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LINEAR LSI PRODUCTS

PREFACE

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

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

The 1985 Linear 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 LSI Marketing

Signetics
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LINEAR LSI PRODUCTS

CROSS REFERENCE BY PART NUMBER
sSS. ———— —— —  — ——————

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS
DAC 08 PMI DACO8E, N ULN  2003A SPRAGUE, T ULN2003
DAC 0800LCN NSC MC1408-8N ULN 2004A SPRAGUE, Tl ULN2004
AMDAC 08 AMD DACO08C, E LM 211 AMD, MOTO, NSC, Ti LM211
LMDAC 08 NSC DAC08 WA 211 FSC LM211
LM 10111111 NSC NE645/646 LM 219 AMD, NSC LM219
LF 111 NSC LM111 LM 224 MOTO, NSC, TI LM224
LM 111 AMD, MOTO, NSC, TI LM111 LM 239 TI LM239
uA 111 FSC LM111 LM  239/A MOTO, NSC LM239/A
LM 119 AMD, NSC LM119 PM  239/A PMI LM239/A
LM 124 MOTO, NSC, Tl LM124 LM 258 MOTO, NSC, TI LM258
WA 124 FSC LM124 LM 2901 MOTO, NSC, Ti LM2901
LM 13600 NSC LM13600 uA 2801 FSC LM2901
LM 13600A NSC LM13600A LM 2903 NSC, Tl LM2903
LM 139 AMD, NSC, TI LM139 WA 2903 FSC LM 2803
uA 139 FSC LM139 LM 2904 NSC SA532
DAC 1408 PMI MC1408 LM 293 NSC, TI LM293
LM 1408 NSC MC1408 LM 3089 NSC CA3089
SSS 1408A AMD MC1408-7 TCA 3089 SPRAGUE CA3089
DAC 14087 PMI MC1408-7 LM 311 AMD, INTERSIL, MOTO, NSC, I LM311
MC 14087 MOTO MC1408-7 TL 311 TI LM311
MC 1408-8 MOTO MC1408-8 uA 311 FSC LM311
MC 1413 MOTO ULN2003 uPC 311 NEC LM311
MC 1416 MOTO ULN2004 LM 319 AMD, NSC LM319
MC 1455 MOTO NE555 LM 324 INTERSIL, MOTO, NSC, Tl LM324
AM 1458 AMD MC1458 uA 324 FSC LM324
LM 1458 NSC MC1458 uP C324 NEC LM324
MC 1458 MOTO, Ti MC1458 MC 3302 MOTO MC3302
uA 1458 FSC MC1458 MC 3303 MOTO, TI MC3303
uPC 1458 NEC MC1458 uA 3303 FSC MC3303
DS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555
MC 1488 MOTO, Ti MC1488 LM 339/A MOTO, NSC, TI LMB339/A
uA 1488 FSC MC1488 uA  339/A FSC LM339/A
DS 1489/A NSC MC1489/A uP C339 NEC LM339
MC 1489/A MOTO MC1489/A MC 3403 MOTO MC3403
uA  1489/A FSC MC1489/A MC 3410/C MOTO MC3410/C
LM 1496 NSC MC1496 MC 3456 MOTO NE556
MC 1496 MOTO MC1496 MC 3503 MOTO MC3503
SSS 1508A AMD MC1508 MC 3510 MOTO MC3510
AM  1508-8 AMD MC1508-8 LM 3524 NSC SG3524
LM 1508-8 NSC MC1508-8 SG 3524 Tl SG3524
MC 1508-8 MOTO MC1508-8 LM 358 MOTO, NSC, TI LM358
LM 1558 NSC MC1558 uPC 358 NEC LM358
MC 1558 MOTO, TI MC1558 LM 361 NSC NE529
PM 1558 PMI MC1558 LM 387 NSC NE542
uA 1558 FSC MC1558 LM 393/A NSC, TI LM393/A
LM 158 MOTO, NSC, Tl LM158 uPC 393 NEC LM393
LM 1596 NSC MC1596 LF 398 AMD, NSC LF398
LM 161 NSC SE529 uA 398 FSC LF398
MC 1596 MOTO MC1596 uPC 398 NEC LF398
MC 1723/C MOTO uA723/C uPC 4558 NEC NE4558
MC 1733 MOTO uA733 RC 4558 Tl NEA4558
MC 1747/C MOTO WAT747IC TL 494 MOTO, Ti NE5561
LM 1870 NSC LM1870 uA 494 FSC NE5561
LM 193 NSC, TI LM193 SN 5520 TI NE5520
wA 193 FSC LM139 NE 5532/A TI NE5532/A
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LINEAR LSI PRODUCTS

CROSS REFERENCE BY PART NUMBER Conﬁhued '

'COMPANY

SIGNETICS

PART NUMBER

PART NUMBER " COMPANY SIGNETICS
SE/NE 5534/A Tl SE/NE5534/A LM 733 NSC uA733
NE 555 INTERSIL, MOTO, Tl " NE555 WA 733/C INTERSIL, FSC, T uA733/C
LM 555/C NSC NE555 ICL 741 INTERSIL uA741C
uA 555 FSC NE555 LM 741 MOTO, NSC uA741
LM 556 NSC NE556 PM 741/C PMI uA741/C
NE 556 INTERSIL, MOTO, Tl NE556 uPC 741 ‘NEC HATH
uA 556 FSC NE556 uA 741 FSC, TI uATA1
uPC 558 NEC - NE558 SSS 741 AMD uA741
LM 565 MOTO, NSC NE565 LM 747 NSC uATAT
LM 566 NSC NE566 PM 747/C PMI uATA7C
uPC 566 NEC NE566 SSS 747 AMD UATAT
LM 567 NSC NE567 uA 747 FSC, MOTO, TI uA747
NE 592 MOTO NE592 LM 748 NSC uA748
TL 594 T NE594 wA 748 FSC, Tl uA748
AM 6012 AMD AMB012 HA 758 MOTO, NSC HAT58
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 * 723/C MOTO, NSC uA723/C SN 7589/A T MC1489/A
uA 723 INTERSIL, FSC, TI uA723 SN 76689 Tl CA3089
14 Signetics




LINEAR LSl PRODUCTS

CROSS REFERENCE BY COMPANY

Signetics

AMD SIGNETICS MOTOROLA SIGNETICS! NATIONAL  SIGNETICS SPRAGUE SIGNETICS
AM 1508 MC 1508 LM 741C  pA 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
LM 111 LM 111 MC 1455  NE 555 LM 224 LM 224 ULN 2004  ULN 2004
LM 119 M 119 MC 1458  MC 1458 LM 239 LM 239 ULN 2151 pA 741
LM 139 M 139 MC 1488  MC 1488 LM 258 LM 258 ULN 3304  NE 555
LM 211 LM 211 MC 1489  MC 1489 LM 2901 LM 2901 ULN 8160  NE 5560
M 311 LM 311 MC 1489A  MC 1489A LM 2903 LM 2903 ULN 8161 NE 5561
LM 319 LM 319 MC 1508  MC 1508 LM 2904  SA 532
Ti SIGNETICS
SSS 1408A  MC 1408 MC 1558  MC 1558 LM 293 LM 293
SSS 1508A MG 1508 MC 1596  MC 1596 LM 3080  CA 3089 LF 398 LF39%
SSS 741 pA 741 MC 1723 uA 723 LM 311 LM 311 LMt LMt
SSS 747 uA 747 MC 1723C  pA 723C LM 319 LM319 LM24 LM 24
MC 1733 A 733 LM 324 LM 324 LM 139 LM 139
FAIRCHILD SIGNETICS LM 1458 MC 1458
MC 1747 A 747 LM 339 LM 339
wA 111 LM 111 MC 1747C  nA 747C LM 3524 SG 3524 LM 158 LM 158
KA 124 LM 124 MC 3302  MC 3302 LM 358 NE 532 LM 193 LM 193
A 139 LM 139 MC 3303 MC 3303 LM 361 NE 529 LM 211 LM 211
wA 1458 MC 1458 MC 3403 MC 3403 LM 387 NE 542 LM 224 LM 224
uA 1488  MC 1488 LM 239 LM 239
MC 3410 MC 3410 LM 393 LM 393
wA 1558  MC 1558 MC 3456  NE 556 MC 555 NE 555 LM 258 LM 258
A 193 LM 193 MC 3503  MC 3503 LM 555C  NE 555 LM 2901 LM 2901
WA 2901 LM 2901 MG 3510 MG 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
pA 301A LM 301A M 311 LM 311
wA 311 M 311 NE 556 NE 556 LM 566 NE 566
WA 324 LM 324 NE 565 NE 565 LM 567 NE 567 '-m 324 L:A" 324
wA 3303 MC 3303 NE 592 NE 592 LM 723 A 723 LM 339 LM 339
WA 339 LM 339 SE592  SES592 LM 733 pAT33 Mhags  Lmas
LM 741 A 741
pA 398 LF 398 TL 494 NE 5561 H LM 1458 MC 1458
nA 494 NE 5561 wA 723 pA 723 LM 747 pA 747
wA 555 NE 555 pA 741 WA 741 LM 748 wA 748 ’:‘é 1558 m‘; 15528
LA 556 NE 556 wA 747 wA 747C LMDAC 08 DAC 08 N 555_32}\ NE Sgg%
WA 723 A 723 WA 758 uA 758/A WA 758 WA 758/A 5 5
n 733 A 738 NE 5534  NE 5534
M NATIONAL SIGNETICS NEC SIGNETICS| NE 5534A  NE 5534A
”: il "2 ;2; DAC 0800-  DAC 0BEN WPC 1458 MC 1458 NE 555 NE 555
’; A 748 N 748 LCN wPC 1555  NE 555 NE 556 NE 556
L 11 M 311
WA 758 uA 758 DAC 0807  MC 1408-7 wPC 3 u RC 4556 NE 4558
wPC 324 LM 324 SE 5534  SE 5534
pA F111 LM 111 DAC 0808  MC 1408-8 PG 339 LM 339 oF 534A  SF 204A
NI DAC 0808CN MC 1408-8N
e Fat Mot DAC 0808LD MC 1508 wPC 358 LM 358 SE 555 SE 555
L DS 1488  MC 1488 wPC 393 LM 393 SE 556 SE 556
PC 398 LF 398/ 4
INTERSIL _ SIGNETICS DS 1489 MC 1489 . N3E %537 gﬁ gggg SS gggo
ICL 741 WA 741C LF 111 LM 111 uPC 4558  NE 4558 SN 7588  MC 1488
LM 311 LM 311 LF 211 LM 211 WPC 558 NE 558
LM 324 LM 324 LF 311 LM 311 SN 7589  MC 1489
NE 555 NE 555 LF 398 LF 398/ wPC 566 NE 566 SN 7589A  MC 1489A
NE 556 NE 556 NE 5537 WPC 6012  AM 6012 SN 76689  CA 3089
WPC 624 DAC 08C.E L 311 LM 311
MOTOROLA SIGNETICS LM 1?:1/ NE 645/646 WPC 741 WA 741C TL 494 NE 5561
M i2e  Caze LM 111 LM 111 PMI SIGNETICS TL 594  NE 594
A 723 A 72
128 e LM 119 LM 119 VP oirF M 3% " pA 723
LM 124 LM 124 pA 733 WA 733
LM 158 LM 158 DAC 08 DAC 08C.E A
LM 13600 LM 13600 WA 741 LA 741
LM 211 LM 211 DAC 1408A  MC 1408
pA 747 1A 747
LM 13700  NE 5517 DAC 312 AM 6012 !
tm ggg '["h: gg; LM 139 LM 139 OP 220 LM 358 pA 748 A 748
ULN 2003A  ULN 2003
LM 258 LM 258 LM 1408 MC 1408 PM 1558  MC 1558
LM 1458  MC 1458 ULN 2004A  ULN 2004
LM 2901 LM 2901 M 1496 MG 1496 PM 239/A LM 239/A
LM 311 LM 311 PM 741C  pA 741C
LM 1508  MC 1508 PM 747C A 747C
LM 324 LM 324 e
LM 1558 MC 1558
LM 339 LM 339 M 158 LM 158
tm ggg ',:"2 ggg LM 1596  MC 1596
LM 161 SE 529
LM 723C  pA 723C 6



LINEAR LSI PRODUCTS

APPLICATIONS BY PART NUMBER

DAC 08 AN1086: 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 NE587 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
uA 758 AN191: Stereo Decoder Applications Using the nA758
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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

n

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 8MHz FSK Converter Design Example for the NE564

Clock Regenerator with Crystal Controlled Phase Locked VCO
Circuit Description of the NE565

FSK Demodulator with NE565

Circuit Description of the NE566

Waveform Generators

Circuit Description of the NE567 Tone Decoder

Selected Circuits Using the NE567

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

Stereo Decoder Applications Using the pA758

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

Applications Using the NES080, 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
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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 NES5561 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

1-8 Signetics



LINEAR LS| PRODUCTS

S.0. PACKAGE AVAILABILITY

LINEAR LSI DEVICES CURRENTLY
AVAILABLE IN S.O. PACKAGE

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

3DAC-08E SO-16 NE555 SO-8
3LF398 SOL-14 NE556 SO-14
LM1870D SOL-20 NE5560 S0-16
LM311 SO-8 NE5561 S0-8
LM319 SO-14 NE5568 S0-8
LM324 SO-14 'NE558 SOL-16
LM339 SO-14 NE5592 SO-14
LM358 SO-8 NE564 SO-16
LM393 SO-8 3NE565 SO-14
3MC1408-8 S0-16 NE566 S0-8
MC1458 SO-8 NE567 SO-8
MC1488 SO-14 NE571 SOL-16
MC1489 SO-14 NE572 SO-16°
MC1489A SO-14 2NE587 SOL-20
MC3302 SO-14 2NE589 SOL-20
MC3403 SO-14 NE592 S0-8
NE4558 S0-8 NE592 SO-14
2NE5018 SOL-24 NE592H S0-8
3NE5036 SO-14 NE592H SO-14
NE5037 S0-16 'NE594 SOL-20
NE5044 SO-16 NE602 SO-8
NE5045 SO-16 NE604 SO-16
'NE5090 SOL-16 'NE660 SOL-20
NE521 SO-14 PCF2100 S0-28
NE522 SO-14 PCF2110T VS0-40
NE527 SO-14 PCF2111T VSO-40
NE529 SO-14 PCF2112T VS0-40
NES532 SO-8 SA571 S0-16
3NES5512 S0-8 SA572 S0-16
2NE5514 SOL-16 SA602 S0O-8
NE5517 SO-16 SAB04 SO-16
'NE5520 SOL-16 SG3524 SO-16
'NE5532 SOL-16 TDA7010T SO-16
NE5534A SO-8 uA723C SO-14
NE5534 SO-8 wA741C SO-8
3NE5537 SO-14 uA747C SO-14
NE5539 SO-14 ULN2003 SO-16
ULN2004 SO-16

NOTES:

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

Signetics 1-9



LINEAR LSI PRODUCTS

ORDERING INFORMATION

For Prefixes AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, yA and ULN

ORDERING INFORMATION

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

Minimum Factory Order:
Commercial Product:

$1000 per order

$250 per line item per order

Military Product: )
$250 per line item per order

Table 1 provides part number information
concerning Signetics originated products.

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

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

1-10

Table 1 PART NUMBER DESCRIPTION

L—» Device Number

L Product Family

PART CROSS REF PRODUCT PRODUCT
NUMBER PART NO. FAMILY DESCRIPTION
NE5537N LF398 LIN Sample & Hold Amp

L— Description of
Product Function

LIN Analog Products
MIL Military Products

——» Package Descriptions—See Table 2

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

Table 2 PACKAGE DESCRIPTIONS

PACKAGE

old New DESCRIPTION

AAA N 14-lead plastic DIL

A N-14 | 14-lead plastic DIL (Selected
Analog products only)

B,BA N 16-lead plastic DIL

- D Microminiature package (SO)

F F 14, 16, 18, 22 and 24-lead
ceramic (Cerdip) DIL

1,IK | 14, 16, 18, 22, 28 and 4-lead
ceramic DIL

K H 10-lead TO-100

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

NANX| N 24-lead plastic DIL

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

TTA H 8-lead TO-99

U U SIL Plastic power

Y] N 8-lead plastic DIL

XA N 18-lead plastic DIL

XC N 20-lead plastic DIL

XC N 22-lead plastic DIL

XLXF| N 28-lead plastic DIL

Signetics

Table 3 SIGNETICS PREFIX AND

DEVICE TEMPERATURE
DEVICE TEMPERATURE
PREFIX RANGE
N 0°to +70°C
S -55°to +125°C
NE 0°to +70°C
SE -55° to +125°C
SA —40° to +85°C
Table 4 INDUSTRY STANDARD PREFIX
PREFIX DEVICE FAMILY
AM Linear Industry Standard
CA Linear Industry Standard
DAC Linear Industry Standard
JB Mi! Rel—Jan Qualified—
Old Designator
JM Mil Rel—Jan Qualified—
New Designator
LF Linear Industry Standard
LM Linear Industry Standard

M Mil Rel—Jan Processed

MC Linear Industry Standard
NE Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
uA Linear Industry Standard
ULN Linear Industry Standard




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: -55to +125°C
e.g.. PCC2111PN
D: -25to +70°C
e.g.:. PCD8571PN
E: -25t0 +85°C
e.g.. PCE2111PN
F: -40to +85°C
e.g.. PCF2111PN
G: -55to +85°C
e.g. PCG2111PN

Table 1. PART NUMBER DESCRIPTION
Part Cross Ref. Product Product
Number Part No. Family Description
TDA254 IN

Product Family Linear LSI

Package Description — See Table 2

——-Device Number

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

Video I.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
u 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 temperature designator.
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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 |l. 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 Il
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 shorts between
device pins, power supply transients, and
poor handling techniques.

