

BLOCK DIAGRAMS 

Signetics Compandor family. The analyses of 
three primary applications will be accompa
nied by "recipes" describing how to select 
external components (for both proper opera
tion and function modification). Schematic 
and artwork for an application board are also 
provided. For comprehensive technical infor
mation consult the Compandor Product 
Guide or the Linear LSI Data Manual. 

The basic blocks in a compandor are the cur
rent controlled variable gain cell (delta-G), 
voltage to current converter (rectifier), and 
operational amplifier. Each Signetics com
pandor package has two identical, indepen
dent channels with the following block 
diagrams (notice that the 570/71 is different 
from the 572): 

3V 

- 3V 

ORIGINAL SIGNAL INPUT 

Figure 1 

WIDE BAND NOISE FLOOR 
OF TRANSMISSION LINE 

Figure 2 

NE570/571/SA571 

INPUT 

INPUT 

9-166 

CURRENT 
CONTROLLED 

GAIN CELL 

VOLT.-TO 
CURRENT 

CONVERTER 

ATTACK/RELEASE 
TIME CONSTANT 

CAPACITOR 

OUTPUT 

Signetics 

INPUT 

ATTACK 
TIME 

CAPACITOR 

INPUT 

AN176 

..... 
I \ 

MAX DYNAMIC 
RANGE 6V pk-pk 

Figure 3 

SIGNAL AFTER COMPRESSION 

3V ---- -------

-3V 

NES72 

CURRENT 
CONTROLLED 

GAIN CELL 

BUFFER 

VOLTAGE 
TO 

CURRENT 

Figure 4 

OUTPUT 

RELEASE 
TIME 
CAPACITOR 

SEE NOTES 
AT END 
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RIN 
VIN Q--.....,!V'.-.... --I 

The operational amplifier is the main signal 
path and output drive. 

The full wave averaging rectifier measures the 
AC amplitude of a signal and develops a con
tro( current for the variable gain cell. 

The variable gain cell uses the rectifier con
trol current to provide variable gain control for 
the operational amplifier gain block. 

The compandor can function as a COM
PRESSOR, EXPANDOR, and AUTOMATIC 
LEVEL CONTROLLER or as a complete 
compressor/expandor system as described in 
the following: 

1) The COMPRESSOR function processes 
uncontrolled input signals into controlled 
output signals. The purpose of this is to 
avoid distortion caused by a narrow 
dynamic range medium such as: telephone 
lines, RF and satellite transmissions, and 
magnetic tape. The COMPRESSOR can 
also limit the level of a signal. 

2) The EXPANDOR function allows a user to 
increase the dynamic range of an incoming 
compressed signal such as radio broad
casts. 

3) The compressor/expandor system allows a 
user to retain dynamic range and reduce 
the effects of noise introduced by the trans
mission medium. 

4) The AUTOMATIC LEVEL CONTROL (ALC) 
function (like the familiar automatic gain 
control) adjusts its gain proportionally with 
the input amplitude. This ALC circuit there
fore transforms a widely varying input sig
nal into a fixed amplitude output signal 
without clipping and distortion. 

BASIC COMPRESSOR 

CURRENT R, 
CONTROLLED 

GAIN CELL 

VOLTAGE TO R, 
CURRENT I--'WI.--II--+ 

CONVERTER 

Figure 5 

HOW TO DESIGN COMPANDOR 
CIRCUITS 
The rest of the cookbook will provide you with 
basic compressor, expand~r, and automatic 
level control application information. In all of 
the circuits a NE570/571 has been used. If 
high fidelity audio or separately programma
ble attack and decay time are ·needed, the 
NE572 with a low noise op-amp should be 
used. 

The COMPRESSOR (see Figure 5) utilizes all 
basic building blocks of the compandor. In 
this configuration, the variable gain cell is 
placed in the feedback loop of the standard 
inverting amplifier circuit. The gain equation 
is Av = - RF/RIN. As shown above, the varia
ble gain cell acts as a variable feedback resis
tor (RF). (See Figure 5.) 

As the input signal increases (above the 
crossover level of OdBm), this variable resistor 
decreases in value, causing the gain to 
decrease, thus limiting the output amplitude. 

Below the crossover level of OdBm, an 
increase in input signal causes the variable 
resistor to increase in value thereby causing 

. the output signal's amplitude to increase. 

In the compressor configuration the rectifier 
is connected to the output. 

The complete equation for the compressor 
gain is: 

Signetics 

~--------~~--oVOUT 

where: R, = 10K 
R2 = 20K 
R3 =20K 
Is= 140!,A 

VIN(avg) = 0.9 (VIN(rms» 

COMPRESSOR RECIPE 

1) DC bias the output half way between the 
supply and ground to get maximum head
room. The circuit in Figure 6 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 

VOUT DC = (1 + (2RDc/R4» VREF 

where: R4 = 30K 
VREF =1.BV 
RDC is external 

manipulating the equation we arrive at ... 

RDC = (C:~:)-1) :4) 

Note that the C(DC) should be large enough to 
totally short out any AC in this feedback loop. 

2) Analyze the OUTPUT signal's anticipated 
amplitude. 

a) if larger than 2.BV peak, R2 needs to be 
increased. (see INGREDIENTS sec
tion, below) 

b) if larger than 3.0V peak, R, will a/so 
need to be increased. 

By limiting the peak input currents we avoid 
signal distortion. 

3) The input and output coupling caps need 
to be large enough not to attenuate any 
desired frequencies. (Xc = 1/(6.28xf) 
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4) The C(rect) should be 11'F to 21'F for initial 
setup. This directly affects Attack and 
Release times. 

S) An input buffer may be necessary if the 
sources' output impedance needs match
ing. 

6) Pre-emphasis may be used to reduce 
noise-pumping, breathing, etc., if present. 
See the NES70/S71 data sheet for specific 
details. 

7) Distortion (THD) trim pins are available if 
the already low distortion needs to be fur
ther reduced. Refer to data sheet for trim
ming network. Note that if not used, the 
THD trim pins should have 200pF caps to 
ground. 

8) At very low input signal levels, the rectifier's 
errors become significant and can be 
reduced with the Low Level Mistracking 
network. (This technique prevents infinite 
compression at low input levels.) 

The EXPANDOR utilizes all the basic building 
blocks of the compandor (see Figure 7). In 
this configuration the variable gain cell is 
placed in the inverting input lead of the opera
tional amplifier and acts as a variable input 
resistance, RIN. The basic gain equation for 

. operational amplifiers in the standard invert
ing feedback loop is Av = - RF/RIN. 

As the input amplitude increases above the 
crossover level of OdBM, this variable resistor 
decreases in value, causing the gain to 
increase, thus forcing the output amplitude to 
increase. (Refer to Figure 10.) 

Below the crossover level an increase in input 
amplitude causes the variable resistor to 
increase in value, thus forcing the output 
amplitude to decrease. 

In the expandor configuration the rectifier is 
connected to the input. 

The complete equation for the expandor gain 
is: 

BASIC EXPANDOR 

VINo---'l~--4_-I 

Gain expandor = (2Ra VIN(avg))/R1 R21e 

where: R1 = 10K 
R2=20K 
Ra=20K 
le= 140JLA 

VIN(avg) = 0.9 (VIN(rms)) 

EXPANDOR RECIPE 
1) DC bias the output half way between the 
. supply and ground to get maximum head-

room. The circuit in Figure 8 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 

VOUT DC = (1 + Ra/R4) VREF 
where: R3 = 20K 

R4=30K 
VREF = 1.8V 

Note that when using a supply voltage higher 
than 6 volts the DC output level should be 
adjusted. To increase the DC output level, it is 
recommended that R4 be decreased by add
ing parallel resistance to il. (Changing Ra 
would affect the expand or's AC gain also and 
thus cause a mismatch in a companding 
system.) 

BASIC COMPRESSOR 

Roc 

5,12 ~CDC 

NOTE: 
Max AC current into: 
• Gainesll is 140~ peak 
• Rectifier is 300~ peak 
All components are internal, except 
the caps and ROC 

>------<i'::---<lVDUT 
7,10 

Figure 6 

BASIC EXPANDOR 

R, CURRENT 

>--+--oVOUT VIN11-_-'l~1'v-'-Ir-C_O_N_T ... RO .. L_L_E_D-, 

GAIN CELL > ........ ....--oVOUT 

Figure 7 
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2) Analyze the input signal's anticipated 
amplitude: 

a) if larger than 2.B peak, R2 needs to be 
increased. (see INGREDIENTS sec
tion, below) 

b) if larger than 3.0V peak, R, will also 
need to be increased. (see INGREDI
ENTS, below) 

By limiting the peak input currents we avoid 
signal distortion. 

3) The input and output decoupling caps 
need to be large enough not to attenuate 
any desired frequencies. 

4) The C(rect) should be 11'F to 21'F for initial 
setup. 

5) An input buffer may be necessary if the 
sources' output impedance needs match
ing. 

6) De-emphasis would be necessary if the 
complementary compressor circuit had 
been pre-emphasized (as in a tape deck 
application). See the HI-FI Expandor appli
cation in the Linear LSI Data Manual. 

7) Distortion (THD) trim pins are available if 
the already low distortion needs to be fur
ther reduced. See Linear LSI Data Manual 
for trimming network. Note that if not used, 
the THD trim pins should have 200pF caps 
to ground. 

B) At very low input signal levels, the rectifier's 
errors become significant and can be 
reduced with the Low Level Mistracking 
network (see Linear LSI Data Manual). 
(This technique prevents infinite expansion 
at low input levels.) 

In the ALe configuration, (Figure 9), the varia
ble gain cell is placed in the feedback loop of 
the operational amplifier (as in the COM
PRESSOR) and the rectifier is connected to 
the input. 

As the input amplitude increases above the 
crossover point, the overall system gain 
decreases proportionally, holding the output 
amplitude constant. 

As the input amplitude decreases below the 
crossover point, the overall system gain 
increases proportionally, holding the output 
amplitude at the same constant level. 

The complete gain equation for the .ALC is: 

Output level = R, R,Is ( VIN ) 
2 R3 VIN(avg) 

where ~=-"-= 1.11 (for sine wave) 
VIN(avg) 2-./2 

Note that for very low input levels, ALC may 
not be desired and to limit the maximum gain, 
resistor Rx has been added. The modified 
gain equation is: 

R, +Rx 

1.BV x R2 x 18 
Gain max. = --'':'::''''----'':''':=--''-'3. 

2 R3 

Rx '" ((desired max gain) x 26K) - 10K 

INGREDIENTS 
[Application guidelines for internal and exter
nal components (and input/output con
straints) needed to tailor (cook) each of the 
three entrees (applications) to your taste.] 

R, (10Kohms) limits input current to the rec
tifier. This current should not exceed an AC 
peak value of ± 300 microamps. An external 
resistor may be placed in series with R, if the 
input voltage to the rectifier will exceed 
± 3.0V peak (i.e., 10K x 300l'A = 3.0V). 

BASIC EXPANDOR 

V{N 3,'4 20K 

C IN2 

2,15 

Figure 8 

20K 

7,10 

NOTE: 
ALL COMPONENTS ARE 
INTERNAL EXCEPT CAPS. 

AUTOMATIC LEVEL CONTROL 

(2,15) R, (1,16) 

10K 

I-~IM,--q (3,14) 

33K 33K 

(5,12) 0>------11------.. 
30pF 

Figure 9 
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R2 (20Kohms) limits input current to the vari
able gain cell. This current should not exceed 
an AC peak value of ± 140 microamps. 
Again, an external resistor has to be placed in 
series with R2 if the input voltage to the varia
ble gain cell exceeds ± 2.BV (i.e., 
20K x 140fA). 

R3 (20Kohms) acts in conjunction with R4 as 
the feedback resistor (Rf) (expandor configu
ration) in the equation. (R3'S value can be 
either reduced or increased externally.) How
ever, it is recommended that R4 be the one to 
change when adjusting the output DC level. 

R4 (30Kohms) acts as the input resistor (R IN) 

in the standard non-inverting op amp circuit. 
(Its value can only be reduced.) 

Vowt DC ~ (1 + (R3/R4))Vref (for the EXPANDOR) 

Vowt DC ~ (1 + (2RDC/R4))Vref (for the COM PAN
DOR,ALC) 

[The purpose of these DC biasing equations 
is to allow the designer to set the output half 

way between the supply rails for largest head
room (usually some positive voltage and 
ground).] 

CDC acts as an AC shunt to ground to totally 
remove the DC biasing resistors from the AC 
gain equation. 

CF caps are AC signal coupling caps. 

CRECT acts as the rectifier's filter cap and 
directly affects the response time of the cir
cuit. There is a trade-off, though, between 
fast attack and decay times and distbrtion. 

The time constant is: 10K x CRECT 

The total harmonic distortion (THO) is approx
imated by: 

THD '" (1~F/CRECT)(1 kHz/freq.) x 0.2% 

NOTES: 
The NE572 differs from the 570/571 in that: 
1. There is no internal op amp. 
2. The attack and release times are pro

grammed separately. 

AN176 

SYSTEM LEVELS OF A COM
PLETE COMPANDING SYSTEM 
Figure 10 demonstrates the compressing and 
expanding functions: 
Point A represents a wide dynamic range sig
nal with a maximum amplitude of + 16dB and 
minimum amplitude of - BOdB. 

Point B represents the compressor output 
showing a 2:1 reduction in dynamic range 
( - 40dB is increased to - 20dB, for exam
ple). Point B can also be seen as the dynamic 
range of a transmission medium. Transmis
sion noise is present at the - SOdB level from 
Point B to Point C. 

Point C represents the input signal to the 
expandor. 

Point D represents the output of the expandor. 
The signal transformation from Point C to 0 
represents a 1:2 expansion. 

SYSTEM LEVELS OF A COMPLETE COMPANDING SYSTEM 

NE570/511 !SAS71 SYSTEM lEVEL 

[t []2 
REL LEVEL ABS LEVEL 

V RMS COMPRESSION EXPANDOR DB dBM 
IN OUT 

(COMPRESSOR 
0 ~OUT) B ----+ 16dB 4.9V ---- + 16.0 + 16 

3.1V 
~ + 12.0 + 12 

OdB 775MV 0.0 

-20d8 775MV - 20 -20 

-40dB 7.7SMV - 40 -40 

-60dB 775MV -60 -60 

-SOde 72.SMV -80 -80 

Figure 10 
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WHAT IS COMPANDING?? 
Shown here are some scope pictures of what 
three functions of the compandor look like in 
the kitchen, responding to tone bursts of vary
ing amplitudes. 

INPUT'---J~ 

OUTPUT---J~ 

INPUT--II~ 

COMPRESSOR_--J~ 
OUTPUT 

EXPANDOR_-t~. 
OUTPUT 

COMPRESSION 1 kHz 

COMPANDOR SYSTEM 15kHz 

INPUT---I~ 

OUTPUT 

AUTOMATIC LEVEL CONTROL 
(SMALL SIGNAL INPUT) 

Figure 11 

Signetics 

AN176 

EXPANSION 1 kHz 

COMPANDOR SYSTEM 1 kHz 

AUTOMATIC LEVEL CONTROL 
(LARGE SIGNAL INPUT) 
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APPLICATION BOARD 
Shown below is the schematic (Figure 12) for 
Signetics' NE570/571 evaluation/demo board. 
This board provides one channel of EXPAN
SION and one channel of COMPRESSION 
(which can be switched to AUTOMATIC 
LEVEL CONTROL). 

9-172 

33K 

(OPTIONAL 
PRE·EMPHASIS) 

20K 

(OPTIONAL 

PRE·EMPHASIS) +1 2.2• F 

16 

i i 130 J 
200PFr I200PF4~f!F 

"::""::" GND 

Figure 12 
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10 

+ 
10'FI 
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APPLICATIONS USING THE NE5080, NE5081 

APPLICATIONS 
Figure 1 shows a block diagram of the 
NE50BO and NE50B1 in a simple point-to
point communications scheme. Pin 5 of the 
NE50BO is grounded to permanently enable 
transmission; grounding pin 3 disables the 
jabber fu nction. 

An example of a communications system 
block diagram using the NE50BO and 
the NE50B1 (as in a modem) is shown in 
Figure 2. 

The jabber function is active In this system. 
The NE50BO Jabber Flag (pin 2) goes high 
when the capacitor at pin 3 of the NE50BO 
charges to about 1.4 volts. This fault condi
tion will Interrupt the Transmission Controller, 
which will cease transmitting and write to the 
proper address for the decoder to put out 
a signal to discharge the capacitor. The 
Controller will then pass the token to the 
next node. 

NE50BD FSK TRANSMISSION NE5DB1 DATA IN >- TRANSMITTER RECEIVER 

~5 

Figure 1. Point-to-Point Communications 
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The transmission medium can be anything 
from a twisted pair to a fiber optic link. The 
NE5OB1 receives the FSK signal and con
verts it to a digital data stream correspond
ing to the data sent by the NE50BO. Pln"10 
of the NE50B1 goes high when the Signal 
at its Input is above the threshold set by 
the potentiometer between pins 13 and 14 of 
the NE5OB1. 

r-- DATA OUT 
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TRANSMISSION 
CONTROLLER 

SERIAL 
DATA OUT 

NE50BO NE50Bl 

SERIAL 
1',,,,I __ +iDATA IN 

RECEIVER 
CONTROLLER 

,,'=-O --+iDATA 
VALID 

Figure 2. Communications System Block Diagram. 

NE50BO 

100 

120 pF 

C13 
0.0047 ~F 

XXE 
C12 

0.0047 ~F 

Figure 3. Modem Using a Twisted Pair Transmission Line. 

Note: In applications using twisted pair lines where noise pick-up may be excessive. it is 
recommended that the twisted pair be driven differentially. Figure 8 shows how this may 
be implemented. 

DC to 2 Megabaud Modem Using 
the NE5080 and NE5081 
The NE50BO and NE5081 are designed to be 
used together as an asynchronous modem. 
They employ FSK modulation at high carrier 
frequencies. plus filtering to reject EMI and 
RFI noise that is frequently encountered 
in industrial and commercial environments. 
Figures 4 and 5 show Full and Half Duplex 
modems. 

The carrier frequency is externally adjustable 
and can range from 50kHz to over 20M Hz. 

The modem can be used in a number of 
ways: 
1. Multidrop party line of data transmitting 

and receiving' devices (local area net
worksl. 

2. Point-to-point operation connecting just 
two transmitting/receiving devices. 

3. Either of the above operated on one cable 
in the half duplex mode. 

9-174 

4. Either 1 or 2 above operated on two cables 
in the full duplex mode. 

The 30dB dynamic range of modems built 
using the NE5080 and NE5081 makes it 
possible to attach them at any point on 
the cable without any gain adjustment. 
There is no problem with proximity to 
other similar modems. 

The distance that can be driven varies with 
the type of cable used, the number of 
modems attached to the cable, and the 
carrier frequency. 

Typical operation can be 100 modems 
randomly spaced on up to 2000 meters 
of RG-ll (foam I cable with a center fre
quency of 5MHz. 

In poi nt-to-poi nt operation, one can drive 
further. Table 1 gives obtainable distances 
when different carrier frequencies and cables 
are used. 

Table 1. TRANSMISSION DISTANCE FOR A SINGLE RECEIVER AS 
A FUNCTION OF CENTER FREQUENCY AND CABLE TYPE 

Carrier Maximum Cable 
Frequency Data Rate RG·59 RG-11 (Foam) JT34125 JT3750J 

lMHz 0.5 Megabaud 6000 Ft 21000 Ft 33000 Ft 50000 Ft 
3M Hz 1.0 Megabaud 5000 Ft 12000 Ft 20000 Ft 32000 Ft 
5MHz 2.0 Megabaud 4200 Ft 9500 Ft 15000 Ft 25000 Ft 
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.!C"'A:!T"A.cIN.!..... ___ -J14 

GATE IN 

JABBER FLAG 

CATA CUT 

INPUT LEVEL FLAG 

C2 
O.47,uF 

NE5060 

C5 
O.1,uF 

r-------~~~-~-~+5V 

EXTERNAL COMPONENTS SHOWN ARE FOR 5MHz CARRIER 

Figure 4. NE5080 and NE5081 Connected as a Full Duplex Modem. 

CC:.oA.;.;T;.:A..:IN:.:... ___ ---i 14 

GATE IN 

JABBER FLAG 

DATA OUT 

INPUT LEVEL FLAG 

C2 
O.47,uF 

NE5060 

C5 
O.1,uF 

r-------~~~-*--~+5V 

EXTERNAL COMPONENTS SHOWN ARE FOR SMHz CARRIER 

Figure 5. NES080 and NES081 Connected as a Half Duplex Modem. 
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FSK MODEM SET-UP 
PROCEDURES 
To set up the modem per IEEE 802.4 specifi
cations, the following sequence should be 
followed at 25 ± 2°C ambient. 

TRANSMITTER SET·UP: 
1. Ground Jabber Control (pin 3) and the 

transmit gate (pin S) of the NES080. 
2. Turn on the power and allow the circuit 

to warm up for 3 minutes. 
3. Hold the Data Input (pin 14) of the 

NES080 at a logic high. 
4. Measure the frequency at the FSK out

put of the transmitter (cable should be 
properly terminated) and adjust A2 fora 
frequency reading of 6.2S0MHz ±SkHz. 

S. Apply a logic low to the Data Input and 
check the output frequency. If the read
ing is not 3.7S0MHZ ±40kHz, readjust 
A1 until the high frequency is 6.2S0MHz 
±2SkHz and the low frequency is 
3.7S0MHZ ±40kHz. 

Transmitter set-up is now complete. 

Figure 6, NE5081 Data Output When 
Correctly Tuned to Incoming 5MHz 

Carrier. 

RECEIVER SET·UP: 
6. Set Detection Timing pot AS and Input 

Level Detect pot A4 at the NES081 to 
mid range. 

7. Apply a S.OOO MHz 1Vp_p sine wave to 
the receiver FSK Input. 

8. Attach an oscilloscope probe to the Data 
Output pin of the NES081 and .adjust L1 
or C7 (whichever is adjustable) until the 
output state alternates between high and 
low levels. Figures 7 and 8 indicate 
examples of improper tuning. 

9. Set the generator to 3.7S0MHz, 3SmVp-p. 
10. Adjust Input Level Detect pot A4 until 

the Data Output pin is alternating be
tween high and low levels. 

11. Increase thegeneratoroutputl04SmVp-p 
and verify that the data output is low. 

12. Decrease the generator output to 
2SmVp- p and verify that the data output 
is high. 

13. Apply a 100kHz 1Vp_p signal to the FSK 
Input and connect a scope probe to the 
Input Level Flag and another probe to 

Figure 7. NE5081 Data Output When 
Tuned Just Below 5MHz Carrier. 

AN195 

the FSK Input. Adjust Detection Timing 
pot RS so that the delay from the time 
the FSK Input signal goes through 0 
volts on the Positive to negative transi
tion, to the time when the Input Level 
Flag goes from high to low, is between 
O.S and 2.SI"Sec. See Figure 9. 

14. Final adjustment to the tuning of L1/C7 
should be done by using an adjusted 
transmitter to transmit pseudo random 
data and tuning the receiver L1/C7 tank 
circuit for minimum jitter and symmetrical 
eye pattern observed on the receiver pin 
8 (see Figure 10). 

This concludes the receiver set-up procedure. 

Figure 8. NE5081 Data Output Output 
Tuned Just Above 5MHz Carrier. 

Figure 9. Correct Adjustment of Input 
Level Detection Timing, 

Figure 10. "Eye" Pattern at NE5081 Pin 8. 
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DETERMINING 
COMPONENT VALUES 
Power supply pins of both devices should be 
bypassed with high quality 0.1 /-,F capacitors 
close to the devices. Additionally, the 
NE5081 VCC2 (pin 9) should be well
decoupled from the power supply by a small 
inductor (about 10 /-,H) and another 0.1 /-,F 
capacitor as the NE5081 exhibits large 
changes in power supply current during 
switching. 

The coupling capacitors C4 and C13 are 
needed to maintain input bias when a low 
DC impedance line is connected to the FSK 
Input. Too small a value for these capacitors 
could result in excessive signal attenuation. 
If these capacitrs are too large, the receiver 
Input Level Flag may remain high for an ex
cessive amount of time after the input signal 
is removed. Each transmitter and each re
ceiver should have its own coupling 
capacitor. This is necessary to prevent any 
DC terminations from altering biases. 

The external resistance at the NE5080 pin 
12 should always be about 2.4 kilohms, with 
some adjustment allowable to compensate 
for the tolerance of Cl and slight differences 
between individual ICs. 

Cll and R5 are the Carrier Detect timing 
components and determine how long after 
the FSK input signal is discontinued before 
the Input Level Flag goes low. R5 should not 
exceed 5 kilohms. With Cll set at 56 pF, a 5 
kilohm R5 will allow Carrier Detect Timing 
adjustment to 2 /-,Sec. R5 can be a fixed re
sistor if this timing is not critical (perhaps be
cause of the use of an "end of data" signal). 
This delay is required to allow the signal to 
propagate through the receiver. Carrier 
Detect Timing should be adjusted for different 
center frequencies by choosing Cll accord
ing to the relationship: 

1 
Cll=--

3572 fe 

The Input Level Detect function can be dis
abled and the receiver be made to hold the 
Carrier Detect Flag high by removing R5 and 
Cll and tying pins 15 and 16 together and 
pulling them up to V cc with a 10 kilohm 
resistor. 

If the Jabber function is not to be used, Jab
ber control pi n 3 of N E5080 should be 
grounded. If the Jabber function is to be 
used,. a capacitor, C2, should be connected 
between pin 3 and ground. The value of this 
capacitor is determined as indicated below: 

C2 = (0.95 x 10'6) t 

where t is the maximum allowable transmit 
time in seconds. 

The resistance Rl, together with capacitor 
Cl, set the transmit frequencies. The logic 
high frequency is fixed at about 1.67 times 
the logic low frequency, meaning that the 
logic low frequency is 0.75 times the center 
frequency fe' and the logic high frequency is 
1.25 times the center frequency. Note that 
this center frequency is never transmitted in 
normal operation and is sometimes referred 
to as the "carrier frequency." . 

Cl is chosen by the relationship for fe at or 
below 7MHz: 

Cl = 6.5 x 10.4 

fe 

Above 7MHz center frequency, this capacitor 
is found by modifying this equation to: 

5.5 x 10.4 

Cl= ---
fe 

To get the characteristics that are needed for 
proper operation of the NE5081, it is im-
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portant to keep the proper relationship 
between L 1 and C7: 

C7 = 

Ll = 

7885 fe 

200 

fe 

Capacitor values of the filter are dependent 
upon operating frequencies to maintain 
proper characteristics: 

C8 = 
9.0 x 10.5 

fe 

C9 = 
4.1 X 10.4 

fe 

1.2 X 10.3 

Cl0 = 
fe 

C12 = 
5 X 10.4 

fe 
Coupling capacitor values also depend upon 
center frequency: 

2.5 X 10c2 
C4 = C13 = 

fe 

In all of the above equations, capacitances 
are in Farads, inductances in Henrys, and 
frequencies in Hertz. 
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SOME COMMON BAUD RATES 
Although intended to be used with a center 
frequency of SMHz, the NES080 and 
NES081 can be used at other center fre
quencies. Table 2 gives minimum center fre
quency (Ie) for some common baud rates, 
together with external component values for 
those center frequencies. Note that it is not 
recommended that these devices be oper
ated at center frequencies below SOkHz. 

USING THE NES080/NES081 
WITH A FIBER OPTIC LINK 
The NES080/NES081 chip set is highly suit
able for use in low cost fiber-optic links. 
There are many advantages to fiber links 
over open wire or coaxial cable links. These 
advantages include: 

1. Cost savings in conductor weight and 
size. 

2. Immunity to EMIIRFI. 
3. Low crosstalk. 
4. High communications security; cannot 

be tapped by electromagnetic induction 
or surface conduction. 

S. Fiber-optic cable does not radiate elec
tromagnetic energy nor disturb other 
communications media. 

6. Extremely wide bandwidth (high chan
nel per conductor density I. 

7. Lowattenuation. 
8. No ground loops or shifts caused by 

common grounds. 

9. Complete electrical isolation between 
transmitter and receiver. 

10. Cable breaks cause no shorts, making 
this technology useful in hazardous 
environments, e.g., explosive chemical 
facilities. 

11. No damage to equipment is expected 
due to current surges on adjacent lines. 

12. Fiber cable does not actasan antenna to 
pick up high electromagnetic pulses 
such as those caused by electrical 
storms. 

13. Low BER (Bit Error Ratel. 

The circuit of Figure 11 shows a simplex fiber 
link between the NES080 transmitter 
and the NES081 receiver. The components 
shown are for a center frequency of SMHz, 
although this frequency can be increased to 
20M Hz with proper selection of external 
component values. The NESS39 has a 
3S0MHz unity gain bandwidth which may 
limit maximum operating frequencies in 
some systems. 

Since the NES081 can adequately accept 
signals below 10 mV at SMHz carrier, the 
gain stage (within the dashed lines of Figure 
11) may be eliminated if the attenuation in 
the link' is low. If the gain stage is used, be 
mindful of the bandwidth trade-off at higher 
gains. Refer to the NE5539 data sheet for 
details. 

The transmitter and receiver are set up as 
described under FSK MODEM SET-UP 
PROCEDURE above. 

LAYOUT PRECAUTIONS 
As is the case with any components using 
high frequencies, good layout practice is 
essential; poor layout can adversely affect 
performance. All lead lengths should be as 
short as is practical for all lines which carry 
R-F, including the tuning capacitor and 
resistors (C1, R1, R2) of the NES080. Lead 
length is especially critical with C1, which 
should be mounted as close to the NES080 as 
is possible. A printed circuit board with a good 
ground plane, both top and bottom, is also 
recommended (wire-wrap is NOT recom
mended). The ground plane should extend 
below tuning capacitor C1 on both top and 
bottom of the board, with no other trace 
coming between the leads of this capacitor. 

Because of the high speed switching, pin 9 
(V CC2) of the NES081 can exhibit a large 
current swing, causing vertical output jitter 
which may be eliminated by decoupling pin 9 
with a small (1 O/LH) R-F choke and a O.OS/LF 
capacitor. 

See Figure 12 for an example of a working lay
out. 

Table 2. RECOMMENDED MINIMUM CENTER FREQUENCY AND 
COMPONENT VALUES FOR VARIOUS BAUD RATES. 

BAUD 
RATE fe C4 

(KBaud) (kHz) C1 L1 C13 C7 CO C9 C10 C11 C12 

9.6 50 13nF 4mH 0.50/LF 2.4nF 1.8nF 8.2nF 24nF S.6nF 10nF 

19.2 SO 13nF 4mH O.SO/LF 2.4nF 1.8nF 8.2nF 24nF S.6nF 10nF 

38.4 100 6.8nF 2mH 0.27/LF 1.3nF 0.9nF 3.9nF 12nF 2.7nF SnF 

SO.1 12S S.1nF 1.6mH 0.20/LF 1.0nF 7S0pF 3.3nF 10nF 2.2nF 3.9nF 

64.0 160 3.9nF 1.3mH 0.1S/LF 800pF S60pF 2.SnF 7.SnF 1.8nF 3nF 

128 320 2nF 62S/LH 0.07S/LF 390pF 270pF 1.3nF 3.9nF 860pF 1.6nF 

2S6 640 1nF 312/LH 0.039/LF 200pF 1S0pF 640pF 1.8nF 430pF 7S0pF 

S12 12S0 S10pF 160/LH 0.02/LF 100pF 7SpF 330pF 1.0nF 220pF 390pF 

1S00 37S0 180pF S3/LH 6.8nF 33pF 2SpF 110pF 330pF 7SpF 130pF 

1S44 4000 160pF SO/LH 6.8nF 33pF 22pF 100pF 300pF 68pF 12SpF 

2000 5K 130pF 40jLH S.OnF 25pF 18pF 82pF 240pF 56pF 100pF 

8000 20K 33pF 10jLH 1.2nF 6pF 5pF 20pF 62pF 15pF 25pF 
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INTRODUCTION 
The operational amplifier was first intro
duced in the early 1940's. Primary usage of 
these vacuum tube forerunners of the ideal 
gain block was in computational circuits. 
They were fed back in such a way as to 
accomplish addition, subtraction, and other 
mathematical functions. 

Expensive and extremely bulky, the opera
tional amplifier found limited use until new 
technology brought about the integrated 
version, solving both size and cost draw
backs. 

Volumes upon volumes have been and 
could be written on the subject of op amps. 
In the interest of brevity this chapter will 
cover the basic op amp as it is defined along 
with test methods and suggestive applica
tions. Also, included is a basic coverage of 
the feedback theory from which all configu
rations can be analyzed. 

THE PERFECT AMPLIFIER 
The ideal operational amplifier possesses 
several unique characteristics. Since the 
device will be used as a gain block, the ideal 
amplifier should have infinite gain. By defini
tion also, the gain block should have an infi
nite input impedance in order not to draw any 
power from the driving source. Additionally, 
the output impedance would be zero in order 
to supply infinite current to the load being 
driven. These ideal definitions are illustrated 
by the ideal amplifier model of Figure 1. 

IDEAL OPERATIONAL AMPLIFIER 

Figure 1 

Further desirable attributes would include 
infinite bandwidth, zero offset voltage, and 
complete insensitivity to temperature, pow
er supply variations, and common mode 
input signals. 

Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flowing at 
the amplifier input nodes. In addition, when 
feedback is employed the differential input 
voltage reduces to zero. These two state
ments are used universally as beginning 
points for any network analysis and will be 
explored in detail later on. 

THE PRACTICAL AMPLIFIER 
Tremendous strides have been made by 
modern technology with respect to the ideal 
amplifier. Integrated circuits are coming 
closer and closer to the ideal gain block. 
Input bias currents for instance are in the 
pA range for FET input amplifiers while 
offset voltages have been reduced to less 
than 1 mV in many cases, in Bipolardevices. 

Any device has limitations however, and the 
integrated circuit is no exception. Modern 
op amps have both voltage and current 
limitations. Peak to peak output voltage, for 
instance, is generally limited to one or two 
base-emitter voltage drops below the sup
ply voltage while output current is internally 
limited to approximately 2SmA. Other 
limitations such as bandwidth and slew 
rates are also present, although each 
generation of devices improves over the 
previous one. 

DEFINITION OF TERMS 
Earlier the ideal operational amplifier was 
defined. No circuit is ideal of course so 
practical realizations contain some sources 
of error. Most sources of error are very small 
and therefore can usually be ignored. It 
should be noted that some applications 
require special attention to specific sources 
of error. 

Before the internal circuitry of the op amp is 
further explored it would be beneficial to 
define those parameters commonly refer
enced. 

INPUT OFFSET VOLTAGE 
Ideal amplifiers produce 0 volts out for 0 volts 
input. But, since the practical case is not per
fect, there will appear a small dc voltage at 
the output even though no differential voltage 
is applied. This de voltage is called the input 
offset voltage, with the majority of its magni
tude being generated by the differential input 
stage pictured in Figure 2. 

An operational amplifier's performance is in 
large part dependent upon the first stage. It 
is the very high gain of the first stage that 
amplifies small signal levels to drive remain
ing circuitry. Coincidentally, the input 
current, a function of beta, must be as small 
as possible. Collector current levels are thus 
made very low in the input stage in order to 
gain low bias currents. It is this input stage 
also which determines dc parameters such 
as offset voltage since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions the collector currents of Q1 and 
Q2 are perfectly matched, hence we may 
say: 
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DIFFERENTIAL INPUT STAGE 

V' 

Q2 

V-

Figure 2 

(1) 

In practice small differences in geometries 
of the base emitter regions of Q1 and Q2 will 
cause Eos not to equal O. Thus, for balance 
to be restored a small dc voltage must be 
added to one VSE or 

Vos = VBE1 - VBE2 (2) 

where the VSE of the transistor is found by 

_ kT (IE) VBE- _ In _ 
q Is 

(3) 

Reference is made to the input when talking 
of offset voltage. Thus, the classic definition 
of input offset voltage is 'that differential dc 
voltage. required between inputs of an 
amplifier to force its output to zero volts.' 

