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LINEAR LSI PRODUCTS

PREFACE

The Linear LS 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 LS|
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 LS| 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 LS| Marketing
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LINEAR LS| PRODUCTS

CROSS REFERENCE BY PART NUMBER

Signetics

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
DAC 08 PMI DACO8E, N ULN  2003A SPRAGUE, TI ULN2003
DAC 0800LCN NSC MC1408-8N ULN  2004A SPRAGUE, Tl ULN2004
AMDAC 08 AMD DACO8C, E LM 211 AMD, MOTO, NSC, T! LM211
LMDAC 08 NSC DAC08 WA 211 FSC LM211
LM 1011/1111 NSC NEB45/646 LM 219 AMD, NSC LM219
LF 1M NSC LM111 LM 224 MOTO, NSC, Tl LM224
VM 11 AMD, MOTO, NSC, TI LMt11 LM 239 TI LM239
A 111 FSC LMt LM 239/A MOTO, NSC LM239/A
LM 119 AMD, NSC LM119 PM 239/ PMI LM239/A
LM 124 MOTO, NSC, TI LMi24 LM 258 MOTO, NSC, T! LM258
WA 124 FSC LM124 LM 2901 MOTO, NSC, Ti LM2901
LM 13600 NSC LM13600 WA 2901 FSC LM2901
LM  13800A NSC LM13600A LM 2903 NSC, TI LM2903
LM 139 AMD, NSC, Tl LM139 WA 2903 FSC LM 2903
WA 139 FSC LM139 LM 2904 NSC SA532
DAC 1408 PMI MC1408 LM 293 NSC, Tl LM293
LM 1408 NSC MC1408 LM 3089 NSC CA3089
SSS  1408A AMD MC1408-7 TCA 3089 SPRAGUE CA3089
DAC 14087 PMI MC1408-7 LM 311 AMD, INTERSIL, MOTO,NSC, Tl LM311
MC 14087 MOTO MC1408-7 TL 311 Tl LM311
MC 14088 MOTO MC14088 WA 311 FSC LM3t1
MG 1413 MOTO ULN2003 WPC 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 WA 324 FSC LM324
LM 1458 NSC MC1458 P Ca24 NEC LM324
MC 1458 MOTO, Ti MC1458 MG 3302 MOTO MC3302
pA 1458 FSC MC1458 MC 3303 MOTO, Ti MC3303
WPG 1458 NEC MC1458 WA 3303 FSC MC3303
DS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555
MC 1488 MOTO, Ti MC1488 LM 339/A MOTO, NSC, Ti LM339/A
WA 1488 FSC MC1488 WA 339/A FSC LM339/A
DS 1489/ NSC MC1489/A WP G339 NEC LM339
MC  1480/A MOTO MC1489/A MC 3403 MOTO MC3403
WA 1489IA FSC MC1489/A MC 3410/ MOTO MC3410/C
LM 1496 NSC MC1496 MG 3456 MOTO NE556
MG 1496 MOTO MC1496 MC 3503 MOTO MC3503
$SS  1508A AMD MC1508 MC 3510 MOTO MC3510
AM 15088 AMD MC1508.8 LM 3524 NSC SG3524
LM 15088 NSC MC1508-8 SG 3524 TI $G3524
MC 15088 MOTO MG1508.8 LM 358 MOTO, NSC, Ti LM358
LM 1558 NSC MC1558 WPC 358 NEC LM358
MC 1558 MOTO, Ti MC1558 LM 361 NSC NE529
PM 1558 PMI MC1558 LM 387 NSC NE542
WA 1558 FSC MC1558 LM 393/A NSC, Ti LM393/A
LM 158 MOTO, NSC, i LM158 PG 393 NEC LM393
LM 159 NSC MC1596 LF 308 AMD, NSC LF398
LM 161 NSC SE529 WA 398 FSC LF398
MG 159 MOTO MC1596 WPG 398 NEC LF398
MC  1723/C MOTO WAT23/C uPC 4558 NEC NE4558
MC 1733 MOTO WAT33 RC 4558 Tl NE4558
MC  1747C MOTO WATA7IC TL 494 MOTO, I NE5561
LM 1870 NSG LM1870 WA 494 FSC NE5561
LM 193 NSC, Ti LM193 SN 5520 T! NE5520
A 193 FSC LM139 NE 5532/A Tl NE5532/A
1-3
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CROSS REFERENCE BY PART NUMBER Continued

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
SE/NE 5534/A TI SE/NES5534/A LM 733 NSC uA733
NE 555 INTERSIL, MOTO, TI NE555 uwA 733/C INTERSIL, FSC, Tl uA733/C
LM 555/C NSC NE555 ICL 741 INTERSIL uA741C
uA 555 FSC NES55 LM 741 MOTO, NSC uA741
LM 556 NSC NE5S56 PM 741/C PMI uA741/C
NE 556 INTERSIL, MOTO, TI NE556 uPC 741 NEC uA741
uA 556 FSC NES56 pA 741 FSC, TI uAT41
uPC 558 NEC NES58 S§SS 741 AMD uAT41
LM 565 MOTO, NSC NE565 LM 747 NSC uAT747
LM 566 NSC NE566 PM 747/C PMI uAT747C
uPC 566 NEC NES66 SSS 747 AMD uA747
LM 567 NSC NES67 HA 747 FSC, MOTO, T uAT47
NE 592 MOTO NE592 LM 748 NSC uA748
TL 594 Tl NE594 uA 748 FSC, Tl - HAT48
AM 6012 AMD AMB012 uA 758 MOTO, NSC uA758
uPC 6012 NEC AM6012 ULN 8160 SPRAGUE NE5560
UDN 61162 SPRAGUE SA594 ULN 8161 SPRAGUE NE5561
UDN 6128 SPRAGUE NE594 SN 7588 Tl MC1488
LM 723IC MOTO, NSC uAT723/C SN 7589/A Tl MC1489/A
uA 723 INTERSIL, FSC, Tl pA723 SN 76689 Tl CA3089
1-4 Signetics




LINEAR LSl PRODUCTS

CROSS REFERENCE BY COMPANY

AMD SIGNETICS MOTOROLA SIGNETICS NATIONAL SIGNETICS SPRAGUE SIGNETICS

AM 1508  MC 1508 LM 741C uA 741C LM 1870 LM 1870 TCA 3089  CA 3089
AM 6012  AM 6012 MC 1408  MC 1408 LM 193 LM 193 UDN 61162  SA 594
AMDAC 08 DAC-08C E MC 1413 ULN 2003 LM 211 LM 211 ULN 6128 NE 594
LF 398 NE 5537 MC 1416 ULN 2004 LM 219 LM 219 ULN 2003 ULN 2003
M 111 LM 111 MC 1455  NE 555 LM 224 LM 224 ULN 2004  ULN 2004
M 119 LM 119 MC 1458  MC 1458 LM 239 LM 239 ULN 2151 pA 741
LM 139 LM 139 MC 1488  MC 1488 LM 258 LM 258 ULN 3304  NE 555
M 211 M 211 MC 1489  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 T SIGNETICS
SSS 1408A  MC 1408 MC 1558 MC 1558 LM 293 LM 293
SSS 1508A MG 1508 MC 1596  MC 1596 LM 3089  CA 3089 LF 398 LF 398
SSS 741 wA 741 MC 1723  pA 723 LM 311 LM 311 LM 111 LM 111
SSS 747 WA 747 MC 1723C A 723C LM 319 LM 319 m }gg ::m gg
MC 1733 A 733
FAIRCHILD _SIGNETICS - M s24  LM324 M 1458 MC 1458
MC 1747  pA 747 LM 339 LM 339
pA 111 LM 111 MC 1747C  pA 747C LM 3524 SG 3524 LM 158 LM 158
rA 124 LM 124 MC 3302 MC 3302 LM 358 NE 532 LM 193 LM 193
pA 139 LM 139 MC 3303 MC 3303 LM 361 NE 529 LM 211 LM 211
A 1458 MC 1458 MC 3403 MC 3403 LM 387 NE 542 LM 224 LM 224
wA 1488 MC 1488 LM 239 LM 239
MC 3410 MC 3410 LM 393 LM 393
kA 1558 MC 1558 MC 3456  NE 556 MC 555 NE 555 LM 258 LM 258
pA 193 LM193 MC 3503  MC 3503 LM 555C  NE 555 LM2901 LM 2901
pA 2901 LM 2901 MC 3510  MC 3510 M 556 NE 556 LM 2903 LM 2903
pA 2903 LM 2903 NE 555 NE 555 LM 565 NE 565 LM 293 LM 293
A 301A LM 301A o i e e LM 311 LM 311
pA 311 LM 311
pA 324 LM 324 NE 565 NE 565 LM 567 NE 567 LM 324 LM 324
WA 3303 MC 3303 NE 592 NE 502 LM 723 uA723 LM'339 LM 339
WA 339 LM339 SE 592 SE 592 LM 733 uA733 tm ggg ":m ggg
uA 398 LF 398 TL 494 NE 5561 L: 741 “2 741 LM 1458 MC 1458
WA 494 NE 5561 wA 723 A 723 LM 747 pA 747
uA 555 NE 555 pA 741 1A 741 LM 748 nA 748 MC 1558 MC 1558
pA 556 NE 556 pA 747 pAT747C LMDAC 08 DAG 08 NE 5582 = NE 5582
b 723 WA 223 LA 758 hA 758A WA 758 nA 758/A NE 5532A  NE 5532A
bh 73 750 NE 5534 NE 5534
NATIONAL SIGNETICS NEC SIGNETICS NE 5534A  NE 5534A
wATA wATH DAC 0800-  DAC OBEN uPC 1458 MC 1458 NE 555 NE 555
:A 748 tA 248 LCN uPC 1555  NE 555 NE 556 NE 556
A 758 A 758 DAC 0807  MC 1408-7 “gg g;l tm g;l RC 4556 NE 4556
u SE 5534  SE 5534
pA F111 LM 111 DAC 0808  MC 1408-8 hPC 339 LM 339 SF 5534A  SF 55344
TA Rz M2l DAC 0808CN MC 1408-8N
A Fatt Mot DAC 0808LD MC 1508 uPC 358 LM 358 SE 555 SE 555
L DS 1488  MC 1488 uPC 393 LM 393 SE 556 SE 556
ICL 741 uA 741C LF 111 LM 111 uPC 4558  NE 4558 SN 7588 MC 1488
LM 311 LM 31 LF 211 LM 211 uPC 558 NE 558
LM 324 LM 324 LF 311 LM 311 SN 7589 MC 1489
NE 555 NE 555 LF 398 LF 398/ uPC 566 NE 566 SN 7588A  MC 1489A
NE 556 NE 556 NE 5537 wPC 6012 AM 6012 SN 76689  CA 3089
wPC 624 DAC 08C.E TL 311 LM 311
MOTOROLA SIGNETICS LM :?: 1/ NE 645/646 uPC 741 A 741C TL 494 NE 5561
LM 111 M 111 TL 594 NE 594
LM 124 LM 124 tm HQ m H; o SIGNETICS HA 323 nA 723
LM 139 LM 139 LM 124 LM 124 CMP 04FP LM 339 A 733 A 733
LM 158 LM 158 LM 13600 LM 13600 DAC 08 DAC 08C.E BA 741 1A 741
LM 211 LM 211 DAC 1408A  MC 1408 LA 747 WA 747
LM 13700  NE 5517 DAC 312 AM 6012
tm ggg tm gg; LM 139 LM 139 OP 220 LM 358 nA 748 nA 748
LM 1408 MC 1408 ULN 2003A  ULN 2003
LM 258 LM 258 LM 1458 MC 1458 PM 1558 MC 1558 ULN 2004A  ULN 2004
LM 2901 LM 2901 LM 1496 MC 1496 PM 239/A LM 239/A
LM 311 LM 311 PM 741C  pA741C
LM 1508  MC 1508 PM 747C WA 747C
LM 324 LM 324 LM 1558  MC 1558
LM 339 LM 339 M 158 LM 158
LM 358 LM 358 LM 1596  MC 1596
LM 565 NE 565 M 161 SE 529