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

Improved Quality Benefits

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

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

FABRICATION
RELATED

DEFECTS

ASSEMBLY
RELATED
DEFECTS

FAILURE ANALYSIS
DATA SUMMARY

TEST
RELATED
DEFECTS

ELECTRICAL
OVERSTRESS
25%

Figure 1

AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

90

80

//

The SUPR Il flow is detailed in Figure 5,in- | & ™ 7 oo
cluding the test methods and Quality ac- | & e 4 INOUSTRY STANDARD
ceptance levels (Table 2 provides the elec- 2 /
trical/mechanical finished product AQLs). § /
Highlights of the flow are visual inspec- & / e raL
tions, hermeticity, and burn-in, all based £ T
on MIL-STD-883 criteria. B . e
A good example of the savings which can 10 —
be achieved by purchasing tighter inspec- — =T 10% aqL
tion levels is given in Figure 2. Here we are ° 20 40 o s 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

Il
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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
repair field failures as they occur. He can
operate the system in-house for this period
and repair failures. Or he can purchase de-
vices which have already been precon-
ditioned to eliminate the early failures. Each
customer must choose the most cost-effec-
tive method for his particular business. A
considerable number of the reliabilty de-
fects which cause early failures are elimi-
nated by the manufacturing control and pre-
conditioning steps of SUPR Il Level A
processing. More persistent defects can be
removed by the use of “burn-in” techniques.
The “burn-in” processing of SUPR ll 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-

[ole

RELATIVE FAILURE RATE VERSUS TIME

SUPR il

/ LEVEL A

RELATIVE FAILURE RATE

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

INFANT
MORTALITY
PHASE

T

e\

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.

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

Table 2 SUPR Il AQL GUARANTEE

2-4

Signetics

BURN-IN FLOW
ASSEMBLY
The flow from SEM control through

package seal is common to Levels A
and B.

A4
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.

L

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

Figure 4

SURE 111/883B
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
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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 SUREII1/883B 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
SUREII1/883B Program continues to incor-
porate additional environmental tests to
fulfill the need for special reliability
assurance of plastic products.

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

SUPR Il PROCESS FLOW

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

Q-

HERMETIC
SEAL

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

\ PRE-SEAL VISUAL ACCEPTANCE

Criteria based on MIL-STD-883, Method 2010, Condition B, are

ll

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.

f——,

100%
ELECTRICAL

TEST ST 100% PRODUCTION ELECTRICAL TESTING

!

OUTGOING QUALITY

CONTROL
\ QA GUARANTEES

SHIPMENT

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.

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

A final QA inspection step guarantees the mechanical and
electrical AQL's of Table Il. Every shipment is sealed and identi-
fied by QA personnel.

Figure 5

Signetics
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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 - - -— -— -
cB - F - - - -
EB - - F - - -
JB - —_ - - - F
DB - w - - -_ -
FB - - w -_ - —_
RB _ _— -_ -— F -
VB - - - F - -
All products listed are also available in Die form.
Table 1 MILITARY PACKAGE AVAILABILITY
Js JB RB
JAN Qualified 883B
54 X X X
54LS X X X
54S X X X
82 - - X
8T —_ - X
93XX — X X
96XX — - X
Analog - X X
Bipolar Memory - X X
Microprocessor — - X

Table 2 MILITARY SUMMARY

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

By implementing this space-oriented govern-
ment standardization program, Signetics
complies with the trend of reducing the
numerous similar Source Control Drawings
(SCD's). This standardized trend results in a
single complete and comprehensive specifi-
cation, a single product flow, and a single
administrative effort—for both the aerospace
community and for Signetics. This effort will
also result in a single lower price. Because
the list of Signsetics’ 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 fora
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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NOTE: This category of part conforms to
Quality Level B-2 (ra = 6.5 of MIL-HDBK-

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

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

n " i 217D.
Quality conformance endpoint electrical ~ Copies of generic data, Groups A, B, C and
D, may be ordered by customers at a
nominal charge.
PROCESS LEVEL PRE-CAP FUNCTIONAL DC/AC DC
N QPL OFFSHORE
AND MARKING VISUAL BURN | TEST @25° C @ TEMP
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
C OC O Wafer Lot
O O =~ 24 Wafers
Wafer Lot Acceptance
(Includes SEM and GSI) | # Wafers Required for
Purchase Order .
Ship
Purchase Order
+Inventory Overbuild
The Signetics' JAN Ciass S inventory pro-
gram will reduce delivery time and shipment Balance to
delinquencies. As continuing orders from ——— Finished
cu s are pri d to this specifi Wafer Bank: Goods Inventory
tion, inventories will be lished for 1 or 2 Wafers
products in the form of pre-qualified wafers (Wafer Lot Accepted)
and finished parts. As the program matures,
this will allow immediate delivery of JAN g ;
Class S parts. Balance to Support JAN Class “B" Production
. Marketing Order " Wafer Product
Contractor Field Sales Review Entry/Audit [T Fabrication [™™ Assembly [
* Agency * Agency
Certification Certification
« Wafer Lot Accep- * Tightened Lot
Jan Class S Product Flow tance (GS!) 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 Qual Ship (GSI
Screening JAN Group A Holding Pass o )
* PIND Testing M2020
* Read and Record on
Extended Burn-in s ?“uall -:eéts‘
(240 Hours) ample (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 (JB) (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. C; (10 cycles, —65°C to + 150°C) 100% X X X
Cycling
10. Constant 2001, Cond. E; (30kg in YI Plane) 100% X X X
Acceleration
11. Visual Inspection | There is no test method for this screen; it is in- 100% X X X
tended only for the removal of “Catastrophic
Failures” defined as “Missing Leads, Broken
Packages or Lids Off.”
12. Seal (Hermeticity)
A. Fine Cond. A or B (5.0 x 10~8CC/Sec) 100% X X X
B. Gross Cond. C Min. 100% X X X
13. Marking Fungus inhibiting ink 100% X 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 883B
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 X 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
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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

SES5534A Low Noise Op Amp FE

SE5537 Sample and Hold Amp FE

SE5539 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

uA733 Video Amplifier F
PHASE LOCKED LOOPS

SE567 Tone Decoder PLL F
TIMERS

SE555 Timer F, FE

SE556 Dual Timer F
D to A CONVERTERS

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

SE5560 SMPS Controller F

JAN M—38510
DEVICE SLASH SHEET PKG QUAL STATUS
SE555 10903BCB F QPL 1
SE555 10903BPB FE QPL 1
SE556-1 10902BCB F QPL 1
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 ..........cc.ooiiiiiii..
Data Converters ................
Symbols and Definitions .......
Selector Guide .. ..............

Analog to Digital Converters
*ADC0801/2/3/4/5-1
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 CONVEMEI . ...ttt 4-5
8-Bit Hi-Speed A/D Converter . ..........ouuiiiiii i 41
6-Bit A/D Converter, Serial Qutput . ... ... ... .. i 417
6-Bit A/D Converter, Parallel Output .. ......... ... ... ... ... ... . 4-23
12-Bit Hi-Speed Multiplying D/A Converter .............. ... i i 4-30
8-Bit Hi-Speed Multiplying D/A Converter .................. .. ... i 4-40
8-Bit Multiplying D/A Converter .. ...t 4-50
10-Bit Hi-Speed Multiplying D/A Converter ...ttt 4-56
8-Bit Microprocessor-Compatible D/A Converter . ...............cooiiiiinneinnn. 4-63
8-Bit Microprocessor-Compatible D/A Converter ................................ 4-68
10-Bit Microprocessor-Compatible D/A Converter . .............cc.ooiviirnininn.n 4-73
8-Bit Micro-Compatible D/A Converter—Current Output . .................c....... 4-81
8-Bit Micro-Compatible D/A Converter—Current Output .......................... 4-85
10-Bit Hi-Speed Multiplying D/A CONVeNer . .........coviiu i 4-89
14-Bit D/A with Serial OUtput . ... ... ... ot 4-98
............................................................................. 4-104
Voltage COmMPArator ... .........uiniiiit i 4-105
Dual Voltage Comparator .. ..........ouuuuiitn it iiiiiiiiee s 4-107
Quad Voltage ComMParator .. ..........euiiet et 4-112
Low Power Dual Voltage Comparator .. ...........ovviiiniiiiiiniiiiiia 4117
Quad Voltage Comparator .............c.uuuiiiinneiii i 4-112
Low Power Dual Voltage Comparator ......... ..ottt 4117
Quad Voltage Comparator ................ ..ottt 4-112
Hi-Speed Dual Dif Comparator/Sense Amp . ..........ouuiiiiiiiineineninn., 4-122
Hi-Speed Dual Dif Comparator/Sense Amp . ......... ..ottt 4126
Voltage Comparator ... ..........uuiii 4-130
Voltage Comparator .. ... .......ouiitiiiii s 4-134

*New product for Linear LSI since 1983 data manual.
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INDEX

Drivers
Symbols and Definitions . . . ... ... ... e 4-138
MC1488 QuUAd LINe DIIVET . . oottt ettt e e 4140
MC1489/A Quad Line RECEIVET . ... ...ttt e 4-143
NE5090 Addressable Relay Driver . ....... ... i 4-145
NE587 LED DeCOAEIIDIIVET . . . o ettt et e e e e e e e e e e e 4-150
NE589 LED DeCOAEI/DIIVET .. .ottt e et e et e et et e e e 4-158
NE590 Addressable Peripheral Driver ............. ... ... ... . . . 4-166
NE591 Addressable Peripheral DIiVer ... .........oiiiiii et 4-166
SA/NE594 Vacuum Fluorescent Display Driver ... ...ttt 4-172
*PCF2100 40-Segment LCD Duplex Driver ........ ...t 4176
*PCF2110 60-Segment LCD Duplex Driver . . ...ttt 4-184
*PCF2111 64-Segment LCD DUplex Driver . . ......ou ittt 4-193
*PCF2112 32-Segment LCD Static Driver ........vuu ittt e 4-201
ULN2003 High Volt./Current Darlington Transistor Array ...............cccoiiiiiiiiana... 4-208
ULN2004 High Volt./Current Darlington Transistor Array .............coeeinieeinneennnnn.n 4-208
LVDT
NE5520 LVDT Signal Conditioner ... ...ttt it e e 4-212
Sample and Hold
Symbols @and DefinitioNS . . ... ... ... e 4-216
LF198/298/398 Monolithic Sample and Hold Circuit ................c.ooiviiiii i, 4-217
SE/NE5537 Sample and Hold Amplifier . ... e e 4-221

*New product for Linear LS| 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 /> 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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D/A CONVERTERS
CONV. ‘
speep | OYTPUT | it | T PACKAGE TEMPERATURE RANGE
DEVICE | BITS | ACC.% | ws) |V | 1 | REF|LATCH| N [ F Com'l. Mil COMMENTS
MC1408-7 8 039 | 007 X X X
MC1408-8 8 019 | 007 X X [ x| x X
MC1508-8 8 0.19 0.07 X X X
DAC08 8 0.19 0.07 X X X
DACOBA 8 010 | 007 X X X
DACO08C 8 039 | 007 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 23 x| x X X X X
SE5118 8 0.19 2.3 x| X X X X
NE5119 8 0.10 23 X | X X X X X
SE5119 8 0.10 2.3 x| x X X X
NE5020 10 0.10 50 | X X X X X X
NE5410 10 005 | 0.25 X X X =Y LSB DNL
SE5410 10 005 | 025 X X X =Y LSB DNL
MC3410 10 005 | 025 X X X =Y LSB DNL
MC3510 10 005 | 025 X X X +Y: LSB DNL
AMB012 12 005 | 025 X X X +1LSB DNL
TDA1540D | 14 0.012 0.5 X X X X X Serial Input
+% LSB DNL
A/D CONVERTERS
CONV. | |NpuT THREE- PACKAGE TEM;E,'}QTEURE
- SPEED STATE INT. INT.
DEVICE BITS | ACC.% (us) v | 1 | ourpur REF. | CLOCK | N| F | FE | Com. 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
ADC0801-1 8 0.10 73 X X X X '
ADC0802-1 [ 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 rarige: -40to +85°C
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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

e Logic levels TTL and MOS compatible

e Can be used with internal or external
clock

e Analog input range 0V to V¢

o Single 5V supply

® Guaranteed specification with 1MHz
clock

APPLICATIONS

o Transducer to microprocessor interface

o Digital thermometer

o Digitally-controlied thermostat

e Microprocessor-based monitoring and
control systems

ADC0801/2/3/4/5-1

PIN CONFIGURATION

F,N PACKAGE

cs [0
b [2]
wr 3]
cLK IN [4]
TR 3]
vin(+) [€]
vin(-) [7]
A GND [B]
VREF/2 lz
D GND E‘

TOP VIEW

ORDER NUMBERS
ADCO0801/02-1F
ADC0801/02/03-1 LCF
ADCO081/02/03/04/05-1 LCN
ADC0804-1 CN

SYMBOL & PARAMETER RATING UNIT
Vee Supply Voltage 6.5 \
Logic Control Input Voltages -03to + 16 v
-0.3to
All Other Input Voltages (Voo +0.3) \
Ta Operating Temperature Range _ 9
ADC0801/02-1 F %510 +125 c
ADCO0801/02/03-1 LCF —40to +85 °C
ADC0801/02/03/04/05-1 LCN —-40 to +85 °C
ADCO0804-1 CN 0to +70 °C
Tste  Storage Temperature —65to +150 °C
Tsop Lead Soldering Temperature o
(10 seconds) 300 ¢
Pp Package Power Dissipation at Ty = 25°C 875 mwW

Signetics
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CMOS 8-BIT A/D CONVERTERS : ADC0801/2/3/4/5-1

Preliminary

BLOCK DIAGRAMS
iy ————
VIN(+) ViN(-)
06 07
VREF/2 Cg

AUTO ZERO

LADDER AND
COMPARATOR

8 DECODER
SN0 . ,

—

> o7 . .
Ty Yoo .2_0- DS—O {MsB) 1
S=1O 12
o5 1
OUTPUT =) 14
LATCHES |03 Lo 15
D2
16
SAR [o7] e
io'—O (Lse) 18
GND, 32
= ] I T T
WR 03—
8-BIT
SHIFT REGISTER CLOCK
1 =
Cs O
s
INTR
FF
> o
— 2
RD O—

CLKIN CLKR

L
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CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/51

Preliminary

DC ELECTRICAL CHARACTERISTICS V. = 5.0V, fg « = 1MHz, Tyyn<Ta<Tpax, unless otherwise specified.

ADC0801/2/3/4/5

SYMBOL & PARAMETER TEST CONDITIONS UNIT
Min Typ Max

legg\?g Lccuracy Error (Adjusted) Full Scale Adjusted 0.25 LsB
'I:engt(i)\?;) iccuracy Error (Unadjusted) % = 2500 Voo 050 LS8
glejgi)\?g iccuracy Error (Adjusted) Full Scale Adjusted 0.50 LSB
azlca:t(i)egj\ccuracy Error (Unadjusted) \LZE = 2500 Voo ! LSB
aglgt(i)eg i«ccuracy Error (Unadjusted) Y-SEF = has no connection ! LSB
VZEF Input Resistance 400 640 Q
Analog Input Voltage Range ~0.05 Vee v

+0.05

DC Common Mode Error

Over Analog Input Voltage Range

1/16 1/8 LSB

Power Supply Sensitivity

Voo = BV = 10%'

CONTROL INPUTS

Viy  Logical “1” Input Voltage Vee = 5.25Vpc 2.0 15 Voc
V). Logical “0” Input Voltage Voo = 4.75Vpg 0.8 Voo
Iy Logical “1” Input Current Vin = 5Vpe 0.005 1 wApc
I Logical “0” Input Current Vin = 0Vpe -1 -0.005 wApc
CLOCK IN AND CLOCK R
V¢+ Clk In Positive-Going Threshold Voltage 27 3.1 3.5 Vpe
Vi—= CIk In Negative-Going Threshold Voltage 1.5 1.8 2.1 Voc
Vu g/"::;‘ f'y(f/':js's 06 13 20 | Vpe
Voo Logical “0” Clk R Output Voltage loL = 360uA, Voo = 4.75 Vpg 0.4 Vpe
Vou Logical “1” Clk R Output Voltage lon = —360pA, Voo = 4.75 Vo 2.4 Vpo
DATA OUTPUT AND INTR
VoL Logical “0” Output Voltage

Data Outputs loL = 1.6mA, Voo = 4.75 Vpg 0.4 Vpe

iINTR Outputs loL = 1.0mA, Ve = 4.75 Vg 0.4 Vpe
Vou Logical “1” Output Voltage loy = —360pA, Voo = 4.75 Vo 2.4 Voe

lon = —10pA, Vg = 4.75 Vpe 4.5 Vpe

lozu 3-State Output Leakage Vour = OVpe, CS = Logical “1” -3 wApc
lozn  3-State Output Leakage Vour = 5Vpc, CS= Logical “1” 3 wApc
lIsc  + Output Short Circuit Current Voutr = Oy, Ty = 25°C 4.5 6 mApc
Isc  — Output Short Circuit Current Vout = Voo, Ta = 25°C 9.0 16 mApg
lcc  Power Supply Current fork =1MHz, Vaer, = Open 3.0 35 mA

CS = Logical “1”, Ty = 25°C

NOTE:
1. Analog inputs must remain within the range: —0.05 < Vjy < Vg + 0.05V.
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CMOS 8-BIT A/D CONVERTERS ADCO0801/2/3/4/5-1

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
fork 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, fox = TMHz
CR i —

Rate INTR Tied To WA 13690 | convis
twawmL  Start Pulse Width CS=0 30 ns
tacc Access Time Output RD CS=0,C_=100pF 75 100 ns
ths ton . = CL = 10 pF, RL = 10K

Three-State Control Output RD See Three-State Test Circuit 70 100 ns
tw 1 iR 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

ADCO0801/2/3/4/5-1

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 S 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 INTR line will remain low until 1 to 8 clock
cycles after either the WR or the TS input (or
both) goes high.