Offset voltage becomes a very useful 
quantity for the designer because many 
other sources of error can be expressed in 
terms of Vos. For instance, the error 
contribution of input bias current can be 
expressed as offset voltages appearing 
across the input resistors. 

INPUT OFFSET VOLTAGE DRIFT 
Another related parameter to offset voltage 
is Vos drift with temperature. Present day 
amplifiers usually possess Vos drift levels in 
the range of SjJ.V to 40jJ.V per degree C. The 
magnitude of Vos drift is directly related to 
the initial offset voltage at room tempera
ture. Amplifiers exhibiting larger initial 
offset voltages will also possess higher drift 
rates with temperature. A rule of thumb 
often applied is that the drift per degree C 
will be 3.3jJ.V for each millivolt of initial 
offset. Thus, for tighter control of thermal 
drift, a low offset amplifier would be se
lected. 
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INPUT BIAS CURRENT 

Figure 3 

iNPUT BIAS CURRENT 
Again referring to Figure 3-2, it is apparent 
that the input pins of this op amp are base 
inputs. They must, therefore, possess a dc 
current path to ground in order forthe input 
to function. Input bias current. then is 'the 
dc current required by the inputs of the 
amplifier to properly drive the first stage.' 

The magnitude of Iblas is calculated as the 
average of both currents flowing into the 
inputs and Is calculated from 

Is= ~ (4) 
2 

Bias current requirements are made as 
small as possible by using high beta input 
transistors and very low collector currents 
in the first stage. The trade-off for bias 
current is lower stage gain due to low 
collector current levels and lower slew 
rates. The effect upon slew rate is covered 
in detail under the compensation section. 

INPUT OFFSET CURRENT 
The ideal case of the differential amplifier 
and its associated bias current does not 
possess an input offset current. Circuit 
realizations always have a small difference 
in bias currents from one input to the other, 
however. This difference is called the input 
offset current. Actual magnitudes of offset 
current are usually at least an order of 
magnitude below the bias current. For many 
applications this offset may be ignored but 
very high gain, high input impedance 
amplifiers should possess as little los as 
possible because the difference in currents 
flowing across large impedances develops 
substantial offset voltages. Output voltage 
offset due to los can be calculated by 

Vout == AclOosRs} (5) 

Hence, high gain and high input imped
ances magnify directly to the output, the 
error created by offset current. Circuits 
capable of nulling the input voltage and 
current errors are available and will be 
covered later in this chapter. 

INPUT OFFSET CURRENT 
DRIFT 
Of considerable importance is the temper
ature coefficient of input offset current. 
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Even though the effects of offset are nulled 
at room temperature, the output will drift 
due to changes In offset current over 
temperature. Many popular models now 
include a typical specification for los drift 
with values ranging in the .5nA per degree 
C area. Obviously those applications requir
ing low Input offset currents also require 
low drift with temperature. 

INPUT IMPEDANCE 
Differential and common mode impedances 
looking into the Input are often specified for 
integrated op amps. The differential imped
ance is the total resistance looking from one 
inputtothe other while common mode is the 
common impedance as measured to 
ground. Differential impedances are calcu
lated by measuring the change of bias 
current caused by a change in the input volt
age. 

COMMON MODE RANGE 
All input structures have limitations as to the 
range of voltages over which they will 
operate properly. This range of voltages 
impressed upon both inputs which will not 
cause the output to misbehave is called the 
common mode range. Most amplifiers 
possess common mode ranges of ±12 volts 
with supplies of ±15 volts. 

COMMON MODE REJECTION 
RATIO 
The ideal operational amplifier should have 
no gain for an input signal common to both 
inputs. Practical amplifiers do have some 
gain to common mode signals. The classic 
definition for common mode rejection ratio of 
an amplifier is the ratio the differential signal 
gain to the common mode signal gain 
expressed in dB as shown in equation 6a. 

CMRRldBI = 20 log eo/e; (6a) 
eo/ecm 

The measurement CMRR as in 3-6a requires 
2 sElts of measurements. However, note that 
if eo in equation 3-6a is held constant, 
CMRR becomes: 

CMRRldBI = 20 log eem 
e; 

(6b) 

A new alternate definition of CMRR based 
on 3-6b is the ratio of the change of input 

EFFECTS OF CMRR ON 
VOLTAGE FOLLOWER 

~ ....... -vEOUT 

Figure 4 
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offset voltage to the input common mode 
voltage change producing it. 

Figure 4 illustrates the application of the 
equivalent common mode error generator to 
the voltage follower circuit. The gain of the 
voltage follower with error contributions 
caused by both finite gain and finite common 
mode rejection ratio Is shown in equation 7. 

eo 

Bin 

1 ± 1/CMRR 

1+1/A 
(7) 

where A equals open loop gain and is fre
quency dependent. 

AC PARAMETERS 
Parameter definition has up to this pOint, 
been dealing primarily with de quantities of 
voltages, currents, etc. Several important ac 
or frequency dependent parameters will 
now be discussed. 

An ideal gain block was defined earlier as 
one which would provide infinite gain and 
bandwidth. Real circuits approximate infi
nite open loop gain with low frequency 
gains in excess of 100dB. The very high 
gains achieved with present designs are 
possible only by cascading stages. Al
though providing very high open loop gain 
the cascading of stages results in the need 
for frequency compensation in closed loop 
configurations and reduces the open loop. 

LARGE SIGNAL BANDWIDTH 
The large signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with in
creasing frequency. At some frequency the 
output will become slew rate limited and the 
output will begin to degrade. This point is 
defined by 

FPL = Slew Rate (8) 
217" • Eout 

where FpL is the upper power bandwidth 
frequency and Eout is the peak output swing 
of the amplifier. 

SLEW RATE 
The maximum rate of change of the output 
in response to a step input signal is termed 
slew rate. Deviation from the ideal is caused 
by the limitation in frequency response of 
the amplifier stages and the phase compen
sation technique used. Summing node and 
amplifier output capacitances must be kept 
to a minimum to guarantee getting the 
maximum slew rate of the operational 
amplifier. Circuit board layout must also be 
of high frequency quality. Power supplies 
should be adequately bypassed at the pins, 
with both low and high frequency compo
nents to avoid possible ringing. A selection 
of a proper capacitor in parallel with the 
feedback resistor may be necessary. Too 
small a value could result in excessive 
ringing and too large a value will decrease 
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frequency response. In general, the worst 
case slew rate is in the unity gain non
inverting mode (see Figure 5a). Specifica
tions of slew rate should always reflect this 
worst case condition with the maximum 
required compensation network. 

AMPLIFIER SLEW RATE 
LIMITATIONS 

Figure 5a 

EOUT 

Figure 5b 

FREQUENCY RESPONSE 
Distributed capacitances and transit times in 
semiconductors cause an upper frequency 
limit or pole for each and every gain stage. 
Monolithic pnp transistors used for level shift
ing possess poor upper frequency character
istics and cascaded gain stages, used to 
approach the highest gain, subtract from the 
maximum frequency response. As shown in 
Figure 6 the open loop frequency response of 
the op amps shown crosses unity gain at 
approximately 10M Hz. Closed loop response 
is unstable without compensation, however, 
so typical unity gain frequencies are read
justed by the effects of phase compensation, 
in this case 1 MHz. 

From Figure 6 it is also apparent that an 
amplifier has a trade off between gain and 
bandwidth. Higher gains are achieved at the 
expense of bandwidth. This trade off is a con
stant figure called the gain bandwidth 
product. 

TEST METHODS 
Product testing of integrated circuits uses 

OPEN LOOP VOLTAGE GAIN AS 
A FUNCTION OF FREQUENCY 

120 
Vs:± 15V 
TA 25'C 

100 

"" ~ 

"'" "" ~ -~ 

60 

60 

40 
c, ~ 30 pF 

"'" 
\ 

~ \ 
20 

\\ 
-20 

Figure 6 

automatic test equipment. Large computer 
controlled test decks test all data sheet 
limits in a matter of milliseconds .. Each 
parameter is tested in a specific circuit 
configuration defined by the test hardware. 

A typical simplified op amp test configuration 
is depicted by Figure 9. Units may be classed 

in several categories according to selected 
parameters. Even failures may be classified 
categorically depending upon their mode of 
failure. 

Figures 7, 8, 10 and 11 illustrate the general 
test set-ups commonly used to measure 
CMRR, average bias current, offset voltage 
and current, and open loop gain, respectively. 
In general, the following parameters are 
tested under the following conditions. 

COMMON MODE REJECTION 
The test set-up for CMRR is given in Figure 7. 
Resistor values are chosen to provide suffi
cient sensitivity and accuracy for the device 
type being tested and the voltage measuring 
equipment being used. 

The positive common mode input voltage 
within the range VCM1 is algebraically sub
tracted from all supply voltages and from 
Va. Then V, is measured (V11!. The most 
negative common mode voltage within the 
range, VCM2. is then subtracted from all the 
supply voltages and Va, and V, is again 
measured (V12I. 
Then 
CMRR ~ IR1 + R21/R11(VCM1-VCM2)/ V11 - V,2 

(9) 

CIRCUIT DIAGRAM USED 
FOR CMRR MEASUREMENT 

R1 
100 

eo 

'" 

R, 
50K 

All resistor values are in ohms, 

Figure 7 

CIRCUIT DIAGRAM USED FOR 
AVERAGE BIAS CURRENT 

MEASUREMENT 

" '" 

v, 

Ib AVG, ~ Yo IIb1 + Ib21 

SAMPLE & HOLD 

v, 

1. SWITCH IS THROWN AT POSITION 1 
2, SWITCH IS THROWN AT POSITION 2 

All resistor values are in ohms. 

Figure 8 
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A TYPICAL OP AMP TEST CIRCUIT 
(SIMPLIFIED) 

5K,A-50 

10K,A" 100 
lOooo-~M----+ 

20K, A - 200 
21l00o-~M----+ 

SOK, A ~ 500 
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I MATRIX I 
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~0)_J 06000 

100 

100 
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CIRCUIT DIAGRAM USED FOR OFFSET 
VOLTAGE AND OFFSET CURRENT 

"' '" 

RS· IOOI! SWITCH AT POSitrON 1 
RS· 10t(Q SWITCH AT POSITION 2 

VOS·~(VII 

lOS. Vas @ lO~O-KVOS@ 100R 

All resistor values are in ohms. 

Figure 10 

Figure 9 
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CIRCUIT DIAGRAM USED FOR 
LARGE-SIGNAL OPEN LOOP GAIN 

MEASUREMENT 
"2 
50K 

All resistor values are in ohms. 

Figure 11 
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This operation is equivalent to swinging 
both inputs over the full common mode 
range, and holding the output voltage 
constant, but it makes the VI measurement 
much simpler. 

BIAS CURRENT 
Bias current is measured in the configuration 
of Figure 8. 

With switches at position 1 and Vo = a volts, 
measure V11. Move switches to position 2 
and again measure V12. Calculate IBIAS 
(average), by 

IB'= _R_1_ (':!2) 
R1 + R2 R3 

(10a) 

(10b) 

IB' + IB2 R1 VI1 - VI2 
IBIAS lavgl = --- = --- ---

2 R1 + R2 2R3 

(10c) 
OFFSET VOLTAGE 
Figure 10 is used for both offset voltage and 
current. With Vo at a volts and the switches 
selecting the source impedance of 100 ohms, 
the offset voltage is measured at VI and is 
equal to 

R1V, 
vas = R1 + R2 

OFFSET CURRENT 

(11) 

Offset current is measured by calculation of 
offset voltage change with a change in 
source impedance. With switches in posi
tion 1, measure V12. Calculate the contribu
tion of los by 

VI2-V, 
105= ---

R3 

SIGNAL GAIN 

(12) 

The signal gain of operational amplifiers is 
most commonly specified for the full output 
swing. 

This is referred to as large signal voltage gain 
and can be measured by the circuit of Figure 
11. Usually specified under a specific load 
determined by RL, a signal equal to the maxi
mum swing of the output voltage is applied to 
Vo in both positive and negative directions. VI1 

and VI2 are measured values of VI and and Vo 
= maximum positive and maximum negative 
signals respectively. The gain of the device 
under test then becomes 

Avo = (A1 + R2) ( vo' - 1t02 ) (13) 
R1 VI' - VI2 

SLEW RATE 
Many other parameters are checked auto
matically by similar means. Only the most 

important ones have been covered here. Of 
great interest to the designer are other 
parameters which do not necessarily carry 
minimum or maximum limits. One such 
parameter is slew rate. The configuration 
used to measure slew rate depends upon 
the intended application. Worst case condi
tions arise in the unity gain non-inverting 
mode. 

MEASURING SLEW RATE 

FROM PULSE 
GENERATOR 

fL 
50 

Figure 12a 

k--~'--J 
TIME 

Figure 12b 

Figure 12 shows a typical bench set up for 
measuring the response of the output to a 
step input. The input step frequency should 
be of a frequency low enough for the output of 
the op amp to have sufficient time to slew 
from limit to limit. In addition, Vin must be less 
than absolute maximum input voltage and the 
wave form should have good rise and fall 
times. The slew rate is then calculated from 
the slope of the output voltage versus time or 

SR= ~Vout in voltslJ.ls 

aT 

OP AMP CURVE TRACER 

(14) 

Two of the most important parameters of 
linear integrated circuits having differential 
inputs are voltage gain and input offset 
voltage. These parameters may be read 
directly from a plot of the transfer character
istic of the device. This memo will describe a 
very simple curve tracer which, when used 
with an oscilloscope, will display the 
transfer characteristic of most Signetics 
linear devices. 

Figure 13 shows the transfer characteristics 
of a typical linear device, the Signetics 
NE531. Note that the unit saturates at appro
ximately + 12 and - 12 volts and exhibits a 
linear transfer characteristic between - 10 

Signetics 

AN165 

and + 10 volts. 

From the slope of this linear portion of the 
transfer characteristic, and from the point 

TRANSFER CURVE OF 531 

+15 V 

>----<>---() EOUT 

Figure 13a 

EOUT (VOLTS) 
16 

12 

f--+-+-+-+-+--+---jf---i 'IN 
-4 -3 -2 -1 3 4 (MILLIVOLTS) 

-4 

-8 VOS",lmV 

----12 
AVO .!Om~ '" 5DK 

-16 

Figure 13b 

and +10 volts where it crosses the Ein axis, 
the voltage gain and offset voltage may be 
determined. It can be seen that the voltage 
gain of the device under test, (D.U.T.I, is 
50,000 and its input offset voltage is 1.0mV. 

A simple circuit to display the curves of Figure 
13 on an oscilloscope is shown in Figure 14. A 
60Hz, 44Vp-p sinewave is applied to the hori
zontal input of oscilloscope and an attenu
ated version of the sinewave is applied to the 
input of the D.U.T. 

The output of the D.U.T. drives the vertical 
input of the scope. For providing V+and V
to the D.UT., the tester uses two simple 
adjustable regulators, both current limited 
at 25mA. Input drive to the D.UT. may be 
selected by means of S-2 as shown. 

To use the curve tracer, first preset the V + 
and V - supplies with an accurate meter. The 
supply voltages are somewhat dependent on 
ac line regulation and should be checked 
periodically. The horizontal gain of the scope 
may be set to give a convenient readout of the 
peak-to-peak D.U.T. input signal correspond
ing to the setting of S-2. As some devices 
have two outputs, a second output line (verti
cal 2) has been provided for these devices. 
The transfer function of such devices will be 
inverted to that of Figure 13 of course. 

9-185 
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CURVE TRACER SCHEMATIC 
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SCOPE 
HORZ. 

P-o. 
V 
SCOPE 

ERTICAL 

~ V' 
ADJUST 

4 2 INPUT DRIVE LJ PK-PK f-L-o 

npn = 2N3053 
pnp = 2N4037 

0::-

~ 

V-
ADJUST 

N2070 ?-

Simplicity and low cost are the two major 
attributes of this tester. It is not intended to 
perform high Iy rigorous tests for all devices. 
It is, however, a reasonably accurate means 
of determining the gains and offset voltages 
of most amplifiers. It will in addition, 
indicate the transfer curves of comparators 
and sense amplifiers with equivalent accu
racies. 

AMPLIFIER DESIGN 
Linear operational amplifier IC's were 
introduced soon after the appearance olthe 
first digital integrated circuits. The perform
ance of these early devices, however, left 
much to be desired until the introduction of 
the 709 device. Even with its lack of short 
circuit protection and its complicated 
compensation requirements, the 709 gained 
real acceptance for the IC op amp. The 709 
was designed using a three stage approach 
requiring both input and output stage com
pensation. In addition the output stage was 
not short circuit proof and the input stage 
latched up under certain conditions, requir
ing external protection. 
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Figure 14 

Much better designs soon were introduced. 
Among the contenders were the 741, 748, 101, 
and 107 devices. All were general purpose 
devices with single capacitor compensation, 
(some were internally compensated), and all 
heralded input and output overstress protec
tion. The basic design has two gain stages. 
By rolling off the frequency response of one 
of these (the second stage), so that the overall 
gain is unity at a frequency below the point 
where excess phase becomes significant, the 
device can be stabilized for all feedback con
figurations. Further, by making the first stage 
a voltage to current converter, with a small gm 
and the second stage a current to voltage 
converter with a high r m' the second stage 
can be rolled off at 6dB octave with a small 
value capacitor in the order of 30pF, which 
can then be built into the device itself. This 
concept is shown in Figure 15. 

The frequency and phase response of the 
pnp devices in the first stage dictate a roll off 
in the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 
feedback configuration, this implies an 

Signetics 

l~cc' OV vcc-
IN IN IN 

BASIC TWO STAGE OP 
AMP DESIGN 

Figure 15 

open loop gain of unity at this frequency. 
The capacitor Cc controls this parameter by 
looking much smaller than rm atfrequencies 
above a few cycles, giving a clean 6dB/oc
tave roll off over 5 decades. 

The overall gain at frequencies where the 
impedance of Cc dominates rm is given by 

Av1w) = qt... • (15) 
4KT CrJCc 
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Substituting the value given, we find that a 
capacitance of Cc = 30pF gives a unity gain 
frequency of about 1.0MHz. 

First stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must 
charge and discharge the Cc by the expres
sion 

SR= ~ 
dT 

ILS 

Cc 
(16) 

where ILS is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first stage 
collector current. This would, however, 
reflect directly upon the bias current by 
increasing it. 

Two serious limitations, then, of these 
devices for diverse applications are input 
bias current and slew rate. Both may be 

overcome with small changes of the input 
structure to yield higher performance 
devices. 

Reducing the input bias current becomes a 
matter of raising the transistor beta of the 
first stage. Several current designs boasting 
very low input currents use what is termed 
super beta input devices. These transistors 
have betas of 1,500 to 7,000. Bias currents 
under 2nA can be achieved in this way. Even 
though the Bveeo of such transistors can be 
as low.as 1 volt, the lower breakdowns are 
accounted for in the input stage by rear
ranging the bias technique. Bandwidths and 
slew rates suffer only slightly as a result of 
the lower current levels. 

The second limitation of 741 devices is slew 
rate. As previously mentioned, the rate of 
change is dictated by the compensation 
capacitance as charged by the large signal 
current of the first stage. By altering the large 

INPUT STRUCTURE OF 531 

'. '. " 

Figure 18 

,Signetics 

AN165 

signal gm of the first stage as depicted by Fig
ure 18, the slew rate can be dramatically 
increased. 

The additional current supplied during large 
signal swings by current source 14 causes the 
first stage transfer function to change as 
shown in Figure 19. The compensation 
capacitor is returned to the output of the 
NE531 structure because the output driving 
source must be capable of supplying the 
increased current to charge the capacitor. 

Large signal bandwidths with this input 
structure will be essentially the same as the 
small signal response. Full bandwidth 
possibilities of this configuration are still 
limited by the beta and ft of the lateral pnp 
devices used for collector loads in the first 
stage. Even so, the slew rate of the NE531 
and NE538 is a factor of 40 better than 
general purpose devices. 

VOL TAGE/CURRENT CURVES OF 
FIRST STAGE 

'OUT 

NES31 
r--

1 741 

------'"::7I'/"'-------V,N 

---,/ 
/ __ J 

Figure 19 
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BASIC FEEDBACK 
THEORY 

Earlier, the ideal op amp was defined. The 
ideal parameters are never fully realized but 
they present a very convenient method for the 
preliminary analysis of circuitry. So important 
are these ideal definitions that they are 
repeated here. The ideal amplifier possesses. 

1. Infinite gain 
2. Infinite input impedance 
3. Infinite bandwidth 
4. Zero output impedance 

From these definitions two important theo
rems are developed: 

1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied the 
differential input voltage is reduced to 
zero. 

Keeping these rules in mind, the basic 
concept of feedback can be explored. 

VOLTAGE FOLLOWER 

Perhaps the most often used and simplest cir
cuit is that of a voltage follower. The circuit of 
Figure 1 illustrates the simplicity. 

VOLTAGE FOLLOWER 

Figure 1 

Applying the zero differential input theorem 
the voltages of pins 2 and 3 are equal and 
since pins 2 and 6 are tied together, their 
voltage is equal; hence, Eou! = Ein. Trivial to 
analyze, the circuit nevertheless does 
illustrate the power of the zero differential 
voltage theorem. Because the input imped
ance is multiplied and the output imped
ance divided by the loop gain the voltage 
follower is extremely useful for buffering 
voltage sources and for impedance trans
formation. 

The basic configuration in Figure 1 has a gain 
of 1 with extremely high input impedance. 
Setting the feedback resistor equal to the 
source impedance will cancel the effects of 
bias current if desired. 

9-188 

However, for most applications a direct 
connection from output to input will suffice. 
Errors arise from offset voltage, common 
mode rejection ratio and gain. The circuit 
can be used with any op amp with the 
required unity gain compensation, if it is 
required. 

NON-INVERTING AMPLIFIER 
Only slightly more complicated is the non
inverting amplifier of Figure 2. 

NON-INVERTING AMPLIFIER 

EOUT 

R'N I 
Figure 2 

The voltage appearing at the inverting input 
is defined by 

Eout· Rin 
E2= --

RF + Rin 
(1a) 

Since the differential voltage is zero, E2=Es , 
and the output voltage becomes 

( . RF) Eout= Es 1 + ~ 
R,n 

(1b) 

It should be noted that as long as the gain of 
the closed loop is small compared to open 
loop gain, the output will be accurate, but as 
the closed loop gain approaches the open 
loop value more error will be introduced. 

The signal source is shown in Figure 2 in 
series with a resistor equal in size to the para
llel combination of Rin and RF This is desir
able because the voltage drops due to bias 
currents to the inputs are equal and cancel 
out even over temperature. Thus overall per
formance is much improved. 

The amplifier does not phase invert and 
possesses high input impedance. Again the 
impedances of the two inputs should be 
equal to reduce offsets due to bias currents. 

INVERTING AMPLIFIER 
By slightly rearranging the circuit of Figure 2, 
the non-inverting amplifier is changed to an 
inverting amplifier. The circuit gain is found by 
applying both theorems; hence, the voltage at 
the inverting input is 0 and no current flows 
into the input. Thus the following relation
ships hold. 
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'::+~=O 
Rin RF 

Solving for the output Eo 

Eo = -Es RF 

Rin 

INVERTING AMPLIFIER 

EOUT 

J 
Figure 3 

(2a) 

(2b) 

As opposed to the non-inverting circuits the 
input impedance of the inverting amplifier is 
not infinite but becomes essentially equal to 
Rin. This circuit has found widespread 
acceptance because of the ease with which 
input impedance and gain can be controlled 
to advantage, as inthe case of the summing 
amplifier. 

With the inverting amplifier of Figure 3 the 
gain can be set to any desired value defined 
by R divided by R1N. Input impedance is 
defined by the value or RIN and R should 
equal the parallel combination or RIN and R to 
cancel the effect of bias current. Offset vol
tage, offset current, and gain contribute most 
of the errors. The ground may be set any
where within the common mode range and 
any op amp will provide satisfactory 
response. 

CURRENT TO VOLTAGE 
CONVERTER 
The transfer function of the current to volt
age converter is 

Vout = InR1 (3) 

Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. 
The current flowing into the input must be 
the same as that flowing across R1, hence, 
the output voltage is the IR drop of R1. 

Limitations, of course, are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common mode range. 
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DIFFERENTIAL AMPLIFIER 
This circuit of Figure 5 has a gain with respect 
to differential signals of R2/R1. 

The common mode rejection is dominated 
by the accuracy of the resistors. Other 
errors arise from the offset voltage, input 
offset current, gain and common mode 
rejection. The circuit can be used with any 
op amp discussed in this chapter with the 
proper compensation. 

SUMMING AMPLIFIER 
The summing amplifier is a variation of the 
inverting amplifier. The output is the sum of 
the input voltages, each being weighed by
RF/R1N· 

The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 
to the parallel combination of RF and all the 
input resistors. 

CURRENT TO VOLTAGE 
CONVERTER 

Rl 

Figure 4 

INTEGRATOR 
Integration can be performed with a varia
tion of the inverting amplifier by replacing 
the feedback resistor with a capacitance. 
The transfer function is defined by 

(4) 

The gain of the circuit falls at 6dB per octave 
over the range in which strays and leakages 
are small. 

Since the gain at dc is very high a method for 
resetting initial conditions is necessary. 
Switch S1 removes the charge on the ca
pacitor. A relay or FET may be used in the 
practical circuit. Bias and offset currents 
and offset voltage of the switch should be 
low in such an application. 

INTEGRATOR 
51 

Rl 

Figure 7 

DIFFERENTIAL AMPLIFIER 

Rl 

R2 

R4 

Figure 5 

VOUT=(e2- e,) (~) 
Rl ~ R3, 
R2 = R4 

SUMMING AMPLIFIER 

Figure 6 
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DIFFERENTIATOR 

The differentiator of Figure 8 is another varia
tion of the inverting amplifier. The gain 
increase at 6dB per octave until it intersects 
the amplifier open loop gain, then decreases 
because of the amplifier bandwidth. This 
characteristic can lead to instability and high 
frequency noise sensitivity. 

DIFFERENTIATOR 

Rl cr o----j -

R2 

Figure 8 

A more practical circuit is shown in Figure 9. 
The gain has been reduced by R3 and the 
high frequency gain reduced by C2 allowing 
better phase control and less high frequency 
noise. Compensation should be for unity 
gain. 

PRACTICAL DIFFERENTIATOR 

Rl 

R3 

~ 

R2 

Figure 9 

COMPENSATION 
Present day operational amplifiers are com
prised of multiple stages, each of which has a 
3dB point or pole associated with it. Referring 
to Figure 10, the 3dB break points of a two 
stage amplifier are approximated by the Bode 
plot. 
As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360 0 • A steady 1800 phase shift is developed 
by the amplifier from output to inverting 
input. In addition the sum of all additional 
shifts due to amplifier poles or feedback 
component poles will cause the necessary 
additional 1800 to sustain oscillation if the 

9-189 

9 



LINEAR LSI PRODUCTS 

BASIC FEEDBACK THEORY 

FREQUENCY COMPENSATION 

" 
I 

TYPICAL 

I'( ~~~~OM:SEENS~TEO_ t--

" .'\ -6 <lBIOC'TAVE 

" 
" 

l'\ 
'\ 

" J\-12d8/0CTAVE 

" \ 
" ~ 
" 
" 1\ 

'" \ 
" 

Figure 10 

gain of the amplifier is greater than one for 
the frequency at which the 180' phase shift 
is reached. By adding poles and zeros to the 
amplifier response externally, the phase 
shift can be controlled to insure stability. 

Many op amps now include internal com
pensation. These are single capacitors of 
30pF typically and the amplifier will remain 
stable for all gains. However, since they are 
unconditionally stable, the compensation is 
larger than required for most applications. 
The resultant loss of bandwidth and slew 
rate may be acceptable in the general case 
but selection of an externally compensated 
device can add a great deal to the amplifier 
response if the compensation is handled 
properly. 

In order to fully develop the point at which 
instability occurs a fuller understanding of 
phase response is necessary. 

The diagram of Figure 11 depicts the phase 
shift of a single pole. Note that at the pole 
position the phase shift is 45' and that phase 
shift becomes 0° for a decade below the pole 
adn - 90° for a decade above the pole loca
tion. This is a Bode approximation which pos
sesses a 5.7° error at 0° and 90° but this 
error is usually considered small enough to 
be ignored. The single pole produces a maxi
mum of 90° phase shift and also produces a 
frequency roll off of 20dB per decade. The 
addition of the second pole of Figure 12 pro
duces an additional 90° phase shift and 
increases the role off slope to - 40dB per 
decade. 

At this point phase shift could exceed 180° 
because unity gain is reached causing stabil
ity. For gain levels equal to A1 or 1/(3, the 
phase shift is only 90° and the amplifier is 
stable. However, the gain of A2 the phase shift 
is 180° and the loop is unstable. Gains in 
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SINGLE POLE AMPLITUDE AND 
PHASE RESPONSE 

AOI----_~ 

-45 

-90 

I, 

-45'-/DECAOE 

I 

Figure 11 

TWO POLE CLOSED LOOP 
RESPONSE 

Figure 12 

between A1 and A2 are marginally stable. 
However, as shown in Figure 13 the phase 
shift as it approaches 180° causes increasing 
frequency peaking and overshoot until sus
tained oscillations occur. 
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FREQUENCY PEAKING DUE TO 
INSUFFICIENT PHASE MARGIN 

1A-(dS) 

LOOrAIN 

Aol---'--:::::-.. 
I OPEN LOOP 

I, 
f \ 

~:". \ 

Aoel \ ~ .. ,.\ 
., 

CLOSED LOOP' 

Figure 13 

It is generally accepted in the interest of 
minimized frequency peaking to limit the 
phase shift of the amplifier to 135' or a 
phase margin of 45'. At this margin the sec
ond order response of the system is crit
ically damped and oscillation is prevented. 

Referring to Figure 14, the required com
pensation can be determined. Given the open 
loop response of the amplifier, the desired 
gain is plotted until it intercepts the open loop 
curve as shown. 

FREQUENCY COMPENSATION 

IVPIC"" 
UNCOMPI.N$ATEORESPONSE 

, '\ , '1'\ 1 

1>-.' ','\I ·""m"", 
: ~6~';t~S':TTE~~~~~lY~ , 't" K"l\','\ AESPONSElr'XWI 

, 1 '\J',",', 12dBIOCTAV( 

, 1,,",,,:,,,,,, "" I>\(" '\ 
1 ;~,,:,~;\~,~:,,:,~':;,, " ',\ 

, ['""'''f"'""'r'''''1 1'\.' 
1 '\~ 

" .1 ~ , 

Figure 14 

The phase shift for minimum peaking is 135°. 
Remembering that phase shift is 45° at the 
frequency pole the example of Figure 14 will 
be unstable at gains less than 20dB where 
phase shift exceeds 180°, and will possess 
excessive overshoot and ringing at gains less 
than 60dB where phase shift exceeds 135°. 
Thus, the desired compensation will move the 
second pole of the amplifier out in frequency 
until the closed loop gain intersects the open 
loop response before the second break of the 
amplifier occurs. Selecting only enough com
pensation to do the job assures the maximum 
bandwidths and slew rates of the amplifier. 
Additional in-depth information on compensa
tion can be found in the reference material. 
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BASIC FEEDBACK THEORY 

FEED FORWARD 
COMPENSATION 
External compensation has been shown to 
improve amplifier bandwidth over internal 
compensation in the preceding section. 
Additional bandwidth can be realized if feed 
forward compensation is used. Bandwidth 
is limited in monolithic design by the poor 
frequency response of the pnp level shifters 
of the first stage. 

TECHNIQUE OF FEED 
FORWARDAROUND1~STAGE 

Figure 15 

FREQUENCY RESPONSE WITH 
FEED FORWARD COMPENSATION 

Figure 16 

The concept of feed forward compensation 
bypasses the input stage at high frequencies 
driving the higher frequency second stage 
directly as pictured by Figure 15. The Bode 
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plot of Figure 16 shows the additional 
response added by the feed forward tech
nique. The response of the original amplifier 
requires less compensation at lower frequen
cies allowing an order of magnitude improv
ment in bandwidth. Standard compensation 
and feed forward are both plotted to illustrate 
the bandwidth improvement. Unfortunately, 
the use of feed forward compensation is 
restricted to the inverting amplifier mode. 

REFERENCES 
1. OPERA TIONAL AMPLIFIERS-Design & 

Applications, Jerald Graeme and Gene 
Tobey, McGraw Hill Book Company. 

9-191 
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AUDIO CIRCUITS USING THE 
NE5532/33/34 
More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low noise op 
amps and show their use in some audio appli
cation. 

RIAA C1 

o---lH---1 

01 

04 

COMPONENT VALUE TABLES 

DESCRIPTION This makes the device especially suitable 
The 5532 is a dual high-performance low for application in high quality and profes
noise operational amplifier_ Compared to sional audio equipment, instrumentation 
most of the standard operational amplifiers, and control circuits, and telephone chan
such asthe 1458, it shows better noise per- nel amplifiers. The op amp is internally 
formance,. improved output drive capability compensated for gains equal to one. If 
and considerably higher small-signal and very low noise is of prime importance, it is 
power bandwidths. 

RIAA-EQUALIZER SCHEMATIC 

012 

COMPONENT VALUES 

TO VOl../ 
BAL AMP 

R8=25k R8=50k R8= lOOk R1 1meg C1 .22I'F 
C2 750pF 
C3 .0033}1F 
C4 331'F 

R7=2_4k R9= 240k 

fa C5 C6 

23 Hz I/LF .1/LF 
50 Hz .47/LF .047/LF 
72 Hz .33/LF .0331'F 
108 Hz .22/LF .022/LF 
158 Hz .15/LF .0 15/LF 
238 Hz .1/LF .01/LF 
290 Hz .082/LF .0082/LF 
350 Hz .068/LF .0068/LF 
425 Hz .056/LF .0056/LF 
506 Hz .047/LF .0047/LF 
721 Hz .033/LF .0033/LF 
1082 Hz .022/LF .0022/LF 
1588 Hz .0 15/LF .0015/LF 
2382 Hz .01/LF .001/LF 
2904 Hz .0082/LF 820pF 
3502 Hz .0068/LF 680pF 
4253 Hz .0056/LF 560pF 
5068 Hz .0047/LF 470pF 
7218 Hz .0033/LF 330pF 
10827 Hz .0022/LF 220pF 
15880 Hz .00 15/LF 150pF 
23820 Hz .001/LF 100pF 
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R7=5_lk R9=510k R7= 10k R9=lmeg 

fa C5 C6 fa C5 C6 

25 Hz .47/LF .047/LF 12 Hz .47/LF .047/LF 
36 Hz .33/LF .033/LF 18 Hz .33/LF .033/LF 
54 Hz .22/LF .022/LF 27 Hz .22/LF .022/LF 
79 Hz .15/LF .015/LF 39 Hz . 15/LF .0 15/LF 
119 Hz .1/LF .01/LF 59 Hz .1/LF .01/LF 
145 Hz .082/LF .0082/LF 72 Hz .082/LF .0082/LF 
175 Hz .068/LF .0068/LF 87 Hz .068/LF .0068/LF 
212 Hz .056/LF .0056/LF 106 Hz .056/LF .0056/LF 
253 Hz .047/LF .0047/LF 126 Hz .047/LF .0047/LF 
360 Hz .033/LF .0033/LF 180 Hz .033/LF .0033/LF 
541 Hz .022/LF .0022/LF 270 Hz .022/LF .0022/LF 
794 Hz .015/LF .00 15/LF 397 Hz .015/LF .0015/LF 
1191 Hz .01/LF .001/LF 595 Hz .01/LF .001/LF 
1452 Hz .0082/LF 820pF 726 Hz .0082/LF 820pF 
1751 Hz .0068/LF 680pF 875 Hz .0068/LF 680pF 
2126 Hz .0056/LF 560pF 1063 Hz .0056/LF 560pF 
2534 Hz .0047/LF 470pF 1267 Hz .0047/LF 470pF 
3609 Hz .0033/LF 330pF 1804 Hz _0033/LF 330pF 
5413 Hz .0022/LF 220pF 2706 Hz _0022/LF 220pF 
7940 Hz .0015/LF 150pF 3970 Hz _0015/LF 150pF 
11910Hz .001/LF 100pF 5955 Hz .001/LF 100pF 
14524 Hz 820pF 82pF 7262 Hz 820pF 82pF 
17514 Hz 680pF 68pF 8757 Hz 680pF 68pF 
21267 Hz 560pF 56pF 10633 Hz 560pF 56pF 

12670 Hz 470pF 47pF 
18045 Hz 330pF 33pF 

Figure 1 

Signetics 

R2 lOOk 
R3 1meg 
A4 1.1k 
RS lOOk 
R6 100k 
R7 seE TABLE 
R8 (pol)SEETABLE 
R9 SEE TABLE 
R10 100k 
Rll lOOk 
R12 20k (5 STAGES) 

CS SEE TABLE 
C6 SEE TABLE 
C7 2.21'F 
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recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

APPLICATIONS 
The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual
ity and professional audio equipment which 
requires low noise and low distortion. 