LM 723C uA 723C
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LINEAR LSI PRODUCTS

APPLICATIONS BY PART NUMBER

DAC 08 AN106: Using the DAC 08 without a Negative Supply

MC 1488/1489 AN113: Applications Using the MC1488/1489 Line Drivers and Receivers
MC 1496/1596 AN189: Balanced Modulator/Demodulator Applications Using the MC1496/MC1596
MC 3403 AN160: Applications for the MC3403

SG 3524 AN126: Applications Using the SG3524

NE 5080/5081 AN195: Applications Using the NE5080, NE5081

NE 521 AN116: Applications for the NE521/522/527/529

NE 522 AN116: Applications for the NE521/522/527/529

NE 527 AN116: Applications for the NE521/522/527/529

NE 529 AN116: Applications for the NE521/522/527/529

NE 531 AN151: Applications for the NE531

NE 538 AN150: Applications for the NE538

NE 542 AN190: Applications of Low Noise Stereo Amplifiers: NE542

NE 544 AN133: Applications Using the NE544 Servo Amplifier

NE 555 AN170: NE555 and NE556 Applications

NE 556 AN170: NE555 and NE556 Applications

NE 558 AN171: NE558 Applications

NE 564 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

NE 565 AN183: Circuit Description of the NE565
AN184: FSK Demodulator with NE565
NE 566 AN185: Circuit Description of the NE566
AN186: Waveform Generators with the NE566
NE 567 AN187: Circuit Description of the NE567 Tone Decoder
AN188: Selected Circuits Using the NE567
NE 570/571/SA571 AN174: Applications for Compandors: NE570/571/SA571
NE 572 AN175: Automatic Level Control: NE572
NE 587/589 AN112: LED Decoder Drivers: Using the NES87 and NE589
NE 592/5592 AN141: Using the NE592/5592 Video Amplifier
NE 5044 AN131: Applications Using the NE5044 Encoder
NE 5045 AN132: Applications Using the NE5045 Decoder
NE 5512/5514 AN144: Applications for the NE5512 and NE5514
NE 5517 AN145: NE5517: General Description and Applications for Use with the NE5517/A
Transconductance Amplifier
NE 5520 AN118: LVDT Signal Conditioner: Applications Using the NE5520
NE 5532/33/34 AN142: Audio Circuits Using the NE5532/33/34
NE 5535 AN143: Applications Using the SE/NE5535
NE 5539 AN140: Compensation Techniques for Use with the SE/NE5539
NE 5560 AN121: Forward Converter Application Using the NE5560
AN122: NE5560 Push-Pull Regulator Application
NE 5561 AN123: NE5561 Applications
AN124: External Synchronization for the NE5561
uhA 758 AN191: Stereo Decoder Applications Using the xA758
1-6 Signetics
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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

NES555 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 NE5S67

Balanced Modulator/Demodulator Applications Using the MC1496/MC1596
Applications of Low Noise Stereo Amplifiers: NE542

Stereo Decoder Applications Using the pA758

Applications for Compandors: NE570/571/SA571
Automatic Level Control: NES72
Compandor Cookbook

Applications Using the NE5080, NE5081

Integrated Operational Amplifier Theory

Basic 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

Signetics
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APPLICATIONS BY PRODUCT GROUPS

POWER CONVERSION AND CONTROL
Switched Mode Power Supplies (SMPS)

AN120 An Overview of SMPS
AN121 Forward Converter Application Using the NE5560
AN122 NE5560 Push-Pull Regulator Application
AN123 NE5561 Applications
AN124 External Synchronization for the NE5561
AN126 Applications Using the SG3524

Control Circuits
AN131 Applications Using the NE5044 Encoder
AN132 Applications Using the NE5045 Decoder
AN133 Applications Using the NE544 Servo Amplifier
AN134 Computer Controlled Robotics Applications
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S.0. PACKAGE AVAILABILITY

LINEAR LSI DEVICES CURRENTLY
AVAILABLE IN S.0. PACKAGE

For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office.

°DAC-08E SO-16
3LF398 SOL-14
LM1870D SOL-20
LM311 SO-8
LM319 SO-14
LM324 SO-14
LM339 SO-14
LM358 S0-8
LM393 SO-8
3MC1408-8 SO-16
MC1458 SO-8
MC1488 SO-14
MC1489 SO-14
MC1489A SO-14
MC3302 SO-14
MC3403 SO-14
NE4558 S0-8
2NE5018 SOL-24
3NE5036 SO-14
NE5037 S0O-16
NE5044 SO-16
NE5045 S0-16
'NE5090 SOL-16
NE521 SO-14
NE522 SO-14
NE527 SO-14
NE529 SO-14
NE532 SO-8
3NE5512 SO-8
2NE5514 SOL-16
NE5517 S0-16
'NE5520 SOL-16
"NE5532 SOL-16
NE5534A SO-8
NE5534 S0-8
3NE5537 SO-14
NE5539 SO-14

NOTES:

1. SOL released in large SO package only.
2. SOL and non-standard pinout.
3. SO and non-standard pinout.

Signetics

NE555
NE556
NE5560
NE5561
NE5568
'NE558
NE5592
NE564
3NE565
NE566
NES67
'NE5S71
NE5S72
2NES87
2NE589
NES592
NE592
NE5S92H
NES92H
NE594
NE602
NE604
NE660
PCF2100
PCF2110T
PCF2111T
PCF2112T
SA571
SA572
SA602
SA604
SG3524
TDA7010T
nA723C
nA741C
nA747C
ULN2003
ULN2004

S0-8
SO-14
S0-16
SO-8
SO-8
SOL-16
SO-14
SO-16
SO-14
§0-8
SO-8
SOL-16
SO-16°
SOL-20
SOL-20
SO-8
SO-14
SO-8
SO-14
SOL-20
SO-8
SO-16
SOL-20
SO-28
VS80-40
VS0-40
VS0-40
SO-16
SO-16
S0-8
S0-16
SO-16
SO-16
SO-14
SO-8
SO-14
SO-16
S0O-16
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LINEAR LSI PRODUCTS

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

ORDERING INFORMATION Table 1 PART NUMBER DESCRIPTION
Signetics’ Linear LSI integrated circuit pro- | PART CROSS REF PRODUCT PRODUCT
ducts may be ordered by contacting either the NUMBER PART NO. FAMILY DESCRIPTION

local Signetics sales office, Signetics represen-
tatives and/or Signetics authorized distributors.

A complete listing is located in the back of this | NESS37N LF398 LIN _Sample & Hold Amp
manual. R —
Minimum Factory Order: — Description of

Product Function
Commercial Product:

$1000 per order
$250 per line item per order

Military Product: )
$250 per line item per order

LIN Analog Products

—-Product Family MIL Military Products

Table 1 provides part number information
concerning Signetics originated products.

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

—» Package Descriptions—See Table 2

. . -
As noted in Table 3, Signetics defines device — Device Family and Temperature Range Prefix—See Tables 3 & 4

operating temperature range by the appropri-
ate prefix. It should be noted, however, that
devices with a SE prefix (- 55°C to + 125°C)

Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND
DEVICE TEMPERATURE

indicates only its operating temperature PACKAGE
range .a.nd not its. fnilitlary qualification status. old New DESCRIPTION : PREFIX DEVICE ;EA':EERATURE
The military qualification status of any Linear
LS| product can be determined by either | AAA | N 14-lead plastic DIL N 0°to +70°C
looking in the Military Section in this manual | A N-14 L“'"fed P'a;"c DIL "Se'wed [ -55°to +125°C
. " nalog products only) °
and/or contacting your local sales office. BBA | N 16-lead plastic DIL NE 0 oto + 7(1):g°c
- D Microminiature package (SO) SE -55 °t° +12 o
F F | 14,16, 18, 22 and 24-lead SA —40°to +85°C
ceramic (Cerdip) DIL
1,IK | 14, 186, 18, 22, 28 and 4-lead
ceramic DIL Table 4 INDUSTRY STANDARD PREFIX
K H 10-lead TO-100
L H 10-lead high-profile TO-100 PREFIX DEVICE FAMILY
NAN can AM Linear Industry Standard
NX| N 24-lead plastic DIL i
QR Q 10, 14, 16 and 24-lead CA L!near Industry Standard
ceramic flat DAC Linear Industry Standard
TTA | H 8-lead TO-99 JB Mil Rel—Jan Qualified—
U U SIL Plastic power Old Designator
Vv N 8-lead plastic DIL N
XA N 18-lead plastic DIL JM Mil Rel—Jan Qualified—
XC N 20-lead plastic DIL New Designator
XC N 22-lead plastic DIL LF Linear Industry Standard
XLXF[ N | 28-lead plastic DIL LM Linear Industry Standard
M Mil Rel—Jan Processed
MC Linear Industry Standard
NE Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
A Linear Industry Standard
ULN Linear Industry Standard

ey
L]

-y

o
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LINEAR LS| PRODUCTS

ORDERING INFORMATION

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

ORDERING INFORMATION

Signetics integrated circuit products may be
ordered by contacting either the local
Signetics sales office, Signetics representa-
tives and/or Signetics authorized distributors.

Minimum Factory Order:
Commercial Product:

$1000 per order

$250 per line item per order

Table 1 provides part number information con-
cerning Signetics Europroducts integrated
circuits,

Table 2 provides package suffixes and descrip-
tions for all presently existing types. Letters
following the device number not used in Table
2 are considered to be part of the device
number,

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

OPERATING TEMPERATURE:

The letters A to G give information about the
operating temperature:
A: Temperature range not specified.
See data sheet.
e.g.. TDA2541N
B: Oto +70°C
e.g.: PCB8573PN
C: -55t0 +125°C
e.g.. PCC2111PN
D: -25to +70°C
e.g.. PCD8571PN
E: -25to +85°C
e.g.: PCE2111PN
F: -40to +85°C
e.g.: PCF2111PN
G: -55to0 +85°C
e.g.: PCG2111PN

Table 1. PART NUMBER DESCRIPTION

Product Family Linear LS|

Package Description — See Table 2

——»-Device Number

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

Part Cross Ref. Product Product
Number Part No. Family Description
TDA2541 LIN

Video |.F. Amplifier
[:Description of

Product Function

Table 2. PACKAGE DESCRIPTION

Suffix Package Description
N 8,14,16,18,20,24,28,40 — lead plastic DIL
D Microminiature Package (S.0.)
F 14,16,18,22,24 — lead ceramic DIL
V] Single-in-line plastic (SIL) and SIL power
H Metal Can

Table 3. DEVICE PREFIX AND TEMPERATURE*

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

*NOTE:
The third letter of the prefix, in a three letter prefix, Is the temporaturo designator.

Signetics
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LINEAR LS| 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 Il. 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 Il 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 ||
Program, Signetics performs periodic
reliability testing via the SUREIII/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 Il 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 shortsbetween
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 Il 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
(RAMs, ROMs, PROMs),

Memories
and MOS

Memories (RAMs, ROMs, Shift Registers).
All package options are also available.