When the 3 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

tn
Vee
RD DATA
OUTPUT
oL 10k
ton
Vce Vee
10k
b DATA
OUTPUT
CL

tiwy CL = 10 pF

trie—
Vee —|=yzger
m oo
GND 1
—-I r—!m
Vou 90%
DATA I\
OUTPUTS
GND —eeeeeee—

tr = 20 ns

tows CL = 10 pF

trpa—
Vee — | 450%
RD 50%

GND 10%
_—I |—‘0H

(V7 p— i

OUTPDG}-Q
VoL 10%

tr=20ns

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
Vin(+) 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

ADC0804/2/3/4/51

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

START
CONVERSION
cs

INTR RESET
o x tr L

twi e
—" twWRL [+
“BUSY” .
DATA IS VALID IN
ACTUAL INTERNAL “NOT BUSY” OUTPUT LATCHES
S anTeR e LKl INTERNALT
1
(LAST DATA WAS READ) 170 8 x 1/fcLk c——
INTR | AST DATA WAS NOT READ) _,#

k INT ASSERTED

——" I‘—‘ 12 TeLk

OUTPUT ENABLE AND RESET INTR

DATA
OUTPUTS

t Hx‘OHI“‘

THREE-STATE

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

NE5034

DESCRIPTION FEATURES PIN CONFIGURATION
The NES5034 is a high-speed micropro- e 8-bit resolution and y
cessor-compatible 8-bit Analog-to-Digital e Accepts unipolar or bipolar inputs F PACKAGE
converter. It uses the successive approx- ¢ Three-state output buffers for easy
imation conversion technique, and in- microprocessor interface
cludes the comparator, reference DAC, e Choice of internal or external clocking DBoO (LsB) [1] (18] DR
SAR, an internal clock and three-state buf- ¢ Short conversion time, 17,s typical oe1[Z] 7] DIGITAL GND
fers all on the same chip. using internal clock
os2 [3] [76] ANALOG GND
The converter can accommodate a wide
analog input voltage range, bipolar or .AzﬁLI,CAT'ONS . o itorl DmE @""
unipolar, selectable through external dm g ""| ) IT lng o84 3] [13] - vee
input resistors. An external capacitor con- a:\ °:’i""° 'systems requiring analog 085 (6] [13] Iner IN
trols the internal clock frequency, pro- . :gr:a Inpu ;' ti include: oB6 [7 [12] + Vee
viding conversion times down to 17us. Ayp ca ap: catlons Inclu 'e. hi g
Faster conversion times are possible utomat: process control, machine pe7L8 11 cLk
using an external clock. tools, robots, test and measurement o€ (9] [70] STRT
i instruments, environmental controls
Microprocessor interfacing requirements e Other applications include: TOP VIEW
are simple, allowing analog-to-digital Ratiometric A/D conversion, very high
conversion with a minimum of external resolution A/D conversion systems ORDER NUM:ERS
components. requiring high speed 8-bit building NESO34
blocks
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vec+  Positive supply voltage 0to +6 \
Vec— Negative supply voltage Oto - 15 Vv
lrer Reference current 1.5 mA
™ Analog input current 5.0 mA
Vo Data output voltage 6.0 \%
Analog GND to Digital GND 1.0 v
A Logic input voltage -1toVge+ \
Pp Power dissipation
F package 1000 mWwW
Ta Operating temperature range 0to +70 °C
Tste  Storage temperature range -65to + 150 °C
Tsop Lead soidering temperature (10 seconds) 300 °C
BLOCK DIAGRAM
Iner IN +Vee -Vee
N
8-BIT DAC somp
+
AN GND
AN GND
INT
cLocK SAR
“1s
—ro DIG. GND
OUTPUT BUFFER =
———0 DATA READY
CLK STRT OE DB7e s ¢ s o °DBO
(MSB) (LSB)

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

DC ELECTRICAL CHARACTERISTICS +Vcc=5.0V, - Vgo= — 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™ 2 +12 | LSB
Vec+ Positive supply range 4.75 5.0 5.25 v
Vec— Negative supply range -114 | =12 | -128 v
Egs Full scale gain error lrer=1.0mA, T,=25°C +2 +5 LSB
Ezs Zero scale offset error lrer=1.0mA, T, =25°C : =05 =1 LsB
Psr Power supply rejection® lrgr=1.0 MA, Ve +4.75 to +5.25V, Voo — 114

to — 12.6V +=1/2 | LSB

Viw  Logic 1input voltage (STRT and OE) 2.0 v
Vi Logic 1 input voltage ext. clock 24 \"
Vi Logic 0 Input voltage (STRT and OF) 0.8 v
Vi Logic 0 input voltage ext clock 0.7 v
™ Logic 1 input current (STRT and OE) ViN=24V 20 uA
M Logic 1 input current ext clock ViN=24V 100 uA
e Loglc 0 Input current (STRT and OE) Vin=0.4V -20 [ =100 | xA
[ Logic 0 input current ext. clock Vin=0.7V : - 100 kA
VoL  Logic 0 output voltage loL=1.6mA, OE = 0.8V 0.4 v
Von Logic 1 output voltage lon = 4004A, OE = 0.8V 24 v
loz Three-state leakage OE=2.0V, Vo =0V or 5V +10 pA
lcc+  Positive supply current Vec+ 5V, Vgo— 12V 18 36 mA
lec Negative supply current. Vee+ 5V, Voo - 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‘;?\:e o 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 dataready 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

NE5034

TYPICAL PERFORMANCE CHARACTERISTICS

100,000

10,000

1000

100

FREQUENCY (KH2)

EXTERNAL CAPACITOR (CL)

by

N

N

N

1 10 100

CAPACITOR (CL) IN pF

1000 10,000 100,

INTERNAL CLOCK FREQUENCY vs

000

FIGURE 1

TIME (us6c)

CONVERSION TIME vs
CLOCK FREQUENCY

50
40
30
20 ™
\\

10

]

300 400 500 600 700 800

FREQUENCY (KHz2)

TEST LOAD CIRCUITS

DATA OUTPUT HIGH

— | DATA READY
o—o7
DATA OUTPUT /o—] s
L2 AAA—oO N (10.5V)

FS o NES5034 —o0 — Ve (=12V)
10KQ 15pFI WO D :7:: LN(Tslc)A

1 1 \ {® CLK 500KHz
OE (TR LEVELS)@ @(TTT‘I\.RLE'\,I%II:Z)E

DATA OUTPUT LOW

Vee= +5V Vee
|———————o DATA READY OE
[ o— -
10KQ /// 2 1 sxe
DATA Z AAA—O liN (=0.1V)
OUTPUT S —~o—{ NE5034 —0 - Vee (- 12V) —
15pF o 0 Ipgr IN=1mA
\ o —0 Ve + (+5V)
= @ CLK 500KHz Vee
oE (7L Levers) ® WO'START PuLSE DB (0 TO
< (TTL LEVELS)
—
FIGURE 2

tr = tr = 20ns

DB (0 TO 5)

tr = tr = 20ns
90%
50% 50%
SK 10%
L——lr ~—1R
Vee
§)
50%
10%
tp (DATA) P (3.STATE)—>|
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8-BIT HI-SPEED A/D CONVERTER

NE5034

8th CLOCK

PULSE
~

50%

OR 50%

DBO

50%

—s=|<tp (OR)

50%

FIGURE 3

<tp (DBO)>

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 alogic “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_f)f 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.)

CLK IN

An external capacitor between this pin
and ground generates the internal clock
pulses. (See diagram for clock frequency
vs capacitor value). In order to synchro-
nize the internal clock, to the start pulse a
diode (small signal type e.g., 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 (DB?7), are applied to the
input of the internal 8-bit current output
DAC by the 1%L 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 "D—ﬁ'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

NE5034

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

EXTERNAL CLOCK STRT DATA GUTPUT
(IF USED) PULSE READY ENABLE

DIGITAL
GROUND

UNKNOWN ANALOG
VOLTAGE INPUT

17 10 18 9

BN s

2 o b67 Msa
5.0k LA
e o .
s
| REFIN o .
NES034
R REF = 5.0K __.°: .
13 [~
E3 e
Iﬁ ' o oBoLse
2 T4
O-1F CL — SEE FIG 1 FOR VALUE
0AuF DI — IN914 OR SIMILAR
CL AND DI NOT REQUIRED
IF USING EXTERNAL CLOCK
ANI:LOG +Vee -Vee
GROUND
FIGURE 4.

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

EXTERNAL CLOCK STRT DATA OUTPUT
(IF USED) PULSE READY ENABLE

DIGITAL
GROUND

UNKNOWN ANALOG
VOLTAGE INPUT

T 10.0KQ 15
AAA
VWA~

17 10 18 9

DG7 MSB

5.0KQ
AAA
VWA

NE5034

.
.
.
.
.

EERRSENS

DBOLSB

14
CL — SEE FIG 1 FOR VALUE

0.1uF DI — IN914 OR SIMILAR
ey CL AND DI NOT REQUIRED
IF USING EXTERNAL CLOCK
- o
ANALOG +Vee -Vee
GROUND
FIGURE 5.

20KQ

+V o—AM—0 -V

ANALOG

INPUT ‘E 500K

<
RIN 15

AAA

WA

100 RRefF 13

FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT

NE5034
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LINEAR LSI PRODUCTS

8-BIT HI-SPEED A/D CONVERTER

NE5034

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

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

4. Adjust the potentiometer connected to
l;n (see Figure 6) until the LSB flickers
between ‘0’ and ‘1", and all other data
outputs remain ‘0’ foliowing 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 Vggr |
(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-

UNIPOLAR BINARY
OPERATION:

A standard connection for a 0 to 10V uni-
polar binary operation, with Vgee |y equal
to +5 volts, is shown in Figure 4. The
NES5034 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 MSB LSB
FS—1LSB 11111111
FS—2LSB 11111110
314 FS 11000000
1/2FS+1LSB 10000001
12 FS 10000000
12 FS-1LSB 01111111
14 FS 01000000
1LSB 00000001
0 00000000

Table 2. Bipolar—Offset Binary

operation, or 1/2 LSB above — FSinthe tal ground will degrade accuracy unless DIGITAL
case of bipolar operation to the analog the input is referenced to a ‘clean’ analog ANALOG INPUT OUTPUT CODE
input. ground.
NOTES 1, 3, 4 MSB LSB
+(FS-1LSB) 11111111
+(1/2 FS) 11000000
+(1LSB) 10000001
STRT I [ 0 1000000
-(1LSB) 01111111
_ —(1/2 FS) 01000000
= _] I ~(FS-1LSB) | 0000000 1
-FS 00000000

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

FIGURE 7. NE5034 TIMING DIAGRAM

4-16
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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. “F8" is full scale; i~°;sz)'REF N (Unipolar mode).

3. 1LSB equals (2~ 8 (FS).
4. “FS" is full scale; i.e,, IRgF |N (Bipolar mode).



LINEAR LSI PRODUCTS

6-BIT AID CONVERTER (SERIAL OUTPUT)

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.

WIith an external reference voltage, the
NES036 wlill accept input voltages be-
tween OV and Vpgr. Holding the START
pin low for at least 8 clock pulses in dura-
tion will provide the 8-bit result of the con-
version In a serlal format.

FEATURES

¢ Three-state output buffer for easy

uProcessor interfacing

Fast successive approximation
converter, 23,.8ec

operating range
* Single supply operation, + 5V
* High Impedance analog inputs

T2L compatible Inputs and outputs
Easy Interface to CMOS .Processors
Guaranteed no missing codes over full

o Positive true binary serial output

NE5036

PIN CONFIGURATION

FE,

N PACKAGE

Vee [T
Vrer (2]
vin (]
Aano [T}

5] oaTA

z START
] cLock
%] pigano

TOP VIEW

ORDER NUMBERS
NES038FE, NESO3EN

APPLICATIONS D? PACKAGE
¢ Temperature control
o ,P-based appliances Veer [1] 14] Vee
o Light level monitor vin [Z] 3
¢ Electronic toys & 7
* Joystick Interface
* uPITransducer interface Aano [4] [77] aTA
(E] i
ABSOLUTE MAXIMUM RATINGS = B
PARAMETER RATING UNIT cLK (5] START
Vee Power supply voltage 7 \ TOP VIEW
VRer Reference voltage 7 v ORDER NUMBER
ViN(analog) Analog Input voltage 7 \ NE5036D
Vin pigitay  Digital input voltage (START & CLOCK) 7 \
Dour Data output pin
Three-state mode 7 v NOTES:
Enabled mode 20 mA 1, SOL-Released in large SO package only
AgND Analog GND to digital GND =1 v 2. SOL gnd non-standard pinout.
Ta Operating temperature range 0to 70 °C 3. SO gnd non-standard pinouts.
Tstg Storage temperature range -65t0 150 °C
tsold Lead soldering temperature 300 °C
Pp Power dissipation
FE package 220 mwW
N package 220 mw
BLOCK DIAGRAM
Vee
1
s S
< <
N 112188 COME
‘ ‘ lo ‘
woot—o>1 {57 >
3
ViN O——— VI CONTROL 3.STATE 8
" SAR Loaic BUFFER [ ODATAOUT
|
M
Agno Dano cLock START

Signetics
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

DC ELECTRICAL CHARACTERISTICS V¢ =5.0V; Vger = 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 12 LSB
Vcc Positive supply voltage +4.75 +5.0 +5.50 \
eps  Full scale gain error?34 Vaer=2.0V, T4=25°C +1 +2 LSB -
ezs  Zero scale offset error? VRer=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=sV|y=25V 1 10 A
lrgr  Reference bias current 0<Vgge=25V 1 10 rA
Rin  Analog input resistance 3 30 MQ
Viy  Logic ‘1’ input voltage 2.0 \
V. Logic ‘0’ input voltage 0.8 \
iy Logic ‘1’ input current 10 A
I, Logic ‘0’ input current 1 10 A
loy Logic ‘1’ output current 2.4V=Vgy 300 A
lo.  Logic ‘0’ output current VoL<0.4V 16 mA
loz Three-state leakage current +0.1 +40 A
lcc  Positive supply current 14 24 mA
AC ELECTRICAL CHARACTERISTICS Vc=5.0V; Vger = 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 13 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 asTatgy Propagation delay® Data(3-State) | START =25°C,t,=t;<20ns 600 ns

NOTES

-

> wN

5. The time the T points on the clock and the output waveforms with the output changing (low to high or high to low).
6. The high to low transition of the START pulse should occur at least 500ns pnor to the negative edge of the clock pulse to insure its recognition. The START pulse should stay
high for at least 500ns i to proper s
. .
4-18 Signetics

. Relative accuracy is defined as the
device.

. 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.

. 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).

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

of the code

points from the ideal code transition points on the straight line drawn from zero scale to full scale of the




LINEAR LSI PRODUCTS

6-BIT A/ID CONVERTER (SERIAL OUTPUT)

NES036

CIRCUIT DESCRIPTION

NES5036 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 puises 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 Vgegr 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
NES5036 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 znalog 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 I

TIMING DIAGRAM

—

HIGH
IMPEDANCE
DATA
DB5 DB4 DB3 DB2 DBt  DBO
MsB LSB
Figure 1

IDEAL TRANSFER
CHARACTERISTICS

1M1 | ~
1111101 |--‘
a
g 11101} l—l
-é 111100 ’J'__.I
g d
2 J r’
° Lsa =5
1 000011 f ,—l
2 FOR 111111 OUTPUT
G 000010} = Vin=Vaer-LSB-1/2LSB
3 BUILT-IN OFFSET
000001 - =625158 =223 vper
£
000000 0 0 @ oM @O @
4999232848 9%3
o o™ N
TEEREIER

ANALOG INPUT

Figure 2

Signetics
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES036

TYPICAL PERFORMANCE CHARACTERISTICS

ZERO SCALE OFFSET ERROR ZERO SCALE OFFSET ERROR ZERO SCALE OFFSET ERROR
vs TEMPERATURE vs Voo vS Vaee
= l =1 T T
> Vg =5.0V _ VRer = 2.0V _ Ve =50V
@ VRer = 2.0V 7 Ta=25°C ® Ta=25°C
834 @ =3/4 @ 34
« = <
G2 &= 2 ~—
7] |
i ~ e £ |
Q =1/4 o =14 o =14
2 @ 2
N N N
0 ] 0 |
25 50 75 475 50 525 55 15 2.0 25
Ta (°C) Ve (VOLTS DC) VRer (VOLTS DC)
FULL SCALE GAIN ERROR FULL SCALE GAIN ERROR FULL SCALE GAIN ERROR
vs TEMPERATURE vs Vgo vs Rpgr
*2 T *2 T *2 T
Ve =50V VRer =2.0V Voo =50V
_ VReF = 2.0V - Ta=25°C _ Ta=25°C
=102 2 s 102 o 1112
] - 7]
3 s | 2
g . S — g
< =1 o« =1 [ =1
& w «
z z z
3 . ' @ =12 g . 2
2 - 112 i g = 1l g =
w H w
I
0 25 50 75 475 50 525 55 15 2.0 2.5
TA () Ve (VOLTS DC) VRer (VOLTS DC)
lo. vs TEMPERATURE low vs TEMPERATURE
(DATA OUTPUT) (DATA OUTPUT) lcc vs TEMPERATURE
4.0 10.0 16 T
] Ve =2.0V
|
H
9.0 15 \ i
- = —— z Ve =55V
, % N
3 \ H 8 N \
) loL @ VoL =0.4V %: a75v
25 oL @ VoL=0.4Vpc 7.0 loH @ VoH =2.4Vpc 13
2.0 6.0 12
0 25 50 75 0 25 50 75 25 50 75
Ta(°C) Ta(°C) Ta(°C)
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6-BIT A/ID CONVERTER (SERIAL OUTPUT) NES036