The circuit included in this application note 
has been assembled on a P.C. board, and 
tested with actual audio input devices 
(Tuner and Turntable). It consists of an RIAA 
pre-amp, input buffer, 5-band equalizer, and 
-mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
improved. 

The RIAA pre-amp section is a standard 
compensation configuration with low fre
quency boost provided by the Magnetic car
tridge and the RC network in the op amp 
feedback loop. Cartridge loading is accom
plished via R1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on RS's setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing impe
dance matching between the pre amplifiers 
and the equalizer section. Because the 5532 
is internally compensated, no external com
pensations required. The 5-band active filter 
section is actually 5 individual active filters 
with the same feedback design for all 5. The 
main difference in all five stages is the values 
of C5 and C6 which are responsible for set
ting the center frequency of each stage. Lin
ear pots are recommended for R9. To simplify 
use of this circuit, a component value table is 
provided, which lists center frequencies and 
their associated capacitor values. Notice that 
C5 equals (10) C6, and that the Value of RS 
and R10 are related to R9 by a factor of 10 as 
well. The values listed in the table are com
mon and easily found standard values. 

RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
along with sophisticated playback equip
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5534A. This 
is a single operational amplifier with less 
than 4nV/JHz input noise voltage. The 
NE5534A is internally compensated at a 

gain of three. This device has been used in 
many audio preamp and equalizer (active 
filter) applications since its introduction 
early last year. 

Many of the amplifiers that are being de
signed today are dc coupled. This means 
that very low frequencies 12-15Hz) are being 
amplified. These low frequencies are com
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is amplified and convert
ed to sound waves. 

The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily at the low frequency range with a 
slight. modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
curve now occurs at 31.5Hz and begins to roll 
off below that frequency. The rolloff occurs by 
introducing a fourth R/C network with a 
7950~s time constant to the three existing 

networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 

NE5533/34 DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifiers. 
Compared to other operational amplifiers 
such as TLOS3, they show better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 
gain equal to, or higher than, three. The fre
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom
mended that the 5533N5534A version be 
used which has guaranteed noise specifica
tions. 

PROPOSED RIAA PLAYBACK EQUALIZATION 

5 111111 
J~DI RI,!! 

"-
5 

[j I' 
5 NEW RIAA 

(db) -5 

-10 

-, 5 

-, 0 

-, 5 

-3 0 

10 100 (HZ) 'K 10K 100K 

Figure 2 
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RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 

.271-'f 

INPUTo---Il-..-----I 

49.9 

-f15V 

>--~-OTO LOAD 

.015/-1' 

• 1/2 OF DUAL OPERATIONAL AMPLIFIER 

NOTE 

1\11 r(,:.I:',!(Jr~ aw l~'o metal film and are valued in 

Figure 3 

APPLICATIONS 

Diode Protection of Input 

The input leads of the device are protected 
from differential transients above ± 0.6V 
by internal back·to-back diodes. Their 
presence imposes certain limitations on 
the amplifier dynamic characteristics re
lated to closed-loop gain and slew rate. 

Consider the unity gain follower as an 
example: 

9-194 

Assume a signal input square wave with 
dV/dt of 250V per /lS and 2V peak' ampli
tude as shown. If a 22 pF compensation 
capacitor is inserted and the R1 C1 circuit 
deleted, the device slew rate falls to ap
proximately 7V//ls. The input waveform 
will reach 2V/250V//ls or 8 ns, while the 
output will have changed (8x 10-'3) (7) 
only 56 mY. The differential input signal is 
then (V'N - yo) RiRi + Rt or approximately 
W. 

The diode limiter will definitely be active 
and output distortion will occur; therefore, 
Yin < Was indicated. 

AI 
2Vn 
o I: 
_11_ VI 

", 
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V'N=2Sinwt 

1K 

1K 

Next, a sine wave input is used with a sim
ilar circuit. 

The slew rate of the input waveform now 
depends on frequency and the exact ex
pression is 

dv dt =2w cos wt 

The upper limit before slew rate distortion 
occurs for small signal (V,N < 100 mY) con
ditions is found by setting the slew rate to 
7V//ls. That is: 

7 X 106 V//ls = 2w cos wt 

at wt = 0 

7 X 106 6 
wLlMIT =--2- =3.5x 10 rad/s 

3.5 x 106 
fLlMIT~ ",560kHz 

.>::,---..... _-0
0 U Vo 

II 
-11-

~12 
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External Compensation Network 
Improves Bandwidth 
By using an external lead-lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-loop 
gain less than 3 to 5 is indicated. A num
ber of examples are shown in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse-related parameters such as 
damping and phase margin are controlled 
by choosing the appropriate circuit con
stants. For example, consider the follow
Ing configuration: 

The major problem to be overcome Is poor 
phase margin leading to instability. 

GAIN 

90 

""'\ 

dB 45 \ 

o :\ 
o 0.1 1.0 10 50 

MHz 

PHASE 

, - 90' f-------+---i=""'"'~ 

-180' '--___ --'-__ '----'-----' 

0.1 
MHz 

1.0 10 50 

By choosing the lag network break fre
quency one decade below the unity gain 
crossover frequency (30-50 MHz), the 
phase and gain margin are improved. An 
appropriate value for R is 270!l. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 

A single pole and zero inserted in the 
transfer function will give an added 45' of 
phase margin depending on the network 
values. 

C=------::-
2"..270.5 X 106 

Calculating the Lead-Lag 
Network 

118 =pF 

RULES AND EXAMPLES 

Compensation Using Pins 5 and 8 
(Limited Bandwidth and Slew Rate) 

where 1 
F, = 10 (UGBW) 

UGBW=30 MHz 

~- ' 
6 

3 Your 
VIN + 8 

5 C,=Cc(1) 
c Cc = 22pF for NE5533/34 

1 ,', C, = 22pF [SEE GRAPH UNDER 
TYPICAL PERFORMANCE 
CHARACTERISTICSI 

Figure 4. Unity Gain Non-Inverting Configuration 

RF= RIN 

C1=cc[~l 
RF+RIN 

VOUT 
Cc 

2 
:.C, = 11pF 

Figure 5. Unity Gain Inverting Configuration 

Signetics 9-195 
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External Compensat;on for 
Wideband Voltage Follower 

eOIST. 

r---H---
I ~----~~----~ 

-4:- R'N 
V'N o---\M-~--t 

>--+---<> VOUT 

NOTE: Input diodes limit differential to < O.5V 

Figure 6. External Compensation for Wideband Voltage Follower 

Shunt CapaCitance 
Compensation 

1 
CF = 2". FF RF ' FF '" 30 MHz 

or CF '" C01ST 

ACL 

C01ST '" Distributed Capacitance = 2·3pF 

Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are well 
suited to these applications because of their 
high gain and easily tailored frequency 
response. 

RIAA PREAMP USING 
THE NE5534 

The preamplifier for phono equalization is 
shown in Figure 8 along with the theoretical 
and actual circuit response. 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 
Following the amplifier stage, rumble and 
scratch filters are often used to improve over
all quality. Such a filter designed with op 
amps uses the 2 pole Butterworth approach 
and features switch able break points. With 
the circuit of Figure 9 any degree of filter
ing from fairly sharp to none at all is switch 
selectable. 
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RIAA EQUALIZATION 
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Figure 7a 
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Figure 7b 
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Figure 7c 
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Figure 7d 

STANDARD FM BROADCAST 
EQUALIZATION 

TURNOVER FREQUENCY 21Z2CPS 
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Figure 7e 
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PREAMPLIFIER-RIAAlNAB 
COMPENSATION 

.22 

~ OUTPUT 

-1SV 

·_o-F iF 
20;<F,J. ,IIOK ,M RIMj NAB 

750pF 1 0.0033 I 
1.1M 

,," 0.003 

" 
·SaI~topl'OV'id'splCifildtr.nsduearl,*,lng. 
OUtpul Noi .. ~ O.8mV rms {with inputlhortedl 

All resistor values Bre In ohms. 

Figure 8a 

" 
., -- .... ~ 

" 

""~ 
BODE PLOT- ~ACTUAL RESPONSE .. 

'~ 
" '~ 

l\-20 

"" " 
0 ", ," ", ,,. ", 

FREQUENCY_Hz 

BodoPI01oIRIAAEqu.hzluonomith. 
~53~'llIi"din"'_'ICjrtuituli"" 

Figure Bb 

RUMBLE/SCRATCH FILTER 

RUMBLE 
POSITION FREQ. 

1 FLAT 
230Hz 
350Hz 

80Hz 

All resistor "alues are in ohms. 

Figure 9 
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NOTES 

TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 

"M~-f-' r-'M.--r-'-''i----,~''-l-----, 

OOClJ.F OOOJJ.F 

~ 
All resistor values are in ohms. 

1. Amplifier A may be a NE531 or 301. Frequency compensation, as for unity gain non
inverting amplifiers. must be used. 

2. Turn-over frequency-1kHz. 
3. Bass boost +20dB at 20Hz. bass cut -20dB at 20Hz, treble boost +19dB at 20kHz. treble 

cut -19dB at 20kHz. 

, ." ." 
.. IS TREBLE 
800ST !loon , 

'" 
/' 

, / 

"" ./ / ~ 
, ./ "-"" ." BASS TREIILE 

'"' '" 

100,OQO 

Figure 10 

BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 

"'~1' LlVH 

'00' 

~ 

."~~ 
IOC~l 

All resistor values are in Ohms. 

Figure 11 

~'""' 
I 
I 
I 
I 
I 
I 
I 
I 

i~ I 
~,"::l Bour 
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TONE CONTROL 
Tone control of audio systems involves alter
ing the lIat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 11 shows a combination of balance 
and loudness controls. Due to the non
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many Ie amplifiers include the necessary pin 
connections to provide external offset adjust
ments. Many times, however, it becomes nes· 
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off· 
set voltage adjust and bias current nulling cir
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim
plified arrangements are possible the addition 
of 02 and 03 provide a fixed current level to 
01, thus, bias cancellation can be provided 
without regard to input voltage level. 

INPUT 

R' 
50K 

UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 

R1 
200K 

R, 

OUTPUT j'V 

R' 100 

RANGE" v (~~) 

-v 

All resistor values are in ohms. 

Figure 12 
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UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 

R5 l Rl 
200K 

~gK·~ 

-v 

INPUT 

All resistor values are in ohms. 

Figure 13 

BIAS CURRENT 
COMPENSATION 

"No--+---*--+------1 

Figure 14 
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APPLICATIONS USING THE SE/NE5535 

APPLICATIONS 

Introduction 

The NE5535 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V/~s. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur
rent. 

Applications 
These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that follows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 

It is always good practice in designing a sys
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 
the positive and negative supply voltage will 
be equal during power up. With the NE5535, 
it is possible to degrndo tho input circuit char
acteristics by not applying tho power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the ItA7~1 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 

The NE5535 can be used either with single or 
split power supplies. 

APPLICATIONS 
CAPACITANCE MULTIPLIER 
The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C = 10!,F, an effective capacitance of 
10,OOO"F was obtained. The Q available is 
limited by the effective series resistance. 
So R1 should be as large as practical. 

SIMULATED INDUCTOR 
With a constant current excitation, the 
voltage dropped across an inductance in
creases with frequency. Thus, an active 
device whose output increases with fre
quency can be characterized as an induct
ance. The circuit of Figure 2 yields such a 
response with the effective inductance 
being equal to: 

L= R1R2C 

leading to the distinct possibility of insta
bility at high frequencies. R1 should there
fore always be slightly smaller than R2 to 
assure stable operation. 

POWER AMPLIFIER 
For most applications, the available power 
from op amps is sufficient. There are 
times when more power handling capa
bility is necessary. A simple power 

R3 
1K 

R, 
Ceff""RJoC, 

RS = R3 

All resistor values are in ohms. 

Figure 1. Capacitance Multiplier 

10K 

10K 

All resistor values are in ohms. 

AN143 

booster capable of driving moderate loads 
is offered in Figure 3. 

The circuit as shown uses a NE5535 
device. Other amplifiers may be substi
tuted only if R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be calculated from 
the expression 

R1 - 600mV 
- ICC 

c, 

Figure 2. Virtual Inductor 

r-----------~------_o+v 

R1 

5.1K 1K 

2N697 

R1 

L-------------~--_o-v The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed
back paths of the amplifier are equal 

Figure 3. Power Booster 
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R3 

R1 

D.C. 

Figure 4. Voltage to Current Converters 

R4 

R2 R4 

R,=R3 

lOUT == ~l~: :~ 

Figure 5. Voltage to Current Converter 

,..------0 - IV CLAMP -D.6} = -2.4 V 

'----+---0+ (V CLAMP -0.6) = +2.4 V 

>--~-oVOUT 

Figure 6. Active Clamp Limiting Amplifier 

1DK 
r---~~.---~-~~--O-V 

D1 

10K 10K 

All resistor values are in ohms. 

Figure 7. Absolute Value Amplifier 

Signetics 
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VOL TAGE·TO·CURRENT 
CONVERTERS 
A simple voltage-to-current converter is 
shown in Figure 4. The current out is 
10UT=VIN/R. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circuit 
can be used to control currents of many 
amps. Unity gain compensation is 
necessary. 

The circuit in Figure 5 has a different input 
and will produce either polarity of output 
current. The main disadvantages are the 
error current flowing in R2 and the limited 
current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 
The modified inverting amplifier in Figure 
6 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing is limited by the base-emitter break· 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes 
across the feedback resistor, but tends to 
give less precise limiting and cannot be 
easily controlled. 

ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 7 generates a positive 
output voltage for either polarity of input. 
For positive signals, it acts as a non
inverting amplifier and for negative 
signals, as an inverting amplifier. The ac
curacy is poor for input voltages under 1V, 
but for less stringent applications, it can 
be effective. 

HALF WAVE RECTIFIER 
Figure 8 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive signals, the gain is 0; 
for negative signals, the gain is -1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
output, but the output impedance differs 
for the two input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the Input 
polarity reverses. The NE5535 device will 
work up to 10kHz with less than 5% 
distortion. 

PRECISION FULL WAVE 
RECTIFIER 
The circuit in Figure 9 provides accurate 
full wave rectification. The output imped
ance is low for both input polarities, and 
the errors are small at all signal levels. 
Note that the output will not sink heavy 
currents, except a small amount through 

9-201 
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9-202 

C, 
005 

", ,0< 

" 10K 

10K 

S.lK 

All resistor values are in ohms. 

Figure 8. Half Wave Rectifier 

10K 

10K 

10K 

10K 

5.1K 

Figure 9. Precision Full Wave Rectifier 

TWO-PHASE SINE WAVE 
OSCILLATOR 

All resistor values are in ohms. 

Figure 10. Two-Phase Sine Wave Oscillator 

Signetics 
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the 10kD resistors. Therefore, the load ap· 
plied should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type 
devices give 5% distortion at about 
300Hz. 

TWO-PHASE SINE WAVE 
OSCILLATOR 
The circuit (referring to Figure 10, uses a 2-
pole pass Butterworth, followed by a phase 
shifting single pole stage, fed back through a 
voltge limiter to achieve sine and cosine out
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of CG andlor the limiting 
network, better distortion figures are possible. 
The component values shown give a fre· 
quency of oscillation of about 2kHz. The val· 
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 
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Introduction 
The Signetics NE538 is the under
compensated version of the NE535. The 
NE538 has a typical slew rate of 50VIIls and 
a gain bandwidth product of 6MHz. 

The internal frequency compensation is 
designed for a minimum inverting gain of 4 
and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un
stable and the NE535 should be used. 
The higher slew rate of the NE538 has made 
this device quite appealing for high speed 
designs and the fact that it has a standard 
pinout will allow it to be used to upgrade 
existing systems that now use the /1A741 or 
/1A748. 

VOLTAGE COMPARATOR 

Inexpensive voltage comparators with only 
modest parameters are often needed. The op 
amp is often used in the configuration 

OFFSET ADJUST CIRCUIT 

V· 

v-

Figure 1 

because the high gain provides good selectiv
ity. Figure 2 shows a circuit usable with most 
any op amp. The zener is selected for the out
put voltage required (5.1 volt for TTL), and the 
resistor provides some current protection to 

Signetics 

AN150 

VOLTAGE COMPARATOR 

v-

All resistor values are in ohms. 

Figure 2 

the op amp output structure. V,et Can be any 
voltage within the wide common mode range 
of the amplifier-another advantage of using 
op amps for comparators. 

9·203 
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CYCLIC A TO D CONVERTER 
One interesting, but, much ignored AID con
verter is the cyclic converter. This consists of 
a chain of identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts Vref from the input and doubles 
the remainder if the polarity was correct. In 
Figure 1 the signal is full wave rectified and 
the remainder of V;n -; V ref is doubled. A chain 
of these stages gives the gray code equiva
lent of the input voltage in digitized form 
related to the magnitude of Vref . Possessing 
high potential accuracy, the circuit using 
NE531 devices settles in 51'S. 

+Ycc 

'OK 

TRIANGLE AND SQUARE 
WAVE GENERATOR 
The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli
tude of the square wave is set by the output 
swing of the op amp A-1 and R1/R2 sets the 
triangle amplitude. The frequency of oscilla
tion in either case is 

f=~ R2 
4RC • R1 (1) 

The square wave will maintain 50% duty 
cycle even if the amplitude of the oscillation 
is not symmetrical. 

CYCLIC A TO D CONVERTER 

20K 

20K 

Figure 1a 

A·' 

9·204 

TRIANGLE AND SQUARE 
WAVE GENERATOR 

Figure 2 

Signefics 
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The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A 1 
runs open loop, there is no need for com
pensation. The triangle-generating amplifi
er must be compensated The NE5535device 
can be used as well, except for the lower 
frequency response. 

I~O~~T_ 
----' V,N 

Figure 1b 
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MC3403 DESCRIPTION 

The MC3403 is a quad operational amplifier 
with true differential inputs. The device has 
electrical characteristics similar to the pop· 
ular ~A741. However, the MC3403 has sev· 
eral distinct advantages over standard op· 
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0V or as high as 
36V. The common mode input range in· 
cludes the negative supply, thereby elimi· 
nating the necessity for external biasing 
components in many applications. The out· 
put voltage range also includes the nega· 
tive power supply voltage. 

APPLICATIONS 

VOLTAGE REFERENCE 

vee 

R2 
10K 

R1 
10K 

Vo 

VO=R1:1R2 

vo==~vcc 

INPUT BIAS CURRENT vs 
SUPPLY VOLTAGE 

180 ~tt!±~ij~ i ~ 
~ 170 f=~~*$~~:j~ 
" <Il 

: 160 FEti~i33g 
:!: 
~ 150 tt::t±±=±=:l=:jd 

o 2.04.0 6.0 8 10 12 14 16 

Vee AND VEE, 
POWER SUPPLY VOLTAGES (VI 

SINGLE SUPPLY 

SPLIT SUPPLIES 

WEIN BRIDGE OSCILLATOR 

50K 

10K 

Vo 

fo= 2n~C 
FOR fo=1kHz 

R=16kQ 
C =O.01~F 

HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER COMPARATOR WITH HYSTERESIS 

R2 ., 

·0 v,. 0----., 

R1 '::\ TIT" 
VOL VIN(L) : VIN(H) 

V'NIL) = R1 ~ R2 (VOL - VREF) + VREF VREF 

.2 
V'N(H) = R1 ~1 R2 (VOH - VREF) + VREF 

H = R1 :1R2 (VOH - VoL> 

eo= e(l + a + b) (82-81) 

Signetics 9-205 
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APPLICATIONS (Continued) 

VREF=tVCC 

VREF 

9-206 

Cl 
V~r-~~AR2Ar-4 __ ' 

R2 

FUNCTION GENERATOR 

TRIANGLE WAVE 
OUTPUT 

R, 

I., :~:, ~~ IF R3 = R~~ ~11 

R2 
300K 

Rl 

AN160 

BI·QUAD FILTER 

SQUARE WAVE 
OUTPUT 

Signetics 

100K 

C1 

fO=2n~c 
R1 ",OR 

R2=T~p VREF=~VCC 
R3=TNA2 
C1 =10C 

FDA fo= 1kHz 
Q=10 

TBP= 1 
TN= 1 

i>--+.------lt-----o NOTCH OUTPUT R = 160kQ 
C = O.001IlF 

R1 =1.6M2 
WHERE TBP=CENTER FREQUENCY GAIN R2=1.6MQ 

TN = PASSBAND NOTCH GAIN R3 = 1.6M2 

MULTIPLE FEEDBACK BANDPASS FILTER 

GIVEN '0 = CENTER FREQUENCY 
A('ol = GAIN AT CENTER FREQUENCY 

CHOOSE VALUE '0' C 
THEN: 

R3=~ 
nloe 

R1 = 2=(~01 
R2 = 4Q~~,R~ R5 

"">--+-<(-oVo 
Co 

Co=10C 

FOR LESS THAN 10% ERROR FROM OPERATIONAL AMPLIFIER 

~o;o < 0.1 WHERE '0 AND BW ARE EXPRESSED IN Hz. 

IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH 
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS. 
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TYPICAL APPLICATIONS 

SINGLE SUPPLY INVERTING AMPLIFIER 

RF 

NON-INVERTING AMPLIFIER 

BLOCKS 
OC, 
GAIN 

r 

v+ 

10K V+ 

RF 

Signetics 

AN160 

INPUT BIASING VOLTAGE FOLLOWER 

v+ 

v+ 

9 
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DESCRIPTION 
The 5512 series of high performance oper
ational amplifier provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved CMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 

BRIDGE TRANSDUCER AMPLIFIER 
In applications involving strain gauges, 
accelerometers and thermal sensors a 
bridge transducer is often used. Frequently 
the sensor elements are high resistance 
units requiring equally high bridge resis
tance for good senSitivity. This type of cir
cuit then demands an amplifier with high in
put impedance, low bias current and low 
drift. The circuit shown represents a possi
ble solution to these general requirements 
(Figure 1). 

For Vs = 10 volts, the common mode volt
age is approximately +5 volts, well within 
the common mode limits of the NE5512. 

The sensitivity of the input stage is approxi
mately 

RF· Vs 

2R 
to a change in transducer resistance aR. 
This gives a gain factor of ",,50 for Vs = toV 
and R = 25kn. The second stage gain is 
X toO giving a total gain of ",,5000. 

Noise is minimized by shielding the 
transducer leads and taking special care to 
determine a good signal ground. Common 
mode noise rejection is particularly impor
tant making matched differential impedance 
critical. The NE5512 typically provides 
100dS of common mode rejection and will 
considerably reduce this undesirable effect. 

The following are sensitivity figures for the 
transducer circuits. 

AR AEout 
leg 1 Ion -2.BV 

5n -1.3V 
leg 2 Ion +2.4 

5n +1.2 

Temperature compensation of the bridge 
element is accomplished by using low drift 
metal film resistors and also by providing a 
complimentary non-active sensor element to 
thermally track the offset in the active 
element. 

9·208 

NE/SE5512 SRIDGE TRANSDUCER AMPLIFIER 

+VS 

"NOTE 

250kJl 

METAL FILM RF 

250kl! 

Thermal compensation transducer (non-active) 

lOOk\! 

·0 
1kO 

lOOk!! 

[
Example, ] 

~R =: SH jeo:::o. 1.2V 
Vs = +10V 

Figure 1 

NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY 
[SENSITIVITY: 1 VOLT PER MICROAMP] 

100pF (POLYSTYRENE) 

RF 

IS 

-1SV +1SV 

Figure 2 

High frequency roll-off provides attenuation 
of unwanted noise above the pass band of 
the transducer. The shunt capacitors across 
both stage feedback resistors are for this 
purpose. 

CURRENT TO VOLTAGE 
CONVERTER 
Taking advantage of the very low bias cur
rent and offset of the NE5512 is demon
strated in its adaptation to a current to volt
age converter as shown below (Figure 2). 

Signetics 

The lower limit of measuring accuracy is de
termined by IS (inverting) which is typically 
BnA. In order to attain a measurement accu
racy of 1 % the following inequality must 
hold, 

18 <' (.01) ISmin 

Where IS = input bias current, ISmin = mini
mum measured current. For IS = BnA and 
ISm in = lilA, 

SnA <' (,01) I~A = 10nA 

and the inequality hold. 
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DC offset and current noise gain is deter
mined by 

RF + RS 
Fig 

which"" 1 for AS » AF. 

The measured results for this circuit appear 
below (VCC = ± 15 volts). 

INPUT CURRENT OUTPUT VOLTAGE 

l"A 1.00B Volts 
5"A 5.00 Volts 

10.00"A 10.00 Volts 

NE5512 OPERATIONAL 
DIFFERENTIATOR 
By utilizing the very high input impedance 
characteristic of the NE5512, an excellent 
active differentiator can be realized. Using 
the circuit shown (Figure 3), good results 
were obtained as shown by the wave forms 

in Figures 4, 5 and 6. One of the primary 
problems with such circuits is the tendency 
towards instability and distortion either due to 
loading caused by input bias currents or 
amplifier non-linearity. In addition, gain 
increases with frequency requiring low input 
noise in the amplifier. 

The relative stability is shown by the output 
signal wave forms mentioned above. Adding 
A 1 provides added compensation in the 
form of a zero near the amplifier unity gain 
frequency. Frequency range is 100Hz to 
10kHz. 

In order to obtain good differentiation, the 
network time constant, RC, must be small 
relative to the period of the highest frequen
cy present at the input. Since the 
differentiator will attanuate the signal by a 
factor of wRC which may be 100:1 in the 
operating region, the second amplifier stage 
is used to compensate for this loss. Various 
circuits are easily interfaced with the 
differentiator block due to the inherently low 
output impedance of the NE5512. 

NE/SESS12 ACTIVE DIFFERENTIATOR WITH INVERTING Xl0 BUFFER 

RF 

':' 

i1f~ 
-15 +15 

Figure 3 

DIFFERENTIATOR WAVEFORMS 

TRIANGLE WAVE 
INPUT 

SQUARE WAVE 
OUTPUT 

SQUARE WAVE 
INPUT 

IMPULSE 
OUTPUT 

Signetics 

Figure 4 

Figure S 

':' 

IN 

200mV/cm 

OUT 

SOOmV/cm 

H = 20"s/in 

20mV/cm 

2V/cm 

H = 20"s/cm 

9-209 
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THE OPERATIONAL INTEGRATOR 
The operational complement of the active dif
ferentiator is the active integrator. The 
NE5512 is easily adapted to this function as 
shown in the circuit below (Figure 7). to obtain 
satisfactory integration the time constant 
must fulfill the following requirement: 

RC,> 1ST 

Where T is the period of the input wave form. 
For the ideal integrator 

1 
eout ~ "RC J 8in dt 

DIFFERENTIATOR WAVEFORMS 

Vln = sin wt 

Vo:=:::: COswt 

AN144 

200mV/cm 

lV/em 

H = 20#s/cm 

Figure 6 

The factor 11 RC represents an attenuation 
of the input signal. The low signal level is 
increased by using the second half of the 
NE5512 as a gain stage following the oper
ational integration. The wave forms in Fig
ures 8 and 9 show the input-output relation
ship for both a sine wave and a square wave 
function. A good integrator must exhibit a 
phase shift of 5890 for sine wave input over 
the active frequency range. For a square 
wave the resultant output must be a linear 
ramp. The circuit shown fulfills this require
ment (see Figure 7). No external compensa
tion is required since tho amplifier is unity 
gain stable. 

NE/SE5512 ACTIVE INTEGRATOR WITH INVERTING BUFFER 

"10k!) 

1MEG 

.'n = .'nwl 

fin> 200Hz 

>;:hr---o .out = cos ",t o 
,.0 

-15 +15 

Figure 7 

INTEGRATOR WAVEFORMS 

SQUARE IN IN 
WAVE SINE WAVE 

INPUT 10V/em INPUT SV/cm 

TRIANGLE OUT OUT 
WAVE lV/em COSINE WAVE 

OUTPUT OUTPUT O.SV/em 

H = 1mB/em H = 1ms/em 

Figure 8 Figure 9 
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NE5514 DESCRIPTION 
The SE/NE5514 family of Ouad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324/LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a "A741 with improvad slew and 
drive capability. 

FOUR QUADRANT PHOTO
CONDUCTIVE DETECTOR 
AMPLIFIER 
When operating a photo diode in the photo
conductive mode (reverse biased) very 
small currents in the micro ampere range 
must be sensed in the photo active operat
ing region. Dark currents in the nano am
peres are common. Generally, for this 
reason, J-FET input preamps are used to 
prevent interaction and accuracy degrada
tion due to input bias currents. 

The 5514 has sufficiently low input bias cur
rent (6na) to allow its use under these circuit 
constraints as shown in a possible design 
used to sense four quandrant motion of a light 
source. By proper summing of the signals 
form the X and Y axes, four quandrant output 
may be fed to an X-Y plotter, oscilloscope or 
computer for simulation. (See Figure 10.) 

The wide input common mode voltage range 
of the device allows a + 10 volt supply to be' 
used to drive the signal bridge giving high 
sensitivity and improved signal to noise. Ob
viously, input balancing is critical to achiev
ing 'common mode signal rejection in addi
tion to adequate shielding of the sensor 
leads. The sensor head itself must be 
shielded and the shield grounded to signal 
common to avoid unwanted noise pick up 
from power line and other local noise 
sources. Amplifier response may be shaped 
to aid in noise reduction by more complex 
filter configurations. If possible the 5514 
should be located in close proximity to the 
sensor head. 

System balance may be done under dark 
field conditions if adequate photo detector 
tracking results. However, for high accuracy 
systems a bipolar balance adjust added to 
the non-inverting output stage is more desir
able. With this latter method the Signal 
bridge is balanced for a null output under 
uniform light field conditions using the 
bridge balance pot as shown. D.C. offset is 
then adjusted using the balance pot on the 
output amplifier under dark field conditions. 

FOUR QUADRANT PHOTO DETECTOR 

X-AXIS 

V-AXIS 

ID(ACTIVEj ;: 5IJ.A 

SIGNAL 
COMMON 

1MEG 

.05% 

2SpF 

1 MEG -= 
.05% 

1MEG 

.05% 

1MEG 

.001/-1 

,. 

-: o~o 

NE5514 

+ DC 
NULL 

1MEG 

+15 50K -15 
v 

(-.+) (+.+) 

(-.-) (+.-) 

PHA~ING 

Figure 10 

MULTI-TONE BANDPASS FILTER 
FOR PLL TONE DECODER 
In the design of a multiple tone signaling 
system, particularly where signals are trans
mitted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communications. 

By the use of narrow band active pre-filters to 
attain selectivity and gain, the effective signal 
to noise ratio is greatly improved. The SEI 
NE5514 is easily adapted to such filter config
urations due to its inherent stability. In 
addition its very high input, impedance drasti
cally reduces loading 0 the passive networks 
and allows for increased "0" and large value 
resistors. 

Signetics 

The circuit in Figure 4 demonstrates multiple 
feedback filters operating at four of the stand
ard signaling frequencies. More channels 
may be added to increase the capacity of the 
system. 

Test results obtained from this filter configu
ration were as follows: 

Wide band signal to noise 
Gain (Mid band) 
Q (effective) 
Output 

B3dB 
30dB 

'" 30 
OdBM 
(.775vrms) 

Note that the amplifiers are operated from a 
single + 12 volt supply and are biasad to half 

9-211 
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Vee by a simple resistive divider at point B 
which connects to all non-inverting inputs. 

4-STATION 0-50" TEMPERATURE 
SENSOR 
By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the basis 
for a mUlti-station temperature sensor as 
shown in Figure 12. The principle used is fun
damental to the current voltage relationship 
of a forward biased junction. The current flow 
across the base-emitter junction is deter
mined by absolute temperature in the follow
ing way: 

IE = -(Ie + IB) kl 

and IE 00 IS exp (VBElVr): Vr = q 
therefore, VBE 00 Vr In IE liS 

Where IE is the forward current and IS is the 
saturation current inherent in the junction, IE 
must be high enough such that the IS vari
ation with temperature is small relative to IE 
(IE> > IS). IS is typically .05 pA, therefore, 
setting IE to 1 or 2 IJ.A gives the desired 
condition. 

Diode D 1 serves to substantially reduce er
ror due to power supply variation by giving a 
fixed voltage reference. To calibrate the 
sensor adjust R4 for "0" volts output from 
the NE5514 at DoC. Adjust RS tracking re
sistor for a scale factor of 100 millivolts per 
°e output. 

Only the transistor need be placed in the tem
perature controlled environment. Figure 13 
shows the addition of an AID converter and 
display to give a digital thermometer. 

9-212 

0 
gOOn 
LINE 
-3OdBm 

NE/SE5514 
MFB BANDPASS FILTER 

FOR 
MULTI·CHANNEL TONE DECODER 

+12V 

1. 'I,F± 
,---~---+---, 

4.7kn 

R, 
47fl 

':' 

., 

5001< 

S6CK 

R3 

~047'F 
4301 0 ..... ~--'-::-I 

1 '.0.0 : 

~
047'F I 

5 1K 0471'F 

I-"""'''''':':''l 

51n 
-=- 0 +6V 
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100Kfl 

Figure 11 
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12K 
R2 

4-CHANNEL TEMPERATURE SENSOR 
(O-50·C) 

R' 
500K 

S.2K 
R3 

)>----

)>------

)>-----

R5 
11K 

01 
1N914 

REPEAT ABOVE FOR 
REMAINING SENSORS 

Figure 12 

50K 
R6 

+15V 

>......:. ...... -{)E. 

-15V 

----------0 

----------------0 

----------------0 

I'P-CONTROLLED DIGITAL THERMOMETER 

CKT CKT CKT 
2 3 , 

SO 
5002 

Figure 13 

SAMPL.E AND 
HOLD 

NE5537 

SAMPLE 
HOLD 
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DESCRIPTION 
The Signetics NE5517 is a truly versatile dual 
operational transconductance amplifier. In 
plain language. it is a voltage-te-current con
verter governed by the transconductance gm. 
which is equivalent to 10u.Nin' The gm is in
creased or decreased linearly by varying the 
amplifier bias current (lABel through an exter
nal pin (see Figure 1). From the proper use of 
the IABC pin. many control circuits can be 
realized. 

For more insight into the way the part operates. 
the transconductance can be thought of as 
gain and is governed by the following equation: 

gm = lou. = IABCQ (1) 
Vln 2KT 

where the transconductance is dependent on 
the constant KT/q (which is 26mv at 25°C). and 
IABC (which is controlled by the user). 

To make the device more universal and adap
table for many functions. two impedance buf
fers for voltage output applications are also in
cluded with the amps so that the part can be 
used as a programmable operational amplifier. 

Linearizing diodes provide another useful op
tion. These should be applied when large in
put voltages or wide temperature variations are 
encountered. To show the significance of the 
diodes. compare the difference between Equa
tion 1 without diodes and Equation 2 with 
diodes: 

lou. 2 IABC 10 
- = -- for lin greater than - (2) 
Vin Aln 10 2 

Here. it can be seen that the transconductance 
is not temperature dependent. Aln is the 
signal input resistance and lin is the signal 
current. lin must not exceed half the diode cur
rent (10, nominally 1 rnA). The diode current is 
set by a resistor tied to + Vcc. A graph show
ing the output distortion improvement versus 
differential imput voltage when using the 
diodes is shown in Figure 2. 