The SUPR Il 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-

FAILURE ANALYSIS
DATA SUMMARY

TEST

RELATED

FABRICATION DEFECTS
RELATED
DEFECTS

ASSEMBLY
RELATED
DEFECTS

ELECTRICAL
OVERSTRESS
25%

Figure 1

PERCENT OF BOARD REWORKS

AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

90

80
70 //

/ 1.0% AQL
" INDUSTRY STANDARD

] /
50

wf—tA~

.28% AQL

tions, hermeticity, and burn-in, all based 30 //
on MIL-STD-883 criteria. 2 15% aqL
A good example of the savings which can 10 e
be achieved by purchasing tighter inspec- =T .10%aqL
tion levels is given in Figure 2. Here we are ° 6 6 e 8o 100 120
comparing the various levels of inspection DEVICES BOARD
(AQLs) available for device functionality
and its impact on the number of PC boards
which must be reworked during system Figure 2
manufacturing.
FAILURE PROCESS
MECHANISMS CAUSES CONTROLS

Die Metalization SEM Monitor

Fabrication Oxide Defects Visual

Related Mechanical Stabilization Brake

Scratches Burn-In
Contamination
Assembly Bonding, Wire, Preseal Visual
Related Package and Stabilization Bake
Seal Defects Hermeticity
Test Test Escapes Tightened AQL Guarantees
Related High Temperature
Testing
Product Characterization

Signetics
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LEVEL B

Removal of Infant Mortality
Failures

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
répair 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 Il Level A
processing. More persistent defects can be
removed by the use of “burn-in” techniques.
The “burn-in" processing of SUPR Il Level B
effectively allows the system manufacturer
to ship his equipment at Point 3 on the fail-
ure rate curve in Figure 3.

Burn-In Conditions

MIL-STD-883A, Method 1015 describes a
number of different conditions for integrated
circuit burn-in. For SUPR Il Level B,
Signetics has selected Condition F. This is
the accelerated burn-in method derived from
MIL-STD-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-

RELATIVE FAILURE RATE VERSUS TIME

STANDARD

SUPR I
LEVEL A
0.1

RELATIVE FAILURE RATE

INHERENT RELIABILITY o

A=0.004% 1000 HOURS (60% C.L. 55°C) ..‘.'

INFANT
MORTALITY
PHASE

WEAR

PHASE

TIME \J\

Figure 3

ed toward generating MTBF data for the
system designer.

Integrated Burn-Iin Flow

Signetics SUPR Il Level B burn-in is per-
formed to provide reliability assurance
equivalent to a 168-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.

BURN-IN FLOW

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

A9

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

O

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

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 8 8ccls
(CERAMIC/METAL CANS ONLY) GROSS LEAK 0.4 1000
(Combined)

Table 2 SUPR Il AQL GUARANTEE

2-4

Signetics

LV,

TEST
The post-burn-in electrical is a 100%
production DC/function electrical
test.

Figure 4

SURE Il11/883B
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/883A 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 avallable from the
Linear LS! 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.

WAFER
FABRICATION
AND TEST

SCANNING ELETRON MICROSCOPE CONTROL (SEM)
Wafers are sampled daily by the Quality Control Laboratory
from each fabrication area and subjected to SEM analysis.

This process control reveals manufacturing defects such as
contact and oxide step coverage in the metalization process
DIE ATTACH which may result in early failures.
WIRE BOND
DIE SORT VISUAL ACCEPTANCE
Criteria based on MIL-STD-883, Method 2010, Condition B, are

Qe

HERMETIC
SEAL

il

SUPR Il PROCESS FLOW

employed to detect defects caused during fabrication, wafer
testing, or the mechanical scribe and break operation. Critical
defects such as smears, and gl bonding
pads are inspected to a 1% AQL. Lot acceptance for noncriti-
cal defects is to a 4% AQL.

PRE-SEAL VISUAL ACCEPTANCE
Criteria based on MIL-STD-883, Method 2010, Condition B, are
employed to detect any damage incurred at the die attach and

PLASTIC
ENCAPSULATION

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

—

100%
ELECTRICAL
TEST

|

OUTGOING QUALITY
CONTROL

!

wire bonding stations. Critical defects such as scratches, con-
tamination and smeared ball bonds are inspected to a 0.65%
AQL. Lot acceptance is to 2.5% AQL.

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

SEAL TESTS

Package seal integrity is ensured by 100% gross leak testing
per MIL-STD-883, 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 168 hours at 125°C
in accordance with MIL-STD-883A, Method 1015, Condition F.

ST 100% PRODUCTION ELECTRICAL TESTING

Every device Is tested for functional and DC parameters at
25°C, room ambient.

\ QA GUARANTEES
A final QA Inspection step guarantees the mechanical and

electrical AQL's of Table I1. Every shipment is sealed and identi-
fied by QA personnel.

Figure 5
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MILITARY PRODUCTS/
PROCESS LEVELS

The Signetics MIL 38510/883 Program is
organized to provide a broad selection of
processing 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 JB)

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; one sublot for each 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 (ra = 1.0) of MIL-HDBK-
217D.

JAN SIGNETICS MILITARY PACKAGE TYPES
CASEA%UJLINE CERAMIC
LEAD FINISH 8-PIN 14-PIN 16-PIN 18-PIN 20-PIN 24-PIN
PB FE - - - - -—
CcB -_ F — - —_ —_
EB - - F - - -
JB - - - — —_ 3
DB - w - - — -
FB - - w - - -
RB - - —_ —_ -
VB — —_ —_ F - —_
All products listed are also available in Die form.
Table 1 MILITARY PACKAGE AVAILABILITY
s IB JB RB_
JAN Qualified 883B
54 X X X
54LS X X X
548 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-
ment standardization program, Signetics
complies with the trend of reducing the
numerous similar Source Control Drawings
(SCD's). This standardized trend results ina
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 for SEM
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 B

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:

e Group B; Performed once per package
type every six weeks of seal.

e Group C; Performed once per microcir-
cuit group every 52 weeks of
seal.
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o Group D; Performed once per package
type every 52 weeks of seal.

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

NOTE: This category of part conforms to

Quality Level B-2 (ra = 6.5 of MIL-HDBK-

Quality conformance endpoint electrical ~ Copies of generic data, Groups A, B, Cand 2170.
D, may be ordered by customers at a
nominal charge.
PROCESS LEVEL PRE-CAP FUNCTIONAL DC/AC DC
F
AND MARKING VISUAL BURN IN TEST @25 C @ TEMP QPL OFFSHORE
Js/JB 2010, Cond. B Yes 100% 100% 100% Yes No
JM38510XXXXX
RB 2010, Cond. B Yes 100% 100% 100% No Yes
SXXXX883B

JAN Class S Product Inventory

O

Wafer Lot A

(Includes SEM and GSI)

O

Wafer Lot
=~ 24 Wafers

O

1ce

Purchase Ord:

# Wafers Required for

er

Ship

Purchase Order

+Inventory Overbuild

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 ished for

IS

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.

Wafer Bank:
1or 2 Wafers
(Wafer Lot Accepted)

Balance to Support JAN Class “B" Production

Balance to
Finished

Goods Inventory

: Marketin Order Wafer Product
Contractor Field Sales Reviewg Entry/Audit [—>| Fabrication [~ Assembly —T
* Agency * Agency
Certification Certification
« Wafer Lot Accep- * Tightened Lot
Jan Class S Product Flow tance (GSI) Control (Ref:
« Baseline Flow Class B)
« Traceability to * Wirebond and Die
Silicon Sheer Monitor
* Condition “A" Pre-
cap (GSI)
* 100% Non-
Destructive Bond
Pull
L Product JAN Qual al f
Screening || JAN Group A Holdirg S:ss Ship (GSI)
* PIND Testing M2020
* Read and Record on
Extended Burn-In Qual Test
(240 Hours) Sample (GS1)

* Tightened PDA's
(Ref: Class B)
* Catastrophic Failure
Analysis Requirements
* GSI

Signetics
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PROCESSING LEVELS

DESCRIPTION OF MIL-M-38510 AND MIL-STD-883 JAN
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE- CLASS QUALIFIED 883B
AND SCREENS TEST CONDITIONS MENT S B) (RB)
General Mil-M-38510 | 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 activ-
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
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
Mil-Std-883
6. Non-Destructive 2023 100% X N/A N/A
Bond Pull
7. Internal Visual 2010, Cond. Aor B 100% A B B
(Precap)
8. Stabilization 1008, Cond. C Min 100% X X X
Bake
9. Temperature 1010, cond. G; (10 cycles, —65°C to + 150°C) 100% X X X
Cycling
10. Constant 2001, Cond. E; (30kg in Y1 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 Cond. A or B (5.0 x 10~ 8CClISec) 100% X X X
B. Gross Cond. C Min. 100% X X X
13. Marking Fungus inhibiting ink 100% X
14. Particle Impart 2020, Cond. A; per Paragraph 4.6.3 of MIL- 100% X N/A N/A
Noise Test M-38510
15. Radiographic 2012; two views 100% X N/A N/A
16. Interim Per applicable Device Specification 100% X Optional Optional
Electricals
(Pre Burn-In)
17. Burn-In 1015, Cond. as specified (160 hrs. Min at 125°C) 100% 240 hrs. X X
Signetics 35
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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 (JB) (RB)
18. Final Electricals | Per applicable Device Specification 100% 100% Slash Sheet Data Sheet
Read &
Record
a. Static Tests Sub Group 1 X X X
@25°C
b. Static- Tests Sub Group 2 X X X
@ +125°C
c. Static Tests Sub Group 3 X X X
@ -55°C
d. Dynamic Test | Sub Group 4 (for Linear Products mainly) X X X
@25°C
e. Functional Sub Group 7 X X X
‘Test
@25°C
f. Switching Sub Group 9 X X X
Test'
@25°C
g. Switching Sub Groups 10, 11 (as applicable) X N/A N/A
Test
Temperature
19. Percent A PDA of 10% is a normal requirement ap- 10% 5% X X
Defective plied against the static tests @25°C (A-1). 3% Func-
Allowable (PDA) | This is controlled by the slash sheets for JAN tional
products. For RB 10% is standard.
20. External Visual 2009 100% X X X
Quality Conform-
ance Inspection ATTRIBUTE DATA ONLY
per Method 5005
of Mil-Std 883
21.Group A Electrical Tests—Final Electricals (#14 above) | Each sublot X b X
repeated on a sample basis (Sub Groups 1
thru 12 as specified) performed in line with
final electricals. ;
22. Group B Package functional and constructional Each pkg. | Each sublot| Each week Generic
related test (package dimensions, resistance type of seal
to solvents, internal visual & mechanical,
bond strength & solderability).
23. Group C Die related tests (1,000 hr. operating life, Each N/A Each 13 Generic
temperature cycling, & constant ucircuit weeks
acceleration). group of seal
24. Group D. Package related tests (physical dimensions, Each pkg. Each Each Generic
lead fatigue, thermal shock, temperature type 26 weeks 26 weeks
cycle, moisture resistance, mechanical of seal of seal
shock, vibration, variable frequency, constant
acceleration & salt atmosphere).
Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Cont'd)
3-6 Signetics




LINEAR LSI PRODUCTS

MILITARY PRODUCTS/PROCESS LEVELS

LINEAR DEVICES

PACKAGE
DEVICE DESCRIPTION DIP

OPERATIONAL AMPLIFIERS

LH2101A Dual Op Amp F

LM101A Hi Perf Op Amp FFE

LM124 Quad Op Amp F

SE5532 Dual Op Amp FE

SE5532A Dual Op Amp FE

SE5534 Low Noise Op Amp FE

SE5534A Low Noise Op Amp FE

SE5537 Sample and Hold Amp FE

SES5539 High Freq Op Amp F
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

pA733 Video Amplifier F
PHASE LOCKED LOOPS

SES567 Tone Decoder PLL F
TIMERS

SE555 Timer F, FE

SE556 Dual Timer F
D to A CONVERTERS

SE5018 8-Bit uP-Comp DAC F
SMPS CONTROL CIRCUITS

SES5560 SMPS Controller F

JAN M—38510
DEVICE SLASH SHEET PKG QUAL STATUS
SES555 10903BCB F QPL1
SES555 10903BPB FE QPL1
SE556-1 10902BCB F QPL1
LH2101A 10105BEB F QPL 1
LM101A 10103BCB F QPL1
LM101A 10103BPB FE QPL 1
3-7
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SECTION 4 — INTERFACE/DATA CONVERSION PRODUCTS

Index ............ ... ... . ...
Data Converters ................
Symbols and Definitions .......
Selector Guide ................