AC TEST CIRCUITS AND WAVEFORMS

PROPAGATION DELAY TIME t, paray

DATA OUTPUT (LOW TO HIGH) DATA OUTPUT (HIGH TO LOW)
+5V
DATA DATA
OuTPUT
ok D ouTPUT 1 voor
Vee= +5V O— :_L:? Vee = +5V O— =
Vaer=+2V O— o [ START (7L LEVELS) VRer = +2V O—] NE5036 [—@ START (TTL LEVELS)
ViN (ADJ.) O— —@® 350kHz CLOCK Vi (ADJ) 0— |—@ 350kHz CLOCK
A (TTL LEVELS) (TTL LEVELS)
\GND

AcND
Danp | | Dano

—— tr = ty = 20ns
START 50% 50%

PuthlAN—
HIGH “Z” 2
STATE M L ‘
—»l tPLH [— tp (3.STATE)
e INVALID DATA t VALID DATA —M8———————

Signetics

4-21



LINEAR LSI PRODUCTS

6-BIT A/ID CONVERTER (SERIAL OUTPUT) NES036

TYPICAL APPLICATION

1. BASIC NE5036 CONFIGURATION

Vee

VOLTAGE
>1 E I REFERENCE
T

l,1F I.1F ldJF A
AT L, " I

SERIAL
8 DATA OUT

Junn

ANALOG mpur%——:i NE5036 L

PE
— START

¢ EXTERNAL
5 < cLock

2. DIGITAL COMMUNICATIONS USING NE5036

TRANSDUCER
NEoose | SERIAL DATA
ANALOG o outPuT | encopers |ENCODED SIGNAL ouT
e ——
INPUT cowverte| ML TRANSMITTER
DIA

RECEIVER/ DECODED SHIFT 3 CONVERTER ANALOG
DECODER [ siaNaL | REGISTER : NES018 OUTPUT

REGISTER ACCEPTS SERIAL
INPUT DATA, FEED D/A
IN PARALLEL
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LINEAR LS| PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES037

DESCRIPTION

* Easy interface to CMOS .Processors

PIN CONFIGURATION

The NE5037 is a low cost, complete suc- * Fast conversion—8us D, F, N PACKAGE
cessive approximation analog to digital * G teed no missing codes over full
(A/D) converter, fabricated in Bipolar/I2L temp range vee [1] [16] 0B5 (MSB)
technology. With an external reference e Single supply operation, + 5V Vier [Z] 508
agss potween OV and Veee. An axtarpal V1 trs binary outputs " os,
REF- High imped I
START pulse of at least 300ns in duration * High Impedance analog inputs ANALOG GND [4]] [13] 0B,
will provide the 6-bit result of the conver-
sion in parallel format. Full conversion APPLICATIONS oieiTaL ono €] 2] oe:
with no missing codes occurs in 9us. * Temperature control cLk [€] [11] 0B,
¢ uP-based appliances START [T] [75) £0¢
FEATURES ¢ Light level monitors _ _
* Head position sensing csls [9]0E
o T2L compatible inputs and outputs « Electronic toys
e Three state output buffer « Joystick interface ToP VIEW
ORDER NUMBERS
NES037F, NE5037N
NE5037D
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vee Power supply voltage 7 Vv
VRer Reference voltage 7 v
Vin(analog) Analog input voltage 7 \
Vin oigitayy  Digital input voltage (CS, OE, START, CLK) 7 "
Dour Data outputs (DBO to DB5)
Three-state mode 7 \
Enabled mode (each output) 5 mA
EOC End of conversion Voo
AgnD Analog GND to digital GND +1 v
Ta Operating temperature range 0to70 °C
Tsta Storage temperature range —-65t0 150 °C
tsoLo Lead soldering temperature (10 seconds) 300 °C
o Power dissipation
F package 220 mwW
N package 220 mwW
BLOCK DIAGRAM
Vee

Vvv*J

AA

112
6-BIT lo
D

VREr
VIN 2
4
Aano CONTROL
5 LOGIC
Dnnn01_
ok o8-
7 8 !o
START CS OE
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NE5037

DC ELECTRICAL CHARACTERISTICS V(¢ =5.0V; Vger = 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 1/2 LSB
Voc Positive supply voltage +4.75 +5.0 +5.50 \"
ers  Full scale gain error234 Vger=2.0V, T4=25°C +1 +2 LSB
ez Zero scale offset error? Vegr=2.0V, T,=25°C +1/2 -12, +2 LsB
Psg Power supply rejection VRer = 2.0V +1/2 +1 LSB
Max change in full scale? 475V <Vgp=<5.5V
iy Analog input bias current O<V)y=25V 1 10 A
lrgr  Reference bias current 0=<VRgr=2.5V 1 10 A
Ry Analog input resistance 3 30 MQ
Viy  Logic ‘1" input voltage 2.0 \
VL Logic ‘0’ input voltage 0.8 Vv
iy Logic ‘1’ input current 10 uA
e Logic ‘0’ input current 1 10 uhA
lon Logic ‘1’ output current® 2.4V=<Voy 300 7.3
lo. Logic ‘0’ output current® VoL=<0.4V 1.6 mA
loz Three-state leakage current +0.1 +40 rA
lcc  Positive supply current 18 24 mA
AC ELECTRICAL CHARACTERISTICS Vg =5.0V; Vger = 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
Tconv Conversion time _ 9 |Clockcycles
tp ouT paTA) Propagation delay® Data out OE Ta=25°C, t,=t;=<20ns 500 ns
tpouteoc)  Propagation delay? EOC Clock |TA=25°C,t,=t;<20ns 800 ns
tp (3.STATE) Propagation delay, 3-state 3-State Data OE Ta=25°C,t,=t;=<20ns 500 ns
NOTES

-

device.

P wn

mance, VRgg can be any value from 1.5V to 2.5V.)

Noo

CIRCUIT DESCRIPTION

NES5037 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 5kQ 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 pulse 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 (V) range is OV to Vg nominally, with the output remaining at 111111 even though the input may increase from Vgeg 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 12L
successive approximation register.

The comparator determines whether the
output current of the DAC is greater or
less than the input current, converted
from the unknown analog input voltage
through the V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to
‘0’ and simultanevusiy the corresponding



LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (PARALLEL OUTPUTS)

NES037

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 recelipt 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 NE5037 is designed to have a nominal
Y2 LSB offset so that the code transition
points are located V2 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 analogvoltage
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.

TIMING DIAGRAM

cs VoYY Y% Y% Y% Y e % L4 RSOSSN
l D> 0’0.0.0.0.0‘0‘0 DON’T CARE ’0’0‘0’0‘0‘0‘0‘0‘
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AVAILABLE AVAILABLE
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Figure 1
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 +5V

The temperature sensor of Figure 3A pro-
vides an input to Pin 3 of the NE5037 of 32
millivolts per degree Celsius. This 32mV is

the value of one LSB for the NE5037. The

LM334 is a three-terminal temperature LM334

sensor and provides a current of 1 T 1 .
microamp for each degree Kelvin. The STRT -
32K-ohm resistor provides the 32 millivolts S vRa T

for each microamp through it, while the 5 ‘;s
transistor bleeds off 273 microamps of the 2.0V __2] oF
temperature sensor (LM334) current, low- REF 5 5

ering the reading by 273 degrees Kelvin, . NESOST | 55 CONTROLLER
thus converting from Kelvin to Celsius. 70

To read temperature, conversion is started

by sending a momentary low signal to Pin

7 of the NE5037. When Pin 10 of the TR

NE5037 goes low, conversion is complete
and a low is applied to Pin 9 of the NE5037
to read data on Pins 11 through 16. Note
that this temperature data is in straight
binary format.

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

cLock 4 5 6-BIT
DATA BUS

shown in Figure 3B. The ROMs or PROMs

‘_I__' 14
1 74LS00

LM334

£oc
g " o)
5= 9 12 1]12}9 |8 [11
> VR2' [ ° 112 D} 11
$ 500 74LS74 1? 74L593 3
NE5037 1 81a
2.0V v A
2 REF —— LE
< vin ——
PINS 1118 7418373
88 CLK O I | [ 2607 N —
— W\
(BERG 1 R m—\ =_|
825147 AN o
= PROM W\ {
cLoCK 2607 7\ —
(IMHz AY) > RoM N I_l
825147 M ||
PROM —

Figure 3B. Digital Thermometer
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must have the correct code for converting
the data from the NE5037 (used as ad-
dress for the ROMs or PROMs) to the ap-
propriate segment driver codes.

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

0.01,F

270

Figure 3C. Simple Clock Circuit

— CLOCK
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012

DESCRIPTION FEATURES PIN CONFIGURATION
The Am6012 12-Bit multiplying Digital-to- e 12:bit resolution
Analog converter provides high speed and e Accurate to within *0.05% F PACKAGE
0.025% differential nonlinearity over its e Monotonic over temperature
full commercial temperature range. ¢ Fast settling time, 250ns typical
The DI/A converter uses a 3-bit segment N leimless.design for low cost - E?
generator for the MSBs in conjunction * D!fferenllal curre_nt ?u(puts . 02 (2] 8l
with a 9-bit R-2R diffused resistor ladder ° High-speed multiplying capability 0s[3] 78] 10
to provide 12-bit resolution without costly * Full scale current, 4mA (with 1mA D4 [4] [17] v -
trimming processes. This technique guar- reference) .
antees a very uniform step size (upto = 2 * High output compliance voltage, 0s 5] ] comp
LSB from the ideal), monotonicity to 12 L'5‘° +10v ion. 230mW D 5] 78] Vaer(-)
bits and integral nonlinearity to 0.05% at ow power consumption, m D7 [7] EVREFH-)
its differential current outputs. APPLICATIONS s [E] 73] GNDIVLc
The dual complementary outputs of the e CRT displays, computer graphics Do[9] [12] D12 LSB
Am6012 increase its versatility, and effec- e Robotics, and machine tools D10 [T} mey
tively double the peak-to-peak output e Automatic test equipment
swing. Digital inputs, in addition, can be ¢ Programmable power supplies TOP VIEW
con_fi_gured to accept all popular logic e CAD/CAM systems ORDER NUMBER
families. ¢ Data acquisition and control systems AMB012F

¢ Analog-to-Digital converter systems

While the device requires a reference in-
put of TmA for a 4mA full scale current,
operation is nearly independent of power

ABSOLUTE MAXIMUM RATINGS

supply voltage shifts. The power supply -
rejection ratio is = 0.001%FS/% AV. The | Operating Temperature . .
devices will work from +5, — 12V to = 18V Am6012F 0°Cto +70°C
rails, with as low as 230mW power con- Storage Temperature —-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 +12V
Reference Inputs V4, Vys V- toV+
Reference Input Differential Voltage (V44 to Vys) + 18V
Reference Input Current (14,) 1.25mA
BLOCK DIAGRAM
GND/MSB LSB
V(+) Vic B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 BI1 B12
o o 0 0 0 o ? ? o o ©o
20 |13 |1 2 |3 4 5 6 (7 |8 9 |10 |11 |12
DECODER LOGIC SWITCHES I
18 <—O|o
UL L e ==
-—
AMPLIFIER CURRENT
Vrer(+) o—131 swncu:s-é+l’ -—+l -‘%%l _0.# -Q# -“% —6-+ -Q+ -0% ‘

Vrer(-) 0—2

Iseg|

9-SEGMENT
GENERATOR

9-BIT R-2R
D/A CONVERTER

16

comp

4-30

Signetics




LINEAR LSI PRODUCTS

42-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012
ELECTRICAL CHARACTERISTICS: V+ = + 15V, V= = — 15V, Igge = 1.0mA, 0°C =< T, < 70°C
P t D ipti Test Conditi Am6012F Uni
arameter escription est Conditions i, Tvp. Man. nits
Resolution 12 Bits
Monotonicity 12 Bits
Differential . . . - - +.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size 12 — — Bits
N.L. Nonlinearity Deviation from ideal straight line — —_ +.05 %FS
VRger = 10.000V
les Full Scale Current Ry4— Rys= 10.000kQ 3.935 3.999 4.063 mA
Ta=25°C
— +10 +40 ppm/°C
TCleg Full Scale Tempco
+.001 +.004 %FSI°C
D.N.L. Specification guaranteed
Voo gz:ﬁultiavncll;age over compliance range -5 - +10 Volts
P Rout > 10 megohms typ.
less Symmetry les—IFs —_ +0.4 +20 A
Izs Zero Scale Current — - 0.10 A
ts Settling Time To *1/2 LSB, all bits ON or OFF, Ty=25°C - 250 500 nsec
teLH Propagation o _
tor Delay — all bits 50% to 50% 25 50 nsec
Cour Output Capacitance - 20 - pF
v Logic Logic “0” - - 0.8
" Input g_ — Volts
Vin Levels Logic “1 2.0 — —
In Logic Input Current Vin=-5to +18V - — 40 A
Vis Logic Input Swing V-=-15V -5 _ +18 Volts
Reference Current
|Rer Range 0.2 1.0 1.1 mA
lys Reference Bias Current ) 0 -05 -20 A
Reference Input R14(eq)= 8002 _
di/dt Slew Rate Co = bpF 4.0 8.0 mA/us
PSSl V+ =+135Vto +16.5V,V- = - 15V - + 0.0005 +.001
FS+ Powe.r.SuppIy %FSI%
PSSles_ Sensitivity V- =-135Vto —16.5V, V+ = + 15V - +£.00025 | =.001
v+ Power Supply 4.5 - 18
Vour=0V Volts
V- Range out —18 — 108
I+ —_— 5.7 8.5
V+ =+5V,V-=-15V
|- Power Supply - -137 -18.0
mA
1+ Current — 5.7 8.5
V+ =+15V, V- = - 15V
1= — -13.7 -18.0
Power V4 =+5V,V=-=-15V _ 234 312
Pp aima mwW
Dissipation V4 =+15V, V= = =15V — 291 397
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CIRCUIT DESCRIPTION

The Am6012 is a 12-bit DAC which uses
diffused resistors and requires- no trim-
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 monatonicity
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 Ig
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 lgyr 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 lgyr.

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 wouid 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 metais 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 thatthe 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 I+ 1g= lep.
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 Tg 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 lgg; 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, lggr < 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 Iggr = 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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lger = 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 >
500Q.

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
Igeg 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 2.5k 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; 0.1xF 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:

409

5
IFF(= mg X 4% (Igep) = 3.999 lReF

where Iggg= 144

In positive reference applications, an ex-
ternal positive reference voltage forces
current through R14 into the Vgegr(y) ter-
minal (pin 14) of the reference amplifier.
Alternatively, a negative reference may be
applied to Vgep(—) at pin 15. Reference cur-
rent flows from ground through R14 into
Vger(+) @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
(Irer 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. |f 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 Igge and Igg will eliminate
the need for trimming Iggf. 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 Igge
from 1004A 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 5.0kQ; minimum values of Cg 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 Cc=5pF, the reference amplifier
slews at 4mA/ms enabling a transition
from lgge=0 to Iggr = TMA 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 (Iggr=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 8mAl/us which is
relatively independent of Ry and V)
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 (Iggg 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
lrerp = 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).



LINEAR LSI PRODUCTS

42-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012

REFERENCE AMPLIFIER BIASING

VR4
O
I
- Ria Am6012
RIN IREF —
VIN —AAM 14
lo+ 5 =lgs
Ris=R1a || RIN FOR ALL INPUT CODES
ViN ———O0

. .1 F TA
.|_ Cc :E 0.1 3: 2 :Eo :_l__: (2;6 . 5)NTULUM
V- V+ V-
Reference Configuration Rys Rys Rin Cc IRer
Positive Reference VRs ov N/IC O01uF Vgr4+/Ryg
Negative Reference oV Vg_ N/C O1uF —Vg_/Ryy
Lo Impedance Bipolar (Vr+/Rya)+ (ViN/RIN)
Reference VR+ o Vin (Note 1) (Note 2)
Hi Impedance Bipolar (Vrs — VINV/Rys
Reference Vhs+ Vin N/iC (Note 1) (Note 3)
Pulsed Reference (Note 4) VR, ov Vin No Cap (Va4+/Rqg) + (ViNRIN)
Notes:
1. The compensation capacitor is a function of the impedance seen at the + VRgp input and must be at least 5pF x Ry4(eq) in k@. For Ry4 < 8002 no capacitor is
necessary.

2. For negative values of V|y, VR +/Rq4 must be greater than — V|y Max/Ry so that the amplifier is not turned off.
3. For positive values of Vyy, VR + must be greater than V| Max so the amplifier is not turned off.
4. 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.
5. For optimum settling time, decouple V— with 20Q and bypass with 22,F tantulum capacitor.
6. Reference current and reference resistor — there is a 1 to 4 scale factor between the reference current (IRgg) and the full scale output current (Igg). I VRgp = +10V and
|gs=4mA, the value of the Ry is:
4x 10 Volt
Ryg= ———— =10kQ Ri4=R
14 amA 14 15
Figure 2a
MINIMUM SIZE REFERENCE AMPLIFIER
COMPENSATION CAPACITOR FREQUENCY RESPONSE
(Ilps=4mA, Iggr = 1.0mA) 6
RiaEQ)=2k2] |
a Cc=10pF
. R14Ea(k®) Cc(pF) ] .
=
10 50 >
5 25 5 0
2 10 ° LARGE SIGNAL=50% 7 1A} 1|
Y -2 |MODULATION OF 4mA | 11 |
1 5 E FUII.L] S|(|:AL|E CllleRlE]NT -
5 0 (el S B A
« SMALL SIGNAL=1%
—6 IMODULATION OF 2mA
FULL SCALE CURRENT I
el LIIL 1 T11 15
.01 0.1 1.0 10
Note: A 0.01xF capacitor is recommended for fixed reference operation. FREQUENCY, MHz
Figure 2b
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412-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé6012

INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS

CMOS, HTL

ECL
QO +15V —1
p $ 13k
< ‘)
“A” ¢ “ar -_Kznsstu
2N3904 -LEZNGSCM
< 20k0 TO PIN 13 S 3ok 3k TO PIN 13
$ Vic b3 vy Vic
:E 6.2k
= —52v

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(+)

R
REF 14

R15
15
Vrer(-)

Veer(-) NOTE:
Irs = R * 4 RRer SETS Irs; R15 IS FOR A
BIAS CURRENT CANCELLATION.