An advantage that the NE5517 has over similar 
devices is a special biasing network between 
the amplifier and output impedance buffers. 
This network eliminates output offset current 
changes with a sudden change in the bias cur
rent (lABel. This is particularly important in 
audio applications where an audible offset 
would be produced. 
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PIN. NO. 

1 

2 

3 

4 

'5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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AMP .... 

INPUT I. 

AMP 
.. A. 

INPUT 
A 

• DlCOI 
liAS 

,. 

LINEARIZING 
DIODES 

DlCOI 
"AS 

A 

SYMBOL NAME AND FUNCTION 

IABC• Amplifier bias input A 

D. Diode bias A 

+IN. Non-inverting input A 

-IN. Inverting input A 

loa Output A 

V- Negative supply 

INBuffer (a) Buffer input A 

vOBuffer (a) Buffer output A 

vOBuffer (b) Buffer output B 

• INPUT 
t+) 

INPUT 
t+) 
A 

'NBuffer (b) Buffer input B 

V+ 

lab 

-INb 

+INb 

Db 

IABCb 

B 
.. PUT 
(-) 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode bias B 

Amplifier bias input B 

r - - - ----1 
I lout s 
8 BUFFER 

OUTPUT V+ INPUT 

INPUT OUTPUT v- BUFFER 
IOPtJT 

A 
(-) A 
A I 
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Figure 1 Pin Designation and Functional Diagram 
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NE5517/A TRANSCONDUCTANCE AMPLIFIER APPLICATIONS AN145 

APPLICATIONS 

An application employing both amplifiers and 
buffers internal to the NESSI? is the adjustable 
triangle-square wave generator shown in 
Figure 3. 

The center oscillating frequency is set by the 
capacitor C at the output of amplifier A. The 
output amplitude is set by the resistor R con
nected between the non-inverting inputs, 
amplifier B output, buffer B input and ground. 

The oscillating frequency is varied by chang
ing Ve, which in turn controls the amplifier 
bias current (IABCI )' If a positive voltage is ap
plied to Ve, the center frequency will increase 
linearly with increasing voltage. If a negative 
is applied, the center frequency will decrease 

DISTORTION VI DIFFERENTIAL 
INPUT VOLTAGE 

lOa VCc= ± 15V 
RL = 10kQ 

10 IABC = 1mA 

0.01'-__ .L... __ ..L __ -! 
I 10 100 1000 

DIFFERENTIAL INPUT VOLTAGE (mVp) 

Figure 2 Output Distortion Versus Input 
Voltage Showing Benefit Of Diodes 

47K 
v + -- I"BC2 

16 15 
B B 
AMP DIODE 
BIAS BIAS 
INPUT 

A 
AMP A 
BIAS DIODE 
INPUT BIAS 
1 2 

30K 

linearly with increasing negative voltage. This 
makes a very good programable oscillator with 
variable amplitude. 

By using a large value capacitor and negative 
control voltage, oscillations in the fractions of 
Hertz can be realized; a small capacitor and 
positive control voltage will give frequencies 
up to 500kHz. Graphs showing the linearity of 
control voltage versus frequency for different 
capacitor values are shown in Figure 4. 

Pertinent calculations are: 

fe ___ I.:.;A::cBC::.I,-_ 

4(C) (IABC2) (R) 
(3) 

= center frequency Where: fc 
IABCI 
IABC2 
R 

= oscillator control current 
= amplitude control current 

C 
amplitude control resistor 

= oscillator control capacitor 

Also: Amplitude = (IABC2) (R) (4) 

Another very useful application is to use the 
NESSI? as a digitally programmable amplifier. 
The entire circuit is shown in Figure 5. 

The circuit consists of a Signetics micropro
cessor compatible DAC, a transistor array, and 
the NESSI? configured as a voltage controlled 
amplifier. This arrangement can also be used 
with the VCO explained earlier to program its 
oscillating frequency. 

v+ 

14 13 12 11 

'f>;J INPUT C INPUT OUTPUT 
(+) (-) 

7 B 

+ 

'~ 
A ,LA 
INPUT INPUT A 
(+) (-) OUTPUT 
3 R 4 C 5 6 

-=?- .". ,F o V-

Figure 3 Triangle-Square Wave Generator 
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The pertinent equations governing this applica
tion are as follows: 

VOUI BW (10) 
Av = _ = __ _ 

x 

256 

10AC MAX X q X RL 

2 X KT 

(5) 

Where: BW (10) 

IOACMAX 
binary word decimal 
maximum DAC output 
current (1 mAl 
load resistance (30K) 
38.5 at 25°C 

Also: 
Vrs' 

IOAC MAX = 2 X Rre, 

=2x~ = lmA 
10K 

(6) 

Where: Vre, = supplied by DAC (5V) 
Rre, = referenced resistor (10K 

ohms) 

The I CAC MAX of 1 rnA is used to keep the 
transconductance within the linear range. 

10K 
V-

10 9 
B B 

INPUT OUT. ~'"" 

~. 
BUFFER BUFF. 
INPUT OUT. 
7 8 

10K 
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64 
I 60 

r-~2~HZ / 250 600 

56 560 

52 r- C = 4~F 520 

48 r- R = 2.4K 200 480 

44 / 440 

40 400 

36 150 
V 

360 
V-I/ 'N V ~ 320 

~ ~! ~ ,/ ~ 280 

24 100 240 
/ r T 

,/ 200 20 

..... V ./ 
16 fe = 55kHz 160 

,/ 
12 

:,.?r.'30 

50 
V 

c = .0015#F 120 
10' 

Ie = 150kHz 
II' V R1=rl 

80 c = 510pF 
8 

/ V R = 2.4K 

V 40 
: I", 'Y 0 0 

-16-12-8 -4 0 4 8 12 16 20 24 28 -16-12-8-4 0 4 8 12 16 20 24 28 
-16-12 -8-4 0 4 8 12 16 20 24 28 

V,(VOLTS) 
V,(VOLTS) V~(VOLTS) 

A B C 

Note: 
V, Below -13.6V or above +30V will cause dis10rtion. 
Changing the C value will vary the frequency range. 

Figure 4 Control Voltage (V cJ Versus Frequency Data 

The current mirror matches the current flow 
into the DAC and supplies the same amount 
to the 551? control pin. Using a current out
put DAC is much faster than using a voltage 
output device to control the part. (If speed is 
not important, this can be done and the cur
rent mirror can be replaced with a resistor.) 
Also, the input attenuation has not been 
calculated into the gain equation. Therefore, 
equation (5) pertains to the signal after the in
put divider. 

Many other applications for the NESSI? exist; 
refer to the data sheet applications section in 
the Signetics Linear LSI data book for numer
ous ideas. 

RREF 
10 

'--''--'''''~--I14 
10K 

L-----I12 
10K 82K 

FULL·SCALE 
ADJUST 

16 17 
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8-BIT DAC 
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O.'~ 
-Vee "':'" +Vcc -= 
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VINo-j~ 
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I 
I 
I ______ J 

+Vcc 

VOUT 

4.7K 

-Vee 

Figure 5 Digitally Programmable Amplifier 
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EXPLANATION OF NOISE , 

INTRODUCTION TO NOISE 
Since fabrication techniques in the integrat
ed circuit industry have improved so tre
mendously in the past few years, input 
offset voltages and bias currents are being 
minimized and noise parameters (whether 
measured at the output or referred to the 
input) have become a major source of con
cern. RedUCing noise by improved process 
techniques and by use of peripheral compo
nent control wi II be the th rust of th is appli
cation as a secondary effort, in understand
ing the noise components themselves. 

An inspection of industry specifications 
show several methods of rating amplifier 
noise performance. 

1. Output signal to noise ratio. 
2. Output noise level (with specified loads 

and bandwidth!. 
3. Output noise level referenced to normal 

operating level. 
4. Equivalent input noise (at a specified 

gain, source impedance and bandwidth!. 
5. Noise figure. 

BASIC NOISE PROPERTIES 
Noise, for purposes of this discussion, is 
defined as any signal appearing in an op 
amp's output that could not have been pre
dicted by DC and AC input error analysis. 
Noise can be random or repetitive, internal
ly or externally generated, current or volt
age type, narrowband or wideband, high 
frequency or low frequency; whatever its 
nature, it can be minimized. 

The first step in minimizing noise is source 
identification in terms of bandwidth and loca
tion in the frequency spectrum; some of the 
more common sources are shown in Figure 1. 
Some observations to be made from Figure 1 
are that noise is present from DC to VHF from 
sources which may be identified in terms of 
bandwidth and frequency, noise source band
widths overlap, making noise a composite 
quantity at any given frequency. Most exter
nally caused noise is repetitive rather than 
random and can be found at a definite fre
quency. Noise effects from external sources 
must be reduced to insignificant levels to real
ize the full performance available from a low 
noise op amp. 

EXTERNAL NOISE SOURCES 
Since noise is a composite signal, the indi
vidual sources must be indentified to mini
mize their effects. For example, 60Hz power 
line pickup is a common interference noise 
appearing at an op amp's output as a 16ms 
sine wave. In this and most other situations, 
the basic tool for external noise source fre
quency characterization is the oscilloscope 
sweep rate setting. Recognizing the oscillo
scope's potential in this area, there are availa
ble several preamplifiers with variable 
bandwidth and frequency which allow quick 
noise source frequency identification. 
Another basic identification tool is the simple 
low pass filter as shown in Figure 2 where the 
bandpass is calculated by: 

1 
1110=--

2rrRC 

AN164 

(1) 

With such a filter, measurement bandpass 
can be changed form 10Hz to 100Hz 
(C = 4.71'F to 470pF), attenuating higher fre
quency components while passing frequen
cies of interest. Once identified, noise from an 
external source may be minimized by the 
methods outlined in Table 1, the external 
noise chart. 

POWER SUPPLY RIPPLE 
Power supply ripple at 120Hz is not usually 
thought of as noise, but it should be. In an 
actual op amp application, it is quite possi
ble to have a 120Hz noise componentthat is 
equal in magnitude to all other noise 
sources combined, and, for this reason, it 
deserves a special discussion. 

To be negligible, 120Hz ripple noise should 
be between 10nV and 100nV referred to the 
input of an op amp. Achieving these low 
levels requires consideration of three fac
tors: the op amp's 120Hz power supply 

NOISE FREQUENCY ANALYSIS 
RC LOW PASS FILTER 

>-~WI ........ r-- TO SCOPE 

4.7 JiF 10 470 pFd 

v
Figure 2 

FREQUENCY SPECTRUM OF NOISE SOURCES 
AFFECTING OPERATIONAL AMPLIFIERS & LOW NOISE PREAMPLIFIERS 

1HZ 300kHz 

RADAR PULSE REPETITION FREQUENCY 

DOMINANT REGION lIF (FLICKER) NOISE WHITE NOISE, JOHNSON & SCHOTTKY 

seA SWITCHING 

POPCORN NOISE REGION 

.. H, OCTO DC POWER XF·Mn SUPPLY SUPPLY EMI 
INVERTING 

LINE I RljPlE (SAT) 

I I I 
FREQ. I 

FREQUENCY I 
I I PICKUP 

.001 .01 10 60 100120 180 lK 10K 100K 1M 10M 

FREQUENCY IN Hz. 

Figure 1 
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EXPLANATION OF NOISE 

rejection ratio (PSRRI, the regulator's ripple 
rejection ratio, and, finally, the regulator's 
input capacitor size. 

PSRR at 120Hz for a given op amp may be 
found in the manufacturer's data sheet curves 
of PSRR versus frequency as shown in Figure 
3. For the amplifier shown, 120Hz PSRR is 
about 74dB, and to attain a goal of 100nV 
referred to the input, ripple at the power termi
nals must be less than 5mV. Today's IC regu
lators provide about 60dB of ripple rejection; 
in this case the regulator input capacitor must 
be made large enough to limit input ripple to 
.5V. 

Externally compensated low noise op amps 
can provide improved 120Hz PSRR in high 
close-loop gain configurations. The PSRR 
versus frequency curves of such an op amp 
are shown in Figure 5. When compensated 
for a closed loop gain of 1000, 120Hz PSRR is 
115dB. PSRR is still excellent at much higher 
frequencies, allowing low ripple noise opera
tion in exceptionally severe environment. 

POWER SUPPLY DECOUPLING 
Usually, 120Hz ripple is not the only power 
supply associated noise. Series regulator out
puts typically contain at least 150~V of noise 
in the 100Hz to 10kHz range, switching types 
contain even more. Unpredictable amounts of 
induced noise can also be present on power 
leads from many sources. Since high fre
quency PSRR decreases at 20dB/decade, 
these higher freqency supply noise compo
nents must not be allowed to reach the op 
amp's power terminals. RC decoupling, as 
shown in Figure 6, will adequately filter most 
wideband noise. Some caution must be exer
cised with this type of decoupling, as load 
current changes will modulate the voltage as 
the op amp's supply pins. 

POWER SUPPLY REGULATION 
Any change in power supply voltage will have 
a resultant effect referred to an op amp's 
;nputs. For the op amp of Figure 3, PSRR at 
DC is 110dB (3~VIV) which may be consid
ered as a potential low frequency noise 
source. Power supplies for low noise op amp 
applications should, therefore, be both low in 
ripple and well-regulated. Inadequate supply 
regulation is often mistaken to be low fre
quency op amp noise. 

When noise from external sources has been 
effectively minimized, further improve
ments in low noise performance are ob
tained by specifying the right op amp, and 
through careful selection and application of 
the peripheral components. 
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NOISE VOLTAGE, en' or more properly, 
EQUIVALENT SHORT-CIRCUIT INPUT RMS 
NOISE VOLTAGE is simply that noise voltage 
which would appear to originate at the input 
of a noiseless amplifier (referring to Figure 4) 
if the input terminals were shorted. It is 
expressed in nanovolts per root Hertz (nV! 
$z) at specified frequency, or in microvolts 
for a given frequency band. It is determined, 
or measured, by shorting the input terminals, 
measuring the output rms noise, dividing by 
amplifier gain, and referencing to the input. 
Hence the term, equivalent noise voltage. An 
output bandpass filter of known characteristic 
is used in measurements, and the measured 
value is divided by the square root of the 
bandwidth ,jB, if data is to be expressed per 
unit bandwidth or per root Hertz. The level of 
en is not constant over the frequency band; 
typically it increases at lower frequencies as 
shown in Figure 7. This increase is llf NOISE 
(flicker). 

NOISE CURRENT, in, or more properly, 
EQUIVALENT OPEN-CIRCUIT RMS 
NOISE CURRENT is that noise which oc
curs apparently at the input of a noiseless 
amplifier due only to noise currents. It is 
expressed in picoamps per root Hertz 
(pAI..jHz) at a specified frequency or in nano
amps in a given frequency band. It is 
measured by shunting a capacitor or resis
tor across the input terminals such that the 
noise current will give rise to an additional 
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noise voltage which is in X R;n (or Xc;n), The 
output is measured, divided by amplifier 
gain, referenced to input, and that contribu
tion known to be due to en and resistor noise 
is appropriately subtracted from the total 
measured noise. If a capacitor is used atthe 
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EXTERNAL NOISE CHART 

Source Nature Causes 

60Hz Power Repetitive Interference Powerlines physically close to 
op amp inputs. Poor CMRR 
at 60Hz. 

120HzRippie Repetitive inadequate ripple consider-
ation. Poor RSRR at 120Hz 

180Hz Repetitive EMI 180Hz radiated from saturated 
60Hz transformers. 

Radio stations Standard AM broadcast Antenna action anyplace in 
through FM system. 

Relay & switch High frequency burst at Proximity to amplifier inputs, 
arcing switching rate. power lines, compensation ter-

minals, or nulling terminals. 

Printed circuit board Random low frequency Dirty boards or sockets. 
contamination 

Radar transmitters High frequency gated at Radar transmitters from long 
radar pulse repetition rate. range surface search to short 

range navigational especially 
near airports. 

Mechanical vibration Random < 100Hz Loose connections, intermittent 
metallic contact in mobile 
equipment. 

Chopper frequency Common mode input current Abnormally high noise chop-
noise at chopping frequency per amplifier in system 

input, there is only en and in XCIN. The Tn is 
measured with a bandpass filter and con
verted to pA/VHz if appropriate; typically it 
increases at lower frequencies for bipolar 
op amps and transistors, but it increases at 
higher frequencies for field-effect transis
tors and Bi-FeUBi MOS op amps. 

NOISE FIGURE, NF, is the logarithm of the 
ratio of input signal-to-noise and output 
signal-to-noise. 

NF = 10 log (S/NI I" 

(S/NI 0" (2) 

where: Sand N are power or (voltage)2 
levels 

This is measured by determining the SIN at 
the input with no amplifier present, and then 
dividing by the measured SIN at the output 
with signal source present. 

The values of Rgen and any Xgen as well as 
frequency must be known to properly ex
press NF in meaningxul terms. This is be
cause the amplifier in X Zgen as well as Rgen 
itself produces input noise. The signal 
source contains some noise. However, e'ig is 

Table 1 

generally considered to be noise free and 
input noise is present as the THERMAL 
NOISE of the resistive component of the sig
nal generator impedance Rgen .. This thermal 
noise is WHITE in nature as it contains con
stant NOISE POWER DENSITY per unit 
bandwidth. It is easily seen that the en2 has 
the units V2/Hz and that (en) has the units VI 
..jHz 

OR2 = 4kTRB 

where: T is temperature in 0 K 
R is resistor value in ohms 
B is bandwidth in Hz 
k is Boltzman's constant 

OPERATIONAL AMPLIFIER 
INTERNAL NOISE 
OP AMP NOISE 
SPECIFICATIONS 

(3) 

Most completely specified low noise op amp 
data sheets specify curr,ent and voltage 
noises in a 1Hz bandwidth-and lowfrequen
cy noise over a range of .1Hz to 10Hz. To 
minimize total noise, a knowledge of the 
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Minimization Methods 

Reorientation of power wiring. 
Shielded transformers. 

Thorough design to minimize ripple. 
RC decoupling at the op amp. 

Physical reorientation of components. 
Shielding. Battery power. 

Shielding. Output filtering. Limited 
circuit bandwidth. 

Filtering of HF components. Shielding. 
Avoidance of ground loops. Arc sup-
pressors at switching source. 

Thorough cleaning and humidity 
sealant. 

Shielding. Output filtering of fre-
quencies » PRR. 

Attention to connectors and cable 
conditions. Shock mounting in severe 
environments. 

Balanced source resistors. Use bi-
polar input op amps instead. 

derivation of these specifications is useful. 
I n this section, the reader is provided with 
an explanation of basic op amp associated 
random noise mechanisms and introduced 
to a simplified method for calculating total 
input-referred noise in typical applications. 

RANDOM NOISE CHARACTER
ISTICS 
Op amp associated noise currents and volt
ages are random. They are aperiodic and 
uncorrelated to each other and have Gaus
sian amplitude distributions, the highest 
noise amplitudes having the lowest proba
bility. Gaussian amplitude distribution al
lows random noises to be expressed as rms 
quantities; multiplying a Gaussian rms 
quantity by six results in a peak to peak 
value that will not be exceeded 99.73% olthe 
time. 

The two basic types of op amp associated 
noises are white noise and flicker noise (1/f). 
White noise contains equal amounts of power 
in each Hertz of bandwidth. Flicker noise is 
different in that it contains equal amounts of 
power in each decade of bandwidth. This is 
best illustrated by spectral noise density plots 
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NOISE VOLTAGE 

FREQUENCY (HZ) 

Figure 8 

NOISE CURRENT 
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Figure 9 

such as in Figure 8 and 9. Above a certain 
corner frequency, white noise dominates; 
below that frequency, flicker (1/f) noise is dom
inant. Low noise corner frequencies distin
guish low noise op amps from general 
purpose devices. 

SPECTRAL NOISE DENSITY 
To utilize Figures 8 and 9, let us consider the 
definition of spectral noise density: the 
square root of the rate of change of mean
square noise voltage (or current) with fre
quency Eq. 4A. 

(4A) 

(48) 

~ En ~ J j"en"dF 
IL (5A) 
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where: en= White noise voltage in a 1 Hz 
bandwidth 

IL (58) in = White noise current in a 1 Hz 

where en, in = Spectral noise density 
En, In = Total rms noise 

fH = Upper frequency limit 
fL = Lower frequency limit 

Conversely, the rms noise value within a given 
frequency band is the square root of the defi
nite integral of the spectral noise density over 
the frequency band (Equation 58). This 
means that three things must be known to 
evaluate total voltage noise (En) or current 
noise (In): fH' fL' and a knowledge of noise 
behavior over frequency. 

WHITE NOISE 
White noise sources are defined to have a 
noise content that is equal in each Hertz of 
bandwidth, and Equation 58 may be rewritten 
for white noise sources as: 

Enlwl ~ en VIH - IL Inlwl ~ inv'1H=lL 
(6) 

It is therefore convenient to express spec
tral noise density in V IJHZ or A/JHZ where 
fH - fL = 1 Hz. When fH '" 10 fL, the white noise 
expressions may be further reduced to: 

Enlwl ~ env'tH Inlwl ~ inv'tH (7) 

FLICKER NOISE & WHITE NOISE 
Since flicker noise content is equal in each 
decade of bandwidth, total flicker noise may 
be calculated if noise in one decade is 
known. The .1 Hz to 1 Hz decade noise con
tent (K) is widely used for this purpose 
because the white noise contribution below 
10Hz is usually negligible. 

Enll) " K,jT , In If) " K JT 
I I (8a and b) 

When substituted in Equation (3), the expres
sions may be rewritten to: 

Enlfl ~ K v0n c:)' In lll ~ K jln G~) 
(9a and b) 

When corner frequencies are known, sim
plified expressions for total voltage and 
current noise, (EN and IN), may be written: 

ENIIH - ILl ~ en Jree In (IH \ + IIH - ILl 
IL I (10) 

bandwidth 
fee = Voltage noise corner frequency 
fei = Current noise corner frequency 
fH = Upper frequency limit 
fL = Lower frequency limit' 

The two most important internally generat
ed noise minimization rules are: limit the 
circuit bandwidth and use operational am
plifiers with low corner frequencies. 

NOISE SUMMATION 
In the spectral density discussions, the con
cepts of white noise and flicker noise were 
introduced. In Figure 10, the complete input
referred op amp noise model, internal white 
and flicker noise sources are combined into 
three equivalent input noise generators, En' 
INl and IN2. The noise current generators pro
duce noise voltage drops across their respec
tive source resistors, RSl and RS2" The 
source resistors themselves generate thermal 
noise voltages, Et1 and Et2 . Total rms input 
referred voltage noise, over a given band
width, is the square root of the sum of the 
squares of the five noise voltage sources over 
that bandwidth. 

THERMAL NOISE 
Thermal (Johnson) noise is a white noise 
voltage generated by random movement of 
thermally-charged carriers in a resistance; 
in op amp circuits this is the type of noise 
produced by the source resistances in se
ries with each input. Its rms value over a 
given bandwidth is calculated by: 

Et ~ V 4kTA IIH - ILl (13) 

Where: k = 80ltzman's constant = 1.38 x 
10-23 joules/o K 

T = Absolute temperature, 0 Kelvin 
A = Resistance in ohms 

fH = Upper frequency limit in Hertz 
fL = Lower frequency limit in Hertz 

At room temperature Equation 13 simplifies 
to: 

Et ~ 1.28 X 10-10 VACIH - III (14) 

To minimize thermal noise (Etl and Et2) from 
RSl and RS2, large source resistors and 
excessive system bandwidth should be 
avoided. 

Thermal noise is also generated inside the 
op amp, principally from rbb, the base-

(11) spreading resistances in the input stage 
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OP AMP NOISE MODEL 

v+ 

Figure 10 

transistors. These noises are included in EN, 
the total equivalent input voltage noise gen
erator. 

SHOT NOISE 
Shot noise (Shottky noise) is a white noise 
current associated with the fact that current 
flow is actually a movement of discrete 
charged particles (electrons). In figure 10 IN1 
and IN2' above the 1/f frequency, are shot 
noise currents which are related to the ampli
fier's DC input bias currents: 

I'h = J 2qlBIAS IfH - ILl (15) 

where: Ish = RMS shot noise value in amps 
q = Charge of an electron = 1.59 x 

10-19 
ISlAS = Bias current in amps 

fH = Upper frequency limit in Hertz 
fL = Lower frequency limit in Hertz 

At room temperature Equation 15 simplifies 
to: 

I'h = 5.64 x 10-10 JIBIAS IfH - fLI (16) 

Shot noise currents also flow in the input 
stage emitter dynamic resistances, Ire), pro
ducing input noise voltages. These volt
ages, along with the rbb, thermal nOise, 
make up the white noise portion of EN, the 
total equivalent input noise voltage genera
tor. 

FLICKER NOISE 
In limited bandwidth applications, flicker (1/1) 
noise is the most critical noise source. An op 
amp designer minimizes flicker noise by 
keeping current noise components in the 
input and second stages from contributing to 
input voltages noise. Equation 17 illustrates 
this relationship: 

in second stage = en input 

gm first stage (17) 

Another critical factor is corner frequency. For 
minimum noise the current and voltage noise 
corner frequencies must be low; this is cru
cial. As shown in Figure 11 low noise corner 
frequencies distinguish low noise op amps 
from ordinary industry standard 741 types. 

POPCORN NOISE 
Popcorn noise Iburst noise) is a momentary 
change in input bias current usually occur
ring below 100Hz, and is caused by imper
fect semiconductor surface conditions 
incurred during wafer processing. Minimi
zation of this problem can be accomplished 
through careful surface treatment, general 
cleanliness, and a special three-step pro
cess known as "Triple Passivation". 

Op amp manufacturers face a difficult deci
sion in dealing with popcorn noise. Through 
careful low noise processing, it can be sig
nificantly reduced in almost all devices; 
alternatively, the proceSSing may be re
laxed, and finished devices must be individ
ually tested for this parameter. Special 
noise testing takes valuable labor time, adds 
significant amounts to manufacturing cost, 
and ultimately increases the price a custom
er has to pay. 

TOTAL NOISE CALCULATION 
With data sheet curves and specifications, 
and a knowledge of source resistance values, 
total input-referred noise may be calculated 
for a given application. To illustrate the 
method, noise information from a data sheet 
is reproduced in Figure 12. The first step is to 
determine the current and voltage noise cor
ner frequencies so that the EN and IN terms of 
Equation 12 may be calcuated using Equa
tions 10 and 11. 

CORNER FREQUENCY DETER
MINATION 
In the input shot noise versus frequency 
curves of Figure 12, it may be seen that volt-
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NOISE VOLTAGE COMPARISON 

1000 

FREQUENCY (Hz) 

Figure 11 

INPUT NOISE VOLTAGE 
VS FREQUENCY 

~ 'R:~:~ ~~~~~~~o~~t; 

1.0 
1.0 

,~, 

t:-- I ,uolio, 

:~1:hrl 
10 100 

FREQUENCY (Hz) 

Figure 12 

1000 

age noise (Rs = 0) begins to rise at about 
10Hz. Lines projected from the horizontal 
(white noise) portion and sloped (flicker noise) 
portion intersect at 6Hz, the voltage noise cor
ner frequency (fee)' In the center curve, 
excluding thermal noise multiplied by 2000 is 
plotted as a voltage noise. Lines projected 
from the horizontal portion and sloped por
tions intersect at 60Hz, the current noise cor
ner frequency (fcJ. Equations 10 and 11 also 
require en and in for calculation of EN and IN' To 
find en and in' use the data sheet specification 
a decade or more above the respective corner 
frequencies; in this case en is 9.6 nV/.JHz 
(1000Hz), and in is 0.12 pA/-JRZ (1000Hz). 

BANDWIDTH OF INTEREST 
To be summed correctly, each of the five 
noise quantities must be expressed overthe 
same bandwidth, IfH - fL). At this time, as
sume fH to bethe highest frequency compo-
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nent that must be amplified without distor
tion. Note that en, in, corner frequencies and 
bandwidth are independent of actual circuit 
component values. When doing noise cal
culations for a large number of circuits 
using the same op amp, these numbers only 
have to be calculated once. 

TYPICAL APPLICATION EXAM
PLE 
Figure 13a shows a typical Xl0 gain stage 
with a lOkI) source resistance. In Figure 13b, 
the circuit is redrawn to show five noise volt
age sources. To evaluate total input-referred 
noise, the values of each of the five sources 
must be determined. 

en ~ 9.6 nV/VHZ 
In ~ .12 pA/VHZ 
fee = 6Hz 
fei = 60Hz 

Using Equation 14: E, ~ -J 4KTR (fH - fLl 

Et1 ~ 1.28 x 1010 J 1900111 1100HzI - 0.4~ V rms 

Et2 ~ 1.28 X 10-10 J 110KllI 1100HzI- .128~V rms 

Next, calculate IN using Equation 11 

~.12pA J60 In (100Hz )+ 1100 -0.011 
\0.01 Hz 

~ 3.066pA rms 

and: 

IN1 . RS1 "3.066pA 1900!ll ~ .0027~V rms 

IN2 . RS2 ~ 3.066pA 110klll ~ .0306~V rms. 

Finally, EN from Equation 10 

EN ~ en Jtee In (~) + ItH - tLI 

~9.6nVJ6In (100HZ) +1100-0.011 
0.01Hz 

Substituting in Equation 12 

ENT IfH - tLI ~ 

J EN' + INT2 RS1' + IIN2 RS212 + Et1 2 + Et22 

~ J 1.120~VI2 + 1.0027~VI2 + 1.0306~VI2 
+ 1.04~VI2 + 1.128~VI2 

~ 0.183~Vrms 

Using the factor of 6, total input-referred 
noise = 1.I!IV peak to peak (0.01 Hz to 
100Hz). 
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741 CALCULATION EXAMPLE 
The preceding calculation determined total 
noise in a given bandwidth using a low noise 
op amp. To place this level of performance 
into perspective, a calculation using the 
industry-standard 741 op amp in the circuit of 
Figure 13 is useful. Once again the starting 
point is corner frequency determination, 
using the data sheet curves: 

tee ~ 200Hz; te; ~ 2kHz; en ~ 20nV/VHZ; in ~ 
.5pAlVHZ. 

Using these corner frequencies and noise 
magnitudes, EN and IN are calculated to be 
0.88~V rms and 68pA rms respectively. Multi
plying this noise current by the source resis
tance gives terms 2 and 3 of Equation 12 as 
shown below. 

ENT ItH - tLI~ 

J EN2 + IN12 RS12 + 1,,2 RS22+ E,, 2 + Et22 
(12) 

Substituting in Equation 12 

~ J 1O.88~VI2 + 1.061JNI2 + 1.68~V12 + 10.4~VI2 
+ 1.128~V12 

~ 1.12~V rms 

Total input-referred noise = 6.7!IV peak to 
peak (0.01 Hz to 100Hz) 

This is 5.9 times that of the low noise op amp 
example_ 

The calculation examples illustrate three 
rules for minimizing noise in operational 
amplifier applications: 

RULE 1. Use an op amp with low corner 
frequencies. 

RULE 2. Keep source resistances as low as 
possible. 

RULE 3. Limit circuit bandwidth to signal 
bandwidth. 

NOISE PERFORMANCE 
This segment shall be concerned with de
termining the signal to noise characteristics 
and the noise figure of amplifiers. 

The amplifier noise is composed of thermal 
noise generated in the base resistance shot 
noise caused by the arrival of discrete 
charges at diode junction and llf noise. 

For simplification these noise sources can be 
combined and the amplifier modeled by a 
noise source and a noiseless amplifier as in 
Figure 14. 

en = Amplifier's equivalent mean square 
noise voltage /y'Hz 
iN = Amplifier's equivalent mean square 
noise currently'Hz 
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NOISE ANALYSIS CIRCUIT 

RS1 '" R~~~2 '" goon 

RS2 = R3 '" 10Kn 

Figure 13a 

NOISE ANALYSIS 
EQUIVALENT CIRCUIT 

'L = .0001 Hz 

Figure 13b 

The total output noise can now be computed 
by equation 8: 

et = (en2 + in2 Rs2 + 4KTRs) V28 V2 A rms volts 
(8) 

'assuming Rs small compared to amplifier 
input. 

If we now compare the total output noise to 
the output signal, A-Es, we find the output 
signal to noise ratio. 

SIN 0 __________ _ 

(13) 

The denominator of the SIN ratio is the total 
output noise divided by the midband gain or 
the equivalent input noise as shown on 
NE542 specification sheet. 

(14) 

The SIN ratio may now be computed inde
pendent of the amplifier gain. However, the 
gain should be chosen to maintain linear 
operation of the amplifier. For example: If 
the input signal to the NE542 is 400!IV rms 
from a source resistance of 680 ohm with a 
bandwidth of 100Hz to 10kHz, the SIN ratio 
becomes, in dB: 

SIN ~ 20 log 400 ~V 
O.77~V • 

~ 54.3dB 
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operational amplifiers and low noise pream
plifiers. 

where IN = total current noise over a speci
fied bandwidth. 

NOTE 

EN = total voltage noise over a speci
fied bandwidth. 

Eli = thermal (Johnson) noise of the 
source resistance. 

'Rs = equivalent input source (orgen
erator) resistance. 

If Rs is a complex function, Zs. then this function must 
be calculated for the Rss mean of each bandwidth 
considered, For example the input is a capacitor in 
parallel with a resistor. the input impedance is there
fore: 

R Zm= ____ . 

1 + jwCR 

Figure 14 

Therefore as the frequency varies the abso
lute value of Zin will vary and will affect the 
INRs', input noise value. 

An amplifier gain of 68dB yields an output 
signal voltage of 1V rms. 

For an input signal of 10mV rms, 40dB of 
gain, and 1V rms output, the NE542 gives a 
SIN ratio: 

SIN ~ 20 log 10,000 ~ 82.3dB 
0.77 

Another popular figure of merit for measur
ing the noise performance of an amplifier is 
noise figure. We first define noise factor (F) 
as 

F - Noise power input( TaU 

Thermal noise power 

in terms of voltage this can be expressed as: 

F 
4KTRs + (en 2 + in2Rs2) 
-------. ~ 5.34, Rs ~ 6800 

4KTR, (15) 

The noise figure is now defined as: 

N.F. ~ 10 log F IdBI 

or 

N.F. ~ 10 log 4KTR, + en2 + in2R,2(dBI 
4KTR, (16) 

A noiseless amplifier will, therefore, have a 
noise figure of "0" dB. Although the band
width has been eliminated from this calcu la
tion, it is still an influencing factor on the 
noise figure since the value of en and in will 
be dependent on the bandwidth of interest. 
This is especially true if Ilf or high frequency 
noise is in this bandwidth. 

From Figures 15 and 16 we can calculate the 
noise figure. For the NE542 the noise figure 
for 100 Hz to 10Hz, 3dB bandwidth (15.7 kHz 

equivalent noise bandwidth) and a source 
resistance of 5K ohms is: 

N.F. ~ 10 log (1 + en2 + in2Rs2) 

4KTRS (17) 

( 1712X 10-18 +1.2512 X10-24 X RS2) NF ~ 1 0 log 1 +-'-----"'---'-----'----'-
75 X 10-18 

4 X 1.38 X 1523 X 300' K XRs 
~ 10 log x 

~ 7.27@ Rs ~ 6800 
~ 2.07@ Rs ~ 5KO 
~ 1.25@ Rs ~ 10KO 

To this point, the discussion has been limit
ed to flat band response and no mention of 
the effect of equalization networks has been 
made. In instances where the gain of the 
amplifier is changing significantly across 
the frequency band of interest, as is the case 
for NAB and RIAA equalization. the noise 
performance is significantly improved. 

The following table lists the spectral voltage 
and current noise densities and the respec
tive corner frequencies for several different 

GENERAL EQUATIONS 

Total Spectral Voltage Noise 

EN IIH- ILl ~ enJlcE In (~) + (IH - ILl 
(18) 

Total Spectral Noise Current 

(19) 

Thermal 

Et ~ 4 KTR IIH - ILl 
K ~ 1.38 x 10-23 jou leslo K (20) 
T ~ abs. temp in OK 
k ~ ohms 
It ~ 1.28 X 10-10 JR(IH - ILl at Room Temp. 