Analog to Digital Converters
*ADCO0801/2/3/4/5-1
NE5034
NE5036
NE5037

Digital to Analog Converters
AM6012
DACO08 Series
MC1508-8/1408-8/1408-7
MC3410/3510/3410C
SE/NE5018
SE/NE5019
NE5020
SE/NE5118
SE/NE5119
SE/NE5410
*TDA1540D,P

Comparators

Selector Guide . ...............

LM111/211/311
LM119/219/319
LM/139/A/239/A/339/A
LM193/A/293/A/393/A
LM2901

LM2903

MC3302

SE/NE521

SE/NE522

SE/NE527

SE/NE529

INDEX
................................................................................ 441
............................................................................... 4-3
............................................................................... 4-3
............................................................................... 4-4

8-Bit CMOS A/D CONVEMET . ...ttt ettt ittt et et i i 4-5
8-Bit Hi-Speed A/D CONVEMEr . ...ttt ettt e e e e e e 411
6-Bit A/D Converter, Serial QUtPUL . .. ...ttt 417
6-Bit A/D Converter, Parallel Qutput ... ......... ...t 4-23
12-Bit Hi-Speed Multiplying D/A Converter .............vuiiiinniinninaenn.. 4-30
8-Bit Hi-Speed Multiplying D/A Converter . ....... ...ttt 4-40
8-Bit Multiplying D/A Converter .. ... ... it 4-50
10-Bit Hi-Speed Multiplying D/A Converter . ... 4-56
8-Bit Microprocessor-Compatible D/A Converter ...................coiiiiiiaa... 4-63
8-Bit Microprocessor-Compatible D/A Converter ..o . 4-68
10-Bit Microprocessor-Compatible D/A Converter .............. ..., 4-73
8-Bit Micro-Compatible D/A Converter—Current Qutput . ......................... 4-81
8-Bit Micro-Compatible D/A Converter—Current Output .......................... 4-85
10-Bit Hi-Speed Multiplying D/A Converter ......... ... ..o, 4-89
14-Bit D/A with Serial Output . . ... ... .. 4-98
............................................................................. 4-104
Voltage ComMPArator . ... ...ttt ettt e et e e 4-105
Dual Voltage Comparator . . ... .......ueiit ittt 4107
Quad Voltage Comparator . ............uiiiuuiiiiitieiiie s 4-112
Low Power Dual Voltage Comparator . .. .........coiiiuniruunneennanunnnernenns 4117
Quad Voltage Comparator ... ...........uiiiiuiiiiut e 4112
Low Power Dual Voltage Comparator . . ..........coiuiuniiiineiinannnenenennn 4117
Quad Voltage Comparator . .............iiiuniiiiine i 4112
Hi-Speed Dual Dif Comparator/Sense AMp . ............uiiiirnemnearennanenns 4-122
Hi-Speed Dual Dif Comparator/Sense Amp ..............iiiininanareeaeeeann 4-126
Voltage COmMPArator .. .. ... ... e e et 4130
Voltage ComMPArator .. ... ... ......uuuuuuniiiaaiaaea e 4-134

*New product for Linear LS| since 1983 data manual.

Signetics 4-1



INDEX

Drivers
Symbols and Definitions . . . ... ... . .. 4-138

MC1488 Quad Line DriVer ... e 4-140
MC1489/A Quad Line ReCeiver ... ... ... i e 4-143
NE5090 Addressable Relay Driver . ......... .. ..ot 4-145
NE587 LED Decoder/DriVEr . . ... ottt e et e e 4-150
NE589 LED DeCoder/DriVEr . . . ..ottt ittt e e e e e s 4-158
NE590 Addressable Peripheral Driver ........... ... ... i 4-166
NE591 Addressable Peripheral Driver ........ e 4-166
SA/NE594 Vacuum Fluorescent Display Driver . ...........c ot 4172
*PCF2100 40-Segment LCD Duplex Driver . ... .o 4176
*PCF2110 60-Segment LCD Duplex Driver . . ...t e 4-184
*PCF2111 64-Segment LCD Duplex Driver . . .. ...ttt s 4-193
*PCF2112 32-Segment LCD Static Driver ... .. ... 4-201
ULN2003 High Volt./Current Darlington Transistor Array ......................... e 4-208
ULN2004 High Volt./Current Darlington Transistor Array .. ...............oouiieiiinnn.nn. 4-208

LvDT
NE5520 LVDT Signal Conditioner . ... . ...ttt e 4-212

Sample and Hold

“Symbols and Definitions . . .. ... ... ... e 4-216
LF198/298/398 Monolithic Sample and Hold Circuit .. ............uivuiiin i 4-217
SE/NE5537 Sample and Hold Amplifier .. ... o e e e 4-221

*New product for Linear LSI since 1983 data manual.
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D/A AND A/D 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 2" 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 2" 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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CONVERTER SELECTOR GUIDES

D/A CONVERTERS
CONV.
speep | OUTPUT | nr | T, PACKAGE TEMPERATURE RANGE
DEVICE | BITS | ACC.% | s) |V | 1 | 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
DACO8A 8 0.10 0.07 X X X
DACO08C 8 0.39 0.07 X X X X
DACOSE 8 0.19 0.07 X X [ x| x X
DACO8H 8 0.10 0.07 X X X X
NE5018 8 0.19 02 | x X X X X X
SE5018 8 0.19 02 | X X X X X
NE5019 8 0.10 02 | X X X X X X
SE5019 8 0.10 02 | X X X X
NE5118 8 0.19 2.3 X | X X X X X
SE5118 8 0.19 23 X | X X X X
NE5119 8 0.10 2.3 X | X X X X X
SE5119 8 0.10 23 X | X X X X
NE5020 10 0.10 50 | X X X X X X
NE5410 10 0.05 0.25 X X X +% LSB DNL
SE5410 10 0.05 0.25 X X X +% LSB DNL
MC3410 10 0.05 0.25 X X X +% LSB DNL
MC3510 10 0.05 0.25 X X X +% LSB DNL
AM6012 12 0.05 0.25 X X X +1LSB DNL
TDA1540D | 14 0.012 0.5 X | x X X X Serial Input
+v2 LSB DNL
A/D CONVERTERS
CONV. | |NpuT THREE- PACKAGE TEMPERATURE
SPEED - STATE INT. INT.
DEVICE BITS | ACC.% (us) v OUTPUT REF. | CLOCK | N FE | Coml. mil
NE5034 8 0.19 17 X X X X X
NE5036 6 0.78 23 X X X X X
NE5037 6 0.78 9 X X X | X X
TDA1534 14 0.012 8.5 X X X X X
ADCO0801-1 8 0.10 73 X X X X X!
ADC0802-1 8 0.19 73 X X X X X!
ADC0803-1 8 0.19 73 X X X X X!
ADC0804-1 8 0.39 73 X X X X X'
ADC0805-1 8 0.39 73 X X X X X X'
Note:
1. Automotive temperature range: - 40 to +85°C

4-4
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CMOS 8-BIT A/D CONVERTERS

Preliminary

DESCRIPTION

The ADC0801 family is a series of five CMOS
8-bit successive approximation A/D 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

FEATURES

o Compatible with most microprocessors

o Differential inputs

o Three-state outputs

Logic levels TTL and MOS compatible

Can be used with internal or external

clock

e Analog input range OV to V¢

Single 5V supply

e Guaranteed specification with 1MHz
clock

APPLICATIONS

e Transducer to microprocessor interface

o Digital thermometer

o Digitally-controlled thermostat

e Microprocessor-based monitoring and
control systems

SYMBOL & PARAMETER RATING UNIT
Veo Supply Voltage 6.5 Vv
Logic Control Input Voltages -03to + 16 \
-03to
All Other Input Voltages (Voo +0.3) \%
Ta Operating Temperature Range _ o
ADCO0801/02-1 F S5to +125 c
ADC0801/02/03-1 LCF —40to +85 °C
ADC0801/02/03/04/05-1 LCN —40to +85 °C
ADC0804-1 CN 0to +70 °C
Tsta  Storage Temperature —65to0 +150 °C
Tsop Lead Soldering Temperature o
(10 seconds) 300 ¢
Pp Package Power Dissipation at Ty = 25°C 875 mwW

Signetics

ADC0801/2/3/4/5-1

PIN CONFIGURATION

F,N PACKAGE

s [0
b [Z]
wr [3]
cLK IN [4]
A []
ViN(+) E
vin(-) [7]
AGND [3]
Vaer/2 9]
D GND [17]

TOP VIEW

ORDER NUMBERS
ADC0801/02-1F
ADC0801/02/03-1 LCF
ADC081/02/03/04/05-1 LCN
ADC0804-1 CN
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CMOS 8-BIT A/D CONVERTERS | ADC0801/2/3/4/5-1

Preliminary

BLOCK DIAGRAMS
Vin
ViN(+) VIN(-)
3 Q7
5 h AN
VRer/2 O

LADDER AND UTO ZERO

A
s DECODER COMPARATOR
[ oNox o . .

i
I—

+5V Voc & »

o0 (MsB) 11
Lo 12
o 13
—0 14
Lo 15
1 o

o

IHEES

OUTPUT
LATCHES

[~]
(=3

16
17
(LsB) 18

fﬂ

SAR -

go s ] IO T T

3
WR O 8-8IT
D SHIFT REGISTER [ cLock

EE

|||——

INTR
FF

:

.

CLKIN CLKR

-r|l AAA,
I VWA—
= 10K
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CMOS 8-BIT A/D CONVERTERS ADC0801/2/3/4/51

Preliminary

DC ELECTRICAL CHARACTERISTICS V. = 5.0V, fo x = 1MHz, Tyyn<Ta<Tmax unless otherwise specified.