RECOMMENDED FULL-SCALE
ADJUSTMENT CIRCUIT

14 | LOW T.C.
= R15 O—AMW\——]
Rrer=R15 MA , VRer 4.5kQ 44
(OPTIONAL) 45 Am6012 +5.000V IRer(+)
VN O AN ] 4 sk S SimA™ AmB012
HIGH INPUT R
IMPEDANCE

10kQ I APPROX.
VRer(+) MUST BE ABOVE PEAK POSITIVE SWING OF Viy

POT y 5kQ
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Amé012

APPLICATION CIRCUITS

Am6012 LOGIC INPUTS
5,000kQ 2.000mA
AAA, —
VWA—
RoFF
R3 Ry
A~ AAA—
Ris e f
10kQ ——
P A VREF(+) lo a c -
Am6012 NE535 — Vout
VREF(-) lo b d +
oo
1
L B4 B12
g Rz
OPTIONAL
(SEE CODE TABLE)
_ VRer MSB LsB = =
R14=Toma
Rorr = VREF
OFF = 20mA
MsB LSB | I o
Code Format Connections Output Scale B1 B2 B3 B4 BS B6 B7 B8 B9 B10 B1 Bi2|(mA) |mA) | YOUT
Straight binary; one ac 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 V] 0 0 0 0 0 0 0 0 0 .0001 3.999 .0000
Complementary binary; ag Positive full scale 0 0 0 0 0 0 0 0 0 0 0 0 .000[ 3.999 | 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=25K| 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 | 2.000( 1.999 0024
no true zero output. R1=R3=25K [ (~) 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 1 .001 3.998 |- 9.9927|
g ] Negative full scale 0o 0 o0 o0 o 0 [V o 0 o0 o .000 | 3.999 |- 9.9976|
Offset | 15 complement; offset ac Positive full scale o 1 1 1t 1 1 1t 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 | 200011999 .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 |Negativefullscale—LSB | 1 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-c 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 1 2.001}1.998 .0049
Zero Scale 1 o o o0 o0 0 O O O O O 0 |2000(199 .000
-LsB 0 1 1 1 1 1 1 1 1 1 1 1 1.99912.000 | -.0049)
Negative full scale + LSB 0 0 0 0 0 0 0 0 0 0 0 1 .001 [ 3.998 (- 9.9951
Offset with Negative full scale 6o 0 o o o0 o o0 O o0 o0 o0 O .000 | 3.999 |- 10.000
True Zero  [2's complement; offset e-a-c Positive full scale 0o 1 11 11 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}1.998 .0049
mented (need inverter Zero scale 0 0 o 0 o 0 0 o 0 o0 o 0 {2.000(1.999 .000
at B1). -1LSB 1 1 1 1 1 1 1 1 1 1 1 1 1.999 | 2.000 | - 0.049
Negative full scale+LSB | 1 0 0 0 0 0 0 0 0 0 0 1 .001{3.998 (- 9.9951
Negative full scale 1 0 0 ] 0 0 ) [} 0 [} 0 [ .000 | 3.999 | 10.000
Figure 4

ADDITIONAL CODE

MODIFICATIONS

1. Any of the offset binary codes may be
complemented by reversing the output
terminal pair.
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Am6012

APPLICATION CIRCUITS

CRT DISPLAY DRIVER
T +120VDC
s 3 3 2
60V COMMON ! o
MODE LEVEL \'
CRT
ux” INPUT E I |< “y» INPUT
Ame012 —15V Am6012
fa—1Io To—
NOTES: 1. FULL DIFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE.
2. ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS.
3. INDEPENDENT BEAM CENTERING CONTROLS.
Figure 5
12-BIT HIGH-SPEED A/D CONVERTER
SERIAL CONVERSION TIME vs ACCURACY
l'—l I’ DATA OUT 1.26
o—E S cC DO
2504 SAR D 1.00
CLOCK O———CP 41 (NAT'L,AMD) 00
$—O LSB §
—t—0 o 0.75
2% Q
15V g g
+
0 § 0.50 —— NEs29
o - (TYP)
o Vaer . ANALOG IN \ \
O (0-10V) 0.25
=3
10V 5.000K Qmsa  10Mesa 2.5k0
REF 5.000k 0.00
- msB LS ?o -+ > 100 200 300 400 500 600 700 800
Am6012 > % % NE529 CONVERSION TIME PER TRIAL, ns
comp lo ’
o.1,F CONVERSION | . . | WORST
10.000kQ TIME (ns) CASE
SAR 33 55
NE529 100 150
= = = V(o) = ) = = TOTAL 383ns 705ns
x 13 5.0us 9.1us
Figure 6
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12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER

Amé012

APPLICATION CIRCUITS
INTERFACE WITH 8-BIT MICROPROCESSOR BUS
7 MsB
6
5
KP4 ! Lsa73
BUS 3 6012
2
1
\ 0
E2
[ pp—
Ts LSB
L—1Daa Qaa D3s Q3
::: 1/2LS100 ::: z:: 1/2L8100 :T:
Doa QoA Dos Qos
Ea

TIMING SEQUENCE

. [ 1

QLXK

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

Figure 7
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

FORMERLY: NE5007/5008-F,N

SES5008-F
DESCRIPTION FEATURES ORDERING INFORMATION
The DAC08 series of 8bit monolithic * Fast settling output current—70ns RELATIVE
multiplying Digital-to-Analog Converters ~ * Full scale current prematched to :+1LSB  ACCURACY 010 70°C  -55t0125°C
provide very high speed performance cou- i 3'1_"50";“';"8';309 to TTL, CMOS, ECL, 0.39% FS DAC-08CN
pled with low cost and outstanding applica- ) DAC-08CF
tions flexibility * Relative accuracy to 0.1% maximum over
T . . temperature range 0.19% FS DAC-08EN
ﬁgvarzf:ed c'r‘f";l';'t desu;I;n ac?;e\*/]es 7((1)nst Tet' * High output compliance —10V to +18V DAC-08EF  DAC-08F
ing times wi tyery h:w gtl ch an ",a | % o True and complemented outputs DAC-08ED
erformance 1s attained over a wide 20 fo 1 ¢ ide range mutiplying capability 0.1% FS  DACOBHF  DACOBAF
. ift—=t ° X
reference current range. Matching to within 1~ | ;Z:e:i;z:r::;;';f:an gl?gz‘slv(t:o +18V DAC-08HN
LSB between reference and full scale cur- . ; N
rents eliminates the need for full scale trim- Low power consumption—37mW at & 5V
ming in most applications. Direct interface to
all popular logic families with full noise PIN CONFIGURATION
immunity is provided by the high swing, APP|.-|CAT'0NS F.N PACKAGE
adjustable threshold logic inputs. ® 8-bit, 1us A-to-D converters ’
® Servo-motor and pen drivers
Dual complementary outputs are provided, e Waveform generators e [ 1 comp
increasing versatility and enabling differential e Audio encoders and attenuators -
operation to effectively double the peak-to- e Analog meter drivers i [2] 15] VREF -
peak output swing. True high voltage com- e Programmable power supplies v- [3] [1a] VREF+
pliance outputs allow direct output voltage e CRT display drivers 1o (2] (73] v+
conversion and eliminate output op amps in e High speed modems Bo il
many applications. ® Other applications where low cost, high By (MsB) 5] i2] B5(LsB)
All DAC-08 series models guarantee full 8-bit s-p.eed and complete input/output versa- ez [&] 1 e
monotonicity and linearities as tight as 0.1% gllty are required. . By L7 0] Be
over the entire operating temperature range rogrammable galr and attentuation By [8 9] Bs
are available. Device performance is essen- ° Analog-Digital Multiplication
tially unchanged over the +4.5V to +18v ° Stepping motor drive
power supply range, with 37mW power con- TOP VIEW
sumption attainable at + 5V supplies. ORDER NUMBER
The compact size and low ppwer consump- g:‘ggg,’:': :E:ggg::
tion make the DAC-08 attractive for portable DAC-08HF,N NE5009F,N
and military aerospace applications. DAC-08CF,N NES5007F,N
D® PACKAGE
DAC-08 ABSOLUTE MAXIMUM RATINGS
- v+ [3 16] Bg(LSB)
PARAMETER RATING UNIT i olLS8)
VRer+) [2] [15] 8
Power Supply Voltage, V + to V- 36 \Y v ] .
VeVia Digital Input Voltage V= toV—plus 36V Rer-) [8 14] Bg
Vic Logic Threshold Control V- toV+ compeN [4] 73] B85
Vo Applied Output Voltage V-to +18 \% Vic [5] [12] By
lig Reference Current 5.0 mA e =
Vi, Vis  Reference Amplifier Inputs Ve to Ve o 5] S
Po Power Dissipation (Package Limitation) v- [T 1] B,
Ceramic Package 1000 mwW lo [8] (9] B4(MsB)
Plastic Package 800 mw
Lead Soldering Temperature (60 sec) 300 °C
Ta Operating Temperature Range TOP VIEW
DAC-08, DAC-08A -55t0 +125 °C ORDER NUMBER
DAC-08C, E, H Oto +75 °C DAC-08ED
Tste Storage Temperature Range —-65to +150 °C
NOTES:
1. SOL - Released in Large SO package only.
2. SOL and non-standard pinout.
3. SO and non-standard pinouts.
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

BLOCK DIAGRAM

CURRENT
SWITCHES

NETWORK 1 —t i3 lout
§

) DU R PR SPUR AP -
sRBRREl

VRer(-) 15 NL

b3

b3
REFERENCE
AMPLIFIER

160 3
COMP. V-
TEST CIRCUIT
Ry
AAA-
CONTROL|
L—O ERROR
LOGIC w ouTPUT

REFERENCE DAC
ACCURACY >0.006%

Figure 1. Relative Accuracy Test Circuit

Signetics
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8-BIT MULTIPLYING D/A CONVERTER ‘ DAC-08 SERIES

TEST CIRCUITS (Cont'd)

®in

+2.0Vde !
! X tpHL =tpLH =10ns
USE R to GND

:;E va 1.0K 1ov FOR TURN OFF
SETTLING TIME MEASUREMENT

; 1 o T OMF R, = 5000
10K| SR L=
DAC- FOR SETTLING TIME
9| DAC-08 ::Jg 3 . A .

= = MEASUREMENT A

\/
0.1uF ce 24v K__\ 1.4V

ot CBo= 4 ee, ALLBITS
-kl 16 SWITCHED LOW tg = 70ns TYPICAL
%in L 12 | TO HIGH). TO =1/2LSB
51 15pF == Cg < 25pF | l
O1F 93 TTe TRANSIENT ©
. — RESPONSE ;:.N=45% anD

110 p __J_L -100 1
- Vee ™~ ten —{[~tpHL

Figure 2. Transient Response and Settling Time

B
Vv, 0

<
<
<
|l}-—

10% 0
SCOPE a_lav 90%
dt “L dt 2.0mA
SLEWING TIME
Figure 3. Reference Current Slew Rate Measurement
Vee
lcc TYPICAL VALUES Ryq = Ryg = 1K
| VREF = +2.0V
13 | C=15pF V) AND I) APPLY TO INPUTS A; THROUGH Ag
. 14
M s
Aq o2 14 W VREF (+)
Aot THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE
*7 15— ls BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS.
Az o]
piaraL | 4° . R
Y Ay Ay Ay Ag A A7 A
pUTS | Asol] DAcos |2 | o =K {_‘+_2+_=+_4+_5+“_n_7+_u
Ago’® L 27278 18 32 84 128" 756
Aroll »—40—————-—Q—a OUTPUT
701 — v
Aaoi 116 o where K = REF
L — AL Riq

(+)h c
v 3

y and Ay ="1" IF Ay IS AT HIGH LEVEL

=, = An="0" IF Ay IS AT LOW LEVEL
EE yge  (SEETEXT FORVALUES OF C)

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

DAC-08 SERIES

ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R;s is returned.
Vee= % 15V, Igge = 2.0mA, Output characteristics refer to both IOUT and IOUT unless
otherwise noted. DAC-08C, E, H: T,=0°C to 70°C. DAC-08/08A: Tp= —55°C to 125°C.

DAC-08C DAC-08E DAC-08H
PARAMETER TEST CONDITIONS DAC-08 DAC-08A UNIT
Min | Typ | Max | Min| Typ | Max | Min| Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity* 8 8 8 8 8 8 8 8 8 Bits
Relative accuracy ~ Over temperature range +0.39 +0.19 +0.1| .%FS
Differential nonlinearity +0.39 +0.19 +0.19] %FS
tg Settling time To+1/2 LSB, all bits 70 135 70 135 70 135 ns
switched on or off, To=0°C
Propagation delay ns
t Low-to-high Ta=25°C, each bit.
PLH
torL High-to-low All bits switched 3 | 60 3 | 60 3 | 60
TClgg Full scale tempco 10 10 +10 |+50 | ppm/°C
Voc Output voltage Full scale current change |-10 +18 | -10 +18 | -10 +18 \"
compliance <1, LSB
IS4 Full scale current | VREF=10.000V, 194 | 199 | 2.04 [ 1.94| 1.99 | 2.04 | 1.984] 1.992 | 2.000f mA
R4, R15=5.000k (2,
IEss Full scale lFS4"I Fs2 2.0 | 16 +1.0 | ¥8.0 1.0 |+4.0 MA
symmetry
'ZS Zero scale current 0.2 4.0 0.2 2.0 0.2 1.0 HA
R4 Ry5=5.000kQ
lFsR Full scale output  |Vgge= +15.0V, V- = - 10V| 2.1 2.1 2.1 mA
current range Veeg= +25.0V, V- = —12V | 4.2 4.2 4.2
Logic input levels \
" Low 0.8 0.8 0.8
IL =
Vin High Vic=ov 20 20 2.0
Logic input current | V| c=0V MA
I Low VIN=-10V to +0.8V -2.0 | -10 -20 | -10 -20 | -10
IR High V|N=2.0V to 18V 0.002 | 10 0.002| 10 0.002 | 10
Vis Logic input swing | V-=-15V -10 +18 | -10 +18 | -10 +18 \
VTHR Logic threshold Vg=t15V -10 +13.5] -10 +13.5| -10 +13.5 \
range
lys Reference bias -1.0 { -3.0 -1.0 | -3.0 -1.0 | -3.0 HA
current
dl/dt Reference input 4.0 8.0 4.0 8.0 4.0 8.0 mA/us
slew rate
Power supply IREp=1MA %FS/%VS
sensitivity
PSSI FS+ Positive V+=4.5 to 5.5V, V-=-15V, 0.0003{ 0.01 0.0003| 0.01 0.0003| 0.01
V+=13.5 to 16.5V, V-=-15V
PSSIgg_ Negative V-=-4.5 to -5.5V, V+=+15V; 0.002 | 0.01 0.002 | 0.01 0.002 | 0.01
V-=-13.5 to -16.5, V+=+15V
Powersupplycurrent mA
I+ Positive _ _ 3.1 38 3.1 38 3.1 3.8
I- Negative Vs=+5V, IREF=1.0mA 43 | -58 43 | 58 43 | 58
I+ Positive _ _ 31| 38 3.1 38 3.1 3.8
- Negative V=8V, -15V, IrgF=2.0mA ~71| -78 -71 | -78 -71 | -78
I+ Positive _ _ 3.2 3.8 3.2 3.8 3.2 3.8
I- Negative V=15V, IRgp=2.0mA 72| -78 —72 | -78 72 | -78
Pp Power dissipation | *5V, IRgF=1.0mA 37 48 37 48 37 48 mwW
+5V, -15V, Iggp=2.0mA 122 | 136 122 136 122 136
£15V, Iggp=2.0mA 156 | 174 156 | 174 156 | 174
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT CURRENT vs OUTPUT
VOLTAGE (OUTPUT
VOLTAGE COMPLIANCE)

FAST PULSED
REFERENCE OPERATION

TRUE AND COMPLEMENTARY
OUTPUT OPERATION

PROPAGATION DELAY (ns)

LSB PROPAGATION DELAY

vs IFS
300
200
N
I 1LSB=78nA 1LSB=7.8,A
0 mvllmwumooco
88383 8353 - & "

|gg — OUTPUT FULL SCALE CURRENT (mA)

IREF — REFERENCE CURRENT (mA)

REFERENCE INPUT
FREQUENCY RESPONSE

4
& 2
2
=
N
g -2 N
5 _4|_Ryz=Ryg=1ka [N
° _ 6l RL = 5000 b 1 2| []
> ALL BITS “ON” 1T
5 -8 —VR15=0V
w -10
€, AVAN
-14
0.1 02 0.5 10 20 50 10
FREQUENCY (MHz)
Curve 1: CC=15pF, V|y=20V pp centered at
+1.0V.
Curve 2: CC=15pF, V|\=50mV p-p centered at
+200mV.
Curve 3: CC =0pF, V| = 100mV:p-p centered at OV

and applied thru 500 connected to pin 14,
+2.0V applied to Ryy4.