Shot at Room 

ISH ~ 5.64 X 10-10 Jlbla, IIH ILl (21) 

Total Noise* 

I
ENTI fH ~ JEn2+IIN RS112+IN2 RS22+Ett2+Et22 

IL (22) 

SPECTRAL VOLTAGE AND CURRENT NOISE DENSITIES 

I'A741 5534 LF357 NE542 

en (nv/y'Hz) 40 4 12 7 
in (pa/y'Hz) .25 .6 .01 .25 
en fce 1Hz) 200 90 50 800 
in fci (Hz) 1.5k 200 1 700 

TABLE 2 

NOTES 
1. The current spectral noise is omitted for the LF series since current noise levels in J-FET devices are 

insignificant. 
2. The spectral current noise for the LM387 is relatively linear over the frequency spectrum of 100Hz to 

10 kHz and is not specified below 100Hz. 

Signetics 
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INPUT NOISE CURRENT VS. FREQUENCY INPUT NOISE VOLTAGE VS. FREQUENCY 

0 

,i'.. 

1 
i'-..... 

r-

10 100 ,. 
FREQUENCY (Hz) 

Figure 15 

TOTAL NOISE CONFIGURATION 

Figure 17, 

Example: 

In order to determine the total noise of any 
device the following basic procedures can 
be used, 

1, Determine the spectral voltage noise 
value en and the 3dB corner frequency, 
Ilf the value is not listed, but a curve 
given, the spectral noise value will be 
that value above the3dB cornerfrequen
cyan the flat portion of the curve,) 

2, Determine the spectral current noise 
value In and the 3dB corner frequency, 
IThe same note holds true as for the 
spectral voltage noise, except that the 
corner frequencies are generally not the 
samel. 

3, Determine the thermal noise of the input 
port source resistances by using the 
basic equal at room temperature of 
Er = 1,28 X 10-10 y"R/v'Hz 
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Vee = 12V 

10. lOOK 

, 

~ 

1 
10 

......... ~ 

100 

-
" FREQUENCY ·Hz 

Figure 16 

Vee", 12V 

10. lOOK 

4, Using Equation 1, 2, and 4 and using Fig- Using the factor of 6 
ure 1 as a basic bJock, we then can deter-
mine the total current and voltage noise at f,o,,, p_p ~ 3,00MV p-p will never be exceeded in 
the input ports, 99,73% of all cases, 

5, Employing Equation 5 we can then de-
termine the total RSS VOltage noise re- For the second band 11kHz to 10kHz) 
ferred to the input of the amplifier. 

6, If the closed loop gain of the system is 'EN ~ 4 X 10-9 J9000 ~ ,38MV rms 
known, then the total output noise is 
then 'INRs ~ ,6 x 10-12 V 9000 x (104) ~ ,58MV rms 

ENout = ENin X ACL 

Given: From Table 2. the NE5534 operating 
over the range of 10Hz to 1 kHz and 1 kHz to 
10kHz, with Rs ~ 10k{l: determine total input 
noise over each bandwidth, 

EN (fH - fLl = en Jfce In fH + IfH - fL) 
fL (18) 

IN (fH - fL) = in 1tc11n fH + IfH - fL) 
fL (19) 

ET ~ 1,28 X 10-10 VRlfH - fL) (21) 

I ENT I :~ ~ J IEN)2 + II,lR,,)2 + IEt)2 
(22) 

For the first band 110Hz to 1kHz) 

EN ~ 4 X 10-9 V 90 1n (100) + 19901- ,15MV rms 

INRs ~ ,6 X 10-12 V 200 1n 11001 + 19901 X 1104)
,26~V rms 

ET ~ 1,28 X 10-8 V 990 ~ OAMV rms 

1000 
ETH ~ V IEN)2 + IINRs)2 + ET2 ~ 0,50MV rms 

10 

Signetics 

E\ ~ 1,28 X10-10 V 104 190001 ~ 1,21~V rms 

NOTE 
• For frequencies above 1 kHz only white noise is a 

consideration. 

I 1
10kHz 

ETH ~JI.38)2+1.57)2+11,21)2~V rms 
1kHz 

I 1
10kHz 

ETH ~ y1 ,39MV rms 
RSS 1kHz 

CONCLUSION 
The designer should look at the previous 
application note as a reasonable approach 
to determine system noise levels, Thevaria
tions of parameters, such as resistance 
values, temperature, bandwidth are control
lable by design procedure; however, the 
parametric variations of the monolithic op 
amps are controlled by the Ie manufacturer. 
Signetics manufactures a wide variety of 
operational amplifiers designed to meet all 
contingencies, 



LINEAR LSI PRODUCTS 

EXPLANArlON OF NOISE 

NE5534 NOISE CHARACTERISTICS 
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VIDEO AMPLIFIER PRODUCTS 

NE/SE592 Video Amplifier 
The 592 is a two stage differential output, 
wideband video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 

Three basic gain options are provided. 
Fixed gains of 400 and 100 result from 
shorting together gain select pins G1A -

G18 and G2A-G2B respectively. As shown 
by Figure 1 the emitter circuits of the differen
tial pair return thru independent current 
sources. This topology allows no gain in the 
input stage if all gain select pins are left open. 
Thus the third gain option of tying an exter
nal resistance across the gain select pins 
allows the user to select any desired gain 
from 0 to 400 volts per volt. The advantages of 
this configuration will be covered in greater 
detail under the filter application section. 

Three factors should be pointed out at this 
time: 

1. The gains specified are differential. 
Single ended gains are one half the stated 
value. 

2. The circuit 3dB bandwidths are a func
tion of and are inversely proportional to 
the gain settings. 

3. The differential input impedance is an 
inverse function of the gain setting. 

In applications where the signal source is a 
transformer or magnetic transducer the 
input bias current required by the 592 may 
be passed directly thru the source to 
ground. Where capacitive coupling is to be 
used, the base inputs must be returned to 
ground through a resistor to provide a dc 
path for the bias current. 

Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis
tors should be large, but to minimize the 
output dc offset, they should be small -
ideally 0 ohms. Their maximum value is set 
by the maximum allowable output offset 
and may be determined as follows: 

1. Define the allowable output offset (as
sume 1.5V). 

2. Subtract the maximum 592 output offset 
(from the data sheet). This gives the out
put offset allowed as a function of input 
offset currents (1.5V - 1.0V = 0.5V). 

3. Divide by the circuit gain (assume 1001. 
This refers the output offset to the input. 

4. The maximum input resistor size is: 

9-226 

RMAX = Input Offset Voltage (1) 
Max Input Offset Current 

= 1.00kl! 

Of paramount importance during the design 
of the NE592 device was bandwidth. In a 
monolithic device, this precludes the use of 
pnp transistors and standard level shifting 
techniques used in lower frequency de
vices. Thus without the aid of level shifting 
the output common mode voltage present 
on the NE592 is' typically 2.9 volts. Most 
applications, therefore, require capacitive 
coupling to the load. An exception to the 
rule is a differential amplifier with an input 
common mode range greater than +2.9V as 
shown in Figure 2. In this circuit, the NE592 
drives a NE511 B transistor array connected 
as a differential cascode amplifier. This ampli
fier is capable of differential output voltages 
of 48V peak-to-peak with a 3dB bandwidth of 
approximately 10MHz (depending on the 
capacitive load). For optimum operation, Rl is 
set for a no signal level of + 18V. The emitter 
resistors, RE, were selected to give the cas
code amplifier a differential gain of 10. The 
gain of the composite amplifier is adjusted at 
the gain selected point of the NE592. 

Filters 
As mentioned earlier. the emitter circuit of 
the NE592 includes two current sources. 

Since the stage ga,n is calculated by divid
Ing the collector load impedance by the 
emitter impedance, the high impedance 
contributed by the current sources causes 
the stage gain to be zero with all gain select 
pins open. As shown by the gain vs. fre
quency graph of Figure 3 the overall gain at 
low frequencies is a negative 48dB. 

Higher frequencies cause higher gain due 
to distributed parasitic capacitive react
ance. This reactance in the first stage emit
ter circuit causes increasing stage gain until 
at 10MHz the gain is OdB or unity. 

Referring to Figure 4, the impedance seen 
looking across the emitter structure includes 
small r e of each transistor. 
Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is ap
proximately 2mA causing the quantity of 2 
re to be approximately 32 ohms. Overall 
device gain is thus given by 

VoIS) _ 1.4 X 104 
V'NIS) - liS) + 32 

(2) 

where Z(S) can be resistance or a reactive 
impedance. Table 2 summarizes the possible 
configurations to produce low, high, and 
bandpass filters. The emitter impedance is 
made to vary as a function of frequency by 
using capacitors or inductors to alter the fre
quency response. Included also in Table 2 is 
the gain calculation to determine the voltage 
gain as a function of frequency. 

PARAMETER NE/SE592 733 

BANDWIDTH 120 120 
(MHZ) 

GAIN 0,100,400 10,100,400 

RIN 4-30 4-250 
(K) 

Vpp 4.0 4.0 
(VOLTS) 

Table 1 VIDEO AMPLIFIER COMPARISON FILE 
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592 INPUT STRUCTURE 

G1A 

G2A 

v-

All resistor values are in ohms 

Figure 1 

VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

(ALL GAIN SELECT PINS OPEN) 

Vs= "' " '" 

~ 
/ \ 

V \ 
/ \ 

/ 
V 

Figure 3 

Differentiation 
With the addition of a capacitor across the 
gain select terminals the NE592 becomes a 
differentiator. The primary advantage of 
using the emiller circuit to accomplish dif
ferentiation is the relention of the high 

VIDEO AMPLIFIER WITH HIGH 
LEVEL DIFFERENTIAL OUTPUT 

t-----------+=-ol ~u3~~~~ 
I PEAK TOP(AK 

All resistor values ar9 in ohms 

Figure 2 

Z NETWORK FIL TER Vo 1,1 TRANSFER 
TYPE V1 I,) FUNCTION 

R L 
1.4 X 104 

[. + 1R/Lj ~ LOW PASS --L--

R C 
1.4 X 104 

[~J ~I 0 HIGH PASS --R--

R L C 1.4 X 104 
[.2 + R/L·. + 1/LC ] ~~ BAND PASS 

L 

L 

~ BAND REJECT 1.4 X 104 [ .2 + 1/LC J 
R s2 + l/LC + s/RC 

NOTE: In the networks above, the R value used is assumed to include 2 re, 
approximately, 32 ohms. 

Table 2 FILTER NETWORKS 

common mode noise rejection. Disc file 
playback systems rely heavily upon this 
common mode rejection for proper opera
tion. Figure 5 shows a differential amplifier 
configuration with transfer function. 

Disc file Decoding 
In recovering data from disc or drum files, 
several steps must be taken to pre-condition 
the linear data. The NE592 video amplifier, 
coupled with the 8T20 bi-directional one
shot, provides all the signal conditioning 
necessary for phase encoded data. 

When data is recorded on a disc, drum or 
tape system, the readback will be a Gaus-

Signetics 

sian shaped pulse with the peak of the pulse 
corresponding to the actual recorded trans
ition point. This read back signal is usually 
500fLV p-p to 3mV p-p for oxide coated disc 
files and 1 to 20m V p-p for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gaus
sian read back signal must be determined. 

The classical approach to peak-time deter
mination is to differentiate the input signal. 
Differentiation results in a voltage propor
tional to the slope of the input signal. The 
zero-crossing point of the differentiator, 
therefore, will occur when the input signal is 
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BASIC GAIN CONFIGURATION 
FOR NE592, N14 

v, 

,,, 

VQ h~ • 1.4 I( 104 
v'w iTSf+2r'e 

" l~xl_~ 
Z(sJ + 32 

., 

-, 

Figure 4 

at a peak, Using a zero-crossing detector 
and one-shot, therefore, results in pulses 
occurring at the input peak paints, 

A circuit which provides the pre
conditioning described above is shown in 
Figure 6, Readback data is applied directly to 
the input of the first NE592, This amplifier 
functions as a wide band ac coupled amplifier 
with a gain of 100, The NE592 is excellent for 
this use because of its high phase linearity, 
high gain and ability to directly couple the unit 

DIFFERENTIAL WITH HIGH 
COMMON MODE NOISE REJECTION 

., 

v, 

For frequency F1 « 1/2 m32)C 

Vo:!!l.4 X 104C ~* 
All resistor values are in ohms. 

Figure 5 

with the readback head, By direct coupling of 
read back head to amplifier, no matched termi
nating resistors are required and the excel
lent common mode rejection ratio of the 
amplifier is preserved, DC components are 
also rejected because the N E592 has no gain 
at dc due to the capacitance across the gain 
select terminals, 

5MHz PHASE-ENCODED DATA 
READ CIRCUITRY 

4 mH 

AN141 

The output of the first stage amplifier is 
routed to a linear phase shift low pass filter, 
The filter is a single stage constant K filter, 
with a characteristic impedance of 200!}' 
Calculations for the filter are as follows: 

L = 2R/we Where R = characteristic impedance 
(ohmsl 

C = 1/wc wC = cutoff frequency (radians/secl 

The second NE592 is utilized as a low noise 
, differentiator/amplifier stage, The NE592 is 
excellent in this application because it al
lows differentiation with excellent common 
mode noise rejection, 

The output of the differentiator/amplifier is 
connected to the 8T20 bi-directional mon
ostable unit to provide the proper pulses at 
the zero-crossing points of the differentia
tor, 

The circuit in Figure 6 was tested with an 
input signal approximating that of a read back 
signal. The results are shown in Figure 8, 

Automatic Gain Control 
The NE592 can also be connected in con
junction with a MC1496 balanced modula
tor to form an excellent automatic gain 
control system, 

T~----~~--------------o'5V 
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USING THE NE592/559~ VIDEO AMPLIFIER 

lD"F 

~~~~----------'4 

51 

51 

0.1 

lK 

WIDE BAND AGe AMPLIFIER 

lK r---~------.-------t-------~+6V 

2.7K 2.7K r D.l "F 

0.1 "F 

MC1496 

121--------' 

14 10 

lK 

.IK 4.7K 56K 

lK 
L----4~--~~~~~------------~--------------------~------_o-6V 

All resistor values are in ohms. 

The signal is fed 10 the signal input of the 
MCI496 and RC coupled 10 the NE592. 
Unbalancing the carrier input of the 
MC1496 causes the signal to pass thru 
unattenualed. Rectifying and filtering one 
of the NE592 outputs produces a dc signal 
which is proportional to the ac signal ampli
tude. After filtering this control signal is 
applied to the MC1496 causing ils gain 10 
change. 

Figure 7 
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TEST RESULTS OF DISC 
FILE DECODER CIRCUIT (FIGURE 5-108) 

Figure 8 
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COMPENSATION TECHNIQUES FOR USE WITH THE SE/NE5539 AN140 

NE5539 DESCRIPTION 
The Signetics SElNE5539 ultra-high fre
quency operational amplifier is one of the 
fastest monolithic amplifiers made today. 
With a unity gain bandwidth of 350MHz 
and a slew rate of 600V/~s, it is second to 
none. Therefore, it is understandable that 
to attain this speed, standard internal 
compensation would have to be left out of 
its design. As a consequence, the op amp 
is not unconditionally stable for all closed
loop gains and must be externally com
pensated for gains below 17dB. Properly 
done, compensation need not limit slew 
rate. The following will explain how to use 
the methods available with the SElNE5539. 

LEAD AND LAG-LEAD 
COMPENSATION 
A useful method for compensating the 
device for closed-loop gains below seven 
is to use lag-lead and lead networks as 
shown in Figure 1. The lead network is pri
marily concerned with compensating for 
loss of phase margin caused by distrib
uted board capacitance and input capaci
tance, while lag-lead is mainly for optimiz
ing transient response. Lead compensa
tion modifies the feedback network and 
adds a zero to the overall transfer func
tion. This increases the phase, but does 
not greatly change the gain magnitude. 
This zero improves the phase margin. 

To determine components, it can be 
shown that the optimal conditions for 
amplifier stability occur when: 

(Rl) (Cd;st) = (RF)(Clead) (1) 

However, when the stability criteria is ob
tained, it should be noted that the actual 
bandwidth of the closed-loop amplifier 

CLEAD 

COIST RF I LEAD 

r--H--
..L 

Rl 
V,N 

ICL 
LAG LEAD RL VOUT 

INVERTING 

CL=CLAG 

RL = RLAG 

will be reduced. Based on using a double
sided copper-clad printed circuit board 
with a distributed capacitance of 3.5pF 
and a unity gain configuration, Clead would 
be 3.5pF. Another way of stating the rela
tionship between the distributed capac
itance closed-loop gain and the lead 
compensation capacitor is: 

Clead = Cd;st ~ 
RF 

(2) 

When bandwidth is of primary concern, 
the lead compensation will usually be ade
quate. For closed-loop gains less than 
seven, lag-lead compensation is neces
sary for stability. 

If transient response is also a factor in 
design, a lag-lead compensation network 
may be necessary. (Reference Figure 1.) 
For practical applications, the following 
equations can be used to determine 
proper lag-lead components: 

Therefore, 

RF 
---?:-7 
Rl11Rlag 

(4) 

(5) 

Using the above equation will insure a 
closed-loop gain of seven above the net
work break frequency. Clag may now be 
approximated using: 

Wlag = 27l'(GBW) Rad/Sec (6) 
10 

7l'(GBW) 
Wlag = --5-- Rad/Sec (7) 

CF 

COIST 

r - -H--
RF 

..L 

VOUT 

V,N 

NON-INVERTING 

Figure 1. Standard Lag-Lead 
Compensation 

Signetics 

Where 

Therefore, 

7l'(GBW) 
--------

And 

(8) 

(9) 

(10) 

This method adds a pole and zero to the 
transfer function of the device, causing 
the actual open-loop gain and phase curve 
to be reshaped, thus creating a progres
sive improvement above the critical fre
quency where phase changes rapidly. 
(Near 70MHz; see Figures 2A and 2B.) But 
also, the lag-lead network can be adjusted 
to optimize gain peaking for transient 
responses. Therefore, rise time, over
shoot, and settling time can be changed 
for various closed-loop gains. The result 
of using this technique is shown for a 
pulse amplifier in Figure 3. 

LAG-LEAD 

c,zl~r~~s:;~~~ '-, (GAIN 

GAIN PEAKIN:.,/ K""" GAIN 

0' 
PHASE ...... \ _90' 

I' \ _180' 

\ 
70MHz 

Figure 2A_ Closed-Loop Inverting 
Gain 01 Seven Gain-Phase Response 

(Uncompensated) 

0' 

" -40 " '\. 
" -80 

........ ~OMPENSATED 
-120 

~ 

-160 Y'\. 

~UNCOMPENSATED~ 
-200 

-240 
76 

-280 
1MHz 10MHz 1QOMHz 1GHz 

Figure 2B. Open-Loop Phase 
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9·232 

SMALL SIGNAL RESPONSE 

OUTPUT 
200mV 

p.p 
INPUT 

100mV 
p.p 

100mVlDIV 

10nsfOlV 

Figure 3. Compensated Pulse Response 

cc 

VOUT 

Figure 4_ Pin 12 Compensation 

2K 

INVERTING 

Figure 5_ Pulse Response Test Circuits 
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USING PIN 12 COMPENSATION 
An alternate method of external compen
sation is obtained by use of the SEI 
NE5539 frequency compensation pin. The 
circuits in Figure 4 show the correct way 
to use this pin. As can be seen, this 
method saves the use of one capacitor as 
compared to standard lag-lead and lead 
compensation as shown in Figure 1. 

But, most important, both methods are 
equally effective; i.e., a good wideband 
amplifier below 17dB, with control over 
ringing and overshoot. For example, in· 
verting and non-inverting amplifier circuits 
using pin 12 are shown in Figure 5. The 
corresponding pulse response for each 
circuit is shown in Figures 6 and 7 for the 

cc 

VOUT 

NON·INVERTING 

2K 

118 

87 

NON·INVERTING 
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INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME - 2.4ns 
Rc=11B!! - CC=4.6pF 
PROPAGATION OELAY = 2.3n5 

(aj 

10nsIDIV 

UNDER DAMPED 

RISE TIME -2.1n5 
Rc = 200 - Cc = 5,4pF 
PROPAGATION DELAY = 2.3n5 

(b) 

100mV/DIV 

Figure 6. Small Signal Response - Non·lnverting 

INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME 5.3n5 
Rc=2260 - CC=2.3pF 
PROPAGATION DELAY = 5.1 ns 

(aj 

10ns/DIV 

UNDER DAMPED 

RISE TIME - 3.3ns 
Rc = 4600 - Cc = 2.0pF 
PROPAGATION DELAY = 4.5n5 

(bj 

1QOmVIDIV 

Figure 7. Small Signal Response - Inverting 

Cc 

Figure 8. Co Will Reduce Output 
Offset and Noise 

network values recommended. As shown 
by the response photos, the overshoot 
and settling time can be controlled by ad· 
justing Rc and Cc. In damping the over· 
shoot, rise time is slightly decreased. 
Also, the non·inverting configuration (Fig· 
ure 6) gives a very fast response time com· 
pared to the inverting mode. 

If it is important to reduce output offset 
voltage and noise, an additional capacitor, 
Co, can be added in series with the resis· 
tor (Rd across the inputs. This should be a 
large value to block DC but not affect the 
benefits of the compensation compo· 
nents at high frequencies. A value of 
0.01"F as shown in Figure 8 is sufficient. 

Signetics 

INTERNAL CHARACTERISTICS 
OF THE SE/NE5539 
In order to better understand the campen· 
sation procedure', a detailed discussion of 
the amplifier follows. 

The complete amplifier schematic is 
shown in Figure 9. To clarify the effect of 
the compensation pin, the schematic is 
split into five main parts as shown in 
Figure 10. 

Each segment in Figure 10 is defined as 
follows: starting from the non·inverting in· 
put, Section A, is the amplification from 
the input to the base of transistor 04' A2 is 
from the base of 0 4 to the summation 
point at the collector of 03' Furthermore, 
A3 represents the gain from the non· 
inverting Input to the summation point via 
the common emitter side of O2 and 03' 
Finally, BF is the feedback factor of the 
positive feedback loop from the collector 
of 0 3 to the base of 04' 

From Figure 10, it can be seen that the 
total gain (AT) is: 

A,A2 
AT = + A3(1 + BFA2) 

1 - (BF A2) 

Each term in this equation plays a role at 
different frequencies to determine the 
total transfer function of the device. Of 
particular importance is the pole in A3 
(near 340M Hz) which causes a roll·off of 
12dBIoctave and loss of phase margin just 
before unity gain. This can be seen in the 
Bode plot in Figure 11 A. To overcome this 
pole, a capacitor and resistor are can· 
nected as shown in Figures 12A and 12B. 
The compensation pin is connected to the 
emitter of 05' which is in an emitter· 
follower configuration. Therefore, a reac· 
tance connected to pin 12 acts essentially 
as if it were connected at the base of 05' 
Since the capacitor is connected here, it is 
now a component of BF and a zero is 
added to the transfer function. The resis· 
tor across the input pins controls overall 
gain and causes AT to cross OdB at a lower 
frequency; the capacitor in the feedback 
loop controls phase shift and gain peak· 
ing. 

To further explain, Bode plots of open· 
loop response using varying capaCitor val· 
ues and corresponding pulse responses 
are shown in Figures 13A through 13F. The 
changes in gain and phase can readily be 
seen, as is the effect on bandwidth. 

COMPUTER ANALYSIS 
The open· loop and pulse response plots 
were generated using an IBM 370 com· 
puter and SPICE, a general-purpose circuit 

9-233 
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COMPENSATION 

V+ 

10K 1K 1K 820 

-
1.5K 

3.3K 1.8K 

I- a, 
-IN a~ I ~ -Ka, ~r-Ka4 

~ 
.v. +IN 0-

~rK?' ~2 * r---o OUT 

10K 5.6K 100 10K 10K 10K 2.2K 

5.9K ~ I- -1 
2.4K >-----j(a, r--...Q lO 

=1' ~ 3.2K 1.3K 1.BK 10K 1.15V 

Figure 9. Complete Schematic of SEINE5539 

------~~~~------+ 

OUTPUT 

Figure 10. Internal Sections 
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iO 55 -:!1. I'-. 
> ........... " OdB 

""'-0° ---.... 
~ r-
UJ -....... 180 0 

'" " " :I: 
"-

270 350 
f(MHz) 

Figure 11A. Open·Loop Gain - No 
Compensation 

(Computer Simulation) 

I 
I 

OUTPUT 

INPUT 

I 
5nsIDIV 

Figure 11 B. Closed· Loop Non·lnverting 
Response - No Compensation 

(Computer Simulation -
Oscillation is Evident) 

simulation program. Each transistor in the 
part is mathematically modeled after 
actual device parameters, which were 
measured in the laboratory. Then these 
models are combined with the resistors 
and voltage sources through node num· 
bers so that the computer knows where 
each is connected. 

To indicate the accuracy of this system, 
the actual open·loop gain is compared to 
the computer plots in Figures 14 and 15. 
The real payoff for this system is that once 
a credible simulation is achieved, any out· 
side circuit can be modeled around the op 
amp. This would be used to check for fea· 
sibility before breadboarding in the lab. 
The internal circuit can be treated like a 
black box and the outside circuit program 
altered to whatever application the user 
would like to examine. 

...... ---<l>--t----. + 

-l~ 
Co Rc 

ALTERNATE 
LOWERS OFFSET 

AI 

OUTPUT 

Figure 12A. Pin 12 Compensation Showing Internal Connections - Inverting 

------~-~--~------+ 

RC 

-l~ 
Co Rc 

ALTERNATE 
LOWERS OFFSET 

Rl 

OUTPUT 

Figure 12B. Pin 12 Compensation Showing Internal Connections - Non·lnverting 
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OJ 

" 
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"" 140' '~ 

250350 

I (MHz) 

Figure 13A. Open·Loop Pin 12 
Compensation -

> 
i5 
:> 
~ 

Rc = 200n, Cc = 1 pF, 
(Computer Simulation) 

I 
I" OUTPUT 

II 1"" 

INPUT , 
1 

5ns/OlV 

Figure 13B_ Closed· Loop Non·lnverting 
Pulse Response -

Rc= 200n, Cc = 1pF, Av= 3 
(Computer Simulation - Underdamped) 
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Figure 14. Actual Open·Loop Gain 
Measured in Lab 
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Figure 13C. Open·Loop Pin 12 
Compensation -

J 

Rc = 200n, Cc = 2pF 
(Computer Simulation) 
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~ 

Figure 130. Closed-Loop Non·lnverting 
Pulse Response -
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(Computer Simulation -

Critically Damped) 
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Figure 15. Computer·Generated Open· 
Loop Gain 
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Figure 13E. Open·Loop Pin 12 
Compensation -

J 

Rc = 20011, Cc = 3pF 
(Computer Simulation) 
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Figure 13F. Closed· Loop Non·lnverting 
Pulse Response -

Rc = 20011, Cc = 3pF, Av = 3 
(Computer Simulation -

Overdamped) 
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Conceptually. three basic approaches exist 
for obtaining regulated DC voltage from an 
AC power source. These are: 
• Shunt regulation 
• Series linear regulation 
• Series switched mode regulation 

All required AC power line rectification 

The series switched mode regulators will be 
referred to as switched mode power supplies 
or SMPS during the course of this article. 

Briefly stated. if all three types of regulation 
can perform the same function. following 
are some of the key parameters to be ad
dressed: 

From an economical point of view, cost 
of the system is paramount. 
From an operations point of view, weight 
of the system is critical. 
From a design criteria, system efficiency 
is the first order of business. 

The series and shunt regulators operate on 
the same principle of sensing the DC output 
voltage. comparing to an internal reference 
level and varying a resistor (active device) to 
maintain the output levels within pre
specified limits. 

Switched mode power supplies ISMPS) are 
basically DC to DC converters. operating at 
frequencies in the 20kHz and higher region. 
Basically the SMPS is a power source which 
utilizes the energy stored during one por
tion of its operating cycle to supply power 
during the remaining segment of its operat
ing cycle. 

Linear regulators, both shunt and series, 
suffer when required to supply large cur
rents with resultant high dissipation across 
the regulating device. Efficiency suffers 

tremendously. IEfficiencies less than 40% 
are typical.l 

Switched mode power supplies operate at 
much higher levels of efficiency (generally 
in the order of 75% to 80%) thereby reducing 
significantly the energy wasted in the regu
lated supply. The SMPS does. however, 
suffer significantly in the ripple regulation it 
is able to maintain as opposed to a much 
higher degree of regulation available in 
series lor shunt) linear regulators. 

The linear regulators obtain improved regu
lation by virtue of the series pass elements 
always conducting, as opposed to SMPS 
devices having their active devices operat
ive only during a portion of the overall 
operating period. 

Some definitions and comparisons between 
linear regulators and switched mode power 
supplies are below for reference. 

REGULATION 
Line Regulation: 
(Sometimes referred to as static regulation) 
refers to the changes in the output (as a per
cent of nominal or actual value) as the input 
AC is varied slowly from its rated minimum 
value to its rated maximum value (eg. from 
105VACRMS to 125VACRMS)' 

Load Regulation: 
(Sometimes referred to as dynamic regula
tion) refers to changes in output (as a percent 
of nominal or actual value) when the load con
ditions are suddenly changed (eg. minimum 
load to full load.) 
NOTE 
The combmation of static and dynamic regulation are 

cumulative: care should be taken when referring to 
the regulation characteristiCS of a power supply. 

LOSSES IN REGULATED POWER SUPPLIES 

Thermal Regulation: 
Referred to as changes due to ambient 
variations or thermal drift. 

TRANSIENT RESPONSE 
The ability of the regulator to respond to rapid 
changes in either line variations. load varia
tions. or intermittent transiet input conditions. 
(This parameter is often referred to as "recov
erytime,") 

AC PARAMETERS 
Voltage Limiting: 
The regulator's ability to "shut down" in the 
event that the internal control elements fail 
to function properly. 

Current Limiting: 
Often referred to as "fold-back" where the 
amplifier segment of the regulator folds 
back the output current of the device when 
safe operating limits are exceeded. 

Thermal Shutdown: 
The regulator's ability to shut itself down 
when the maximum die temperature is ex
ceeded. 

GENERAL PARAMETERS 
Power Dissipation: 
The maximum power the regulator can tol
erate and still maintain operation within the 
safe operating area of its active devices. 

Efficiency: 
The ratio lin percent) of the usable versus 
total power being dissipated in a regulated 
supply. IThe losses can be ae as well as de 
losses.) 

0.9 

+ 

o:~ r---., 
MAINS 

ISOLAT
ING AND 
ENERGY r----' STORAGE 

I OUTPUT I ELEMENT 

~~~I-O o-~I-+----~~4---~ 
I 6E~~~TA~~NC.1 

LINEAR OUTPUT 
REGULATOR 

(a) CONVENTIONAL SUPPLY - 45% EFFICIENCY 

Figure 1 

Signetics 

(fTRANSISTOR II L _____ J 
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EMIIRFI: 
Generation of radio frequency interference 
signals and magnetic field disturbance espe
cially in SMPS devices. (Transformer and 
choke design are available which reduce both 
RFI & EMI to safe acceptance regions.) 

The balance of this section will be dedicated 
to the discussion of the general operation of 
Switched Mode Power Supplies ISMPSI 
with emphasis on the Signetics NE5560 
Control and Protection Module 

Switched-mode power supplies ISMPSsl 
have gained much populanty in recent 
years because of the benefits they offer. 
They are used now on a large scale in desk 
calculators, computers, as instrumentation 
supplies. etc .. and it is confidently expected 
that the market for this type of supply will 
grow. 

The advantages of SMPSs are low weight 
and small size. high efficiency. wide AC 
input voltage range. and low cost. 

• Low weight and small size are possible 
because operation occurs at a frequency 
beyond the audible range; the inductive 
elements are small. 

• High efficiency because. for output reg
ulation. the power transistor is switched 
rapidly between saturation and cut-off 
and therefore has little dissipation; this 
eases heatsink requirements. which also 
contributes toweight and volume reduc
tion. Conventional linear-regulator sup
plies may have efficiencies as low as 
50%, or less. but efficiencies of 80% are 
readily achievable with SMPSs; see fig
ure 1. 

• Wide AC input voltage range because of 
the flexibility of varying the switching 
frequency in addition to the change in 
transistor duty cycle makes voltage ad
aptation unnecessary. 

• Low overall cost, due to the reduced 
volume and dissipation. means that less 
material is required and smaller semi
conductor devices suffice. 

Switched-mode power supplies also have 
slight disadvantages in comparison with 
Ilnc"r regulators, namely. somewhat great
er Circuit complexity, tendency to r.f.i. radi
atIOn. slower response to rapid load 
ch"nges. and less ability to remove output 
ripple. 

HOW SWITCHED-MODE POWER 
SUPPLIES OPERATE 

The switched-mode power supply is a mod
ern version of its forerunner, the electrome
chanical vibrator used in the past to supply 
car radios. But the new concept is much 
more reliable because of the far greater life-

9-238 

NOTE 

BLOCK DIAGRAM OF SWITCHED-MODE 
POWER SUPPLY 

SWltchmg frequency IS betwp.cn 20kHz nnd 50kHz 

Figure 2 

time of the transistor switch. Figure 2 shows 
the principle of the ac fed SMPS. In this sys
tem the ac voltage is rectified, smoothed, and 
supplied to the electronic chopper, which 
operates at a frequency above the audible 
range to prevent noise. The chopped dc volt
age is applied to the primary of a transformer, 
and the secondary voltage is rectified and 
smoothed to give the required dc output. The 
transformer is necessary to isolate the output 
from the input. Output voltage is sensed by a 
control circuit, which adjusts the duty cycle of 
the switching transistor, via the drive circuit, 
to keep the output voltage constant irrespec
tive of load and line voltage changes. Without 
the input rectifier, this system can be oper
ated from a battery or other dc source. 

Depending on the requirements of the 
application. the dc-to-dc converter can be 
one of the three basIc types flyback convert
er. forward converter, or push-pull Ibal
anced) converter. 

The Flyback Converter 

Figure 3 shows the flyback converter circuit, 
and the waveforms of transistor voltage, VCE , 

and choke current, iL, reflected to the primary 
(choke double-wound for line isolation). Cycle 
time and transistor duty cycle are denoted T 
and D, respectively. While 01 conducts, 
energy is accumulated in the choke magnetic 
field (iL rising and D, reversed biased), and it 
is discharged into the output capacitor and 
the load during the flyback period, that is, 
while 01 is off (iL falling and 0, forward 
biased). During 01 conduction, Co continues 
delivering energy to the load so providing 
smoothing action. It will be noted that only 
one inductive element is needed, in distinc
tion to the converter types discussed below, 

Signetics 

which require two. As the VeE waveform 
shows, the peak collector voltage is twice the 
input voltage, Vio for D equal to 0.5. 

The Forward Converter 

A major advantage of the forward converter, 
particularly for low output voltage applica
tions, is that the high-frequency output ripple 
is limited by the choke in series with the out
put. Figure 4 illustrates the circuit. During the 
transistor-on (or forward) period, energy is 
simultaneously stored in the choke Lo and 
passed via 0, to the load. While 01 is off, part 
of the energy accumulated in La is transfer
red to the load through free-wheeling diode 
O2, Output capacitor Co smoothes the ripple 
due to transistor switching. After transistor 
turn-off, the magnetic energy built up in the 
transformer core is returned to the dc input 
via the demagnetizing winding (closely coup
led with the primary) and 0 3, so limiting the 
peak collector voltage to twice the input volt
age Vi' 

The Push-Pull Converter 

This converter type, given in Figure 5, con
sists of two forward converters operating in 
push-pull. Diodes 0, and O2 rectify the rec
tangular secondary voltage generated by 01 
and 02 being turned on during alternate half 
cycles. Push-pull operation doubles the fre
quency of the ripple current in output filter 
LoCo and so reduces the output ripple volt
age. The peak transistor voltage is 2Vi. 