ADC0801/2/3/4/5

SYMBOL & PARAMETER TEST CONDITIONS UNIT
Min Typ Max

gglg:i)\?g 1Accuracy Error (Adjusted) Full Scale Adjusted 0.25 LS8
aglgt(i)\?giccuracy Error (Unadjusted) VzﬁF = 2:500 Voo 0-50 LSB
gggt(i)\?g ?Accuracy Error (Adjusted) Full Scele Adpusted 050 | LsB
gglca:t(i)\?gt\ccuracy Error (Unadjusted) VTRE'F = 2500 Vg ! LSB
gglgg\?giccuracy Error (Unadjusted) XZFEF = has no connection ! Ls8
VZEF Input Resistance 400 640 Q
Analog Input Voltage Range ~0.05 Vee Vv

+0.05

DC Common Mode Error

Over Analog Input Voltage Range

1/16 1/8 LSB

Power Supply Sensitivity

Vcc =5V = 10%"'

CONTROL INPUTS

Viy  Logical “1” Input Voltage Voo = 5.25Vpg 2.0 15 Voc
V. Logical “0" Input Voltage Voo = 4.75Vpg 0.8 Vpe
| Logical “1” Input Current Vin = 5Vpe 0.005 1 wApc
I Logical “0" Input Current Vin = OVpe -1 —0.005 wApc
CLOCK IN AND CLOCK R
Vr+ CIk In Positive-Going Threshold Voltage 2.7 3.1 3.5 Voc
Vi— CIk In Negative-Going Threshold Voltage 1.5 1.8 21 ‘VDC
Y/ Clk In Hysteresis
H Ves) _V(VT_) 06 13 2.0 Voc
VoL Logical “0" Clk R Output Voltage loL = 360pA, Voo = 4.75 Vo 0.4 Voe
Voy  Logical “1” Clk R Output Voltage loy = —360pA, Vo = 4.75 Vg 2.4 Vpe
DATA OUTPUT AND INTR
VoL Logical “0" Output Voltage
Data Outputs loL = 1.6mA, Voo = 4.75 Ve 0.4 \e
INTR Outputs loL = 1.0mA, Vg = 4.75 Vi 0.4 Voe
Vou Logical “1" Output Voltage loy = —360pA, Voo = 4.75 Vg 2.4 Voe
loy = —10pA, Ve = 4.75 Vpe 45 Voc
loz.  3-State Output Leakage Vour = OVpc, CS = Logical “1” -3 pApc
lozn 3-State Output Leakage Vour = 5Vpe, CS= Logical “1” 3 pApc
Isc  + Output Short Circuit Current Vout = Oy, Ta = 25°C 4.5 6 mApc
Isc  — Output Short Circuit Current Vour = Voo, Ta = 25°C 9.0 16 mApc
lcc  Power Supply Current %K:::;I:; Y?f?:fgg 3.0 35 mA
NOTE:
1. Analog inputs must remain within the range: —0.05 < Vy < Vg¢ + 0.05V.
Signetics 4-7
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CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/51

Preliminary

AC ELECTRICAL CHARACTERISTICS

ADC0801/2/3/4/5
SYMBOL & PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
Conversion Time fok = TMHZ' 66 73 us
fok Clock Frequency See Note 1. 0.1 1.0 3.0 MHz
Clock Duty Cycle See Note 1. 40 60 %
Free-Running Conversion CS =0, fgx = 1MHz
CR — — 1
Rate INTR Tied To WR 3690 | conv/s
twwrL  Start Pulse Width CS=o0 30 ns
tace Access Time Output RD CS =0,C_ = 100 pF 75 100 ns
ti ton ! — CL = 10 pF, RL = 10K
Three-State Control Output D See Three-State Test Circuit 70 100 ns
twis tr1 TR NTR WD_
INTR Delay INTR or RD 100 150 ns
Cin Logic Input =Capacitance 5 7.5 pF
Three-State Output
Cour Capacitance 5 75 pF

NOTE:
1. Accuracy is guaranteed at f;« =1MHz. Accuracy may degrade at higher clock frequencies.
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CMOS 8-BIT A/D CONVERTERS

- ADC0801/2/3/4/5-1

Preliminary

FUNCTIONAL DESCRIPTION

The ADCO0801 through ADCO0805 series of
A/D 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 TS 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 TNTR 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 RD 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

tH
Vee
RD DATA
cs| OUTPUT
cL 10k
ton
Vee Vce
10k
RD DATA
[+ OUTPUT
Cu

ty, CL = 10 pF

trie—
_ Vec 50
RD 50%
GND 10%

Vo %
DATA \90 *
OUTPUTS
GND ——————————

t = 20 ns
tow, CL = 10 pF
trpe—
Vee JF50%
RD 50%
GND 10%
(.
(T p—
DATA
outRUTs | :{10%
tr =20 ns

Signetics

The digital control lines (CS, RD, and WR)
operate with standard TTL levels and have
been renamed when compared with standard
A/D 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 RD pin
performs the OE (Output Enable) function.

The Vin(—) input can be used to subtract a
fixed voltage from the input voltage. Because
there is a time interval between sampling the
Vn(+) and the V() inputs, it is important that
these inputs remain constant, during the entire
conversion cycle.
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CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/5-1

Preliminary

TIMING DIAGRAMS (Al timing is measured from the 50% voltage points)

START
CONVERSION
cs

— tWWRIL [

“BUSY”
DATA IS VALID IN
ACTUAL INTERNAL “NOT BUSY” OUTPUT LATCHES
STATUS OF THE
CONVERTER le——1 TO 8 x 1/fCLK INTERNAL T,

(LAST DATA WAS READ)

INTR (LAST DATA WAS NOT READ)J¥ : INT ASSERTED

— I"— 12 Tewk

OUTPUT ENABLE AND RESET INTR

iNTR RESET

DATA _ _ _ ] _ THREE-STATE
outpiis ———~—~———--—-—-94-4¢ | D»———-""r———

—itacc f=—
—

hHJoul*-

Note: Read strobe must occur 8 clock periods (8/f, ) after assertion of interrupt to guarantee reset of INTR.
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8-BIT HI-SPEED A/D CONVERTER

NES034

DESCRIPTION

The NE5034 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 17us.
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

FEATURES

APPLICATIONS

PIN CONFIGURATION

8-bit 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, 17us typical
using internal clock

All microprocessor-based monitoring
and control systems requiring analog
signal inputs.

Typical applications include:
Automated pr control, r
tools, robots, test and measurement
instruments, environmental controls
Other applications include:
Ratiometric A/ID conversion, very high
resolution A/D conversion systems

hi

requiring high speed 8-bit building

F PACKAGE
DBO (LSB) [T} 18] DR
81 [2] [17] DIGITAL GND
082 [3] [16] ANALOG GND
o83 [4] (15] N
B4 5| 73] - Vee
085 [6] [13] Iner IN
DB6 E E +Vee
pB7 (8] 11] CLK
oE 9] 10] STRT
TOP VIEW
ORDER NUMBERS
NES034F

blocks

PARAMETER RATING UNIT
Vec+  Positive supply voltage Oto +6 \"
Vcc—  Negative supply voltage Oto —15 \
lrer Reference current 1.5 mA
Iin Analog input current 5.0 mA
Vo Data output voitage 6.0 \"
Analog GND to Digital GND 1.0 Vv
Vi Logic input voltage —-1toVee+ \
Pp Power dissipation
F package 1000 mwW
Ta Operating temperature range Oto +70 °C
Tste  Storage temperature range - 65to + 150 °C
Tsop Lead soldering temperature (10 seconds) 300 °C
BLOCK DIAGRAM
Irer IN +Vee -Vee
o o
N
) comp
8-BIT DAC
+
AN.;(_;ND L
AN GND
INT
cLOCK SAR
V-
8
To DIG. GND
OUTPUT BUFFER =
|——o0 DATA READY
CLK STRT OE DB7es ¢ e« =+  *DBO
(MSB) (LSB)

Signetics
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8-BIT HI-SPEED A/D CONVERTER NES034

DC ELECTRICAL CHARACTERISTICS +Vcc=5.0V, - Vo= ~ 12V, 0°C < T, < 70°C unless otherwise specified

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP | MAX | UNIT
Resolution 8 8 8 Bits
Relative accuracy error’ +1/2 | LSB
Vcc+  Positive supply range 4.75 5.0 5.25 \'
Vcc— Negative supply range -114 | =12 | -126 \
Egs  Full scale gain error lrer=1.0mA, Tpo=25°C +2 +5 | LSB
Ezs  Zero scale offset error lrer=1.0mA, To=25°C +05 +1 LsSB
Psr Power supply rejection:‘ lrgr=1.0 MA, Voo +4.75to +5.25V, Voo ~ 11.4
to —12.6V +1/2 | LSB
Vi Logic 1 input voltage (STRT and OE) 2.0 \Y
Vi Logic 1 input voltage ext. clock 24 \"
Vi Logic 0 input voltage (STRT and OE) 0.8 v
Vi Logic 0 input voltage ext clock 0.7 \"
In Logic 1 input current (STRT and OE) ViN=24V 20 A
M Logic 1 input current ext clock ViN=2.4V 100 wA
I Logic 0 input current (STRT and OE) Vin=0.4V -20 | —100 | A
e Logic 0 input current ext. clock Vin=0.7V -100 A
VoL  Logic 0 output voltage loL=1.6mA, OE=0.8V 0.4 v
Vou Logic 1 output voltage lon = 4004A, OE = 0.8V 2.4 \
loz  Three-state leakage OE=2.0V, Vo_=0V or 5V +10 pA
lcc+  Positive supply current Veeo+ 5V, Voo — 12V 18 36 mA
lec Negative supply current. Veg+ 5V, Vo= 12V -1 -22 | mA

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 8-bit level which is 0.39% of the full scale voltage.

3. MAX change in full scale.

AC ELECTRICAL CHARACTERISTICS V+ = +5V,V— = —12V,T,=25°C
SYMBOL & PARAMETER TO FROM TEST CONDITIONS MIN | TYP | MAX |UNIT
Internal clock frequency C_ = 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 cut | 8th clock See Figure 3 700 ns
tp (3-state) propagation delay 3-state impeg;?\r;e ol oF See Figure 2 60 200 ns
tp (DBO) propagation delay DBO DR See Figure 3 500 ns
tp (SDR) STRT low to DR high data ready high | STRT low See Figure 3 700 ns
NOTE

1. See description of “Set up time”.
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8-BIT HI-SPEED A/D CONVERTER

NES5034

TYPICAL PERFORMANCE CHARACTERISTICS

INTERNAL CLOCK FREQUENCY vs
EXTERNAL CAPACITOR (CL)

CONVERSION TIME vs
CLOCK FREQUENCY

CAPACITOR (CL) IN pF

FIGURE 1

100,000 50
10,000 40
=
I T 3
2 1000 < g
e AN u
w
w 1N = \
=) 100 H 20 g
g \ \\
w N ~——
10 \ 10
N
1 0
1 10 100 1000 10,000 100,000 300 400 500 600 700 800

FREQUENCY (KH2)

TEST LOAD CIRCUITS

DATA OUTPUT HIGH

] |————————o DATA READY
/ O— —
DATA OUTPUT / /{,o—— ¢ sko
Z —0— NES034 AAMN—o0 1IN (10.5V)
NivwCam -0 - Vee (—12V)
medw T N -y
= = o (® CLK 500KHz
OE(TRLE @ @ START PULSE
OF (TR LEVELS) T RO 080108

DATA OUTPUT LOW

tr = tr = 20ns

R
L 10%
tp (3.5TATE)

tr =t = 20ns

Vec= +5V Vee
DATA READY
o
10K ,///,o— 1 ske
DATA 27 o AM—O IiN (= 0.1V)

ouTPUT S NES5034 o - Vee (- 12V)
18pF ==\ N0 O IngF IN = 1mA

I \ o O Ve + (#5V)

= o] ® CLK 500KHz

OE(TTL LEVELS)@ ~'START PULSE DB (0 TO 5)
= (TTL LEVELS)
FIGURE 2

90%
50%
10%
—

tR
Vee

-

50%

tp (DATA) tp (3STATE)—>
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8-BIT HI-SPEED A/D CONVERTER

NES034

CLOCK

8th CLOCK
PULSE

SN

STRT

bR 50%

DBO

FIGURE 3

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 0.5us)
from the time DR goes to 0" to the time
DBO data is valid.

DB0-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
1st clock pulse after STRT returns to a

4-14

logic “1” (see notes on set up time re-
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.)

CLKIN

An external capacitor between this pin
and ground generates the internal clock
puises. (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., 1N914)
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. In 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 A/D 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 1L successive-approximation
register (SAR) (see Block Diagram).

Signetics

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 DB0-DB6 at
logic “0".