ALL BITS ON
3.2 ————
TA=Tmin TO Tmax .25V
3 2.8 | ' | ViN
E 24 }
E ootV V-=—sv] lrer=2ma el omA : 15T
g X l -l —P.SmA poy N L
H] 1.6—¢ ) lout ' \ J +omA . L~
5 12 IREF = TMA: =25mA \ -
a — Ly
g osl{f 1 _—
3 T T 2.0mA lout
0.4 IREF =0.2mA
ol PN PR PR AP Y I _
-14 -10 -6 -20 10 14 18 ns/division
OUTPUT VOLTAGE (V) Rgq = 2009,R|_ = 1000, CC=0 (00000000) (11111111)
FULL SCALE SETTLING TIME LSB SWITCHING FULL SCALE CURRENT vs
REFERENCE CURRENT
ALL BITS SWITCHED ON
2.4V 1
5.0 T T T
0.4V - T LIMIT FOR
_ 2 LTA=TminTOTmax o™ 4
OUTPUT -% LsB BITs 24V E  alCefanialt —v- = - 1Y P—
SETTLING +1LSB LOGIC [ £ 40
INPUT g4V o
ov € 3
Z 30
8.4 o
lout / 5
0 2 20
5 LIMITFO
50ns/DIVISION ? . V- = -5V
Ipg =2mA, R =1kQ ¥2LSB = 4uA S0ns/division _ﬁ.)
0 10 20 30 40 50
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

REFERENCE AMP COMMON

MODE RANGE
ALL BITS ON
3.2
TA=Tmin TO Tryax
28
g [ T[]
f- 24
Z o|Vo oISV Vo= sV] Vi =8y
w2
£ | | ‘rer=2ma
3 16 I
512 LL 1
5 08 { IREF = 1mA —
04 IREF =0.2mA —|
olf PR IR I
-14-10 -6 -202 6 10 14 18

V45 — REFERENCE COMMON MODE VOLTAGE (V)
Positive common mode range is always (V+) - 1.5V

OUTPUT VOLTAGE COMPLIANCE

OUTPUT VOLTAGE (V)

LOGIC INPUT CURRENT vs

INPUT VOLTAGE
8.0
Z 60
w
o«
©<
2
© a0
et
>
o.
z
o 20
%3
o
-
0
-12 -8 -4 0 4 8 12 16

LOGIC INPUT VOLTAGE (V)

vs TEMPERATURE BIT TRANSFER CHARACTERISTICS
4 T T
<12 TT 11 ﬂ
E IREF =2.0mA| B
510 L
w
g o8
3
§ 0.6 |D2
g 04 ™
0.2 V- =-5V Ba
I -
ol T T T TN Bs
- 50 0 50 100 150 -12 -8 -4 0 4 8 12 16

TEMPERATURE (°C)

LOGIC INPUT VOLTAGE (V)
NOTE

B, through Bg have identical transfer characteristics.
Bits are fully switched, with less than ', LSB error, at
less than :100mV from actual threshold. These switch-
ing points are guaranteed to lie between 0.8 and 2.0

volts over the operating temperature range (VLC =
0.0v)

POWER SUPPLY CURRENT

VTH-Vic V)

Vo - Vi c vs TEMPERATURE

-50 0 50 100
TEMPERATURE (°C)

150

POWER SUPPLY CURRENT vs V+

POWER SUPPLY CURRENT (mA)

8
ALL BITS HIGH OR LOW

7 I —
6

5

4

3 1+

2

1

0

0 2 4 & 8 10 12 14 16 18 20

V4 — POSITIVE POWER SUPPLY (Vdc)

MAXIMUM REFERENCE INPUT
FREQUENCY VS. COMPENSATION

POWER SUPPLY CURRENT vs V- vs TEMPERATURE CAPACITOR VALUE
s 8 10,000
z BITSMAY BEHIGHORLOW[ | 2 ALL BITS HIGH OR LOW
£ I— WITH Ipgp = 2mA 7 V- = -5V [
s & o | z = s
w w o
g . [T 1T 11 1l E IREF =2.0mA
3 I— WITH Iggg = 1mA 3 1,000
>~ 4 —— > 4 &
E . 1— WITH IREF=oimA E ol - o z
£ — > V4 =+15V I+ 3
a 5 | » 2 3
& Ny & - ™
3 1 2 1 100
) I °
& 9 ]
0 -40 -80 —12 -16 -20 “50 [) 50 100 150
V- — NEGATIVE POWER SUPPLY (Vdc) TEMPERATURE (°C) ;
10 I
1 10 100 1,000
Cc (pPF)
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LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL APPLICATION

PULSED REFERENCE OPERATION

+VREF
% [ OPTIONAL RESISTOR
. { FOR OFFSET
3 L iNpuTs
RIN YRper
“REQ
= 2000

ovd L

Rp

REQ=R || Rp

TYPICAL VALUES

RN = 5K
V)N = 10V

FUNCTIONAL DESCRIPTION

Reference. Amplifier Drive and
Compensation

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

Connectlons for a positive reference volt-
age are shown Iin Figure 1. The reference
voltage source supplies the full reference
current. For bipolar reference signals, as
In the multiplying mode, R15 can be tied to
a negative voltage corresponding to the
minimum input level. R15 may be elimina-
ted with only a small sacrifice in accuracy
and temperature drift.

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

A negative reference voltage may be used if
R14 is grounded and the reference voltage is
applied to R15, as shown. A high input impe-
dance is the main advantage of this method.
The negative reference votage must be at
least 3.0V above the Vgg supply. Bipolar input
signals may be handled by connecting R14 to
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a positive reference voltage equal to the
peak positive input level at pin 15.

When using a DC reference voltage, capac-
itive bypass to ground is recommended.
The 5.0V logic supply is not recommended
as a reference voltage, but if a well
regulated 5.0V supply which drives logic is
to be used as the reference, R14 should be
formed of two series resistors with the
junction of the two resistors bypassed
with 0.1xF to ground. For reference volt-
ages greater than 5.0V, a clamp diode is
recommended between pin 14 and ground.

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

Output Voltage Range

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

Output Current Range

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

Accuracy

Absolute accuracy is the measure of each
output current level with respect to its in-
tended value, and is dependent upon
relative accuracy, full scale accuracy and
full scale current drift. Relative accuracy
is the measure of each output current
level as a fraction of the full scale current
after zero scale current has been nulled
out. The relative accuracy of the DAC08
series is essentially constant over the
operating temperature range due to the
excellent temperature tracking of the
monolithic resistor ladder. The reference
current may drift with temperature, caus-
ing a change in the absolute accuracy of

Signetics

output current. However, the DACO08
series has a very low full scale current
drift over the operating temperature range.

The DACO08 series is guaranteed accurate
to within +£1/2 LSB at +25°C at a full
scale output current of 1.992mA. The rela-
tive accuracy test circuit is shown in
Figure 1. The 12-bit converter is calibrated
to a full scale output current of
1.99219mA, then the DACO08 full scale cur-
rent is trimmed to the same value with R14
so that a zero value appears at the error
amplifier output. The counter is activated
and the error band may be displayed on
the oscilloscope, detected by com-
parators, or stored in a peak detector.

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

+0.19% specification of the DAC08
serles.
Monotoniclty

A monotonic converter is one which
always provides analog output greater
than or equal to the preceding value for a
corresponding increment In the digital In-
put code. The DACO8 series is monotonic
for all values of reference current above
0.5mA. The recommended range for opera-
tion Is a DC reference current between
0.5mA and 4.0mA.

Settling Time

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

Extra care must be taken in board layout
since this usually is the dominant factorin
satisfactory test results when measuring
settling time. Short leads, 100uF supply
bypassing for low frequencies, minimum
scope lead length, and avoidance of
ground loops are all mandatory.



LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

SETTLING TIME AND PROPAGATION DELAY
D1, D2 = IN6263 or equivalent

Vg+ = +15V
D3 = IN914 or equivalent ?
C1=001ut v
Ca2, Ca=0.1uf N _L
Q1 = 2N3904 or equivalent L—( ) C3
Ca, Cs = 15pf and includes all =
probe and fixturing capacitance
Q4
Ry= <L
10000 $
Ryg=5kQ 7 8 9101112 13 \
VRep =10V o—A—— 14 4

Vany

AAA

I
+

Vg=- = -15V =

IREF =2MA put Vo P1lp,
15 2
<
18 3 1 L R
Ryg=5ka Cs == 3500 1
ale | Til]
H l

BASIC DAC-08 CONFIGURATION

+VREF
RREF 1'REF
% 58
(LOW T.C) 14

15

3
V- v +L_l
= Ccomp
I

T 0.14F
< VRet | 255

X — ;lo +To = Ifs for all logic states
RRet 256

Irs

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST

VREF
Ry
Rz
% R3

Ri=low T.C.
R3=Ri +R2
Rz = 0.1 Ry to minimize
pot. contribution to full scale drift Rg =20k0

Signetics
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LINEAR LS| PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT

5k (LOWT.C)

Vour=
07O +10V

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT

a) Positive Output v=tov
5k 5k
‘)
AN —oVour
lR=2mA__ DAC-08
o—a -
2 / -oVout
b) Negative Output ? vour

Ig=2mA

-
14 DAC-08 )

2
——)'—“”_1

[o p—
Vout

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY)

V=10V
<
‘ :;ﬂ)kﬂ
Ig=2mA 4 ] 10k
—_—
o " DAC.08
\/
2 out
Vour
CODE CHART
By By B3 By Bs Bg By Bg Vour Vour
POS full scale LA S H A I B B | -9.920v +10.000
POS fs. - 1LSB Tt 11 1 1 1 1 0 -9.840V +9.920
+ Zero scale + 1LSB 1 0 0 0 0 0 0 1 -0.080V +0.160
Zero scale 1 00 0 0 0 0 O 0.000 +0.080
Zero scale - 1L.SB o 1t 1t 1 1 1 1 1 0.080 0.000
Neg fuil scale ~ 1LSB ¢ 0 0 0 0 0o o0 1 +9.920 -9.840
Neg full scale 0O 0 0 0 0 0 0 O +10.000 -9.920

4-48

Signetics




LINEAR LSI PRODUCTS

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

SYMMETRICAL OFFSET BINARY (BIPOLAR 3 DIGIT BCD CONVERTER
( ) A 3 digit BCD converter, using inexpensive
1 8-bit binary DACs, can achieve £0.1% accu-
AA— racy. The circuit shown in Figure 20 utilizes
three DACs, one for each decade, to provide
Ip=2mA A\ - 0 to 999 output steps. DAC 1 contains the
o——11a first four significant digits controlling the
bAc-08 ° hundreds digit; DAC 2 controls the tens
2 + digit and DAC 3 steps 0 to 9. The feedback
R resistor (R7) sets the zero scale at 0.00V.
The input coding is the popular 8-4-2-1
= coding; i.e. the weighting ratios are 8, 4, 2
and 1. The full scale (999) BCD code is input
Vout =0 to +V* code 100110011001.
+V *Range: Full scale adjustment procedure.
+5V for R1 = Rz = 2.5K ) .
+10V for Ry = Rz = 5.0K Inthe sequence below, switch on the follow-
ing code combinations and adjust the indi-
cated potentiometer for the proper output.
3 DIGIT BCD CONVERTER WITH +0.1% ACCURACY
3 N ™ <
VRep=10V S ooa INPUT CODE ADJUST | DESIRED
? MSD | LSD | POT | OUTPUT
1. | 000000000000 R7 0.000V
Ry Ry 2. | 000000001001 R3 0.09V
14 5-12 3. | 000010011001 Ro 0.99V
t 15 DAC-08H ‘4. | 100110011001 Ry 9.99V
1K 45K :
1
+15V - 15V
W © N~ ©
)
T T T Rg.gk*0.1%
fo R VWA
VWA—AAM 14 5-12 2 1 +15V
Lt 15 DAC-08E =
10K asK
1 4
13 16 3
0.01,F
+ 15V —~15V
-
S5d %
R R T T T T
v.fA_ AvAfAf 14. 5-12 2 1
DAC-08C =
100K 450K 15
1 1B 16 3
= ’ E&omw
+15V —15V

Signetics
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LINEAR LSI PRODUCTS

8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

DESCRIPTION

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

FEATURES

* Fast settling time— 70ns (typ)
Relative accuracy +0.19% (max error)
Non-inverting digital inputs are TTL and
CMOS compatible -

High speed multiplying rate 4.0mA/us
(input slew)

Output voltage swing +.5V to -5.0V
Standard supply voltages + 5.0V and
-5.0V to -15V

Military qualifications pending

APPLICATIONS

Tracking A-to-D converters
2/,-digit panel meters and DVM’s
Waveform synthesis

Sample and hold

Peak detector

Programmable gain and attenuation
CRT character generation

Audio digitizing and decoding
Programmable power supplies
Analog-digital multiplication
Digital-digital multiplication
Analog-digital division

Digital addition and subtraction
Speech compression and expansion
Stepping motor drive

Modems

Servo motor and pen drivers

e o & & 0 0 0 0 0 0 0 0 0 0 0 o o

CIRCUIT DESCRIPTION

The MC1508/MC1408 consists of a refer-
ence current amplifier, an R-2R ladder, and
8 high speed current switches. For many
applications, only a reference resistor and
reference voltage need be added.

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

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

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

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

PIN CONFIGURATION

F,N PACKAGE
Ne [1 [16] compeEN
ano (2] 5] Vnerto)
vee (7] 73] VRer(+)
1o [7] 3] vee
(MsB) Aq [5] 12] Ag (LSB)
Ay E A7
A3 7] [10] Ag
Aq[E] [5] A
TOP VIEW
ORDER NUMBERS
MC1508-8F  MC1408-7N
MC1408.7F
D® PACKAGE
V4 m 16] Ag(LSB)
VRer(+) [2] [15] A7
VRer(-) [3] 1] Ag
COMPEN [4] [13] As
Ne [5] [12] Aq
GND (6] (1] A3
v- [7] 0] A,
1o (8]} 9] Aq(MSB)
TOP VIEW
ORDER NUMBER
MC 1408-8D

NOTES:

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

3. SO and non-standard pinouts.

BLOCK DIAGRAM

MsB LsB
PARAMETER RATING UNIT Ay Az Ag Ag A5 Ag Ay Ag
Power Supply Voltage s f6 f7 %8 fo F10 11
Vee Positive +5.5 \Y <o
Vee Negative 165 v [ CURRENT SWITCHES 4
Vg-Vy,  Digital Input Voltage 0to Vee v LTITTITT I
Vo Applied Output Voltage -52t0 +18 \ l R-2R LADDER J cuanlégm—l"’ 2
lia Reference Current 5.0 mA VREF T T GND
Vis, Vis  Reference Amplifier Inputs Ve to Veo 14“8)_ REFERENCE | 13
Pp Power Dissipation (Package Limitation) 15 o CURRENT | Vce
Ceramic Package 1000 mw =) AMPLIFIER | ..
Plastic Package 800 mw VREF ) COMPEN
Lead Soldering Temperature (60 sec) 300 °C
Ta Operating Temperature Range NPN CURRENT SOURCE PAIR
MC1508 -55t0 +125 °C
MC1408 Oto +75 °C
Tsta Storage Temperature Range —-65to + 150 °C
4-50 Signetics




LINEAR LSI PRODUCTS

8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

DC ELECTRICAL CHARACTERISTICS!

Pin 3 must be 3V more negative than the potential to which R1s is returned.

Vge = +5.0Vdc, Vee = -15Vdc,

Vret

unless otherwise specified. R .
MC1508: Ta =-55°C to 125°C. MC1408: Ta=0°Cto75°C

unless otherwise noted.

= 2.0mA

TEST MC1508-8 MC1408-8 MC1408-7
PARAMETER UNIT
CONDITIONS Min | Typ Max Min Typ Max Min Typ Max
Er Relative accuracy|Error relative +0.19 +0.19 +0.39 %
to full scale
lo, Figure 3
ts Setting timet |10 Within /2 LSB, 70 70 70 ns
includes t'PLH,
T'A=+25°C,
Figure 4
Propagation delay| K ns
time .
tPLH Low-to-high Ta = 1+25°C,
tPHL High-to-low Figure 4 35 100 3 100 3 100
TClo Output full scale -20 -20 -20 PPM/°C
current drift
Digital input Vdc
logic level (MSB)
ViH High Figure 5 2.0 2.0 2.0
ViL Low 0.8 0.8 0.8
Digital input Figure 5 mA
current (MSB)
liH High ViH = 5.0V 0 0.04 0 0.04 0 0.04
liL Low ViL = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8
l1s5 Reference input |Pin 15, Figure 5 -1.0 ~50 -1.0 -5.0 -1.0 -50 uA
bias current
loR Output current Figure 5 mA
range
9 Ve = 5.0V ol 20 | 21 o | 20 2.1 o | 20 2.1
VEE =-7.0V to 0 2.0 4.2 0 2.0 4.2 0 20 4.2
=15V
lo Output current Figure 5
Vref = 2.000V, 1.9 1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 mA
R14 = 10000}
lominy  Off-state All bits low 0 4.0 0 4.0 0 4.0 uA
Vo Output voltage Er<0.19% at Vdc
compliance Ta=+25°C,
Figure 5
Ve = -5V -06. Lo55,+05 =06, 1055,40.5 ~0.6, 1,055,405
+10 +10 +10
-55 -55 -5.5
- ’ X X '’ |-5.0,4+0.5 ’ |-5.0,+0.5
VEE below -10V +10 I-5.0,+0.5 +10 +10
SRlret Reference current|Figure 6 8.0 8.0 8.0 mA/us
slew rate
PSRR(-)Output current  [lret = 1MA 0.5 2.7 0.5 2.7 05 2.7 wAN
power supply
sensitivity
Power supply mA
current
Icc Positive All bits low, +2.5 +22 +25 +22 +2.5 +22
113 Negative Figure 5 -6.5 -13 -6.5 -13 -6.5 -13
Power supply Vdc
voltage range
Vcer Positive Ta=+25°C, +451 +5.0 +5.5 +45 | +5.0 +5.5 +4.5 | +5.0 +5.5
VEER Negative Figure 5 -4.5 -15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5
Po Power dissipation| All bits low, Yy
Figure 5
Ve = -5.0Vdc 34 170 34 170 34 170
Vee = -15Vdc 110 305 110 305 10 305
NOTES:
1. All bits switched.
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

TYPICAL PERFORMANCE
CHARACTERISTICS

D-to-A TRANSFER CHARACTERISTICS

N

2.0

1o, OUTPUT CURRENT (mA)
o

(00000000) INPUT DIGITAL WORD (11111111)

FUNCTIONAL DESCRIPTION

Reference Amplifier Drive
and Compensation

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

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

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

A negative reference voltage may be used
if Rqyy is grounded and the reference
voltage is applied to Rys; as shown in
Figure 2. A high input impedance is the
main advantage of this method. The
negative reference voltage must be at
‘least 3.0V above the Vgg supply. Bipolar
input signals may be handled by connect-
ing Ry, to a positive reference voltage
equal to the peak positiveinput level at pin
15.