MAKING THE BEST CONVERTER 
CHOICE 
There exist several versions of the three 
fundamental circuits described earlier. 
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NOTES 
1. 6 is the duty cycle of Q1; T IS the cycle time 
2. L is a double-wound choke 

FLYBACK CONVERTER CIRCUIT 
DIAGRAM AND WAVEFORMS 

JCj::. - --- ------
'L f 

me i01 

Figure 3 

FORWARD CONVERTER CIRCUIT DIAGRAM 
These are shown in Figure 6. Circuits lA, IIA 
and lilA are the basic types. In the two
transistor circuits IB and liB, transistors Q1 
and Q2 conduct simultaneously and diodes 
D4D5 limit the peak collector voltage to the 
level of DC input voltage Vi. Similarly in the 
push-pull circuits IIIB and IIIC, the collector 
voltage does not exceed Vi, in circuit IIIB, 01 
and Q2 are turned on during alternate half 
cycles; in circuit IIIC, Q1 and Q4 are turned 
on in one half cycle and Q2 03 in the next. 

Vo 

D3 

Figure 4 

PUSH-PULL CONVERTER CIRCUIT DIAGRAM 

D1 

D2 

Figure 5 

Lo I 
r 
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Converter choice depends on application 
and performance requirements. Theflyback 
converter is the simplest and least expen
sive; it is recommended for mUlti-output 
supplies because each output requires only 
one diode and one capacitor. However, 
smoothing may be a problem where ripple 
requirements are severe. The push-pull type 
has the most complex base drive circuit but 
it produces the lowest output ripple with 
given values of Lo and Co. 

Figure 7 is a general guide for the choice of 
converter type, based on output voltage and 
power. In the case of the flyback converter, it 
becomes more and more difficult to keep the 
percentage output ripple below an acceptable 
level as the output power increases and the 
output voltage decreases; for reasons of cir
cuit economy, however, the flyback converter 
is the best proposition if the output power 
does not exceed about 10W. For output 
powers higher than about 1 kW, the push-pull 
converter is preferable. 

THE CONTROL AND PROTEC
TION MODULE 

In addition to providing adequate output 
voltage stabilization against line voltage 

9-239 
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AN OVERVIEW OF SWITCHED MODE POWER SUPPLIES AN120 

CONVERTER TYPE 

1000,----------_,-_--, 

Vo 

IV) 

tOO 

to 

NOTE 

FLYBACK CONVERTERS 

Po (W} 

" 
" " . > z 
8 

1000 

Converter choice as a function at SMPS output voltage. 
Va and output power, Po 

Figure 7 

and load changes, the control module must 
give fast protection against overload, equip
ment malfunction, and the effects of switch
on immediately following switch-off. In ad
dition the following features are desirable: 

• Soft Start: that is, a gradual increase of 
the transistor duty cycle after switch-on 
causing a slow rise of the output voltage, 
which prevents an excessive inrush cur
rent due to a capacitive load or charging 
of the output capacitor. 

• Synchronization: to prevent interference 
due to the difference in free-running 
frequencies Ifor example, in a system in 
which a low-power SMPS supplies the 
base drive circuit of the output switching 
transistor in a high-power SMPSI. 

• Remote switch-on and switch-off: es
sential for sequential switching of supply 
units in, for instance, a computer supply 
system. 

The control and protection ci rcuitry of a 
switched-mode power supply ISM PSI is a 

SMPS CONTROL-LOOP 

VOUT 

PROT. 

Figure 8 

crucial and complicated part ofthe whole 
supply. Integration of this circuitry on a chip 
will therefore ease the design of an SMPS 
considerably. 

SMPS CONTROL-LOOP 

Figure 8 shows the principal control-loop of a 
regulated SMPS, The output voltage Vo is 
sensed and via a feedback network fed to the 
input of an error amplifier where it is com
pared with a reference voltage. 

The output of this amplifier is connected to an 
input of the pulse-width modulator PWM. 

The other input of this modulator is used for 
an oscillator signal, which can be a saw
tooth or a triangle. 

As a result, a rectangular waveform with the 
frequency of the oscillator is emerging at 
the output of the PWM. 

The width of this pulse is dictated by the 
output voltage of the error amplifier. 

Signetics 

After passing through an output stage, the 
pulse can be used to drive the power transis
tor of the SMPS. 

When the width of the pulse is varied, also 
the on-time of this transistor will vary and 
consequently the amount of energy taken 
from the input voltage Vi. 

So, by controlling the duty cycle ij of the 
power transistor, one can stabilize the out
put of the SMPS against line and load varia
tions. The duty cycle ij is defined as tonlT for 
the power transistor. Protections for over
voltage, overcurrent, etc, can be realized 
with add itional inputs on the PWM or the 
output stage. 

INTIAL TURN ON 
It may be helpful to operate an SMPS open 
loop with reduced error amplifier gain. This 
provides an easy way to verify correct opera
tion of control loop elements. 
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LINEAR LSI PRODUCTS 

FORWARD CONVERTER APPLICATION USING THE NE5560 AN121 

Dual Output:!: 50V, 1 Amp, 
Forward Converter for Off·line 
Operation 

A straightforward 100 watt off·line converter, 
with transformer isolation to load, is shown in 
Figure 1. 

The NE5560 is operated at a switching fre
quency of 75kHz allowing minimum mag-

netics and component size. Line regula· 
tion is greatly improved also by making 
use of pin 16, the feed forward input. 
Typical transformer design recommended 
is: T 1: Primary 60T #24, Secondary 20T #26 
on a Ferroxcube #2616 (3G8) pot core 
wound tightly coupled for minimum 
leakage inductance and having adequate 
primary inductance for low droop in the 
base drive waveform. Base drive to 02 

should approach 0.5A peak for fast turn·on 
response and minimum losses. 

T2 provides 2.4 = 1 stepdown from primary 
to each secondary. A primary winding of 
60 turns of #26 wire wound between the 
two secondaries with 25 turns each of #20 
wire. The recommended core is a 
Ferroxcube·type 3622 pot core with a 25 
mil gap to prevent saturation. 

± SOV FEED FORWARD SWITCH MODE CONVERTER 

11sVAC 
sO·60Hz 

TANTALUM .47p.F 

>---~---'vVv---<P-~~~+ 160V 

.001p.F +160V RAB040 

10llF T _ TCERAMIC 
~ 2rV~z~---~-------------'15 

1-'-14=---2=OV::+ 

2K 
12W 

270Q 

P2 

+SOV R1 

VOUT 

9-242 

*TO 
PIN 11 

EQ 
75kHz OPERATION 

....... -'VI/Ir--.., 
1W 

150 

Figure 1 
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NE5560 PUSH-PULL REGULATOR APPLICATOR 

APPLICATIONS 
SE/NE5560 Push-Pull Regulator 
This application describes the use of the 
Signetics SE/NE5560 adapted to function as 
a push-pull switched mode regulator, as 
shown in Figures 1 and 2. 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and - 30V at a maxi-

mum load current of 1 A with an average effi
ciency of 81 %. 

Features include feed forward input compen
sation, cycle-to-cycle drive current protection 
and other voltage sensing, line (to positive 
output) regulation < 1 % for an input range of 
+ 13 to + 18V and load regulation to positive 
output of < 3% for t>.I L( + ) of 0.1 to 1 Amp. 

AN122 

The main pulse width modulator operates to 
48 kHz with power switching at 24 kHz. 

SE/NE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 

T l' Primary = 130r (C.T.) #26 
Secondary ::18T (C.T.> #22 

Core :::::Ferroxcube 3622 

3GB material 
C.T. =50T #26 on 

Ferroxcube 2616 core (3GB) 
F2D bobbin 

T 2, Primary = 16T (C.T.) # 18 Secondaries (each) 52T (C.T.> #22, 
Core =Ferroxcube 4229 3Ga material 

Lt. L2 12aT #20 on single gapped EC35 Ferroxcube core. 3GB material 

Figure 1 
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NE5560 PUSH-PULL REGULATOR APPLICATOR 

DRIVE 

COM 
a.g\) 

NOTE 

SE/NE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH TTL DRIVE CONVERSION LOGIC 

+14 

5.6K 8.2K a 

TO@ CO~~ON 

J 
:r 

1:3.25 IN3891 

IN3891 

INaB91 

IN3891 

+5 

L1 

--
1.3MH 

500ilid 
@ SOV 

+14 

150!l 

27011 

27011 

TO@ 
aVERVOLTAGE SENSE 

+v 

1.2K 
2W 

COMMON 

-v 

1.2K 
2W 

COMMON 

Power ground and signal ground must be kept separated. 
CURRENT SENSING 

NETWORK 

T" Primary= 130T (C.T.) #26 
Secondary = 1sr (C.T.) #22 

Core", Ferroxcube 3622 
3Ca material 

C.T. = SOT #26 on 
Ferroxcube 2616 core (3CB) 
F20 bobbin 

T 2. Primary = leT (CT.) #18 Secondaries (each) 52T (C.T.) #22, 
Core = Ferroxcube 4229 3CB material 

AN122 

TO 
SENSE 
COMMON 

Lt. L2= 120T #20 on single gapped Ee3S Ferroxcube core. 3CB material. 

Figure 2 
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NE5561 APPLICATIONS 

APPLICATIONS 

SV, O.SA Buck Regulator Operates 
from 1SV 

The converter design shows how simple it is 
to derive a TTL supply from a system supply 
of 15V (see Figure 1). The NE5561 drives a 
2N4920 PNP transistor directly to provide 
switching current to the inductor. Overall line 
regulation is excellent and covers a range of 
12V to lBV with minimal change « 10mV) in 
the output operating at full load. 

As with all NE5561 circuits, the auxiliary slow 
start and limax circuit is required, as evi· 
denced by Ql. The omax limit may be calcu· 
lated by using the relationship. 

R2 
Rl + R2 (B.2V) = VO(max) 

The maximum duty cycle is then determined 
from the pulse·width modulator transfer 
graph, and Rl, R2 are defined from the 
desired conditions. 

NES561 Boost Converter with 
Output Variable (18V to 30V, O.2A) 

The circu it shown uses the N E5561 SM PS 
controller in a non·isolated boost con· 
verter operating from a 15V line. The addi· 
tion of three transistors and one diode is 
necessary to complete the design (see 
Figure 3). 

Operation is as follows. Ql is a combina· 
tion slow start and max duty cycle limit 
transistor. When power is first applied to 
the circuit, C7 in a discharged state begins 
to charge toward the divider voltage, Vb. 
This Va + VSE controls the voltage on pin 4, 
the error amp output, causing the duty cy· 
cle to be limited initially to 00, then to 
gradually approach its normal operating 
range, 0. The base divider is fed from Vz, 
which is nominally B.2V. 

Output regulation starts at the error ampli· 
fier, with gain set by R2 (adj) and R5 com· 
bination. The error amp is stable for closed 
loop gain in excess of 40 dB (Xl00), for 

AN123 

which the regulation will be approximately 
1%. C4 is added to the output to insure 
stability at gain below 40 dB. C4 creates a 
dominant pole at approximately 1 kHz, 
descending at 6 dB per octave to unity near 
1 MHz. Input to the error amplifier is 
referenced to 3.75V and must reach this 
reference level for the output of the 
NE5561 to be active. Output voltage is 
then the quantity 3.75V times the divider 
ratio from VOUT to Pin 3 as set by R2. 

If the ratio is, for instance, 10:1, the output 
will be '" 37V. If the (atio is 5:1, the output 
will be '" 1B.5V, etc. 

Output to Q2 base is a square wave of 
variable duty cycle as determined by load 
demand. The internal transistor is open 
collector and must have a pull·up resist· 
ance, in this application the base circuit of 
Q2. The duty cycle 0 is a fraction between 0 
and 1. The actual on·time is proportional 
then to 0 • T, where T is the period of the 
free-running frequency of the sawtooth 
generator internal the NE5561. Frequency 
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NE5561 APPLICATIONS 
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:H~ _____ Jr ------- VOLTAGE 

+12V _ 
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L-____________________ ___ 
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AN123 

is set by the RC combination, R7 • C5 with 
charging current supplied from Vz (8.2V). 
The stabilizing effect of the internal zener 
supply gives a constant frequency. The 
sawtooth waveform is related to duty cycle 
as shown below. 

+ 6V I ../'1 ../'1 
[.../i V I Vs 

+1.SV I : I 
>--T-----l 
I I I 

L:FLJ V7 

IV7 NOT TO SCALE) 

03 is switched on during the saturated por· 
tion of the output waveform from pin 7 of 
the N E5561, termed 0, and is switched off 
during the remainder of the cycle (1-0). 

The sawtooth frequency is set at approxi· 
mately 22 kHz in this example. The NE5561 
is capable of operation to 100 kHz, 
however. 

Pin 6 of the NE5561 operates an over· 
current protective feature which resets the 
output on pin 7 if the instantaneous pin 6 
voltage exceeds 0.50V. In this case, R8 
determines the peak current of 03 emitter 
circuit prior to shutdown. The operation of 
the over·current circuit is on a pulse to 
pulse basis, returning to normal as soon as 

DC TO DC SMPS USING NE5561 VARIABLE laV TO 30V OUT AT O.2A 

r 
I 
I 
I 
I 
I 
L ___ J 

SLOW START 
AND DUTY CYCLE LIMIT -= 
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Vz 

C2 
47/-tF 
sov 

1~;~:o-C1-,,----~--:;:l+ ~ 
-;- L1 

0.47/lF * 26163C8 01 
BYW29 

FERROXCUBE 
r------~---~~ r-.-~~-_.--~-_oOUTPUT 

R3 
680n 

......... _1-"-13 NESS61 'HIGH CURRENT 
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R7 
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Figure 3 
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C5 is the timing 
capacitor 

L 1 is Ferroxcube 2616 
3C8 with 14 turns of #18 enameled 
wire (0.14 mH) 

. . l R11 I Ofm" ,s a funct,on of f -R-10-+-R-1-1 (VZ) + VSE 
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NE5561 APPLICATIONS 

the pin 6 voltage falls below O.50V. As is 
noted, a small degree of filtering is needed 
to eliminate short switching transient, 
allowing only the primary current wave
form to be sensed. 

Switching circuit operation proceeds as 
follows. 03 turns on, causing magnetiza
tion current to begin increasing in L1, the 
switching inductor. After initial start up, C3 
is charged to the output, thus with 03 on, 
Diode 01 is reverse biased and does not 
conduct during the duty cycle, 0. C3, the 
output capacitor, sustains the full load cur
rent during this part of the cycle. When 03 
turns off, the magnetic field energy pre
viously stored in L1 is discharged through 
01 now forward biased. The output capaci
tor is incrementally charged, restoring its 
depleted voltage. The ripple voltage is a 
function of the size of C3 and its internal 
resistance. For minimum ripple, a low ESR 
(Equivalent Series Resistance) capacitor 
must be used, since previously mentioned 
peak load current flows in C3. 

Single Transistor 100V, 250 rnA 
Buck Converter 

With a single 15V zener diode to limit 
package dissipation, the NE5561 controller 
may be operated directly from the rectified 
AC line. The following example shows the 
simplicity of such a converter which is 
capable of a nominal 100V output (see 
Figure 5). A·base drive transformer is used 
to gain high voltage isolation between the 
NE5561 and the switching transistor, and to 
provide adequate base drive. A low power 
PNP transistor is used in an auxilliary slow 
start and duty cycle limiting circuit to pre
vent over-excitation (01). 

Operation is as follows. Drive from the 
NE5561 output is fed to the primary of T1, 
base drive transformer, with a pulse-width 
modulated signal causing 02 (BU407) to 
switch current to inductor, L1. As the cur
rent builds up, energy is stored in L1, coin
cident with the saturation period (0) of the 
NE5561 output stage. During this period, 

AN123 

current also flows through L 1 to Co and the 
load. When 02 cuts off, the choke field col
lapses and 01 conducts as the load is sus
tained by the inductor-stored energy. 

VOUT is sampled by the divider R7 and R8, 
rising until the junction of the divider is 
forced to 3.75V. Load variations are thus 
translated to duty cycle variations to main
tain constant voltage at the output. The 
measured efficiency at O.5A load is in ex-

I- 1-

Figure 4 

) 
Q2 
BASE CURRENT 
20mAIDIV 

) 
VOLTAGE 
WAVEFORM 
PIN 7 

NE5561100V/O.25A SWITCH MODE CONVERTER 

115V 
A.C. 

8.2V 

R2 R3 
18K 

O.002/lF I MYLAR 

2.50 
10W +160V 

R7 
1KO 

":" O.47/1F 
CERAMIC 

Figure 5 
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NE5561 APPLICATIONS 

cess of 72%. Line regulation is good from 
approximately 93V to 120V. 

The base current waveform driving 02 is 
shown in Figure 4. This indicates that the 
BU407 base current rises initially to 60 mA 
to obtain fast turn·on, then settles to about 
40 mA for the remainder of the duty cycle, 
O. Reverse biasing of the emitter·base 
junction occurs to enhance turn·off. 

Snubber networks are necessary, as 
shown across 02 and commutation diode, 
D1, to prevent component failure during 
fast switching. It is critical that these net· 
works be placed physically adjacent to the 
respective components they protect, and 
that low inductance capacitors and reo 
sistors be used as snubbers (ceramic or 
dura mica caps and carbon resistors). 

The base drive transformer is constructed 
using a Ferroxcube 2616·3C8 core, with 
primary of 120 turns of #26 wire, and 20 
turns of #26 on secondary. The primary is 
wound in a simple solenoidal manner, first 
on the bobbin, followed by a layer of mylar 
tape to provide voltage isolation. Next, the 
secondary winding is added. Primary in· 
ductance measures 45 mH with a leakage 
inductance of 120 I'H. It is important to 
have sufficient primary inductance to pre· 

vent excessive droop in base drive current. 
Also, leakage reactance must be kept rea
sonably low to minimize ringing. 

DC Motor Drive with Fixed Speed 
Control 
The circuit shown in Figure 7 incorpo
rates a simple switch mode approach to DC 
motor control, which is efficient and free of 
the dissipation problems inherent in linear 
drives. The NE5561 provides pulse propor· 
tional drive and speed control based on DC 
tachometer feedback. A simple switching 
circuit consisting of one transistor 
(2N4920 PNP) and a commutation diode is 
used to deliver programmed pulse energy 
to the motor. 

A frequency of approximately 20 kHz is 
used to eliminate audio noise present in 
some switching drives. The DC tach in this 
example delivers 2.7V/1000 RPM. Its out
put is such that negative feedback occurs 
when this voltage is applied to the error 
amplifier of the NE5561, pin 3, through a 
suitable divider. Note that the voltage to 
pin 3 must be 3.75V in order to obtain servo 
lock. Thus, the divider from the tach output 
must be appropriate to maintain the proper 
ratio for speed control to occur. 

AN123 

As shown in the waveform photo (Figure 6), 
duty cycle varies directly with load torque 
demand. No load current is '" 0.3A and full 
load is 0.6A. Current and voltage wave
forms at O.SA are shown in Figure 6. If 
desired, torque limiting may be set by feed
ing a derivative of motor return current 
back to pin 6 of the NE5561. 

Operating range is 12V to 18V input for a 
tach output nominal variation of less than 
20 mY, and approximately 4.35V for the 
divider values shown. The motor is a Globe 
100A 565 rated at 12V DC. 

MOTOR CURRENT 
O.SAIDIV 

J 
MOTOR VOLTAGE 
10V/DiV 

BASE VOLTAGE 
1. I-- ,l.- I-- f- SVIDIV 

ov 

Figure 6 

NE5561 PULSE-WIDTH MODULATED MOTOR DRIVE (CONSTANT SPEED) 
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EXTERNAL SYNCHRONIZATION FOR THE NE5561 AN124 

Synchronization of the 5561 can be accom
plished by forcing the timing pin (Pin 5) above 
the 5.6 volt sawtooth limit comparator for a 
short time. 

+5'6V-~-I I TIMING 

I I SAWTOOTH 
I I 

+1.1V 1-----[;;' -- +6V (TVP.) 
EXTERNAL 
SYNC 

This can be accomplished with a simple 
diode-coupled narrow pulse source with fairly 
low source impedance: 

SYNC 
Co GENERATOR 

i-=------....--I<I--.--if--o Jl 
RD 

A drawback to this approach is that when the This relates the magnitude of the spike to the 
5.6 volt threshold is reached, a discharge size of the pulse. Also assume RoCo<ll's. 
transistor is turned on to quickly pull the tim- The free run frequency of the slaved 5561 
ing capacitor to ground and will also attempt should be slightly lower than the sync fre
to pull the pulse generator to ground. This quency for proper operation. 
condition can be avoided by keeping the 
pulse width very narrow (O.ll's) or by placing 
a differentiator network between the pulse 
generator and the diode. 

The differentiator will now produce a positive 
going spike with the positive edge of the sync 
pulse, resetting the sawtooth without passing 
too much current through the discharge tran
sistor. The negative spike produced by the 
falling edge of the clock will be blocked by the 
diode and will have no effect on the sawtooth 
ramp. A narrow sync pulse is no longer nec
essary while a sharp edged pulse is. The 
value of Co should be sufficient to ensure that 
a 10V pulse will drive the capacitor, CT, high 
enough to trip the 5.6V comparator according 
to: 
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APPLICATIONS USING THE SG3524 AN126 

APPLICATIONS 
The capacitor-diode output circuit is used in 
Figure 1 as a polarity converter to generate a 
- 5 volt supply from + 15 volts. This circuit is 
useful for an output current of up to 20mA 
with no additional boost transistors required. 
Since the output transistors are current lim
ited. no additional protection is necessary. 
Also. the lack of an inductor allows the circuit 
to be stabilized with only the output capacitor. 

Another low-current supply is the fly back con
verter used in Figure 2 to generate ± 15 volts 
at 20mA from a + 5 volt regulated line. The 
reference generator in the SG3524 is unused 
with the input voltage providing the reference. 
Current limiting in a fly back converter is diffi
cult and is accomplished here by sensing cur
rent in the primary line and resetting a soft
start circuit. 

In the conventional single-ended regulator cir
cuit shown in Figure 3, the two outputs of the 
SG3524 are connected in parallel for effective 
.0-90% duty-cycle modulation. The use of an 
output inductor requires an R-C phase com
pensation network for loop stability. 

Push-pull outputs are used in this 
transformer-coupled DC-DC regulating con
verter shown in Figure 4. Note that the oscilla
tor must be set at twice the desired output 
frequency as the SG3524's internal flip-flop 
divides the frequency by 2 as it switches the 
P.W.M. signal from one output to the other. 
Current limiting is done here in the primary so 
that the pulse width will be reduced should 
transformer saturation occur. 

SG3524 PUSH·PULL ± 50V, 
100 Walt Converter 
A simple solution to off-line converter 
design for power audio amplifier circuits 
is shown in Figure 5. The SG3524 emitter 
outputs are used to drive directly a pair of 
VN3500A Power FETs in the primary side 
of the step down transformer at a 50kHz 
rate. (The main oscillator operates at 
100kHz.) The transformer consists of 120T 
of #24 wire centertapped at 60T. This is 
sandwiched between two 50 turn center
tapped secondary windings of #20 wire. 
Diodes are fast recovery BYW30s; the out
put chokes, 500l'H wound on EC35 (3CB) 
pair Ferroxcube cores, provide adequate 
filtering in conjunction with the 1000l'F 
and .011'F ceramic capacitors across the 
output. 

9·250 
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APPLICATIONS USING THE SG3524 
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APPLICATIONS 
The encoder Inputs have been designed to 
accept a wide variety of signal sources. 
This can range from simple systems using 
as an Input the wiper of a control pot 
which is connected between VR and 
ground to complex systems Incorporating 
mixing, exponential processing and/or 
control polarity reversing. In all cases, It 
must be remembered that the control in' 
puts to the encoder look like voltage 
followers, that Is they draw only very small 
currents (> 200nA). The voltage range for 
these inputs Is + 1.5V to + 5V; however, 
internal clamps limit the linear control to 
approximately + 1.5V to + 3.5V. These 
clamps prevent Interaction between chan· 
nels If one input is open circuited or 
shorted to supply or ground. 

An example was worked out previously 
which utilized mechanical fine trim of the 
inputs (where the control pot body Is 
rotated a small amount). In some applica· 
tions, it Is desirable to implement this fine 
trim electrically with the use of an addi· 
tional pot. Many methods exist to achieve 
this and two are shown below. 

In Figure 1 the series resistors RT and Rc are 
much larger than the control pots 50 as to 
minimize nonlinearity errors and the ratio of 
RT to Rc control the relative sensitivity of the 
control and trim pots. This scheme allows the 
control pot to be centered at neutral 50 polar· 
ity reversing can be achieved by reversing V R 
and ground on the pots. 

The second approach, shown in Figure 2, is a 
simpler method for achieving electrical trim. 

Interfacing the 5044 encoder to the modulator 
of an RF transistor can be done in several 
ways depending on the desired output power, 
freqency stability and oscillator leakage. The 
simplest method is to use the 5044 output to 
directly modulate the bias currenlof a crystal 
controlled oscillator. Figure 3 shows an exam· 
pie of such a connection. 

In a high performance system, separate oscil· 
lator, modulator and RF output stages may be 
required. An example of such a circuit is 
shown in Figure 4. In some systems, it may be 
required to provide additional filtering 
between the encoder output (Pin 11) and the 
RF modulator to comply with FCC regula· 
tions. 
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In the previous section, a design example was 
given for a fixed frame encoder (T F constant). 
In some applications, it may be desirable to 
make the frame time variable, allowing the 
synchronization pulse, which follows the last 

TO PIN 15 

r" 

channel, to remain constant. The variable 
frame mode simplifies the synchronization 
pulse detector in the receiver since the pulse 
does not vary with the control inputs. How· 
ever, the variable frame time may complicate 

CONTROL TOENC OOER 

1-7 
TRIM 

16 

NE5044 

11 

RT 

~ 

Figure 1 

TO PIN 15 

VR 

Re 

CONTROL 
Rc 

TO ENCODER 

~ 

J 

TRIM 
RT 

RFC 

Xn PIN 1-7 

Figure 2 

Vee 

'::' 

PIN 

ANTENNA 

J 

Figure 3 •. Modulated Oscillator Output Stage R.F. Transmitter 
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Figure 4. 5044 With High Performance RF Transmitter 

the design of the pulse stretchers in the ser
vos. The 5044 can be operated as a variable 
frame encoder by discharging the capacitor 
CF each time the output goes high. After the 
last output pulse CF is allowed to charge fully 
and the frame generator resets the encoder 
to channell. In this mode, the frame genera
tor operates as a monostable multivibrator. 
Figure 5 shows the external connection. The 
sync pulse width (time between the falling 
edge of the last output pulse and the rising 
edge of the first pulse) is given by 

Ts= .85 RFCF+ R1Cmux' 

So if a sync pulse of 6ms is desired and 
CF = .1/,F, then 

Some applications may require an RF 
bypass on each of the multiplexer inputs, 
depending on PC board layout and the wlr· 
Ing between the control pots and the 
board. If such Is the case, a .001/,F 
capacitor Is sufficient. Pin 12 may also reo 
quire a bypass capacitor of O.I/,F. 

NE5044 

AN131 

rJ.L.. VREF 

OUTPUT 
11 TO MODULATOR 

RF 

9 
100kn 

ICFl-

Figure 5. 5044 Variable Frame Encoder 
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DECODER APPLICATIONS 
In most applications, the decoder input will be 
derived from the decoder of a radio receiver 
and will have the following characteristics: 

1. Contain thermal noise at low levels 
2. Will vary in level depending on R/F signal 

strength and may contain flutter 

The thermal noise can be filtered with a sim
ple RC circuit. This filter should have a cut-off 
frequency of about 3kHz which is approxi
mately the bandwidth of the receiver IF ampli
fier. A lower cut-off frequency would limit the 
information rate and resolution of the system. 
Figure 1 shows the external connections for 
the decoder input amplifier in which the 
above-mentioned conditions are handled. 
Diodes Dl and D2 charge the 1 ~F coupling 
capacitor to the peak input voltage minus the 
fixed voltage at pin 12 and the diode drops. 
D2 also clamps the input signal reaching AI. 
The .21'F capacitor forms a filter which allows 
the amplitude of the input to vary over a wide 
range and at high rates (as a result of RF flut
ter in the receiver) without false triggering the 
decoder. When flutter occurs the baseline of 
the positive input pulses varies as shown in 
Figure 2. The .2~F charges up to the average 
baseline voltage but the 10k resistor does not 
allow it to be charged by the information 
pulses. Thus, so long as the pulse peaks 
exceed the baseline voltage by greater than 
the drop across diode D2, the system will be 
unaffected by baseline flutter no matter what 
its rate is. 

Positive feedback has also been incorporated 
in the connection of Figure 1 to provide 
100mV of hysteresis on the threshold. When 
the input (pin 13) is low, the current generator 
is off and pin 11 is near ground. However, 
when pin 13 goes positive, the current gener
ator turns on and approximately 150~A is 
sourced. This raises pin 11 by 
150~A x 4.7kO = 0.7V. The threshold is now 
given by 
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~ (V ,2 - Vl1) ( __ 1_) 
1 + RiRs 

~ (3 - 0.7) (1 + 33~k/51k) 
=0.3V 

So the threshold has been reduced by 100mV 
or the amplifier will not turn off until the input 
drops below O.3V. A low pass filter is also 
used in the circuit of Figure 1. The 5.6kO and 
.01 ~F form a 2.8kHz low pass filter to improve 
the noise rejection characteristics of the 
detector. 

A particular application of the N E5045 may 
not require all the components shown in Fig
ure 1, however this circuit demonstrates all 
the features of the decoder which may be uti
lized. 

330k 

01 1",~ 

INPUT 
pas. PULSE 

10k 0, 

100k 

'::' VR 
PIN 15 

Figure 3 shows a decoder connected for neg
ative input pulses without hysteresis or flutter 
rejection. In this case, V 13 is set to 3V and V 12 

is set to 3V + Vthreshold' If Vthreshold = 0.4V 

R4= VR-V12 _ 4.1-3.4 
Vthreshold/51k - 0.4/51k 

= 89kO ~ 91 kO. 

'::' 

Figure 1. NE5045 Decoder Input Circuit With Flutter and Noise Filtering 

Figure 2. Input Signal With Fast Flutter 
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APPLICATIONS 

DESCRIPTION 
The NE544 is a new servo amplifier design 
for digital proportional RC systems which 
incorporates the latest state-of-the-art in 
integrated circuit technology. The basic 
systems concept was developed in close 
cooperation with a number of leading man
ufacturers of radio control equipment. 

The design philosophy behind the NE544 
was to provide the RC servo systems de
signer with maximum flexibility in adapt
ing the amplifier performance characteristic 
to his particular servo system and at the 
same time to keep the external components 
count low. To achieve this goal, all the basic 
servo amplifier functions, such as motor 
drive, deadband and minimum output pulse, 
are integrated into the IC, but can be modi
fied over a wide range by using external 
transistors or padding resistors respective
ly. This makes it possible to use the IC for 
extremely low cost applications as well as 
for the most sophisticated RC servo sys
tems. Additional features of the circuit are 
very low standby power drain (typically less 
than 6mA), an internal voltage regulator for 
improved power supply rejection and a 
highly accurate monostable multivibrator. 
This circuit may be used in 2 different 
charging modes: linear and exponential. In 
the linear charging mode, the internally 
generated charging current is program
mable over a wide range with a resistor to 
ground. Usable currents range from below 
101lA to above 1 mAo In the exponential 
charging mode, the internal current source 
is simply bypassed with an external resistor 
from pin 1 to the regulator output. 

The bidirectional power output stage can 
supply load currents up to 500mA (N E544N 
package only). Output drive pins for exter
nal PNP transistor provide the user with the 
option of increasing the motor drive by 
bypassing the internal compound PNP 
transistors. 

The NE544 also provides external pins to 
adjust deadband and to vary the hysteresis 
of the Schmitt trigger. This gives the user 
maximum flexibility in adapting the servo 
amplifier to a large variety of servo motor 
and gear train combinations. A dynamic 
brake integrated into the output stage 
serves to suppress inductive noise spikes 
and helps to improve the dynamic perfor
mance. 
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IC PACKAGE 
The N E544N has sufficient power dissipa
tion to handle motors with a minimum of 
81l impedance with the integrated power 
transistors. 

OPERATION 
The basic building blocks of the NE544 
servo driver are shown in Figure 1. 

A positive input signal applied to the input 
pin (4) sets the input flip-flop and starts the 
one shot time period. The directional logic 
compares the length of the input pulse to 
that of the internal one shot and stores the 
result of this comparison in a directional 
flip-flop. The exact difference in pulse width 
between input and internal one shot pulse, 
called the error pulse, is also fed to a pulse 
stretcher, deadband and trigger circuit. 
These circuits determine 3 important pa
rameters: 

1. Deadband-The minimum difference between 
input pulse and internally generated pulse to 
turn on the output 

2. Minimum output pulse-The smallest output 
pulse that can be generated from the trigger 
circuit 

3. Pulse stretcher gain-The relationship be
tween error pulse and output pulse 

Proper adjustment of these parameters can 
be achieved with external resistors and 
capacitors at pins 6, 7 and 8. The trigger 
circuit activates the gate for a precise length 
of time to provide drive to the bridge output 
circuitry in proportion to the length of the 
error pulse. 

TYPICAL APPLICATION AS A 
LINEAR SERVO AMPLIFIER 
Figure 2 shows a typical connection of the 
NE544 as a high performance servo amplifi
er for remote control servo applications 
using the 14-pin dual in-line package. The 
input pulse may be dc coupled if a reset is 
used in the receiver decoder. Output drive 
to the servo motor is applied through pins 9 
and 13 with PNP transistors T A and TS 
optional for high performance applications. 
The wiper of potentiometer R P is mechani
cally coupled to the servo control surface 
providing positional feedback. The internal 
one shot in this application is operating in 
the linear charging code. 

LINEAR ONE SHOT TIMING 
In contrast to most conventional servo driv
ers which use exponential one shots, the 
NE544 uses a linear one shot. This makes it 
possible to design servo systems with very 
high positional accuracy and linear pulse 
width to position transfer fuctions. The tim
ing of the linear one shot can best be ex
plained with the help of Figure 3. 

The timing cycle starts after the input pulse 
sets theCfilput flip-flop and releases the reset 
transistor T R. This allows current I C to 
charge up capacitor CT in a linear fashion. 
Current I is programmed by resistor RT. 
The op amp serves as a linear voltage to 
current converter, with the current through 
RTand CT matched identically. The invert
ing input of the op amp is internally refer
enced to 1.8 volts so that the current I R is 
given by this equation. 

Equation 1 
IA = VI =1.8V 

AT AT 
BLOCK DIAGRAM OF NE544 SERVO AMPLIFIER 

Figure 1 
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TYPICAL CONNECTION OF NE544AA FOR LINEAR ONE SHOT TIMING 

R F 

S60k 

r---------------~----------------~~--4-o_8:S 

lA' T6 
OPTIONAL 
USE MPS 6562 
OR EQUIV 

L-__ ~:::::!::~:::!::~~:t-T------~~----~~------------~---4----~GND 
C4'.1~F INPUT 

The timing period of the internal one shot is 
complete when the voltage ramp at pin 1 
reaches the threshold set at pin 14. This time 
is given by this equation. 
Equation 2 

T = CT V14 

IR 

If we substitute the typical values given in 
Figure 2 we obtain this equation. 
Equation 3 

T = (0.1 x 10-'F) (1.5V) = 1 5 x 10-3 
0.1 x 10-3A ' sec 

When the internal one shot has timed out, 
the input flip-flop is reset. The reset transis
tor T R is clamped to ground as soon as the 
input pulse goes to zero. Figure 4 shows the 
relationship of the input pulse, the internal 
one shot pulse, the ramp at pin 1 and the 
error pulse for a condition where the input 
pulse is longer than the internal pulse. 

In contrast to most conventional designs, 
the total value of the feedback pot R pis no 
longer important, since it serves only as a 
voltage divider. A reasonable lower limit is 
1.5kO to keep power consumption low and 
to prevent loading of the voltage regulator. 
In the typical application a 5K pot is used. 

Figure 2 

SIMPLIFIED CIRCUIT DIAGRAM OF LINEAR ONE SHOT 

Figure 3 
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TIMING DIAGRAM 

INPUT PULSE 

INTERNAL PULSE 

J 
J 

LINEAR VOLTAGE 
RAMP (PIN 1) - - - THRESHOLD (PIN 14) 

ERROR PULSE 

ADJUSTMENT OF SERVO 
TRAVEL 

u 
Figure 4 

The amount of angular rotation of the feed
back pot R P (orofthe servo control surface) 
can be changed by simply changing the 
charging current. Figure 5 shows a plot of 
the servo travel as a function of input pulse 
width for 3 different values of current setting 
resistors RT. 