Conversion 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 A/D CONVERTER

NES034

BASIC SET-UP DIAGRAM
UNIPOLAR INPUT VALUES (0—10V)

EXTERNAL CLOCK

EXTERNALCLOCK STRT DATA OUTPUT
(IF USED)

(IF USED) PULSE READY ENABLE

BASIC SET-
BIPOLAR INPUT VALUES (= 10V RANGE)

PULSE READY ENABLE

UP DIAGRAM

STRT DATA OUTPUT

DIGITAL
GROUND
UNKNOWN ANALOG UNKNOWN ANALOG
VOLTAGE INPUT VOLTAGE INPUT w o
Fin 15 8 TJ&OKU 15 s
=0 DG7 MsB A ® o DG7MsSB
5.0KQ LA LA
s o . 5.0k s _ .
5 5
! REFIN NES034 P B
R REF =5.0KQ . . NES034 __0: .
= 2o . Po .
2 2
- -
REF 16 H—ooBoLss DBOLSB
12 4 12 1
0-1,F CL — SEE FIG 1 FOR VALUE 0-1F CL — SEE FIG 1 FOR VALUE
F— o DI — IN14 OR SIMILAR 0.14F — IN914 OR SIMILAR
CL AND DI NOT REQUIRED — CL AND DI NOT REQUIRED
IF USING EXTERNAL CLOCK IF USING EXTERNAL CLOCK
= = o
ANALOG +Vce -Vee ANALOG +Vee =Vee
GROUND GROUND
FIGURE 4. FIGURE 5.

20KQ
+V

ANALOG
INPUT

NES5034
1000

RREF 13

10 TURN
POT.

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

8-BIT HI-SPEED A/D CONVERTER

NES034

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
STRT input.

2. Apply 1/2 LSB in the case of unipolar
operation, or 1/2 LSB above — FS in the

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

4. Adjust the potentiometer connected to
I\ (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 Vger |y
(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 called for, the voltage is

equal toﬁ-
256
2. The sequence of calibration should be:
a. Zero offset
b. Full 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

UNIPOLAR BINARY
OPERATION:

A standard connection for a 0 to 10V uni-
polar binary operation, with Vggr v 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

DIGITAL
ANALOG INPUT OUTPUT CODE
NOTES 1, 2,3 mMsB LSB
FS—1LSB 11111111
FS—21LSB 11111110
3/14 FS 11000000
12FS+1LSB 10000001
12 FS 10000000
12 FS-1LSB 01111111
1/4 FS 01000000
1LSB 00000001
0 00000000

Table 2. Bipolar—Offset Binary

case of bipolar operation to the analog the input is referenced to a ‘clean’ analog ANALOG INPUT OU'I?II’ﬁ!I.’rgl(-)DE
input. ground.

NOTES 1, 3, 4 MSB LSB

+(FS—1LSB) 11111111

+(1/2 FS) 11000000

+(1LSB) 10000001

STRT | l 0 1000000

—(1LSB) 01111111

— —(1/2 FS) 01000000

DR—[ I_ - (FS-1LSB) 00000001

-FS 00000000

NOTE
1. OE = Logic 0"
2. See “Short-Cycle” section

FIGURE 7. NE5034 TIMING DIAGRAM

Signetics

BIPOLAR (OFFSET BINARY)
OPERATION:

A standard connection fora - 5to + 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., 2| IN (Unipolar mode).
8) ‘F$)~REF

3. 1LSB equals (2~
4. “FS" is full scale; i.e., IggF |N (Bipolar mode).



LINEAR LS| PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

DESCRIPTION

The NES036 Is an easy to use, low cost,
successive approximation Analog to Digi-
tal converter, fabricated In Bipolar/I2L
technology, and packaged in a convenient
8-pin mini dip package.

With an external reference voltage, the
NE5036 will accept Input voltages be-
tween OV and Vggr. Holding the START
pin low for at least 8 clock pulses In dura-
tion will provide the 6-bit result of the con-
verslon in a serial format.

FEATURES

¢ Three-state output buffer for easy
wProcessor Interfacing

¢ Fast successive approximation
converter, 23,sec

* T2L compatible Inputs and outputs
¢ Easy interface to CMOS .Processors

¢ Guaranteed no missing codes over full
operating range

Single supply operatlon, + 5V
¢ High impedance analog Inputs
o Positive true binary serlal output

PIN CONFIGURATION

FE, N PACKAGE

Veec 1
Vaer [2]
vin ]
Aano [@]

8] DATA

[7] START
8] cLock
] DIGano

TOP VIEW

ORDER NUMBERS
NES5038FE, NE5036N

APPLICATIONS D°® PACKAGE
¢ Temperature control
o uP-based appliances Vrer [T 73] vee
¢ Light level monitor vin [Z] [13)
¢ Electronic toys :
12
* Joystick interface ] i
¢ uP[Transducer interface AGND [@] [11] DATA
=] [70]
ABSOLUTE MAXIMUM RATINGS ] 5]
PARAMETER RATING UNIT CLK [7 8] START
Vee Power supply voltage 7 Vv TOP VIEW
VRer Reference voltage 7 \ ORDER NUMBER
ViN(analog) Analog input voitage 7 Vv NES5036D
ViN pigitay  Digital Input voltage (START & CLOCK) 7 "
Dout Data output pin
Three-state mode 7 \% NOTES:
Enabled mode 20 mA 1. SOL-Released in large SO package only
AGND Analog GND to digital GND =1 \ 2. SOL and non-standard pinout.
Ta Operating temperature range 0to70 °C 3. SO and non-standard pinouts.
Tstg Storage temperature range - 65t0 150 °C
tsold Lead soldering temperature 300 °C
Pp Power dissipation
FE package 220 mw
N package 220 mw
BLOCK DIAGRAM
Vee
1
: 2
COMP
) 112LSB
IN ‘ ‘ o l
VRer O 2 > %:g >_
3
Vin O——— Vi CONTROL 3.STATE 8
>_ SAR LOGIC BUFFER [ O DATAOUT
t |
!4 5 57 (56 &7
Aanp DaND CLOCK START

Signetics

4-17



LINEAR LS| PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

DC ELECTRICAL CHARACTERISTICS V¢ =5.0V; Ve = 2.0V; Clock = 350kHz; 0°C < T, =< 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 accuracy'? 1/4 112 LSB
Vgc Positive supply voltage +4.75 +5.0 +5.50 Vv
ers  Full scale gain error234 Veer=2.0V, Ta=25°C +1 +2 LSB
ezs  Zero scale offset error? VRep=2.0V, Tp=25°C +1/2 -1/2, +2 LSB
Psg Power supply rejection Vgep= 2.0V +1/2 =1 LsB
Max change in full scale? 4,75V <=Vgc=5.5V
Iy Analog input bias current O0=<V|y=25V 1 10 A
lrgr  Reference bias current 0<Vggr=25V 1 10 A
Ry Analog input resistance 3 30 MQ
Viy Logic '1" input voltage 2.0 \
VL Logic ‘0’ input voltage 0.8 v
Ly Logic ‘1" input current 10 A
I,  Logic ‘0" input current 1 10 A
loy Loglc ‘1" output current 2.4V=Voy 300 A
loo Logic ‘0’ output current VoL <04V 1.6 mA
loz Three-state leakage current +0.1 +40 A
lcc  Positive supply current 14 24 mA
AC ELECTRICAL CHARACTERISTICS V(¢ =5.0V; Vggr = 2.0V; Clock = 350kHz; 0°C < T, < 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 UNIT
fmax Max clock frequency 350 kHz
Tconv Conversion time 8 Clock cycles
tw Clock pulse width 1.3 us
ts Setup time, START to clock® Clock START 500 ns
tp (oum Propagation delay® Data out Clock | To=25°C,t,=t;<20ns 600 ns
tp asTatg Propagation delay’ Data(3-State) | START | To=25°C,t,=t;<20ns 600 ns

NOTES

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

2. Specifications given in LSB'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).

Eal

The analog input voltage (V)N) range is from OV to VRgg nominally, with the output remaining at 111111 even though the input may increase from Vgeg to V. (For optimum
performance VRgp can be any value from 1.5V to 2.5V,

. 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).

. The high to low transition of the START pulse should occur at least 500ns prior to 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.

oo,

Signetics



LINEAR LSI PRODUCTS

6-BIT A/ID CONVERTER (SERIAL OUTPUT)

NE5036

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 I2L 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 V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to

0 and simultaneously the output buffer
goes to 0. 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 NE5036 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 Vggg of 2.0V), plus any offset. Sub-
sequent transition (to full scale — 111111)

will occur at 62.5 LSB (1.953V at Vg of
2.0V).

The ideal transfer characteristic of
NE5036 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 14F and should be located close to
the device to minimize the effects of noise
spikes on V.

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.

START l

TIMING DIAGRAM

—

HIGH
IMPEDANCE
DATA
DB5 DB4 DB3 DB2 DB1  DBO
MSB LsB
Figure 1

IDEAL TRANSFER
CHARACTERISTICS

RRRRRRE S

-
l_J
l_J
,..'_'
r VREF
LSB="g5"
'_—I FOR 111111604UTPUT

111110
111101
111100

000011 |

DIGITAL OUTPUT CODE

000010} Vin=Vper - LSB - 1/2LSB
BUILT-IN OFFSET
000001 - =625158 =22 vper
Vo
000000 2
-] =] o [+ > o @ m
58888833
4 N N N N o o o
e b~ 2 ]
ANALOG INPUT
Figure 2
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

TYPICAL PERFORMANCE CHARACTERISTICS

ZERO SCALE OFFSET ERROR
vs TEMPERATURE

T
Vece=5.0V
VRep =2.0V

1+
3
=

N [

Z+S OFFSET ERROR (LSB's)
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25 50 75
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NE5036

AC TEST CIRCUITS AND WAVEFORMS

PROPAGATION DELAY TIME t, para)

DATA OUTPUT (LOW TO HIGH)

pu— tr = ty = 20ns
START 50%

Aanp
DanD Danp

INVALID DATA 1 VALIDDATA —M8M

DATA OUTPUT (HIGH TO LOW)

+5V
DATA DATA
‘—%—© ouTPUT
ok > OUTPUT T -
Vee= +5V O~ == Vee = +5V O— =
VReEF=+2V O—] oo G START (TTL LEVELS) VRer = +2V O—] NE5036 [—Q@ START (TTL LEVELS)
Vi (ADJ) O— ——@® 350kHz CLOCK Vin (ADJ.) O— —@® 350kHz CLOCK
Ao (TTL LEVELS) (TTL LEVELS)

L— tp (3.STATE)

Signetics
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NE5036

TYPICAL APPLICATION

1. BASIC NE5036 CONFIGURATION

Ve
c VOLTAGE
> Y| REFERENCE
.wFI

REGISTER ACCEPTS SERIAL
INPUT DATA, FEED D/A
IN PARALLEL

4-22

/
< +5V
:'E.WF L | fus fw
1
Rret = = = SERIAL
s DATA OUT
ANALOG INPUT)————————31  Nesozs T  START
~ EXTERNAL
G < cLock
4% G
2. DIGITAL COMMUNICATIONS USING NE5036
TRANSDUCER
Eros ] SERIAL DATA
ANALOG Eso OUTPUT ENCODER/ | ENCODED SIGNAL OUT
l—
INPUT converren| MM TRANSMITTER
RECEIVER/ DECODED SHIFT 3 CONVERTER ANALOG
DECODER [ sionaL | REGISTER : Nis0s oUTPUT
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NE5S037

DESCRIPTION

The NE5037 is a low cost, complete suc-
cessive approximation analog to digital
(AID) converter, fabricated in Bipolar/I2L
technology. With an external reference
voltage, the NE5037 will accept input volt-
ages between OV and Vgge. An external
START pulse of at least 300ns in duration
will provide the 6-bit result of the conver-
sion in parallel format. Full conversion
with no missing codes occurs in 9us.