Capacitive bypass to ground is recom-
mended when a DC reference voltage is
used. The 5.0V logic supply is not recom-
mended as a reference voltage, but if a
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well regulated 5.0V supply which drives
logic is to be used as the reference, Ry,
should be formed of two series resistors and
the junction of the two resistors bypassed
with 0.1xF to ground. For reference voltages
greater than 5.0V, a clamp diode is recom-
mended between pin 14 and ground.

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

Output Voltage Range

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

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

Output Current Range

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

Accuracy

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

Signetics

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

Two 8-bit D-to-A converters may not be
used to construct a 16-bit accurate D-to-A
converter. Sixteen-bit accuracy implies a
total of £1/2 part in 65,536, or +0.00076%,
which is much more accurate than the
+0.19% specification of the MC1508/
MC1408.

Monotonicity

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

Settling Time

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

Extra care must be taken in board layout
since this usually is the dominant factor in
satisfactory test results when measuring settl-
ing time. Short leads, 100xF supply bypass-
ing for low frequencies, minimum scope lead
length, good ground planes, and avoidance of
ground loops are all mandatory.
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

TEST CIRCUITS
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14
PO ma L
15

1 Ris
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R
4 = L
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Figure 1. Positive Vpgr
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Figure 2. Negative Vper
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8-BIT MULTIPLYING D/A CONVERTER | 4 MC41508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)
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Figure 3. Relative Accuracy
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B = 4 e, (ALLBITS
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Figure 4. Transient Response and Settling Time
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8-BIT MULTIPLYING D/A CONVERTER MC1508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

Vee
IcC  TYPICALVALUES Rqq=Rq5= 1K
‘ VREF = +2.0V
13 C=15pF
. V) AND I; APPLY TO INPUTS Aq THROUGH Ag
- 14
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Figure 6. Reference Current Slew Rate Measurement
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C
DESCRIPTION APPLICATIONS PIN CONFIGURATION
The MC3410 series are 10-Bit Multiplying e § ive approximation A/D F PACKAGES
Digital-to-Analog Converters. They are converters .
capable of high-speed performance, and e« High-speed, automatic test equipment Vee [1 16] VRer
are used as general-purpose building e High-speed modems GND [2 5] VRer -
blocks in cost-effective D/A systems. * Waveform generators ouTPUT [T ] 3] Vee
The Signetics’ design provides complete * CRT displays Dy (MsB) [4 13]D1o (LSB)
10-bit accuracy without laser trimming, ° Strip CHART and X-Y plotters ! 2 o
and guaranteed monotonicity over temper-  * Programmable power supplies 02 3] 12105
ature. Segmented current sources, in con. * Programmable gain and attenuation 03 [€] 11] Ds
junction with an R/2R DAC provides the D4 [7] 10] D7
binary wgqghted currents. The output buf- 0s [E] 7106
fer amplifier and voltage reference have
been omitted to allow greater speed, lower TOP VIEW
cost, and maximum user flexibility. ORDER NUMBERS
MC3410F MC3410CF MC3510F
FEATURES ABSOLUTE MAXIMUM RATINGS T,= +25°C unless otherwise noted
¢ 10-bit resolution and accuracy (+£0.05%) SYMBOL AND PARAMETER RATING UNIT
¢ Guaranteed monotonicity over Voo Power Supply 70 Vdo
temperature v 18 vd
« Fast settling time—250ns typical . EE ) - c
« Digital inputs are TTL and CMOS v, Digital Input Voltage +15 Vdc
'?T"a t"bFl’e sa Vo Applied Output Voltage 0.5, =5.0 Vdc
. md pa " ut volt moliance ran lrerrg Reference Current 25 mA
. Hichame e o o "uge Vmer | Reference Amplitier Inputs Veo, Ver vde
'go'sxf‘* ultiplying input slew rate Vrer Reference Amplifier Differential Inputs 0.7 vde
. ;f mA/us lifier int " Ta Operating Temperature Range
[} erencetaf:pl ier internally MC3510 _5510 +125 c
. ;?;%earr‘:as: ly voltages + 5V and MC3410, 3410C Oto +70 °C
15V pply 9 Ty Junction Temperature
- Ceramic Package +175 °C
Plastic Package + 150 °C
BLOCK DIAGRAM
MsB LsB
Dy D2 D3 D4 Ds Dg Dy Dg Dg Dig
Td Ts Ts T7 Ts Ts T1o$11T12T13 o
2o
CURRENT SWITCHES |
HEEERRERN
LADDER TERMINATORS
R-2R LADDER -'
16
VREeF(+) 0— -
Vnsrr(—)oE BIAS
[ circutTRY
REFERENCE 14
CURRENT —o Ve
AMPLIFIER
l1 lz
Vee GND
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410-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

DC ELECTRICAL CHARACTERISTICS Vic= +5.0Vdc, Vge =

Veer _
- 15Vde, m =

MC3510: Tp= —55°C to + 125°C, MC3410 Series: To=0°to +70°C
unless otherwise noted.

2.0mA, all digital inputs at high logic level.

MC3510, MC3410 Mc3410C
SYMBOL AND PARAMETER TEST CONDITIONS - UNIT
Min Typ Max Min Typ Max
Relative accuracy (Error Cse +0.05 +0.1 %
& relative to full scale lp) Ta=25%C 1/4 1/2 LSB
Relative accuracy drift o
TCE, (Relative to full scale Ig) 25 25 ppm/*C
Monotonicity Over temperature 10 10 Bits
Settling time to within T.=25°
ts + 2 LSB (all bits low to high) a=25°C 250 250 ns
teLn . ! T,=25° 35 35
o Propagation delay time A=25°C 20 20 ns
TClg Output full scale current drift 60 70 ppm/°C
Digital Input Logic Levels
(All bits)
Vin High Level, Logic “1" 2.0 2.0 vde
Low Level, Logic “0” 0.8 0.8
Digital Input Current (All bits)
Iy High Level, V;y=5.5V +.04 +.04 mA
I Low Level, V, =0.8V -0.05 -0.4 -0.05 -0.4
Reference Input Bias Current
IREF1S  (pin 18) P -10 | -50 -10 | -50 A
lor Output Current Range 4.0 5.0 4.0 5.0 mA
lon Output Current (All bits high) Vaer = 2.000V, 3.8 3.996 4.2 3.8 3.996 4.2 mA
R1s = 10000
loL Output Current (All bits low) Ta=25°C 0 2.0 0 4.0 A
) . -2.5 -2.5
Vo Output Voltage Compliance Tp=25°C +0.2 402 Vdc
Reference Amplifier Slew
SRIREF  Rate 20 20 mA/us
ST Ingr ?gference Amplifier Settling 0to 4.0mA, +0.1% 20 20 us
ime
PSRR(~) gutbut Current Power Supply 0.003 | 001 0003 | 002 | %I%
ensitivity
Co Output Capacitance Vo=0 25 25 pF
Digital Input Capacitance
G (All bits high) 40 40 PF
lec Power Supply Current +18 +18
. mA
lee (All bits low) -11.4 -20 -11.4 -20
Vee +475 | +50 | +5.25 | +475 | +5.0 | +5.25
Power Supply Voltage Range Tao=25°C Vde
Vee -14.25 -15 -15.75 |-14.25 -15 -15.75
Power Consumption
(All bits low) 220 380 220 380 mwW
(All bits high) 200 200
Signetics 4-57
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MC3410, MC3510, MC3410C

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
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I 30
E
e Vee= +5.0V
z Vge= - 15.0V _|
g 20 Ta=25°C
;g’ IReF=2mMA —
S 10
2
a
5
o 0

-1.0

-5 -3 -10 1 3 5
COMPLIANCE VOLTAGE (VOLTS)

Figure 1. Output Current vs. Output Compliance Voltage
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Figure 2. Maximum Output Compliance
Voltage vs. Temperature
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Figure 3. Power Supply Currents vs. Temperature
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Figure 4. Reference Amplifier Frequency Response
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410-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

CIRCUIT DESCRIPTION

The MC3410 consists of four segment cur-
rent sources which generate the 2 Most
Significant Bits (MSBs), and an RI2R DAC
implemented with ion implanted resistors
for scaling the remaining 8 Least Signifi-
cant Bits (LSBs). (See Figure 5. This
approach provides complete 10-bit accur-
acy without trimming.

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

An on-chip high-slew reference current
amplifier drives the R/2R ladder and seg-
ment decoder. The currents are scaled in
such a way that, with all bits on, the max-
imum output current is two times 1023/
1024 of the reference amplifier current, or
nominally 3.996mA for a 2.000mA refer-

ence input current. The reference ampli-
fier allows the user to provide a voltage in-
put. Out-board resistor R16 (see Figure 6)
converts this voltage to a usable current.
A current mirror doubles this reference
current and feeds it to the segment de-
coder and resistor ladder. Thus, for a refer-
ence voltage of 2.0 Volts and a 1kQ resis-
tor tied to Pin 16, the full scale current is
approximately 4.0mA. This relationship
will remain regardless of the reference
voltage polarity.

Connections for a positive reference volt-
age are shown in Figure 6a. For negative
reference voltage inputs, or for bipolar
reference voltage inputs in the multiplying
mode, R15 can be tied to a negative volt-
age corresponding to the minimum input
level. For a negative reference input, R16
should be grounded (Figure 6b). In addi-
tion, the negative voltage reference must
be at least 3V above the Vg supply volt-

age for best operation. Bipolar input sig-
nals may be handled by connecting R16 to
a positive voltage equal to the peak posi-
tive input level at Pin 15.

When a DC reference voltage is used,
capacitive bypass to ground is recom-
mended. The 5V logic supply is not recom-
mended as a reference voltage. If a well
regulated 5.0V supply, which drives logic,
is to be used as the reference, R16 should
be decoupled by connecting it to the
+5.0V logic supply through another
resistor and bypassing the junction of the
two resistors with a 0.1uF capacitor to
ground.

The reference amplifier is internally com-
pensated with a 10pF feed-forward capac-
itor, which gives it its high slew rate and
fast settling time. Proper phase margin is
maintained with all possible values of R16
and reference voltages which supply

@

(13)

MsB (5) ®©) m (8 © (10) (1) (12) LSB
Dy D2 D3 Da Ds D D7 Dg Dy Do
‘r (r 9Q ﬁr 9 9 [} [ 9 ) GND
@
_L -0
= lour
(] o [ ] l l [} [ ()
SEGMENT _ - - A d - - _
DECODER
Veias
lr_‘ L[ (INTERNAL)
r)
2R 5& 5 2R 2R 2R 2R 2R
[TRITRIT1 O M M MR
J - ~d i
(16)
+
VREF +
CODE SELECTED 0111110011
(15)
2R, Ry Ry Ry Ry
Vee (1)

Figure 5. MC3410 Equivalent Circuit
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

MC3410, MC3510, MC3410C

Va(+)

Dy THROUGH
D1o ]
1
l:— 2 Ryg + Rr=R15= RREF
v = Ry << Ryg
EE lo F.S.=2 I = VRer/RRer
a) POSITIVE REFERENCE VOLTAGE
D1 THROUGH | o]
D10} g ]

Ris+Rr=Ryg

r _ Rr << Rys

Vee = VRer = VEg+3V

b) NEGATIVE REFERENCE VOLTAGE

Figure 6. Basic Connections
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2.0mA reference current into Pin 16. The
referance current can also be supplied by
a high impedance current source of
2.0mA. As R16 increases, the bandwidth
of the amplifier decreases slightly and
settling time increases. For a current
source with a dynamic output impedance
of 1.0MQ, the bandwidth of the reference
amplifier is approximately half what it is in
the case of R16 = 1.0k, and settling time
is =10us. The reference amplifier phase
margin. decreases as the current source
value decreases in the case of a current
source reference, so that the minimum ref-
erence current supplied from a current
source is 0.5mA for stability.

OUTPUT VOLTAGE
COMPLIANCE

The output voltage compliance ranges
from —2.5to +0.2V. As shown in Figure 2,
this compliance range is nearly constant
over temperature. At the temperature ex-
tremes, however, the compliance voltage
may be reduced if Vgg > —15V.

ACCURACY

Absolute accuracy is a measure of each
output current level with respect to its
intended value. It is dependent upon rela-
tive accuracy and full scale current drift.
Relative accuracy, or linearity, is the
measure of each output current with re-
spect to its intended fraction of the full
scale current. The relative accuracy of the
MC3410 is fairly constant over tempera-
ture due to the excellent temperature
tracking, of the implanted resistors. The
full scale current from the reference
amplifier may drift with temperature caus-
ing a change in the absolute accuracy.
However, the MC3410 has a low full scale
current drift with temperature.

The MC3510 and the MC3410 are accurate
to within +.05% at 25°C with a reference
current of 2.0mA on Pin 16.

MONOTONICITY

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

MC3

410, MC3510, MC3410C

SETTLING TIME

The worst case switching condition
occurs when all bits are switched “on,”
which corresponds to a low-to-high transi-
tion for all bits. This time is typically 250ns
for the output to settle to within = 1/2 LSB
for 10-bit accuracy, and 200ns for 8-bit
accuracy. The turn-off time is typically
120ns. These times apply when the output
swing is limited to a small (<0.7 Volt)
swing and the external output capacitance
is under 25pF.

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

If a load resistor of 625 Ohms is con-
nected to ground, allowing the output to
swing to —2.5 Volts, the settling time in-
creases to 1.5us.

Extra care must be taken in board layout
as this is usually the dominant factor in
satisfactory test resuits when measuring

settling time. Short leads, 100xF supply by-
passing, and minimum scope lead length
are all necessary.

A typical test set-up for measuring set-
tling time is shown in Figure 7. The same
set-up for the most part can be used to
measure the slew rate of the reference
amplifier (Figure 9) by tying all data bits
high, pulsing the voltage reference input
between 0 and 2V, and using a 500Q !oad
resistor R;. .

14

Vce
0.14F
r— +2Vdc
14 = [}
4 16 1k
—0—AAA——1
5
s 15 1k 0.14F
RISE AND FALL TIMES = 10ns
7 "°_‘WV‘:| 24V
= S = v 1.4V
8]  mc3stor <5003 RL '
9] mc3a0 0.4V
10
—0 V.
1 ° 0.5V
12
13 A< Co = 25pF Vo
@ = 0
| 50 3 ts — 250ns TYPICAL
TO =112 LSB
0.14F USE R TO GND FOR TURN-OFF MEASUREMENT
FOR SETTLING TIME
= = MEASUREMENT.
= (ALL BIT SWITCHED
Vee LOW TO HIGH)
Figure 7. Settling Time
Vee

v N

RISE AND FALL TIMES < 10ns

16 1k +2Vde
2.4V 1—
15 1k SR 0.14F "
v T oav
MC3510/
MC3410
3
Vo
—
RL
20 ov
2 Vo .
1_ = -80mV
1 =
0.14F
Vee

Figure 8. Propagation Delay Time

— —
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C

Vee
0.14F
. VRer(+) —2V
? 0
16 1k
—0—AM—t
1k |
15
—o—wv] 0.14F 20v
MC3510/ =1 VRer(+)
MC3410 Ries = 0
2 500>
—oVo 0.5V
2 = _26pF Vo SLEW RATE
| - A 0
] = = V' tg=2,s TYPICAL
0.1,F 0 +0.1%
L USE Ry =200 TO GND FOR
(":I SLEW RATE MEASUREMENT
Vee
Figure 9. Reference Amplifier Settling Time and Slew Rate
TYPICAL APPLICATIONS
Dy
[
Dg
5
up 14 LATCH 37
L De} 10BIT
sus : Lsar3 Ds DAC 0 OUTPUT
Da| (MC3410)
0 by
E [
CONTROL
SIGNAL [: =
Fi 1
ROM 4P o 7
] LATCH Qo}—{ 2BIT Q)
112 LS375 LATCH q.
Eoe [ 12 Lsars™
TIMING DIAGRAM
3]
E2
seErTTTTTY oSO,
DATA %;o..‘ X XX ""::::E:EEE:::::‘
|D1~D2 | | D3~ Dyl
THE VALID DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH E2 PULSE.
TIMING WILL DEPEND ON THE PROCESSOR USED.
Figure 10. Interfacing 10-Bit DAC with 8-Bit Microprocessor
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8-BIT .P-COMPATIBLE D/A CONVERTER

SE/NES018

DESCRIPTION

The NE5018 is a complete 8-bit digital to
analog converter subsystem on one mono-
lithic chip. The data inputs have input
latches, controlled by a latch enable pin.
The data and latch enable inputs are ultra-
low loading for easy interfacing with all logic
systems. The latches appear transparent
when the LE input is in the low state. When
LE goes high, the input data present at the
moment of transition is latched and retained
until LE again goes low. This feature allows
easy compatibility with most micro-proces-
sors.