It should be noted that the center position of 
the wiper (1.5ms) will also shift when the 
amount of travel is changed. This shift may 
be compensated by mechanical wiper ad
justment or by the addition of padding resis
tors as described in the next paragraph. 

SERVO TRAVEL AS A FUNCTION 
OF INPUT PULSE FOR 3 DIFFERENT 

CHARGING CURRENTS 

- "60 2.0 

~ 
> ~ g 2 

;: 

~ 
,; 

-60 '0 

INCREASED SERVO TRAVEL 
SCHEMATIC 

80 

70 

60 

TO REGULATOR 
OUTPUT PIN 3 

Rp ~TOPIN14 
5K --------v 

Figure 6 

POT TRAVEL vs R B 

RA 1.5R~ ~-f---t--c T ~~~F -" t--
RT 1"/ 

/ 
V 

~~ RSDNlY 
I---

!t' 
CT = O.l"F 

, 0 15 20 

INPUT PULSE (ms) 

Figure 5 

INCREASING SERVO TRAVEL 
TO MORE THAN 1800 

Servo travel may be increased up to the 
maximum active area of the feedback pot by 
using padding resistors R A and R B as 
shown in Figure 6. 

Figure 7 shows the values of resistors which 
are required to obtain a desired amount of 
servo travel. 
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EXPONENTIAL TIMING OPTION 
If an exponential timing characteristic is 
desired, the circuit shown in Figure 8 may 
be used. 

The time constant of the one shot in this 
case is given by this equation. 

Equation 4 V 
TE = RTE CT In V3 _3Vu 

Substituting the values shown in Figure 8 
where V3 = 2.5V and V'4 = 1.SV at the center 
position we obtain this equation. 
Equation 5 

T = (16kfl) (O.lI.tF) In ~= 1.47ms 
2.5V - 1.5V 

The center position and servo travel can be 
changed as described in the previous sec
tion for linear operation. 

PULSE STRETCHER 
The pulse stretcher and associated circuitry 
shown in Figure 9 determinG important 
servo-parameters such as minimum output 
pulse, dead band and error pulse to output 
pulse conversion gain. 

Initially transistor Q S is off and capacitor 
Cs is charged to the regulator voltage. An 
error pulse from gate G turns on transistor 
Q S and discharges capacitor C S to ground 
through the parallel combination of R DB 
and R I. The dead band is determined by the 
time it takes for the voltage at pin 6 to reach 
the trigger threshold (V,) as shown in Figure 
10. 

As soon as the Schmitt trigger threshold is 
reached, transistor Os is turned off and the 
capacitor is discharged through a constant 
current source I S until the error pulse dis
appears. 

After the error pulse disappears, capacitor 
Cs is charged up through resistor RS. The 
output remains turned on until the upper 
threshold (V,) of the Schmitt trigger is 
reached. The minimum output pulse is de
termined by the hysteresis in the Schmitt 
trigger. This hysteresis may be varied over a 
wide range by connecting an external resis
tor R MP from pin 8 to ground or positive 
supply. 
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A, 
560K 

TYPICAL CONNECTION FOR EXPONENTIAL TIMING CHARACTERISTIC 

r--------------i-------------------.----Ovs 

AMP 
240 

4.BV 

lA.Te 
OPTIONAL 
USE MPS6562 
OR EQUIV, 

c, 

4.7pF 

L-----------~~~t_~~------~------~------------~----4---~GND 

Figure 8 

TYPICAL CONNECTION OF PULSE STRETCHER CIRCUIT PULSE STRETCHER WAVE FORMS 

TO PIN 3 

AS 

AN133 
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Figure 9 
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DEAD BAND 
Referring to Figure 10, the dead band can be 
calculated using these equations where 
TOB is dead band in microseconds, Cs is 
the pulse stretching capacitor, I T is the total 
discharge current, and .6. V is approximately 
.65 volts. The deadband is determined by 
the time it takes to discharge capacitor Cs 
from its initial voltage to the Schmitt trigger 
threshold. 
Equations 6 

TOB=CSCN, and 'T='S+ ~oBl 
IT RI+ROB 

The value of the internal dead band resistor 
RI is approximately 1500.ITcan becalcu
lated with this equation. 
Equation 7 

'T = 3mA + 2.2V (150 ROB) 
150 + ROB 

For the typical values shown in Figure 2 we 
obtain this equation. 
Equation 8 

IT =3+27=30mA 

The dead band can then be calculated using 
Equations 6 to obtain this equation. 

Equation 9 
TOB = (.22 x /.IF) .65V = 4.8/.l8 

30mA 

The total dead band then is twice this value, 
i.e., TDB Total = ±TDB· 

Figure 11 shows plots of total dead band 
versus R DB for 3 different values of pulse 
stretching capacitor CS. The value of the 
minimum pulse resistor R MP is held con
stant at 240 . 
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DEAD BAND vs ROB 
FOR 3 DIFFERENT PULSE 

STRETCHING CAPACITORS 

K~r-= •. --

50 0 

Cs '" / 
.1trld-. / / -

V V V J CS" 
.22pfd_ 100 

1-. 

50 7 
'L ],-C8" 

f1 ·Y"fd 

10 
o 12 ,. 

DEADBAND l,ul' 

Figure 11 

MINIMUM PULSE 
The length of the minimum output pulse can 
be adjusted by changing the hysteresis of 
the .Schmitt trigger. As can be seen from 
Figure 10, thiswill also affectthe deadband. 
To aid in the selection of the right value of 
minimum pulse and dead band resistor, 
Table 1 may be consulted. This table gives 
typical values of dead band and minimum 
pulse for 5 combinations of R DB and R MP 
with C sand R S held constant ato.221-/F and 
75k 0 respectively. 

If a particular application requires different 
values, Cs and RS can be changed accor
dingly. A capacitor with low series resis
tance should be used for CS. If Cs is too 
reSistive, the minimum pulse becomes 
equal to the error pulse causing the servo 
to buzz at the rest position. 

Signetics 
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DEAD- MINIMUM 
BAND PULSE 

RMP ROB (Jls) (ms) 

±7 5.0 
360 130 ±5 2.5 
240 130 ±5 2.0 
160 82 ±3.5 1.6 
100 51 ±2.3 2.0 

Table 1 VALUES OF DEADBAND 
AND MINIMUM PULSE FOR 

CS = O.221-/F AND 
RS = 75kO 

PULSE STRETCHER GAIN 
For given values of R DB and R MP, the gain 
of the pulse stretcher can be adjusted with 
capacitor C S and resistor R S. The values 
chosen in the typical application turn the 
outputs fully on with an error pulse of ap
proximately 2001-/s. 

The charging resistor R S can also be con
nected to the positive supply voltage in
stead of the voltage regulator output. This 
usually requires somewhat tighter toler
ances on RS and CS, but allows operation 
over a wide range of supply voltage since 
pulse stretcher gain now varies inversely 
with supply voltage. 

FEEDBACK RESISTORS FOR 
CLOSED LOOP DAMPING 
The amount of feedback required for good 
closed loop damping depends on the motor 
and gear train used, the desired pulse 
stretcher gain and the dead band. In many 
applications, a single feedback resistor, R F, 
from pin 9 to pin 1 is sufficient, since the 
dynamic brake provides some damping. If 
the mechanical gain is very high, .an addi
tional feedback resistor from pin 13 to pin 14 
may be required. 
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A LOW·COST ANALOG/DIGITAL PROPORTIONAL CONTROL 
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1. ABSTRACT 

This paper describes an integrated circuit chip set* designed for 
low·cost transmission of analog and digital data. The system provides 
remote motion control capability and is designed for personal com· 
puter or microprocessor control applications. The control system 
is based on a multichannel serial bus concept and uses pulse position 
modulation (PPM) for information transfer. The input and output of 
the system interfaces directly with a personal computer. 

2. OVERVIEW OF CONTROL SYSTEM DATA BUSES 

With the rapid expansion of microprocessors and personal com· 
puters into virtually all areas of modern life, there is an increasing 
need for methods of communication between computers and remote 
devices. Communication is usually accomplished by parallel digital 
data transfer and digital/analog conversion. This method is used in the 
case of most stationary computer peripheral devices. For movable 
peripheral equipment, or when communication has to cover larger 
distances, various forms of serial data concepts are used. The choice 
of a particular serial data bus system depends on cost/performance 
tradeoffs and possible requirements for coding and protocol stan· 
dardization. In a digital system a serial message unit typically consists 
of a byte of serial digital data plus additional bits for addressing, 
synchronization, and other management functions. 

In consumer applications, where low cost is an important 
factor, mixed digital and analog encoding methods can offer signifi· 
cant advantages ov~r other serial encoding methods. The digital 
proportional system ,2 described here uses pulse pOSition modulation 
for serial data transfer. In contrast to the pure digital systems, where 
one message block (or frame) contains one byte of data, the digital 
proportional system packs several bytes into one frame. This is 
possible because the information is encoded in the form of pulse 
position. 

A comparison of various data transfer methods is shown in 
Table 1. The first three methods are purely digital and are mostly 
used for commercial serial bus systems and for computer networks. 
The fourth, a digital proportional method, is a special·purpose serial 
bus. It offers advantages in consumer applications due to combined 
analog and digital techniques. The concept also lends itself to either 
amplitude or frequency modulation for remote control. 

Table 1. Comparison of Data Transfer Methods 

TYPICAL PERFORMANCE 

TYPE ENCODING ACCURACY SPEED APPLICATION 

Dig6I1iIBUI PlNIIet 8J16bh 1 .. blueS Comp .... , Ptrlpherall 
D ... 

Aaynchronous or SeI1alD ... ... 11 .... '200 0." CommlolftlcaUon 
Srnchronoua Bu. ..... Camputor ........... 

R_. 
_ ..... CRS-W) 
TNphone IIodeml . 

Compu., Network SelillIDa .. BJ11blt , Mblud Cam""" Commun6cltlon 

Digiti' ProporIonIl Sen.1 PPM 1." ......... Consumer 
BUI HOlM Control 

R_. 

* Signetics NE5044 and NE5045 Encoder/Decoder, 
NE544 ServDamplifier, and NE501B B·bit D/A Converter. 

3. DESCRIPTION OF THE ANALOG/DIGITAL 
PROPORTIONAL CONTROL SYSTEM 

In a typical application, the system is interfaced to a personal 
computer through one of its peripheral 3-5tate I/O ports as shown in 
Figure 1. The B·bit digital·to·pulse position encoder and the personal 
computer form the control center. In addition to the' B data lines 
3 control lines are used to connect the computer to the pulse positio~ 
encoder. The encoded information is transmltted·via a standard radio 
control (RF) link. The signal is detected by a receiver in the remote 
control device or robot. The pulse position information is then de· 
coded and processed with standard proportional circuit techniques3 . 

The bus control program occupies 600 bytes of memory. The 
rest of the computer memory is available to the user for recording 
and playing back the stored programs. A floppy disk drive is used for 
permanent storage of information. 

PULSE POSITION CODING AND 
SERVOMOTOR CONTROL 

The circuit blocks required to perform the pulse position 
encoding function are shown in Figure 2. The encoder contains all the 
active circuits necessary to convert successive B·bit words of digital 
information into accurate pulse pOSition modulated signals, for up to 
7 channels. Parallel data from the computer I/O bus is latched 
directly to an B·bit DAC input. A bidirectional constant current 
generator alternately charges and discharges the CMUX capacitor. 

The resulting voltage waveform is shown .rn the second trace 
of Figure 3. Two high·gain comparators compare the multiplex 
capacitor (CMUX) voltage to the DAC output voltage (VA) and to 
the range input voltage (Vrange). The counter control logic uses the 
two comparator output signals to increment the channel count and to 
reverse the current source polarity. Under computer control, the 
comparator analog input signal is taken from the DAC output; under 
manual control, this signal is taken from the multiplex switch analog 
output. The multiple~ switch is controlled by the channel counter, 
and samples the analog voltages generated by the manual joystick 
inputs. The encoder output waveforms are shown in Figure 3. The 
top trace shows the frame pulse, which controls the ,encoder frame 
time and can be operated in either variable or fixed frame mode. The 
lower two traces show the channel pulses and the latch enable pulses, 
respectively. The latch enable pulse (DE) updates the DAC input 
data. 

Two ICs are used to perform pulse decoding and servocontrol as 
shown in Figure 4. The serial PPM signal, after RF detection, is 
decoded into parallel pulses by the decoding IC. Each channel is now 
a pulse·width modulated signal. This IC contains two monostable 
multivibrators used for frame synch'ronization and for increased noise 
immunity. Each channel pulse is then sent to a servocontrollC, which 
demodulates the pulse ~dth information into position, speed, or 
other control parameters . In this circuit a servoloop is used to 
compare the input pulse to an internally generated pulse that is 
proportional to the control parameter. Negative feedback is then used 
to drive the servomotor output to the desired position. 

4. COMPUTER CONTROLLED ROBOTICS APPLICATION 

The serial data transmission and proportional control system 
described in this paper can be used for various applications such as 
remote motion control, home control, alarm systems, and remote 
video games. A wide choice of transmission media can be used: 
hardwire, RF, current carrier, infrared, fiberoptics, and ultrasonic. 

To take full advantage of the availability of multichannel 
analog data transmission, a robotics application was implemented. 
The system uses 7 channels. Each channel represents a robot control 
surface as listed below: 
A l .. Forward/Backward Motion 
A3 .. Head Rotation 
A5 .. Elbow Movement 
A7-Hand (Claw) OpeniClosed 

A2 .. Steering( Direction Control) 
A4 .. Shoulder (Arm) Movement 
A6 .. Wrist Rotation 
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The robot can be exercised either manually or by computer. 
Individual channels may be recorded and played simultaneously. 
Reprogramming several channels while maintaining the rest unchanged 
becomes possible. The robot can be "taught" or its actions can be 
corrected. The final result may be stored on floppy disk for future 
playback. In the "Play" mode, the computer sends S bits per channel 
to a PPM encoder. In the "Learn" mode, manual inputs are converted 
into digital data and processed by the computer. Remote sensing 
capability can be added to the control system by adding a feedback 
transmission loop. Sensor feedback data is sent back to the computer 
and results in a full duplex system. Sensor information can then be 
processed and used to make decisions for execution by the forward 
path. 

SUMMARY 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p.A, ULN 

INTRODUCTION 
The following information applies to all 
packages unless otherwise specified on 
individual package outline drawings. 

General 
1. Dimensions shown are metric units 

(millimeters), except those in par· 
entheses which are English units 
(Inches). 

2. Lead spacing shall be measured with· 
In this zone. 
a. Shoulder and lead tip dimensions 

are to centerline of leads. 

3. Tolerances non·cumulatlve. 

4. Thermal resistance values are deter· 
mined by utilizing the linear tempera, 
ture dependence of the forward volt· 
age drop across the substrate diode In 
a digital device to monitor the Junc· 
tlon temperature rise during known 
power application across Vcc and 
ground. The values are based upon 
120 mils square die for plastic pack· 
ages and a 90 mils square die In the 
smallest available cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with stand· 
ard stand·off, for measurement. 

PLASTIC ONLY 
5. Lead material: Alloy 42 (Nickel/Iron 

Alloy) Olin 194 (Copper Alloy) or equiv· 
alents, solder dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole In top corner denotes lead 
No.1. 

8. Body dimensions do not Include 
molding flash. 

9. SO Packages·mlcromlnlature 
packages. 
a. Lead material: Alloy·42. 
b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F·15 (KOVAR) pr 
equivalent-gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F·30 (Alloy 42) or 
equlvelent-tln plated, gold plated 
or solder dipped. 

c. ASTM alloy F·15 (KOVAR) or 
equivalent-gold plated. 

11. Body Material 
a. Eyelet, ASTM alloy F·15 or equlva· 

lent-gold or tin plated, glass 
body. 

Signetics 

b. Ceramic with glass seal at leads. 
c. BeO ceramic with glass seal at 

leads. 
d. Ceramic with ASTM alloy F·30 or 

equivalent. 

12. Lid Material 
a. Nickel or tin plated nickel, weld 

seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F·15 or equivalent, gold 

plated, alloy seal. 
d. BeO Ceramic with glass seal. 

13. Signetics symbol, angle cut, or lead 
tab denotes Lead No.1. 

14. Recommended minimum offset 
before lead bend. 

15. Maximum glass climb .010 Inches. 

16. Maximum glass climb or lid skew Is 
.010 Inches. 

17. Typical four places. 

18. Dimension also applies to seating 
plane. 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, itA, ULN 

PLASTIC PACKAGES 
PACKAGE CODE 8 j"J8jc(OCIW) DESCRIPTION 

Standard Dual·in·Line Packages 
8·Pln N 99/50 

14·Pin N 86/48 TO·116/MO·00l 
16·Pin N 83/42 MO·OOl 
18·Pin N 63/29 
20·Pin N 61/24 
22·Pin N 51/23 
24·Pin N 52/23 MO·015 
28·Pin N 52/23 MO·015 

Metal Headers 
4·Pin E 100/20 TO·46 Header 
4·Pin E 150/25 TO·72 Header 
S·Pin H 150/25 TO·5 Header 

10·Pin H 150/25 TO 5/TO·l00 Header, Short Can 
10·Pin H 150/25 TO·51l0·100 Header, Tall Can 
Cerdlp Family 
S·Pin FE 110/30 Dual·in·Line Ceramic 

14·Pin F 110/30 Dual·in·Line Ceramic 
16·Pin F 100/30 Dual·in·Line Ceramic 
18·Pin F 93/27 Dual·in·Line Ceramic 
20·Pin F 90/25 Dual·in·Line Ceramic 
22·Pin F 75/27 Dual·in·Line Ceramic 
24·Pin F 60/26 Dual·in·Line Ceramic 
28·Pin F 57/27 Dual·in·Line Ceramic 

Laminated Ceramic, Side Brazed Lead 
16·Pin I 90/25 Dip Laminate 

SO Package Thermal Data 

Package Max. Allowable Max. Allowable Thermal Resistance 
Package Mounllng Power Dlss. Power Diss. (eJAoC/Watt) 

Type Technique' (mW) at 25°C (mW) at 70°C Avera2e Maximum 

SO·14 PCB 658 421 190 225 
Ceramic 962 615 130 165 
Ceramic w/H.S. 1471 941 85 110 

SO·16 PCB 862 551 145 170 
Ceramic 1250 800 100 125 
Ceramic w/H.S. 1923 1231 65 85 

SO·16L PC8 1250 800 100 140 
Ceramic 1743 1143 70 100 
Ceramic w/H.S. 2500 1600 50 65 

SO·20 PCB 1471 941 85 115 
Ceramic 2273 1454 55 85 
Ceramic w/H.S. 3572 2286 35 55 

SO·24 PCB 1563 1000 80 110 
Ceramic 2000 1600 50 80 
Ceramic w/H.S. 4167 2667 30 50 

PCB = Printed circuit board 
Ceromic=Ceramic substrate 
Ceramic w/H's. =Ceramic substrafe with heat sink and/or thermal compound 
• Air gap is 0.006 inches unless thermal compound is used 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, /lA, ULN 

LEAD NO.1 

.49 1.01911 r

.35 ~014) \ 

o PACKAGE - PLASTIC 
(SO S·PIN) 

.77 (.030) 

1~ 
~=.::~~;-::~::;;;~~ (Note) -,- t 

3 ·6 

o PACKAGE - PLASTIC 
(SO 14·PIN) C 15.207\.2051 

4.00 1·1581 4.6231.18~ 
3.80(.150) 

-..l. 
5.80(228) -~(!~'![ 

1.271·05O)8$C ,r 
. 7 ~028)MAX---1 

.49 1.019111-

.35(.014) ! 

25(010) 2'C~20I~r 

I~II 
O'L~ * 1.'70(050) \l .25(.010) .4061,0161--\ . 

.19(.0075) 

o PACKAGE - PLASTIC 
(SO 1S·PIN) 

___ '0.00(.394) 1.448(.057) .25(.010) 

~ -:[,581 5.',)12051 

~I ~ 4."31.1~ -:l:~~~::B 
I 9·801·38~ 1.2451·04~ lSJ 
-'--- ~ 45' 

T{--~~~~~:ttl O'~ 
510101 r 1.270(.050) \l 

_.'_._ 1.27 (.QSO)8SC .25(.010) .406(.018)--\ 

.10(.004) .7 (.028)MAX--l .19(.0075) 

Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10-6 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p,A, ULN 

Note: 

.491·019) 11-

.35 (.014) I o PACKAGE - PLASTIC 
(SO·16L PIN) 

10.00(.394) 

25(;::~I-I ~ ~ t 10.51.<1') 

~1=1O.'I.'98) 
2.65 (.104) I 
2.35 (.093) ---!"I:H::Ht-tHtHJHiI--!ifJ, 

~ 
10.651·'19) ill 
.75 1.030) ---j I 

O'~\ _LJ1 hJ 
~ 1.270(.050) \ \ r-r-

.30 (.012) 

.10 (.004) 
.15 (.030)MAX 

.49 (.019) _II-

.35 (.014) 1 

.32 (.013) .406 (.016) ---, -

.23 (.009) 

o PACKAGE - PLASTIC 
(50·20) 

19.246t(.364) 

18.763(.345) 

l"- 7.6(.299) 

\. 

_ l _____ ~~ 
~::! i:~~:: L 

rr-'-!H:J--lH:H:H:I-I:I-i:Hr1il-'( 

.30 (.012) 1.27 (.050)BSC 

.10 (.004) 

~ __ 10.65(.419) __ _ 

10.00 (.394) 

;:.~~;t:J 1-
0::L\ lJl--hj 
~ 1.270 (.050) \ \ 

.32 (.013) .406 (.016) ---, _ 

.23 (.009) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, /lA, ULN 

~~11-.35 (.014) I 

~-
I 
I 
,~ 

-1 
[ 9.246 (.364) 

B.763 (.34S) 

!:.6(.299) 

o PACKAGE-PLASTIC 
(SO-24) 

-- 10.00(.394)--
I 

10.65 (.419) 

~ 
265 (104) IE~i:ii3i:~~~i:ii3i:tt:~· 2.438 (.096) 

~...L- r2.23s(.OB81 

I ~1~lr 
o.~u' hJ 

Note: 

.30 (.012) 1.27 (.050)8SC 

.10 (.004) .75 (.QaO)MAx--1 

.49 (.019) ---1 r

.35 (.014) II 

".- 1·,)·364) 
I 8.763 (.345) 

\ .... _ 7.6 (.299) 

I 

.75 (.030)MAX-1 

'-.. -r 1.270 (.050) \ \ 

.32(.013) .406(.016) --\ \--

.23 (.009) 

o PACKAGE-PLASTIC 
(50-28) 

450~ 
--~~::\1!:: II i 

0.2::.\ un hJ 
~ ",70 (.OSO) \ \ 

.32 (.013) .406 (.016) --\ -------

.23 (.OOg) 

4.95(.195) DIA 4A E PACKAGE - HERMETIC 
(TO·72 HEADER) 

5.33 (f2'O~ I 
4:32Ti7oI ~ + 0.761.030) MAX. 

14.22 (.560) I 
12.70 (.500) n n 4 LEADS 

I U U 0.48 1.019) 
0.41 (0.16) 

~:~~ ~:~~~] DIA.-+~---I 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, /-tA, ULN 

10·8 

LEAD NO.!. 

Note: 

4.19 (.165) 
3.l1fl:f2m 

LEAD NO.1 

FE PACKAGE - HERMETIC 
(S·PIN) 

F PACKAGE - HERMETIC 
(14·PIN) 

F PACKAGE - HE~METIC 

(16·PIN) 

Dimensions shown are metric units (millimeters). except those in parentheses which are English units (inches). 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p,A, ULN 

LEAD NO.1 13 

Note: 

LEAD NO. 1 

4,19 .1651 
3.18 (.1251 

F PACKAGE - HERMETIC 
(1S·PIN) 

F PACKAGE - HERMETIC 
(20·PIN) 

4.19 1.1651 
3.18 1.1251 

F PACKAGE - HERMETIC 
(22·PIN) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10-10 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p.A, ULN 

Note: 

1'81.0~~II~ 
O'161.03~f-

0.58 (.02l) 2.79/.110) 
"Q.'3a"T.O'i5 2.29 (090) 

F PACKAGE - HERMETIC 
(24·PIN) 

F PACKAGE - HERMETIC 
(2S·PIN) 

I :::::::::::::I1~:" 
37.85 (1.490) 5.08 (.200) F o:5i"'f]2oi 

36.58/1.440} '3.iii'T.1'5o'i 15.49 (.610) 

irmsrnm=tL 

2.54(.100) 4.19f.165) 
1.52 (.060! "iOs'T.12oi 

2.54 (.100) (Nole) 

~-t-
0.20 (.008) I-- 1'.52 {.6901 .1 

16.25 (.640) 

Dimensions shown are metric units (millimeters). except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, /LA, ULN 

H PACKAGE - HERMETIC 
a·PIN 

(TO·S HEADER) 

La.26 (.325) D1A,~1 1- 8.00 (.315) l 
r-~076(030( 470(185) 051(02m 

4~ I I 
1428 (562) 

1270 ( 500) 0 0 0 0 0 

::~~ ~:;~~l OIA. 

1 14 (045) INSULATOR 
0.38 (,015) 

~DIA. 
0.41 (.016) 
8 LEADS 

H PACKAGE HERMETIC 
10·PIN 

(TO·S/100 HEADER 
TALL CAN) 

T~'76('030) 6.48 (.255) 0.51 (.020) 

5.97 (.235) I 1.14 (.045) INSULATOR + ~3B(.015( 

14.28 (.562) 
12.70 (.500) 

Note: 

0.48 (.019) DIA. 
0.41 (.016) 
10 LEADS 

H PACKAGE - HERMETIC 
10·PIN 

(T0·S/100 HEADER 
SHORT CAN) 

I PACKAGE - HERMETIC 
(16·PIN) 

I ~[~~]~l'! 
I 20.70 (,815) I 

1,65 (.065) ~~:~; \:~~~\ ~ 
0,51 ('020l t--- 12.45 (.490) I 0.63 (.025) 

T 

8.13 (.320) 
7.37 (.290) 

0.31 (.012) 

_...L __ ~ 0.20 (.008) 

I 8.74 (.344) 
7." (.280) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, /lA, ULN 

10-12 

Note: 

N PACKAGE - PLASTIC 
(O·PIN) 

2.79 {.110) 
2.29 (090) 

1.14 (.045) 

0,64 (.025) 

N PACKAGE - PLASTIC 
(14-PIN) 

LEAD NO.1 

3.18 (.125) 
2.92 (.11S) Ir;:~; ::;~~:J ~ 

1.45 (.057) 

~ 

2.79 (.110) 
2.29 LOgO) 

'--'-J....-L.\l (Note) 

34311351L J 
305 ( 120) 1003 (395) 

2 16 ( 085) 762 ( 300) 

1.65 (.065) 

Dimensions shown are metric units (mHlimeters), except those in parentheses which are English units (inches). 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p.,A, ULN 

Note: 

o 

N PACKAGE - PLASTIC 
(1S·PIN) 

N PACKAGE - PLASTIC 
(18·PIN) 

LEAD NO.1 

if.38TOi'5) ~ ~
O.891.0351 

~ 3.1B(.1251~~J 

~ """" ,,"~, r 
(Note) 

~~ H ~::r 0.25 (.010) 

~:~~ ;:~~~:~I H- I I J. l-lQ,031.3951-\ r I-- [--I I- r 343 (.135) 7.62 (.300) 

0.53 (.021) 2.791.110) 1.78 (.070) 3.05 (.1201 
0.38 (.015) 2,29 (.090) 1.52 (.060) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

Signetics 10-13 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10·14 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p.A, ULN 

Note: 

o 

N PACKAGE - PLASTIC 
(20·PIN) 

LEAD NO.1 

F 26.92 (1.060) 3.68 (.145) 

~ 2.92Tli5i~~2.'6 (.085) 

~ 1~1:r" 

::::::~~ ,-I I.- rij,~~; ~ 
0.53(.021) ~ ~ ~ 
0.38 (,015) 2.29 (.090) 1.78 (.070) 

o 

N PACKAGE,... PLASTIC 
(22·PIN) 

LEAD NO.1 

01 
8.94 (.352) 

B.45T.34Si 

~lTTT""T'T"T"n"T"TT"TT"'TT"T'"T"'T"-.l 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, p,A, ULN 

Note: 

N PACKAGE - PLASTIC 
(24·PIN) 

o 

3.~51 '-III~ rl 
3.OsTi2oi" --1 --'l I' 

1.32 (.052) 0.53 (.021) 2.79l.(10) 
1.12 (.044) 0.38 (.015) 2.29 (.090) 

LEAD NO, 1 

N PACKAGE - PLASTIC 
(2S·PIN) 

LEAD NO, 1 

01 o 14.10(.555) 

hnrn"TTrrrn"TTrrrn"TT~~·5451 
~ ~,."1.0451 

36.86(1.455) 051(020) 
35Ta"iT.4'401 ~.. ~'5.49('6'O)--l~ 

~ 
~1,....'4.99('5901"'"\1.:r('0651 

3.68 (. '451 (Note) 

~ ~ 
0.38 (.015) 
0.25 L01O) 

1.32 (.052) ..JilL 3.43 ,--'7.65 ('69S)--l 

U2T644i r'lF- 13;~1 I 15.24(.6001 I 
0.53(.0211 2.79Ll10) ~ [i'2o') 
0.38 (.0151 2,29 LU90) 1.651.(65) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

Signetics 10·15 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

SOLDERING 

1. By hand 

Apply the soldering iron below the seating plane lor not more than 2 mm above it). 
If its temperature is below 300 °c it must not be in contact for more than 10 seconds; if between 
300 °C and 400 oC, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oC; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed'circuit board has been pre·heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis· 
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in 11) above. 

8~LEAD DUAL IN-LINE; PLASTIC (SOT-97A) 8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A) 

" !I 
ij 
-f" 
3,43 
3,05 , 

10-16 

top view 

1-- 10,4 max -----I 
--I 

R--.o=r---.=,---=--.=J 5.08 

_10,0 ___ 
7,6 lzel900 2 

top view 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

8-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-153B) 

.. l....-O,30 
I: 0,20 

~ ~ 

I 

~II .. ~ 
7 ma~ 

top view 

9-LEAD SINGLE IN-LINE; PLASTIC (SOT-110B) 

3,9 
3,4, , 

Ij I' , 

T I I 18, 
__ __ . If. ' , __ 1,1..-035 

m~) i~I_I_I_I~I_I_I_1 ' 

3bt=-~ '=='====)1 top ,'.w 

I. 22.mo)(-

Signetics 

I 
I 
1.1 

~~ 
.1 

5,35 

J 

10·17 

10 



UNEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

9-LEAD SINGLE IN-LINE; PLASTIC POWER (SOT-131A, B) 

---24,4 rna. 

9-LEAD SINGLE IN-LINE; PLASTIC (SOT-142) 

---- "'-11---~1 
[------+-------1--1 -

~i'l 
12 

1 
6,35 

B 9 ml" l, J 

I 
_11_0.4 

.... 1.65 ... 

I ~-" 1 top ,;.w 

3·LJ~==--==-'=. ===l=====. 

1- 22mQx---~ 

10-18 Signetics 



LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

9-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-1578) 

____ 2I..,4mux _ 

____ 19,8_ 

- ' . 
'i I B x ~ ~ 0,7 5 ' 

" ,~,I ! o'~~!,I.~~ 11 

'I·-'-I~~'I--.l---i,· ., _____ ~_4_-__ .. 

12-LEAD DUAL IN-LINE; PLASTIC WITH METAL COOLING FIN 
(SOT-150) 
I--
I ____ J 

22 max -----., 

4,7 

top view 

Signetics 

I 
-III 

TI' 
, 'I " 

.i,l. 0"1 -, 1-
1'-~ __ 4.3 __ 

I, 8,25 I 
~-7,50--' 

~---1~:~----
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10-20 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

13-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-141B) 

~ ___ 24;:,;a~----~1 

tt:~~~~"=:J 
- "" I 

.I 

1 

12,4 

1 

1 

I 
I 

-It 

-oJ"" I I 
'1 13 

'I' :1': 
_:1 I 

I I I: 12~ g~~_I~III~ 
I II I \~I -1-

"I-~" -1-1----1-s;1-1-1 .. ---I--I-... 
• .I~ _. ilBJ. J __ I 

1 

.1.0,' I 
' _12...-

"",,,I;--@@ _'_4,3 __ 

14-LEAD DUAL IN-LINE; PLASTIC (SOT-27K,M,T) 

:1 I-I -19,Sm" -- --~t- -1 

~ 

I . 

top view 

Signetics 
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LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (80T-73A,8,C) 

-----19,94 max -----

--1 
5,08 

, 

I 

" .. LO,32 II 
:,1 0,23 i,l 

,!_~_1 
__ 10,0 __ _ 

7,6 

14-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (80T-838) 

----19,ZSmax ----I 

fj 
__ -.0,30 

: 0,20 

" ,I 
~i~;;:--- IT@----:;;:;2.' 

t 
3,90 
3,40 12x 
t I I I t 

-. ~,~~i_i_i_i~i_i_i 

top view 

Dimensions in mm 

Signetics 

side view 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 

[@l---

1.I. mQ~ 

1 ... _____ 9,5 __ 

8,3 ns~o .. " 

lop "'~W 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38A) 

__ 9,5_ 

8,3 1/11501.1 

10-22 Signetics 



LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38D, DE) 

I '9,Sma~-----

tap View 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 

-----19,Smax----_ 

lead 1 indication leither index or signl 

Signetics 

:'------+---' 
I 

_ :lO,32 
II max 
II II 

.!-Iilll-i. 

l-a.25max-

I 
I 

10-23 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10-24 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA,TB, TC, TO, TE 
16-LEAD DUAL IN-LINE; PLASTIC WITH INTERNAL HEAT SPREADER 
(SOT-38WE-2) 

----- 22max----

I _ '.0,32 

II ma~ 
II Ii 

!~lilll-_1 
1,4max 

~_9.5 __ 

8,3 ?Z!5Q41, 

16-LEAD QUADRUPLE IN-LINE; PLASTIC (SOT-58) 

~8'2smox_1 

I-m-I . 

--- ._-,.--~ --"-,,,,-~I 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (80T -7 4A,B,C) 

. 

~ 
I 

3,4 
2,9 
I 

-----19,94 max -----

I- S,25 max-I 
M ' ~\ 
I: : 
..LO,32 Ii 

I i,l 0,23 i,l \\ 

, !_~_!l 
___ 10,0 __ _ 

7,6 

16-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (80T-84B) 

I 
3,90 

top view 

1_7.47max _I 
I . 