FEATURES

* T2L compatible inputs and outputs
¢ Three state output buffer

¢ Easy interface to CMOS ,Processors

¢ Fast conversion—9,s

* Guaranteed no missing codes over full
temp range

¢ Single supply operation, +5V

¢ Positive true binary outputs

¢ High impedance analog inputs

APPLICATIONS

¢ Temperature control

* uP-based appliances
Light level monitors
Head position sensing
Electronic toys

L]
L]
.
¢ Joystick interface

PIN CONFIGURATION
D, F, N PACKAGE

vee [1] 16] DB (MSB)
VREF [z @ DBs
Vin LT_ EDB:
ANALOG GND 13] DB,
DIGITAL GND [5] [12] 084
cLk [6] DB
START [7] %W
cs [E] E[J3

TOP VIEW

ORDER NUMBERS
NES037F, NESO37N

NES037D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vee Power supply voltage 7 \"
VRer Reference voltage 7 \"
ViN(Analog) Analog input voltage 7 v
Vin pigiay  Digital input voltage (CS, OE, START, CLK) 7 \"
Dout Data outputs (DBO to DB5)
Three-state mode 7 v
Enabled mode (each output) 5 mA
EOCC End of conversion Vee
AgND Analog GND to digital GND +1 \
Ta Operating temperature range 0to 70 °C
Tsta Storage temperature range —-65t0 150 °C
tsoLp Lead soldering temperature (10 seconds) 300 °C
Pp Power dissipation
F package 220 mw
N package 220 mwW
BLOCK DIAGRAM
Vce
1
2
1 lcom

VRer

AgND
V[ e
DGNDOj_
ctkot—1
7 8 !9
§TART GS  OF
Signetics 4-23



LINEAR LSI PRODUCTS

6-BIT A/ID CONVERTER (PARALLEL OUTPUTS)

NE5037

DC ELECTRICAL CHARACTERISTICS V¢c=5.0V; Vggr=2.0V; Clock = 1MHz; 0°C =< T, < 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 accuracy'? 1/4 12 LSB
Vge Positive supply voltage +4.75 +5.0 +5.50 \
ers  Full scale gain error34 VRer=2.0V, Tp=25°C +1 +2 LSB
ez Zero scale offset error? Veep=2.0V, Tp=25°C +1/2 -12, +2 LSB
Psr Power supply rejection VRer=2.0V +1/2 +1 LSB
Max change in full scale? 4.75V=<Vs=<5.5V
Iiw  Analog input bias current O=<V|ys2.5V 1 10 A
lrer  Reference bias current 0=Vgge=s2.5V 1 10 A
Ry Analog input resistance 3 30 MQ
Viy  Logic ‘1’ input voltage 2.0 \
VL Logic ‘0’ input voltage 0.8 v
Iy Logic ‘1" input current 10 A
I, Logic ‘0" input current 1 10 A
loy Logic 1’ output current® 2.4V=<Voy 300 nA
loo Logic ‘0’ output current® VoL=0.4V 1.6 mA
loz Three-state leakage current +0.1 +40 A
lcc  Positive supply current 18 24 mA
AC ELECTRICAL CHARACTERISTICS V(¢ =5.0V; Vgge=2.0V; Clock = 1MHz; 0°C =< T, = 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
Tcony Conversion time _ 9 [Clockcycles
tp out paTA) Propagation delay® Data out OE Ta=25°C, t,= t;=<20ns 500 ns
tpouteO)  Propagation delay’ EOC Clock |Tp=25°C,t,= t;=20ns 800 ns
tp (a.sTATE) Propagation delay, 3-state 3-State Data OE Ta=25°C,t,=t;<20ns 500 ns
NOTES

-

device.

N

mance, VRgp can be any value from 1.5V to 2.5V,

Noo

CIRCUIT DESCRIPTION

NE5037 is a complete 6-bit, parallel out-
put, microprocessor compatible, A/D 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 = 1MHz) must be provided to pin 6.

4-24

The data outputs have active pull-ups. The EOC line is open collector with a nominal 5k internal pull-up resistor .
Propagation delay of data outputs is defined as the delay in the data outputs reading their final value after the low going edge of OE.
. Propagation delay of EOC is defined as the delay in EOC going low, following the low going edge of the 9th clock puise after the start pulse.

An external reference voltage supplied to
pin 2 sets the full scale range of the A/D
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 con-
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

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

.- 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

(D5) are supplied to the input of the inter-
nal 6-bit current output DAC by the I2L
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 V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to
‘0’ and simultanevusiy 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
NES5037 is shown in Figure 2.

The NES5037 is designed to have a nominal
Y2 LSB offset so that the code transition
points are located 12 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 %2 LSB (15.63mV
with a Vgge 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
Vger of 2.0V).

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 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 1uF
located close to the device to minimize
the effects of noise spikes.

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

"4

Sl |

TIMING DIAGRAM
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IDEAL TRANSFER CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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AC TEST CIRCUITS AND WAVEFORMS
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APPLICATION

¢ 0 to 63°C 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 NE5S037. The

LM334 is a three-terminal temperature LM334

sensor and provides a current of 1 1

microamp for each degree Kelvin. The STRT .
32K-ohm resistor provides the 32 millivolts 1:;’(::)2 -

for each microamp through it, while the cs

transistor bleeds off 273 microamps of the 2.0V __2] &

temperature sensor (LM334) current, low- REF 4 3

ering the reading by 273 degrees Kelvin, " NE5037 556 CONTROLLER
thus converting from Kelvin to Celsius. S 32K o

To read temperature, conversion is started *i 1%

by sending a momentary low signal to Pin

7 of the NE5037. When Pin 10 of the L TR ,C

NES5037 goes low, conversion is complete
and a low is applied to Pin 9 of the NE5S037
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 Figure 3A. Temperature Sensor
reporting (digital thermometer) circuit is
shown in Figure 3B. The ROMs or PROMs

cLocKk 4 5 6-BIT
DATA BUS

+5V
14
1 74LS00
Vee ——
¢ STRT -7——0C[
LM334 e
o8 10 9 _ﬂ Sihi2]o I:-n
. 9 Q 2
+——»S VR2 112 D} 11
500 740574 " 741893 |3
2.0V v NES5037 n— 815
REF 2] 'REF LE
] vin —
PINS 11-16 | [
) o DATA 74L8373
1% —
== — OF
[ CL| 2607 —
K 1 T ROM —A
8 14 ]5 |6 or F—A— L
A
825147 AAA -
= PROM VA—— -
cLOCK 2607 A — —
(1MHz Max) >4 Rg,;“ N—1 1
A"/ -
825147 —1 L\
PROM |—AAN—
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 PROMSs) 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 (°()ROM and display
will, of course, be needed for displaying
temperatures above 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
NES037 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 NE5037 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 Celslus.

0.01,F

D gD Do e
270

Figure 3C. Simple Clock Circuit
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DESCRIPTION

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

The DI/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 = %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 TmA 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 =18V
rails, with as low as 230mW power con-

Amé012

FEATURES PIN CONFIGURATION
¢ 12:bit resolution
e Accurate _to within £0.05% F PACKAGE
¢ Monotonic over temperature
¢ Fast settling time, 250ns typical
¢ Trimless design for low cost oy[1] [20]v +
¢ Differential current outputs D2[2] [19] 10
* High-speed muitiplying caPabiIity 0s[3] o
¢ Full scale current, 4mA (with 1mA

reference) 0a[2] [i7]v-
¢ High output compliance voltage, Ds[5] [16] comp

L—5 to +10V on 230mW 06 [6] [75] Vaer(-)
L]

ow power consumption, m o 7] 73] Veer(+)
APPLICATIONS 0s[2] 73] GNDIVLC
e CRT displays, computer graphics Do[9] 12] D12 LSB
* Robotics, and machine tools
g Do [10 11 D

* Automatic test equipment [0 o
¢ Programmable power supplies TOP VIEW
» CAD/CAM systems ORDER NUMBER
¢ Data acquisition and control systems AMB012F
¢ Analog-to-Digital converter systems

ABSOLUTE MAXIMUM RATINGS

Operating Temperature
Am6012F
Storage Temperature

0°Cto +70°C
-65°C to +150°C

sumption typical. Lead Temperature (Soldering, 60 sec) 300°C
Power Supply Voltage + 18V
Logic Inputs -5V to +18V
Voltage Across Current Outputs -8Vto +12Vv
Reference Inputs Vq4, V5 V- toV+
Reference Input Differential Voltage (V44 to Vs) +18V
Reference Input Current (l44) 1.25mA
BLOCK DIAGRAM
GND/MSB LsB
V(+) Vic B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
[} [o) © 0 o0 o o0 o o o o
20 [13 |1 2 3 4 5 6 |7 |s 9 [10 |11 |12
DECODER LOGIC SWITCHES —l
-
8 1o
19 =
—9 + *> Olo
EFERENCH -—
14 AMPLIFIER l o) L

VREF(+) O—

Vrer(-) 0—2]

cumment| S L[ L[ B[40
s

R

$

Iseg| 9-BIT R-2R
9-SEGMENT D/A CONVERTER
GENERATOR
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012
ELECTRICAL CHARACTERISTICS: V+ = + 15V, V— = — 15V, Iggr=1.0mA, 0°C = T =< 70°C
Paramet Descripti Test Conditi ' Ameo12F Uni
arameter escription est Conditions T Tve. ey nits
Resolution 12 Bits
Monotonicity 12 Bits
Differential - ) ) - - *.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size 2 — — Bite
N.L. Nonlinearity Deviation from ideal straight line — — +.05 %FS
Vger = 10.000V
lgs Full Scale Current Ry4— Ry5=10.000kQ 3.935 3.999 4.063 mA
Tpa=25°C
. - +10 +40 ppm/°C
TClgs Full Scale Tempco
+.001 +.004 %FSl°C
D.N.L. Specification guaranteed
Voc g;t‘?ulti;%l;age over compliance range -5 —_ +10 Volts
P Rour > 10 megohms typ.
less Symmetry lgs—IFs — +0.4 *20 A
Iz Zero Scale Current — - 0.10 A
ts Settling Time To x1/2 LSB, all bits ON or OFF, Ty=25°C —_ 250 500 nsec
teLH Propagation o o _
tont Delay — all bits 50% to 50% 25 50 nsec
Cout Output Capacitance _ 20 — pF
Vi Logic Logic “0" _ _ 08
Input — Volts
Vin Levels Logic “1 2.0 = -
N Logic Input Current Vin=-5to +18V — - 40 A
Vis Logic Input Swing V- =-15V -5 - +18 Volts
Reference Current
IRer Range 0.2 1.0 1.1 mA
lis Reference Bias Current 0 -05 -20 pA
Reference Input Ri4eq) = 8002 _
dl/dt Slew Rate CC=0pF 4.0 8.0 mA/ps
PSSleg ., Powerls.upply V+ =+135Vto +16.5V,V~- = - 15V — +0.0005 +.001 —-
PSSlgg_ | Sensitivity V- =-135V.to —16.5V, V4 = + 15V — +.00025 | ==.001
V+ Power Supply 4.5 - 18
v- Range Vour=0V 18 _ Tt | ot
1+ v sV v 15v — 5.7 8.5
+=4+5V,V-=-
- Power Supply - -137 —-18.0 A
1+ Current — 5.7 8.5
= V+ = +15V, V- = - 15V — Y 180
Power V+ = +5V,V-=~-15V — 234 312
Po rsainati . mw
Dissipation V+=+18V,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-
ming 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-bit
converters are used for high resolution
rather than high linearity, since few trans-
ducers are more linear than *0.1%. All
classic binarily weighted converters re-
quire +1/2 LSB (£.012%) linearity in
order to guarantee monotonicity, which re-
quires very tight resistor matching and
tracking. The Am6012 uses conventional
bipolar processing to achieve high differ-
ential linearity and monotonicity without
requiring correspondingly high linearity,
or.conformance to an ideal straight line.

One design approach which provides
monotonicity without requiring high lin-
earity is the MOS switch-resistor 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 g
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 gyt 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 lgyt.