0,30 
0,20 

Signetics 

side view 

10·25 
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LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

10-26 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

18-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-85B) 

~~~~- 2J,4mQx-~~~~_ 

.1. .1. .1. 

18 17 16 15 14 " 10 top view 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A) 

~ I. 23,5 m" I 

~!t-nrmt' fu . . . . .. .j~1~~~' 
fl - 076'" 3,9 053 " 

3,4 max t li~ ----~ III 
, . , . 'g§J' , , . 

_~;~I_I __ I--I_I_'_I--I--I--I 

(4) 
top view 

Signetics 

1_ 7,47 m" ~I 

I 
-... ilO,30 

110,20 
II 
I 

side view 



LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

18-LEAD DUAL IN-LINE; PLASTIC (SOT -102C) 

Z2mc)( 

I 

i~I~~I~~i~ __ ,~ _',lI.C':1.,. 

4,7 
• max 

1~\9r. * 
O,-S3---¥1 

; mo~! _[1>lo:~~::...@ III 

top view 

18-LEAD DUAL IN-LINE; PLASTIC (SOT -102CS) 

22mo)( -----

J ' , 
•. ---. __ i~I ___ ; .. __ .'1 

4,7 

top view 

Signefics 

1-8,25mo, -I 

'~ 
__ 0,32 ' 

rna, 

L.-f--------1 I' 
I 
I 
II 
1'1 

, h 
,~-- [7,61]---'1 
I~_ 9,5 __ 

8,3 

side view 

side view 
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LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, Te, TO, TE 

10-28 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102G) 

18-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-133A,B) 

o 
c 

II 
I 

3,4 
2.9 

I 

---- 23,6max ------

Signetics 

--I 
5,08 
me, 

L--j-_~ , 
, 
" " " 

side view 

i : ~ 
'--[1ITj--' , 

I_S.S_?llllll'l 
8,3 

side view 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

20-LEAD DUAL IN-LINE; PLA8TIC (80T-146) 

27max ------~ 

g 
0-

fl 
! 

3,4) 
3,05 

I I 
, , ' , , ,~, ' , ' 

-m~.'-I-I_I_I_I_· '_1_1_1_1 

lnll IHC>W 

20-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (80T-152B, C) 

> c 

" 

ij 
1,27_ 
ma. 

25,4max-------

--I 
1:t==;=:n=':;:=;:==r=;=7;:=::r=;:=;:=;:==r=;::::7~r=d 5,08 

.1. .I 

top view 

Signetics 

side view 

I ~-4..L.--1 
I 

_ ,LO.la 
II max 

" 1I , , 
, i--[I@--i , 
__ 10,03-_ 

8,3 1ZIHO'.' 

I 
L-_lj1--_-1 I 

:' , II 0,23 :,1, 

!-~-! 
__ 10,0 __ _ 

7,6 

side view 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

10·30 

20-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-154B) 

2S,Bmo)( ----I 

22-LEAD DUAL IN-LINE; PLASTIC (SOT -116) 

Signetics 

top view 

t 
~~x 

·0,51 I 
I~i~ ~ 
-.~ 

I' 

top view 

, , 
:' I 

IIDJ·_i 

side view 

side view 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

22-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-118B) 

.[ I' 29,0 max I 

"j \ ~ / 3,90 
III ~ ; '070 m,o.~ 

~ •.... - .... .- -. :J;'~~121 
375 0,59 • '"~'''"''''' , : , , , 'rn' , ' , , 
_~~~I_I __ I_I_I_I--I_I--I--I--I 

top view 

22-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-134A) 

_-------27,94mo.x -------

5,oe 

I. 

top view 

Signetics 

\ 

__ 10,9 mQ' _[ 

\_10,05 max -I 

I 
I 

- I 030 
fo: zo 

~;Jm~-;- _. ~ ~~; 

side view 

side view 

10·31 



UNEAR LSI PRODUCTS 

PACKAGE OUTLINES 

10-32 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB,SAF, TA, TB, TC, TO, TE 

24-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-86A) 

r----- 12,90 mcu __ 
1 

top view 

24-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-94) 

--JJmax------~ 

Signetics 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

24-LEAD DUAL IN-LINE; PLASTIC (WITH INTERNAL HEAT 
SPREADER) (SOT-101A, B) 

! I 12 mo, . - • .. __ 

"l~' g 5,1 
~ mQ~ 

~ to S1 l 
~~. . . . . .' ~Ii' 

3,9 . 0 S3 ~ , 3~" ',' , Z ~,~ .~,,, 
.~ 

.. ~~2~1_ ~ .. 

(4) 

28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-87A) 

~ I 36,OOma. I 

\~~ V V V V V V V n¥¥1~::~:~ Lt,- -i[§]-

top ,,~'" 

Signetics 

Ir==~~~::: ==fl 
, , 

side view 

! 
.. -~- [liliJ - -----, 

14 _______ ~~:~~ _____ .. 
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LSI PRODUcrS 

~ACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN,SAA, SAB, SAF, TA, TB, TC, TO, TE 

10-34 

28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-87B) 

26 27 26 25 21. 23 n 21 20 19 18 17 16 15 top View 

LJ -~- -

5 6 7 8 9 10 l' 12 13 14 

28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 

,I 36m" h 
;'~: ~l I mo. 
'I ........... ~O,511 . . ~, n ~ --:"'- 076 121 

3,9 - 053. ' 
3,4 I - , 26. , ~ax .. I I _,! __ ~lll 

J~~.i~ i~i 

top view 

(4 ) 

Signetics 
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LINEAR LSI PRODUcrS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

28-LEAD DUAL IN-LINE; PLASTIC (SOT -1170) 

I ____ ~ 

---- ~~:~1-----1 

top view 

28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 

!~~~. EI ~b * I t 0,51 I , - -- - -- - - - - --- - - - - -~~ lij;\ , . g.~: -to,76 W 

2,9 ' '_~'" , ~ 

, ' . ' 
-~~ ~g~ 

top view 

10 

Signetics 10-35 



• LSI PRODUCTS 

PACKAGE OUTLINES 

Ii FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-SS) 

_-__________ 51,30 max --

topvl.w 

40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-SSB) 

----SI,30moll--______ _ 

+~ i-&~g· ~ 
1 ___ ~ ___ I '''" .. 

-n-
40 39 38 37 36 JS 34 33 J2 31 30 19 28 21 26 2S 24 2J 22 21 top view 

-~------------------ 1------------

9 10 " 12 13 14 15 16 17 18 19 20 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

40-LEAD DUAL IN-LINE; PLASTIC (SOT-129) 

(4) 

40-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT -145) 

Signetics 

1~ __ lS,SmQX ___ , 

V-j'- ~ 
-!t~~j' .. "·· .. 
-~~~,--.-~----.I I 

1715 _______ I 
15.90 

1
- 1 
,--_~c-r-----,I 

~ 
17.15 

--'5.30 
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· LSI PRODUcrS 

IACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

10·38 

SOLDERING 

The reflow solder technique 

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste_ Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder_ 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem
perature of this paste is about 220 to 230 0C when a mild flux is used. 

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 J.lm is used 
for which the emulsion thickness should be about 50 J.lm. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 
After soldering, the substrate must be cleaned of any remaining flux. 

8-LEAD MINI-PACK; PLASTIC (SO-8; SOT -96A) 

j -I;~~: ~ .. g
oH 
0;6 J -l±.i_r-'=JC-<±l-1±r 

0,7 max 

I--~'~---' J"iii--1 
2 0 I 
I " '--~O,2"'5---.J 

~IO:~O,lO 
0.19 62 ---;c=,.,.-I 
• 5:8 

top view 

Signetics 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±O,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±O,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Only for devices with 
asymmetrical end-leads. 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

8-LEAD MINI-PACK; PLASTIC (VSO-8; SOT-176) 

0.12 [ 
0,15 

'lgOlU 

top view 

rei 
40 2,0 
j' max I 

t I 

__ StOmal< --

14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A) 

16-LEAD MINI-PACK; PLASTIC (SO-16; SOT-109A) 

10 

Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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51 PRODUCTS 

ACKAGE OUTLINES 

10-40 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

Note: 

16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A) 

,----~~',~----

llE'.~5 _i;~l~11 1,35 7.4 

I L _' 03 +-----.9 
• I ~O.32 .0:' f -hi. 

2 to SO 0.23 .. 10,65 0,3 m'~ 
10.0 

20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A) 

1~-d -~ ~'" 
- 1-
0,76 mQ~ 

top v,ew 

2.0 

1 

_10.6S~_ 
10,0 

Dimensions shown are metric units (millimeters). except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

24-LEAD MINI-PACK; PLASTIC (SO-24; SOT-137A) 

top ~iew 

2,0 

28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A) 

1" U~ -I 
"I '.os " ------t-----it ----,"1 1 

1'~ :" 1:h. 
~ I .. 0:23 _ \0ci~5 __ =O,=3 m-:<'"I 

top view 

2,0 

10 

Note: 
Dimensions shown are metric units (millimeters). except those in parentheses which are English units (inches). 

Signetics 10-41 



, PRODUcrS 

ACKAGE OUTLINES 

10-42 

FOR PREFIXES OM, MAB, MAF, PC, PN, SAA, SAB, SAF, TA, TB, TC, TO, TE 

40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT -158A) 

top view 

~-- 16,0 max ---

40cLEAD MINI-PACK; PLASTIC (OPPOSITE BENT LEADS) 
(VSO-40; SOT-158B) 

~--12,3mox~ 

top view 

~-- 16,0 max ---
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LINEAR LSI PRODUCTS 

SALES OFFICES 

SIGNETICS Liverpool KANSAS WISCONSIN 
Phone: (315) 451·5470 Kansas City Waukesha 

Wa~~ingers Falls B. C. Electronic Sales Micro·Tex, Inc. 

HEADQUARTERS one: (914) 297-4074 Phone: (913) 342·1211 Phone: (414) 542·5352 
NORTH CAROLINA MARYLAND 

811 East Arques Avenue Raleigh Columbia 
P.O. Box 3409 Phone: (919) 851·2013 Delta III DISTRIBUTORS Sunnyvale, California 94088·3409 Phone: (301) 730·4700 
Phone: (408) 739·7700 OHIO MASSACHUSETTS ALABAMA 

Worthington Reading Huntsville 
Phone: (614) 888·7143 Kanan Associates HamiitonlAvnet Electronics 

ALABAMA PENNSYLVANIA Phone: (617) 944·8484 Phone: (205) 837·7210 
Huntsville Horsham MICHIGAN ARIZONA 

Phone: (205) 830-4001 Phone: (215) 443·5500 Bloomfield Hills Phoenix 
ARIZONA TENNESSEE Enco Marketing HamiltonlAvnet Electronics 

Phoenix Greeneville Phone: (313) 642·0203 Phone: (602) 231·5100 
Phone: (602) 265-4444 Phone: 1615) 639 0251 

MINNESOTA Schweber Electronics 
TEXAS Phone: (602) 9974874 

CALIFORNIA Austin Minneapolis Wyle Distribution Group 
Canoga Park Phone: (512) 458·2591 High Technology Sales Phone: (602) 249·2232 

Phone: (818) 340·1431 Richardson 
Phone: (612) 888·8088 

CALIFORNIA 
Cupertino Phone: (214) 644·3500 MISSOURI Chatsworth 

Phone: (408) 725·8100 CANADA Bridgeton Anthem Electronics 
In~ewood SIGNETICS CANADA, LTD. B. C. Electronic Sales Phone: (213) 700·1000 

hone: (213) 670·1101 Etobicoke, Ontario Phone: (314) 29H101 
Arrow Electronics 

Irvine Phone: (416) 626·6676 NEVADA Phone: (213) 701·7500 
Phone: (714) 833·8980 Ne~ean, Ontario Carson Cit. HamiltonlAvnet Electronics 
(213) 588·3281 ignetics Canada, Ltd. Magna ales Phone: (818) 700·6500 

San Diego Phone: (613) 726·9576 Phone: (702) 883·1471 
Costa Mesa Phone: (714) 560·0242 NEW JERSEY Avnet Electronics 

COLORADO East Hanover Phone: (714) 754·6111 
Aurora REPRESENTATIVES 

Emtec Sales, Inc. 
Hamilton Electro Sales Phone: (303) 751·5011 Phone: (201) 428·0600 
Phone: (714) 641·4100 

CONNECTICUT ARIZONA NEW MEXICO 
Scollsdale Albuquerque Culver City 

Danbury Thorn Luke Sales, Inc. Power Enterprises HamiltonlAvnet Etectronics 
Phone: (203) 748·3722 Phone: (602) 941·1901 Phone: (505) 298·1918 Phone: (213) 558·2121 

FLORIDA CALIFORNIA NEW YORK HamiltonlAvnet Electronics 
Clearwaler Los Gatos IIhaca Milita~ Phone: (813) 796·7086 Sierra Technolo~ Bob Dean, Inc. Phone: ( 13) 558·2901 
FI. Lauderdale Phone: (408) 3 ·1626 Phone: (607) 257·1111 EI Segundo I'hone: (305) 486·6300 Santa Clara Melville 
GEORGIA Magna Sales Emtec Sales, Inc. 

Wyle Distribution Group 

Atlanta Phone: (408) 727·8753 Phone: (516) 752·1630 Phone: (213) 322·8100 

Phone: (404) 953·0067 San Di~ OHIO Irvine 
Mesa ngineering Schweber Electronics 

ILLINOIS Phone: (619) 278·8021 Cincinnali Phone: (714) 863·0200 
Schaumburg CANADA Stegman Blaine Marketing, Inc. 

Wyle Distribution Group Phone: (312) 843·7805 Ollawa, Ontario 
Phone: (513) 729·1969 

INDIANA Tech·Trek, Ltd. OREGON Phone: (714) 863·9953 

Kokomo Phone: (613) 230·3927 Hillsboro Sacramento 
Phone: (317) 453·6462 Pointe Claire, Quebec Western TeChnical Sales HamiltonlAvnet Electronics 

KANSAS Tech·Trek, Ltd. Phone: (503) 640-4621 Phone (916) 920·3150 

Overland Park 
Phone: (514) 697·3385 PENNSYLVANIA San Diego 

Richmond, B.C. Pillsburgh Anthem Electronics Phone: (913) 341·8181 Tech·Trek Covert & Newman Co. Phone: (619) 453·4871 
MARYLAND Phone: (604) 273·1800 Phone: (412) 531·2002 

Arrow Electronics Glen Burnie Rexdale, Ontario TEXAS 
Phone: (301) 787·0220 Tech·Trek, Ltd. Houston 

Phone (619) 565·4800 

MASSACHUSETTS Phone: (416) 674·1717 OM Sales HamiltonlAvnet Electronics 
Lilileton CONNECTICUT Phone: (713) 789·4426 Phone: (619) 571·7510 

Phone: (617) 486·8411 Yalesville UTAH Wyle Distribution Group 
MICHIGAN Kanan Associates Salt Lake Cily Phone: (619) 565·9171 
Farmington Hills 

Phone: (203) 265·2404 Electrodyne San Jose 
Phone: (313) 476·1610 FLORIDA Phone: (801) 486·3801 Anthem Electronics Inc. pomflano Beach 

MINNESOTA V G Sales WASHINGTON Phone: (408) 946·8000 
Edina Phone: (305) 971-0900 Bellevue Santa Clara 

Phone: (612) 835·7455 ILLINOIS Western Technical Sales Schweber Electronics 
NEW JERSEY Schaumburg Phone: (206) 641·3900 Phone: (408) 748·4700 

Micro·Tex, Inc. Spokane 
Parsippany Phone: (312) 885.J131 Western Technical Sales Wyle Distribution Group 

Phone: (201) 334-4405 IOWA Phone: (509) 922·7600 Phone: (408) 727·2500 
NEW YORK Marion 11 Hau~pauge Rep. Associates Cor~. 

Pone: (516) 348·7877 Phone: (319) 373·01 2 

Signetics 11-3 



LINEAR LSI PRODUCTS 
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Tustin Palm Bay Livonia Liverpool 
Anthem Electronics Arrow Electronics Hamilton/Avnet Electronics Arrow Electronics 
Phone: (714) 730-8000 Phone: (305) 725-1480 Phone: (313) 522-4700 Phone: (3151 652-1000 
Arrow Electronics SI. Petersburg Schweber Electronics Melville 
Phone: (714) 838-5422 Hamilton/Avnet Electronics Phone: (313) 525-8100 Hamiiton/Avnet Electronics 

Woodland Hills Phone: (813) 576-3930 MINNESOTA Phone: (5161 454-6012 
Avnet Electronics Winter Park Eden Prairie Rochester 
Phone (213) 883-0000 Hamiiton/Avnet Electronics Schweber Electronics Arrow Electronics 

Phone: (305) 628-3888 Phone: (612) 941-5280 Phone: (7161275-0300 
CANADA GEORGIA Edina Hamilton/Avnet Electronics 
Calgary, Alberta Atlanta Arrow Electronics Phone: (716) 475-9130 

Hamilton/Avnet Electronics Schweber Electronics Phone: (6121 830-1800 
Schweber Electronics Phone: (403) 230-3586 Phone: (404) 449-9170 Minneapolis 

Zentronics Norcross Arrow Electronics 
Phone: (716) 424-2222 

Phone: (403) 272-1021 Arrow Electronics Phone: (612) 830-1800 Westbury, L.I_ 
Phone: (4041449-8252 Hamilton/Avnet Electronics Schweber Electronics 

Mississauga, Ontario Hamilton/Avnet Electronics Phone: (612) 932-0600 Phone: (516) 334-7474 
Hamilton/Avnet Electronics Phone: (404) 447-7500 Phone: (416) 677-7432 Schweber Electronics Minnetonka NORTH CAROLINA 
Zentronics Phone (4041449-9170 Hamillon/Avnet Electronics Raleigh 
Phone: (416) 451-9600 ILLINOIS 

Phone (612) 932-0666 Arrow Electronics 

Montreal, Quebec Elk Grove MISSOURI Phone: (919) 876-3132 

Zentronics Schweber Electronics Earth City Hamiiton/Avnet Electronics 
Phone: (514) 735-5361 Phone: (312) 364-3750 Hamilton/Avnet Electronics Phone: (9191 878-0819 

Nepean, Ontario Schaumburg Phone: (3141344-1200 Schweber Electronics 
Zentronics Arrow Electronics SI. Louis Phone: (9191 876-0000 
Phone: (613) 226-8840 Phone: (312) 397-3440 Arrow Electronics Winston-Salem Bensenville 

Ottawa, Ontario Hamiiton/Avnet Electronics 
Phone: (314) 567-6888 Arrow Electronics 

Hamilton/Avnet Electronics Phone: (312) 860-7700 NEW HAMPSHIRE Phone: (919) 725-8711 
Phone: (613) 226-1700 INDIANA Manchester 

Vancouver Arrow Electronics OHIO 
Zentronics Indianapolis Phone: (603) 668-6968 Beechwood 
Phone: (604) 688-2533 Arrow Electronics 

NEW JERSEY 
Schweber Electronics 

Phone: (317) 243-9353 Phone: (216) 464-2970 
Ville SI. Laurent, Quebec Hamilton/Avnet Electronics Cherry Hill Cleveland 

Hamiiton/Avnet Electronics Phone: (317) 844-9333 Hamilton/Avnet Electronics Hamilton/Avnet Electronics 
Phone: (5141331-6443 Phone: (6091424-0100 Phone: (216) 831-3500 

Waterloo KANSAS Fairfield Centerville 
Zentronics Overland Park Arrow Electronics Arrow Electronics 
Phone: (519) 884-5700 Hamiiton/Avnet Electronics Phone: (201) 575-5300 Phone: (513) 435-5563 

Winnipeg Phone: (913) 888-8900 
Hamiiton/Avnet Electronics Da~ton 

Zentronics MARYLAND Phone: (201) 575-3390 amilton/Avnet Electronics 
Phone: (204) 775-8661 Baltimore Lionex Corporation 

Phone: (513) 433-0610 

COLORADO Arrow Electronics Phone: (2011227-7960 Solon 
Aurora Phone: (301) 247-5200 Arrow Electronics 

Arrow Electronics Columbia 
Schweber Electronics Phone: (216) 248-3990 

Phone (303) 696-1111 Hamilton/Avnet Electronics 
Phone: (201) 227-7880 Westerville 

Denver Phone: (3011995-3500 Moorestown Hamilton/Avnet Electronics 
Wyle Distribution Group Arrow Electronics Phone: (614) 436-5851 

Phone: (303) 457-9953 Gaithersburg Phone: (609) 235-1900 
Schweber Electronics OKLAHOMA 

Englewood Phone: (301) 840-5900 NEW MEXICO Tulsa 
Hamilton/Avnet Electronics 

MASSACHUSETIS 
Albuquerque Quality Components 

Phone: (303) 740-1000 Hamilton/Avnet Electronics 
Bedford Phone: (5051765-1500 Phone: (9181 664-8812 

CONNECTICUT 
Danbury Schweber Electronics Arrow Electronics OREGON 

Hamilton/Avnet Electronics 
Phone: (617) 275-5100 Phone (5051 243-4566 Hillsboro 

Phone: (203) 797-2800 Burlington 
NEW YORK 

Wyle Distribution Group 
Schweber Electronics Lionex Corr Phone: (5031 640-6000 
Phone: (203) 792-3500 Phone: (61 1272-9400 Buffalo Lake Oswego 

Wallingford Woburn 
Summit Distributors Hamilton/Avnet Electronics 

Arrow Electronics Arrow Electronics 
Phone: (716) 887-2800 Phone: (5031635-8831 

Phone: (203) 265-7741 Phone: (617) 933-8130 East Syracuse Tigard 

FLORIDA Hamiiton/Avnet Electronics Arrow Electronics Arrow Electronics 

FI. Lauderdale Phone: (6171273-7500 Phone: (315) 652-1000 Phone: (503) 684-1690 

Arrow Electronics MICHIGAN Hamiiton/Avnet Electronics PENNSLYVANIA 
Phone: (305) 776-7790 Ann Arbor Phone: (3151437-2642 

Horsham 
Hamilton/Avnet Electronics Arrow Electronics Hauppauge, L.I_ Lionex Cor~. 
Phone: (305) 971-2900 Phone: (3131971-8220 Arrow Electronics Phone: (21 ) 443-5150 

Hollywood Grand Rapids Phone: (5161231-1000 Pittsburgh 
Schweber Electronics Hamiiton/Avnet Electronics Lionex Corp. Arrow Electronics 
Phone: (305) 927-0511 Phone: (616) 243-8805 Phone: (5161273-1660 Phone: (412) 856-7000 
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Sunnyvale FOR SIGNETICS INDIA PORTUGAL 
Arrow Electronics 

PRODUCTS 
Philips India & Elect. Ltd. Philips Portuguesa SARl 

Phone: (408) 745·6600 Bombay Lisboa 

Hamilton/Avnet Electronics WORLDWIDE: Phone: 91·22·295144 Phone: 351-19·68·3121 

Phone: (408) 743-3366 INDONESIA SINGAPORE 

TEXAS 
ARGENTINA P.I Philips·Ralin Electronics Philips Project Dev. Pte., Ltd. 

Austin 
Philips Argentina S.A. Jakarta Singapore 

Buenos Aires Phone: 716 131 Phone: 65·2538811 
Arrow Electronics Phone: 541·7141 
Phone: (512) 835·4180 AUSTRALIA IRELAND SOUTH AFRICA 
Hamilton/Avnet Electronics Philips Industries Holdings Ltd. Philips Electrical Ltd. E.D.A.C. (PTY), Ltd. 
Phone: (512) 837·8911 lane·Cove. N.S.w. Dublin Johannesburg 

Quality Components Phone: 61·2·427·0888 Phone: 353+69·3355 Phone: 27-11·614·2362 

Phone: (5121 835·0220 
AUSTRIA ISRAEL SPAIN 

Carrollton 
Arrow Electronics Oslcrrichischc Philips Bauelementc Ra~ac Electronics, Ltd. Miniwatt S.A. 

Phone: (2141 3806464 Wien el Aviv Barcelona 

Dallas 
Phone: 43·222·93·26·2 Phone: 9723477115 Phone: 301 63 12 

Harniiton/Avnet Electronics BELGIUM ITALY SWEDEN 
Phone: (214) 659·4111 N. V. Philips & MBlE Philips S.p.A. A.B. Elcoma 
Quality Components Bruxelles Milano Stockholm 
Phone: (214) 387-4949 Phone: 32-02-242-7400 Phone: 39-2-6994 Phone: 46-08-67-9780 
Schweber Electronics BRAZIL JAPAN 
Phone: (214) 661·5010 Ibrape Signetics Japan, Ltd. SWITZERLAND 

Houston Sao Paulo Tokyo 
Philips A.G. 

Arrow Electronics Phone: 55-011-211-2600 Phone: 813·230·1521 
Zurich 

Phone: (713) 530-4700 Osaka 
Phone: 41-01-988-2211 

CHILE Hamilton/Avnet Electronics Philips Chilena S.A. Phone: 816-304-6171 TAIWAN 
Phone: (713) 780·1771 
Schweber Electronics 

Santiago KOREA Philips Taiwan, Ltd. 
Phone: 56·2·39-4001 Philips Elect. Korea Ltd. Taipei 

Phone: (713) 784·3600 Seoul Phone: 886·2·563·1717 
Sugar land COLOMBIA Phone: 794·4202 

Quality Components Sadape S.A. THAILAND 
Phone: (713) 491·2255 Bogota D.E. MALAYSIA Philips Electrical Co. 

UTAH Phone: 600 600 Philips Malaysia Sdn. Berhad of Thailand Ltd. 
Kuala Lumpur Bangkok 

Salt lake Ci~ DENMARK Phone: 77 44 II Phone: 2336330·9 
Hamiltonl vnet Electronics Miniwatt AIS 
Phone: (8011 972-4300 Kobenhavn N.V. MEXICO TURKEY 

Phone: 450169 1622 Electronlca S.A. de C.V. Turk Phili~s 
Wyle Distribution Group Mexico OJ. Ticaret A .. 
Phoue: (801197·1 9953 FINLAND Phone: 52·72\·61300 Istanbul 

Oy Philips Ab NETHERLANDS Phone: 43 59 10 
WASHINGTON Helsinki Philips Nederland B.V. 
Bellevue 

Phone: 358·1·7271 Eindhoven UNITED KINGDOM 

Arrow Electronics FRANCE Phone: 31·40-79·3333 Mullard, Ltd. 

Phone: (206) 643-4800 R.IC. la Radiotechnique-Compelec NEW ZEALAND 
London 

Hamilton/Avnet Electronics Paris Philips Electrical Ind. Ltd. 
Phone: 44·01·580·6633 

Phone: (206)453·5844 Phone: 33·1·355-4499 Auckland UNITED STATES 

Wyle Distribution Group GERMANY Phone: 64·9·605914 Signetics International Corp. 

Phone: (206) 453·8300 Valvo NORWAY Sunnyvale. California 
Hamburg Norsk AIS Philips Phone: (408) 739-7700 

WISCONSIN Phone: 49-40·3296·19 Oslo URUGUAY 
New Berlin GREECE 

Phone: 47·2·680200 luzilectron S.A. 
Hamilton/Avnet Electronics Philips S.A. Hellenique PERU Montevideo 
Phone: (414) 784·4510 Athens Cadesa Phone: 9143 21 

Oak Creek 
Phone: 9215111 Lima 

Phone: 326070 VENEZUELA 
Arrow Etectronics HONG KONG Industrias Venezolanas 
Phone: (414) 764·6600 Philips Hong Kong, Ltd. PHILIPPINES Philips S.A. 

Kwai Chun2 Philips Industrial Dev., Inc. Caracas 
Phone: 85 ·0·245121 Makati·Rizal Phone: 58·2·36·0511 

Phone: 868951 

11 
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Amplifiers 

LT1012 

LT1037 

NE5230 

Communications 

NE568 

SAA5230 

SAA5245 

SAA5350 

TDA7030T 

Interface/Data Conversion 

DAC800 

NE5030 

NE5170 

NE5180 

NE5181 

NE5521 

PCF1251 

PCF8591 

PNA7507 

Power Conversion and Control 

NE5562 

SG1526B 

FORTHCOMING NEW PRODUCTS 
BY PRODUCT GROUP 

Low noise op amp with internal compensation: 0.51'V pop noise (0.1 Hz-10Hz) 

Precision op amp: high speed l1Vll's; low noise: 0.131'V pop 

Low voltage (1.8V) op amp: 8 pin 741 pin out with internal compensation 

40 watt amplifier with 0.01 % THO 

150MHz phaso lockod loop 

Vidoo Input Procossor II-adaptivo dala ,;Iicor, data clock rogonorator, and sync separator 

Computer Controlled Teletext with 525 lines 

CRT Graphics Controller with 12 x 10 character cell and ROM on chip; 625 line system 

Low voltage tuning system for FM (to work w1TDA702T) 

12-Bit, 2.51's multiplying D/A with internal reference; V or I output 

10-Bit, 1.51's I'P compatible AID with three-state outputs, internal reference, 5V operation 

Octal line drivers RS232C/RS423A 

Octal line receivers RS232C/RS423A1RS422 

Octal line receivers RS232C/RS423A/RS422 without filter 

Improved NE5520 LVDT for - 55°C to + 125°C oporation 

1,,/\ vollogo fail doloctor: 1.15V trip point 

8-BII 90"s AID and D/A converter wilh samplo and 1101d, 4 channel mux, seriall/O, 
CMOS 2.5V to 6V. (I'C) 

7-Bit, 20MHz Video AID 

Dual 16-bit D/A Converter with serial input 

20 pin, 5560-type SMPS for driving power FETs 

SMPS controller with full features and dual FET drive (Sprague ULN8126 second source) 
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DAC 08 .•.............. 4-40 
DAC 08A _ ....•......... 4-40 
DAC 08C ............... 4-40 
DAC 08E ....•.......... 4-40 
DAC 08H ..••........... 4-40 
DAC 080 •.............. 4-40 
ADC 080112/3/4/5-1 ...... 4-5 
TDA 1013A •..•......... 6-90 
TDA 1023 ...........•.. 7-62 
TDA 1024 ...........•.. 7-75 
SAA 1027 .............. 7-19 
SAF 1032P ............. 5-107 
SAF 1039P ............. 5-107 
TEA 1046 .•............ 5-172 
TDA 1074A ............. 5-42 

LM 111 ........•....... 4-105 
LM 119 .........•..... 4-107 
LM 124 •.............. 6-5 
LM 139/A .•........... 4-112 
MC 1408-7 ............. 4-50 
MC 1408-8 ............. 4-50 

MC/SA 1458 .............. 6-13 
MC 1488 ......•....... 4-140 
MC 1489/A ............ 4-143 
MC 1496 ....•......... 5-96 
MC 1508-8 .•.•......... 4-50 

TDA 1515 ..•.•......... 6-94 
TDA 1520A .....••...... 6-100 
TDA 1522 ......•....... 5-51 
TDA 1524A •.......••... 5-60 

SG 1526A •.......•...• 7-48 
TDA 1540D,P ....•..•... 4-98 

MC 1558 ....•...•.•.•. 6-13 
LM 158 ............•.• 6-9 
MC 1596 .•.•.......... 5-96 
LM 1870 •............. 5-15 
LM 193/A ............. 4-117 
LF 198 ............... 4-217 

ULN 2003 .............. 4-208 
ULN 2004 ..........•... 4-208 
PCF 2100 •.•........... 4-176 

LM 211 ............... 4-105 
PCF 2110 ...•........... 4-184 
PCF 2111 ............... 4-193 
PCF 2112 •.....•........ 4-201 

LM 219 .•....•....•... 4-107 
LM 224 ........•...... 6-5 
LM 239/A ............. 4-112 
SG 2526A ....•.......• 7-48 

TDA 2540 •............. 8-51 
TDA 2541 •.•.•.•...•.•. 8-59 
TDA 2546A •.•.......... 8-67 
TDA 2577A .•..........• 8-72 
TDA ;!578A ............• 8-86 

LM 258 ......•........ 6-9 
TDA 2593 ..•..•........ 8-100 
TDA 2594 ..•...•.•.•... 8-107 
TDA 2595 ..•.•......... 8-114 
rOA 2653A ............• 8-123 

LM 2901' ...•.....•..•. 4-112 
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LM 2903 .....•.•••.•.. 4417 
LM 293/A ............. 4-117 
LF 298 .....•.•...••.. 4-217 

SAF 3019P ...•.••.•.•.. 5-198 
SAB 3035 .....••.•.•.•. 8-3 
SAB 3036 ......•.....•. 8-19 
SAB 3037 .•..........•. 8-35 
TDA 3047 ......•..•.•.. 5-121 
TDA 3048 ...•.......... 5-127 

CA 3089 ..•........... 5-81 
LM 311 •....•......... 4-105 
LM 319 ........•..•..• 4-107 
LM 324 ..•.....•.....• 6-5 
MC 3302 •.•........... 4-112 
MC 3303 ....•......... 6-18 
LM 339/A ............. 4-112 
MC 3403 .............. 6-18 
MC 3410 .....•......•. 4-56 
MC 3410-C ........ , ... 4-56 
MC 3503 .............. 6-18 
MC 3510 ............. , 4-56 
SG 3524 ., ............ 7-52 
SG 3526A ............. 7-48 

TDA 3540 .............. 8-131 
TDA 3541 .............. 8-131 
LM358 ........••..... 6-9 

TDA 3651A/AO ...•...... 8-141 
TDA 3652 ........•..... 8-149 
TDA 3810 .......•... ; .. 5-71 

LM 3931 A ..•.•........ 4-117 
LF 398 ......•....•... 4-217 

TDA 4503 .....•..•.•... 8-154 
SAISEINE 4558 ...........•.• 6-22 

TDA 4560 ............•. 8-165 
SEINE 5018 ..•........... 4-63 
SEINE 5019 .............. 4-68 

NE 5020 ...........•.• 4-73 
SAA 5025 ..........•.•• 5-226 
SAA 5030 .............• 5-226 

NE 5034 .............. 4-11 
NE 5036 .............. 4-17 
NE 5037 .............. 4-23 

SAA 5040 ....... , ...... 5-236 
NE 5044 .•............ 7-3 
NE 5045 .............. 7-9 

SAA 5050155 ........... 5-255 
NE 5080 .•............ 5-99 
NE 5081 •............. 5-103 
NE 5090 .••..........• 4-145 

SEINE 5118 ..•...•..•.•... 4-81 
SEINE 5119 .•............• 4-85 

TCA 520B,D .......•.... 6-73 
SEINE 521 ..•.•....•.•... 4-122 
SEINE 522 ......•..•.••.. 4-126 
SEINE 527 .......•....•.. 4-130 
SEINE 529 ..•.•.....•.•.. 4-134 
SEINE 530 .....•...•.•.•. 6-26 
SEINE 531 ............... 6-31 

SAISEINE 532 •.•.•.....•.... 6-9 
SA 534 •.•••..•.....•. 6-5 
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SEINE 538 ............... 6-38 
SEINE 5410 .............. 4-89 

NE 542 ...........•... 5-19 
NE 544 ............... 744 

SEINE 5512 .............. 6-44 
SEINE 5514 •....•..•..... 6-46 

NE 5517/A ..•.......... 6-106 
NE 5520 ...•......••.. 4-212 

SEINE 5532/A ............ 6-48 
NE 5533/A .....•...... 6-59 

SAISEINE 5534/A .•.....•.... 6-59 
SEINE 5535 ...........•.. 6-65 
SEINE 5537 ...•.......... 4-221 
SEINE 5539 ......•....... 6-118 
SEINE 555 .......•....... 5-185 

SE 555C .............. 5-185 
SAISEINE 556 .....•.••.•.... 5-190 
SAISEINE 556-1 ....••••.••... 5-190 

SE 556-1C ..•.....•... 5-190 
SEINE 5560 .............. 7-25 
SEINE 5561 ...•.......... 7-38 
SEINE 5562 ...•..•....... 7-42 

NE 5568 .............. 7-46 
SAISEINE 558 ....•.......... 5-195 

NE 5592 .•.•.•........ 6-125 
SEINE 564 ...•..•........ 5-134 
SEINE 565 ............... 5-141 
SEINE 566 ......•..•.•... 5-146 
SEINE 567 .......•.....•. 5-149 

NE 570 ....•...•.....• 5-3 
SAINE 571 ..........•.•.. 5-3 
SAINE 572 ............•.. 5-9 

NE 587 ............... 4-150 
NE 589 ............... 4-158 
NE 590 .•............. 4-166 
NE 591 ............... 4-166 

SEINE 592 ...... , ........ 6-130 
SAINE 594 ....... , ....... 4-172 

AM 6012 .............. 4-30 
SAINE 602 ............... 5-22 
SAINE 604 ............... 5-24 

NE 645 .....•......... 5-26 
NE 646 ....•...•.•.... 5-26 
NE 648 ..•......•.•... 5-30 
NE 649 ............•.• 5-30 
NE 650 .............•. 5-34 
NE 660 .....•...•...•. 5-38 

TDA 7000 ...........•.. 5-86 
TDA 7010T ...........•. 5-91 
~A 723 ............... 7-57 

SA/~A 723C .............• 7-57 
~A 733/C ..•........•. 6-137 
~A 741 ............... 6-79 

SA/~A 741C .............. 6-79 
~A 747 ..•............ 6-84 

SA/~A 747C •........••... 6-84 
~A 758 •.............. 5-77 

MEA 8000 .....•.•..•... 5-159 
PCB 8573 •.•....•.•.... 5-208 