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-bit DAC Is com-
posed of a master and a slave ladder. The
slave ladder generates the four least signi-
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-bit 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-
omy and bipolar process compatibility.
The resistors are fabricated in single
crystal rather than amorphous material
which gives them better long term stabili-
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 indi-
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

Signetics

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)
DNL spec of 1LSB. Below this is a graphic
representation of the way this would ap-
pear on a CRT screen where the Am6012 is
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 monotonicity
and also allow the device to be specified
very tightly for INL. The major problem
arising from this error type is in A/D con-
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 im-
proving the ability of the A/D to resolve
changes in the analog input.

ANALOG OUTPUT CURRENTS
Both true and complemented output sink
currents are provided where lg+Tg=Igg.
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 I as in a negative or in-
verted logic D/A converter. 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 Igg; 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
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Figure 1

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, Iggr = TMA is
recommended. Low reference current
operation decreases power consumption
and increases negative compliance, refer-
ence amplifier negative common mode

range, negative logic input range, and
negative logic threshold range; consult
the various figures for guidance. For ex-
ample, operation at — 9V with lgge=1mA
is not recommended because negative
output compliance would be reduced to
near zero. Operation from lower supplies
is possible, however at least 8V 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 re-
quired; however, an artificial ground may
be used to insure logic swings, etc. remain
between acceptable limits.

Signetics

TEMPERATURE PERFORMANCE
The nonlinearity and monotonicity
specifications of the Am6012 are guaran-
teed to apply over the entire rated
operating temperature 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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lrer = 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 R >
5009.

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
Iggr values down to 0.5mA, with gradual
increases for lower Iggr 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 +2uA, there-
fore a 2.5kQ load is needed to provide ade-
quate drive for most oscilloscopes. At Igge
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 ata
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 V¢ terminals. Supplies do not require
large electrolytic bypass capacitors as the
supply current drain is independent of in-
put logic states; 0.14F 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 currentis a
linear function of the reference current
and is given by:

|- 4095
FR= 2096

where lgge =114

X 4% (Irep) = 3.999 Iger,

In positive reference applications, an ex-
ternal positive reference voltage forces
current through R14 into the Vggg(y) ter-
minal (pin 14) of the reference amplifier.
Alternatively, a negative reference may be
applied to Vger(_) at pin 15. Reference cur-
rent flows from ground through R14 into
Vrer(+) @s 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 Vgeg or pin 15. The negative
common-mode range of the reference
amplifier is given by: Vgy_=V- plus
(lrer x 3kQ) plus 1.8V. 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 0.1xF capacitor.

For most applications the tight relation-
ship between Iggr and Igg will eliminate
the need for trimming Iggr. 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 Igg and lgge over a
range of 1mA to 1xA. Monotonic operation
is maintained over a typical range of Iggr
from 100xA to 1.0mA.

REFERENCE AMPLIFIER
COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will require the
reference amplifier to be compensated using

Signetics

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 5.0k2; minimum values of C¢ are 5, 12
and 25pF. Larger values of R14 require pro-
portionately increased values of C¢ for proper
phase margin. (See Figure 2b)

For fastest response to a pulse, low
values of R14 enabling small Cg 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=1kQ
and Cg=5pF, the reference amplifier
slews at 4mA/ms enabling a transition
from Iggr =0 to lggr = 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 (lggr=0) condition. Full
scale transition (0 to 1mA) occurs in
62.5ns when the equivalent impedance at
pin 14 is 8002 and C.=0. This yields a
reference slew rate of 8mA/us which is
relatively independent of Ry and Vg
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, 40uA 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 (Iggr X 3kQ) plus
1.8V. The logic threshold may be adjusted
over a wide range by placing an appropri-
ate voltage at the logic threshold control
pin (pin 13, V| ¢). For TTL interface, simply
ground pin 13. When interfacing ECL, an
lrer = 1MA 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

= Ry Am6012

Rin 14 |REF —
VIN —AMWV

b REFERENCE|

AMPLIFIER| S
lo+io=IFs

Ris=Rys || RIN _ FOR ALL INPUT CODES

ViN ——O

T Cc :-I—: 0.1 3; 2 :l—:m:E fﬁgﬁé‘é{”“””
V- V+ =
Reference Configuration Ryg Rys Rin Ce lRer
Positive Reference Vg, oV N/C 01pF Vg+/Ris
Negative Reference ov Vg_ N/C .01uF —Vg_/Ry4
Lo Impedance Bipolar (VR+/R1g)+ (Vin/RiN)
Reference Vs ov Vin (Note 1) (Note 2)
Hi Impedance Bipolar (VR+ — ViNIRys
Reference Va4 Vin NIG (Note 1) (Note 3)
Pulsed Reference (Note 4) VR4 oV Vin No Cap (VR+/R1g) + (Vin/Rin)
Notes:
1. The compensation capacitor is a function of the impedance seen at the + VRgp input and must be at least 5pF x R14(eq) in kQ. For Ry4 < 8000 no capacitor is
necessary.

. For negative values of V|y, VR 4 /R14 must be greater than — V| Max/Rjy so that the amplifier is not turned off.

For positive values of Vjy, VR4 must be greater than V|)y Max so the amplifier is not turned off.

. For pulsed operation, Vg, provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less.
. For optimum settling time, decouple V— with 2002 and bypass with 22F tantulum capacitor.

[ LN

Refi current and ref resistor — there is a 1to 4 scale factor between the reference current (Iggp) and the full scale output current (Igg). If VRgg = +10V and
Ipg=4mA, the value of the Ry, is:
4x10 Volt
Ryg= ———= =
14= = 10k2  Ryg=Rys
Figure 2a
MINIMUM SIZE REFERENCE AMPLIFIER
COMPENSATION CAPACITOR FREQUENCY RESPONSE
(lgs=4mA, Iggr = 1.0mA) 6
F » REF R14 Q)= 2k
4 Cc=10pF
) Rysea)fkQ) Cc (pFy ] ,
=
10 50 2
5 25 5 0
2 10 O |LARGE SIGNAL=50% X\t —|
W _ 5 IMODULATION OF 4mA 1AL |
1 : A v O
-5 0 g " T
« SMALL SIGNAL=1%
—6 tMODULATION OF 2mA (.
FULL SCALE CURRENT
—eb LU 1 TIT I
.01 0.1 1.0 10
Note: A 0.01uF capacitor is recommended for fixed reference operation. FREQUENCY, MHz
Figure 2b
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CMOS, HTL

Q +15V

“pr g

2N3904

INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS

ECL

L 13kQ
<

>

Es

“A” ¢ 2N3904

X

2N3904

S 20ke o TOPIN 13 S 39k TO PIN 13
2 Vie b Vic
6.2kQ
NOTES:
1 Set the voltage “A” to the desired logic input switching threshold.

2 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

VRer(+)

Amé6012

VRer(+) RRer 14 ]
RRer =R15
R15
(OPTIONAL) 45
o—wA—21

ViIN S

HIGH INPUT
IMPEDANCE

Am6012

VRer(+) MUST BE ABOVE PEAK POSITIVE SWING OF ViN

R
REF 14

R15 ¢
VRef(~) O————AW—

VRer(-) NOTE:
= R X4 RRer SETS Irs; R15 1S FOR A
REF BIAS CURRENT CANCELLATION.

Irs

RECOMMENDED FULL-SCALE
ADJUSTMENT CIRCUIT

Low T.C.
4.5K0 14 18
—

VREeF
+5.000V

IRer(+)

m——ﬁ Am6012

39kQ

10k2 t APPROX.
POT 'y 5kQ
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APPLICATION CIRCUITS

Am6012 LOGIC INPUTS
5,000kQ 2.000mA
AAA —
VWA—
RoFF
R3 Ry
okt ° !
;‘E?,V AMA——— VREF(+) 1o —— a c -
Am6012 NES35 — Vour
VW~ VREF(-) lo b d +
ok
= B4 B12
9 Rz
OPTIONAL
(SEE CODE TABLE)
= Vrer MsB LsB = =
R1a=Toma
Rore = VREF
OFF = 20mA
MsB LsB| 1p | To
Code Format Connections Output Scale B B2 BI B4 BS B8 B7 B8 B9 B10 BI1 B12[(mA) [mA) | YOUT
Straight binary; one a-c Positive full scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999( .000| 9.9976
polarity with true input b-g Positive full scale — LSB | 1 1 1 1 1 1 1 1 1 1 1 0 3.998| .001| 9.9951
Unipolar code, true zero output. | R1=R2=2.5K| Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 .000| 3.999 .0000]
Complementary binary; a-g Positive full scale 0 0 0 0 0 0 0 0 0 0 0 0 .00013.999| 9.9976
one polarity with b-c Positive full scale — LSB | 0 0 0 0 0 0 0 0 0 0 0 1 .001)3.998 | 9.9951
complementary input R1=R2=2.5K | Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999( .000 .0000]
code, true zero output.
Straight offset binary; ac Positive full scale 1 1 1 1 1 1 1 1 1+ 1 1 1 3.999| .000( 9.9976
offset half scale, b-d Positive full scale — LSB | 1 1 1 1 1 1 1 1 1 1 1 0 | 3.998| .001| 9.9927
symmetrical about zero, f-q (+) Zero scale 1 0 0 0 0 0 0 0 0 0 0 0 2,000 1.999 .0024]
no true zero output. R1=R3=2.5K | (~) Zero scale 0 1 1 1 1 1 1 1 1 1 1 1 1.999 2.000 | —.0024|
R2=1.25K | Negative full scale—LSB | 0 0 0 0 0 0 0 0 0 0 0 1 001} 3.998 |-9.9927
Symmetrical Negative full scale 0o 0 0 0 0o 0 O O 0 O 0 0 | .000|3999 99976
Offset [ 1's complement; offset ac Positive full scale o 1 1 1 1 1 1 1 1 1 1 1 |3999| .000| 9.9976
half scale, symmetrical b-d Positive full scale — LSB | 0 1 1 1 1 1 1 1 1 1 1 0 |3.998| .001| 9.9927
about zero, no true zero f-g (+) Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 | 2.000|1.999 .0024
output, MSB comple- R1=R3=25K |(-) Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | —.0024
mented (need Inverter R2=1.25K | Negative full scale — LSB 1 0 0 0 0 0 0 0 0 0 0 1 .001{ 3.998 |- 9.9927
at B1). Negative full scale 1 0 ) 0 0 0 0 0 0 0 0 0 .000 | 3.999 |- 9.9976
Offset binary; offset half e-a-Cc Positive full scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999| .000| 9.9951
scale, true zero output. b-g Positive full scale — LSB | 1 1 1 1 1 1 1 1 1 1 1 0 |[3.998] .001] 9.9902
R1=R2=5K [ +LSB 1 0 0 0 0 0 0 0 0 0 0 1 2,001)1.998 .0049|
Zero Scale 1 0 0 0 0 [ 0 0 0 0 0 0 |2000)1.999 .000]
-LsB 0 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | —.0049
Negative full scale + LSB 0 0 0 0 0 [ 0 0 0 0 0 1 .001 | 3.998 |- 9.9951
Offset with Negative full scale 0o 0 0 0 0 0o 0. 0 O o 0 0 .000 | 3.999 |~ 10.000
True Zero [2's complement; offset eac Positive full scale o 1 1 1 1 1 1 1 1 1 1 1 |3999]| .006| 9.9951
half scale, true zero b-g Positive full- scale — LSB | 0 1 1 1 1 1 1 1 1 1 1 0 3.998| .001| 9.9902
output, MSB comple- R1=R2=5K | +1LSB 0 0 0 0 0 0 0 [} 0 0 0 1 2.001 (1998 0049
mented (nee