The chip also comprises a stable voltage
reference (5V nominal) and a high slew rate
buffer amplifier. The voltage reference may
be externally trimmed with a potentiometer
for easy adjustment of full scale, while main-
taining a low temperature co-efficient.

The output of the buffer amplifier may be
offset so as to provide bipolar as well as
unipolar operation.

BLOCK DIAGRAM

FEATURES

8-bit resolution

Input latches

Low-loading data inputs

On-chip voltage reference

Output buffer amplifier

Accurate to = 1/2 LSB (.19%)
Monotonic to 8 bits

Amplifier and reference both short-
circuit protected

* Compatible with 8085, 6800 and many
other yP’s

APPLICATIONS

Precision 8-bit D/A converters
A/D converters

Pfogl bl P ,.,."
Test equipment

Measuring instruments
Analog-digital multiplication
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0 SUWM o
NODE oK
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9 @® (M (6) 5 4 ()

(1)
DIGITAL
DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND

CTITTTIIY”

LATCHES AND
SWITCH DRIVERS

+

— AA

(18) Vour O—
VWA

AMP. 5K L
COMP. =

ANALOG

21)

DAC CURRENT
OUTPUT

(22) GND. O

DAC SWITCHES

VREF
(14) N

BIPOLAR

(5 “orrser

(a7

Figure 1

Signetics

PIN CONFIGURATION
F,N PACKAGE
DIGITAL GND E 7 [27) anaLOG GND
080 (L58) [2] [21] ame. comp.
o081 [3] [20] sum nooE
oez [4] [19] vee+
o83 [5 | 78] vour
o84 [6 ] E vee-
oss [7] [76] pAC comp.
oss [7] [15] 81POLAR OFFSET R
ez Mse) [9] 4] vaer N
e [i0] [13] vaer oUT
ne [} E VRer ADJ.
ORDER NUMBERS
SE/NE5S018F,N
D2 PACKAGE
DIGITAL GND [T ] S 23] anaLoG GND
08O (LsB) [2] @ AMP. COMP.
os1 [3] [22] sum nooE
oe2 E [21] +vee
oes [5] [20] vour
oes [6] [19] ne
oes [7] 18] -vee
oss [8] [17] oac comp.
os7 [9] [16] BIPOLAR OFFSET
e [10] 18] N
& [T 14] Vpge N
Vaer ADJ. [12] [13] vage ouT
TOP VIEW
ORDER NUMBER
NES018D2

NOTES:

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

3. SO and non-standard pinouts.

4-63

=



LINEAR LSI PRODUCTS

8-BIT 1P-COMPATIBLE D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vet Positive supply voltage 18 v
Vee— Negative supply voltage -18 \
VIN Logic input voltage Oto 18 v
VREFIN Voltage at VRgF input 12 v
VREFADJ  Voltage at VRgF adjust 0 to VREF \
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgr OUT Continuous
louTsc Short-circuit current to ground
or either supply at VoyT Continuous
Pp Power dissipation*®
-N package 800 mWwW
-F package 1000 mwW
TA Operating temperature range
SE5018 —55to +125 °C
NE5018 Oto +70 °C
TsTG Storage temperature range —65 to +150 °C
TsoLp Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75°C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vgc+ = +15V, Vog— = —15V, SE5018. —55°C < Tp =< 125°C,
NE5018. 0°C = Tp =< 70°C unless otherwise specified!
Typical values are specified at 25°C
SE5018 NE5018
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.19 +0.19| %FS
Veet Positive supply voltage 11.4 15 11.4 15 \
Vee— Negative supply voltage —-11.4 —15 -11.4] —15 \
VIN(1) Logic “1” input voltage Pin 1 =QV 2.0 2.0 \
VIN(0) Logic “0” input voltage Pin 1 =0V 0.8 0.8 \
INC1) Logic “1” input current Pin 1 = 0V, 2V<V|N< 18V 0.1 10 0.1 10 uA
lIN(0) Logic “O” input current Pin 1 = 0V, =5V <V|N<0.8V -20 | —10 -2.0 -10 uA
VEs Full scale output voltage Unipolar operation 9.50 9.961 | 10.50 | 9.50 9.961 | 10.50 Vv
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voltage Bipolar operation 45 |[+4.961| 55 4.5 +4.961) 55 \
VREF IN = 5.000V, Tp = 25°C -5.04 |—5.000|-4.960 | 5.04 | —5.000| 4.960
Vzs Zero scale voltage -30 5 +30 -30 5 +30 mv
los Output short circuit Ta = 25°C 15 40 15 40 mA
current Vout = 0V
PSR+ (out) Output power supply V— = —15V, 13.6V=<V+=<16.5V, 001 .01 .001 01 | %FS/
rejection (+) external VREfF N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V<V—<—16.5V, .001 .01 001 | 01 | %FS/
rejection (—) external VREF IN = 5.000V %VS
TCfs Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient
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LINEAR LSI PRODUCTS

8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NES018

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vgg+ = +15V, Vog— = —15V, SE5018. —56°C < Tp < 125°C,
NE5018. 0°C < Tp =< 70°C unless otherwise specified.
Typical values are specified at 25°C

SE/5018 NE5018
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
IREF Reference output current Note 8 3 3 mA
IREFSC Reference short circuit Ta = 25°C 15 30 16 30 mA
current VREF OuT = OV
PSR"’(REF) Reference power supply [ V— = —15V, 13.5V < V+ < 16.5V, .003 .01 .003 .01 | %VR/
rejection (+) IREF = 1.0mA %VS
PSR- (REF) Reference power supply | V+ = 15V, —13.5V < V- < 16.5V, 003 | .01 003 | 01 |%VR/
rejection (=) %VS
VREF Reference voltage IREF = 1.0mA 4.9 5.0 5.25 49 5.0 5.25 v
_ Ta = 25°C
TCREF Reference voltage IREF = 1.0mA 60 60 ppm/°C
temperature coefficient
ZIN DAC VREgF IN input IREF=1.0mA Tao=25°C 415 | 5.0 5.85 4.15 5.0 5.85 KQ
impedance
lcct Positive supply current Vcet = 15V 7 14 7 14 mA
lcc— Negative supply current Vec— = —15V -10 -15 -10 —15 mA__|
Pp Power dissipation IREF = 1.0mA, Voo = £ 15V 255 435 255 435 mwW
NOTE
1. Refer to Figure 2.
AC ELECTRICAL CHARACTERISTICS? vgg = +15V, Tp = 25°C
SE/NE5018
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time +% LSB Input All bits low to high3 1.8 us
TsHL  Settling time +% LSB Input All bits high to low4 2.3 us
tolh Propagation delay Output Input All bits switched low to high3 300 ns
tohl Propagation delay Output Input All bits switched high to low4 180 ns
tplsb  Propagation delay Output Input 1 LSB change3.4 150 ns
tpih Propagation delay Output LE low to high transition5 300 ns
tphl Propagation delay Output LE high to low transition® 150 ns
tg Set-up time LE Input 2,7 100 ns
th Hold time Input LE 2,7 50 ns
tow Latch enable pulse width 2,7 160 ns
NOTES
2. Refer to Figure 3.
3. See Figure 6.
4. See Figure 7.
5. See Figure 8.
6. See Figure 9.
7. See Figure 10.
8. For reference currents > 3mA, use of an external buffer is required.
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LINEAR LSI PRODUCTS

8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NES018

DC PARAMETRIC TEST CONFIGURATION

AC PARAMETRIC TEST CONFIGUTATION

vee+
_ MsB Lss MsB Lss voct
LE TT—TTTI?T T 0.47,F e — T 0.47,F
98765432 19 98765432 19
5.000V [— 10 DIG.GND 1 ———0-37 10 DIG. GND 1 -—077
o—e
_—O0—] 14 VRerIN ANA. GND 22 —o—-l 14 ANA. GND 22 ——-01
13 VREF ouT = I:: 13 =
12 5018 OUTPUT 2 s018 OUTPUT
© Vour 18 —o—— Vour 18
som 22pF 22pF
20
oac 2 oxc SUM 20 2
COMP. AMP 21 COMP. AMP 21
6 17 15 COMP. N914 16 17 15 COMP. N9 14
l I“WPF = = é IwOpF = =
0.014F I 0.1,F 0.01,F I 0.1,
vee T vee-—
Figure 2 Figure 3

MsB

LsB

FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V)

0.47,F

T

vee+
;3_5

98765432
10

19
DIG.GND 1 —o—/;7
14 VREFIN ANA. GND 22 f—0—)
13 VREF OUT =
10K 18
<~AM—0—1 12 VREF ADJ ouTPUT
1ot vout 18
80K o
SuM 20 —Q—T§
- DAC
COMP. AMP 21
FULL SCALE e
ADJUST 16 17 15 COMP. IH?OpF L
vee+
0.01,F T 0.1,F 20K ™
vee-— 10T € 2ERO SCALE
vee- ADJUST
Figure 4

BIPOLAR OUTPUT OPERATION (-5 to +5V)

mMsB LsB

T_mm‘r h

98765432 19
10 DIG. GND 1 —037
14 VREF IN ANA. GND 22 —oj
13 VREF ouT =
10K 5018
+=MA—0—1 12 VREF ADJ vour 18 OuTPUT
101
80K 22pF
SuM 20
= DAC 2K
COMP. BIP. OFFSET AMP 21
6 17 15 COMP. 1N914
100pF = | =

! T

0{0-1‘ F 0.1,F Voot
ouF | T o
™
vee - 20K
ce-
10T ZERO SCALE
Figure 5 Veo- ADJUST

LOW TO HIGH DATA

SETTLING TIME AND PROPAGATION DELAY,

OuTPUT

Figure 6

SETTLING TIME AND PROPAGATION DELAY,
HIGH TO LOW DATA

DATA \

‘ TsHL i

| e———— tpH| ]

OuTPUT

Figure 7
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8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NE5018

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

DATA

%
—\
10v I'_— i

—
- £

ov

Figure 8

ouTPUT

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

B
\

g

1ov

ov

Figure 9

=

Figure 10

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES
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LINEAR LSl PRODUCTS

DESCRIPTION

The NES019 is a complete 8-bit digital to
analog converter subsystem on one mono-
lithic chip. The data inputs have input
latches, controlled by a latch enable pin.
The data and latch enable inputs are ultra-
low loading for easy interfacing with all logic
systems. The latches appear transparent
when the LE input is in the low state. When
LE goes high, the input data present at the
moment of transition is latched and retained
until LE again goes low. This feature allows
easy compatibility with most micro-proces-
sors.

The chip also comprises a stable voltage
reference (5V nominal) and a high slew rate
buffer amplifier. The voltage reference may
be externally trimmed with a potentiometer
for easy adjustment of full scale, while main-
taining a low temperature co-efficient.

The output of the buffer amplifier may be
offset so as to provide bipolar as well as
unipolar operation.

FEATURES

8-bit resolution

Input latches

Low-loading data Inputs

On-chip voltage reference

Output buffer amplifier

Accurate to = 1/4 LSB (.1%)
Monotonic to 8 bits

Amplifier and reference both short-
circuit protected

e Compatible with 8085, 6800 and many
other uP’s

APPLICATIONS

Precision 8-bit D/A converters
A/D converters

Programmable power supplies
Test equipment

Measuring instruments
Analog-digital muitiplication

PIN CONFIGURATION

F,N PACKAGE

DIGITAL GND [T |
080 (L58) [2]

[22] ANALOG GND
[ 21] AMP. COMP.

81 [3] [20] sum NoDE
B2 [4] [715] vee+
083 [5] 78] vour
pe4 [6 | [77] vee-
o5 (7] E DAC COMP.
oes [3] [15] B1POLAR OFFSET A
87 (MsB) 9] [14] VRer N
e E [73] vRer ouT
Ne [17] [72] VRer ADJ.
TOP VIEW
ORDER NUMBERS
NES5019F SE5019F
NES019N

1)
(10) © ® M ©® (5 @ @& (@ DIGITAL
LE DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO
? MSBT T T T T T T TLSB
(19) LATCHES AND
vec+ SWITCH DRIVERS
ce v e SUM NODE (20)
5K
AA-
/ INT.
v VREF
13) YREF 2
(18 gur©
e 15K ————O Vour (18)
>
« < DAC CURRENT .
v ouTPUT
(2 Y1 o] | e
b 5K comp. 21)
ﬁ: 5K
ANALOG
onp-0% (22)
E. DAC SWITCHES

Figure 1
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8-BIT xP-COMPATIBLE D/A CONVERTER SE/NE5019
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veet Positive supply voltage 18 v
vVce— Negative supply voltage —18 V)
VIN Logic input voltage Oto 18 \
VREFIN Voltage at VRgF input 12 '
VREFADJ  Voltage at VRgF adjust 0 to VREfF \
VsumMm Voltage at sum node 12 \
IREFSC Short-circuit current
to ground at VR OUT Continuous
loutsc Short-circuit current to ground
or either supply at VoyT Continuous
Pp Power dissipation*®
-N package 800 mwW
-F package 1000 mW
TA Operating temperature range
SE5019 —55to +125 °C
NE5019 Oto +70 °C
TSTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75°C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vcc+ = +15V, Vog— = — 15V, SE5019. —56°C < Tp < 125°C,
NE5019. 0°C =< Tp =70°C unless otherwise specified.’
Typical values are specified at 25°C
SE5019 NE5019
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.1 +0.1 | %FS
Veet Positive supply voitage 11.4 15 11.4 15 \
Vee— Negative supply voltage —-11.4 -15 —114 | —15 \
VIN(1) Logic “1” input voltage Pin 1 =0V 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = OV 0.8 0.8 v
INC1) Logic “1” input current Pin 1 = 0V, 2V<V|Ny<18V 0.1 10 0.1 10 uA
IN(0) Logic “0" input current Pin 1 = OV, —5V<V|Ny<0.8V -2.0 -10 —-2.0 —-10 unA
VFs Full scale output voltage Unipolar operation 9.50 | 9.961|10.50 | 9.50 | 9.961 | 10.50 Y
VREF IN = 5.000V, Tp = 25°C
VES Full scale output voltage Bipolar operation 45 |[+4.961| 55 45 | +4.961 55 v
VREF IN = 5.000V, TA = 25°C | -5.040 | —5.000|-4.960 | -5.040 | —5.000| -4.960
Vzs Zero scale voltage -30 5 +30 -30 5 +30 mvV
los Output short circuit Ta = 25°C 15 40 15 40 mA
current VouTt = 0V
PSR+(out) Output power supply V— = —15V, 13.5V<V+=<16.5V, 001 | .01 .001 01 | %FS/
rejection (+) external VRgfF N = 5.000V %VS
PSR—(out) Output power supply V+ = 15V, —13.5V<V—<—16.5V, 001 | .01 001 | .01 | %Fs/
rejection (—) external VRgf N = 5.000V %VS
TCrs Full scale temperature VREF IN = 5.000V 20 20 ppm/°C
coefficient
TCzs Zero scale temperature 5 5 ppm/°C
coefficient
NOTE
1. Refer to Figure 2
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8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NE5019

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vcc+ = +15V, Voo~ = —15V, SE5019. —55°C =< Tp < 125°C,
NES5019. 0°C < T =<70°C unless otherwise specified.'
Typical values are specified at 25°C

See Figure 10.

SES5019 NE5019
PARAMETER TEST CONDITIONS " UNIT
Min Typ Max Min Typ | Max
IREF Reference output current Note 8 3 3 mA
IREFSC Reference short circuit Ta = 25°C 15 30 15 30 mA
current VREF ouT = 0V
PSR+Rer Reference power supply | V= = —15V, 13.6V < V+ =< 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—per Reference power supply | V+ = 156V, —13.5V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA 25°G 4.9 5.0 5.25 4.9 5.0 5.25 Vv
TCREF Reference voltage IREF = 1.0mA AT 60 60 ppm/°C]
temperature coefficient
ZIN DAC VREgFIN input IREF = 1.0mA 415 5.0 5.85 4.15 5.0 5.85 KQ
impedance TA=25°C
Icc+ Positive supply current Vcct+ = 15V 7 14 7 14 mA
lcc— Negative supply current Vge— = —15V —10 —15 -10 -15 mA
Pp Power dissipation IREF = 1.0mA, Voo = 15V 255 435 255 435 mwW
NOTE
1. Refer to Figure 2.
AC ELECTRICAL CHARACTERISTICS 2 Vi = +15V, TA = 25°C
SE/NE5019
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time +% LSB Input All bits low to high3 1.8 us
TgHL  Settling time +% LSB Input All bits high to low4 2.3 us
tpih Propagation delay Output Input All bits switched low to high3 300 ns
tphl Propagation delay Output Input All bits switched high to low4 150 ns
tpisb  Propagation delay Output Input 1 LSB change3.4 150 ns
tpih Propagation delay Output LE low to high transitionS 300 ns
tphl Propagation delay Output LE high to low transition6 150 ns
ts Set-up time LE Input 2,7 100 ns
th Hold time Input LE 2,7 50 ns
tow Latch enable pulse width 2,7 150 ns
NOTES
2. Refer to Figure 3.
3. See Figure 6.
4. See Figure 7.
5. See Figure 8.
6. See Figure 9.
7.
8
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LINEAR LSI PRODUCTS

8-BIT ,P-COMPATIBLE D/A CONVERTER

SE/NES019

DC PARAMETRIC TEST CONFIGURATION

98765432 19
10 DIG. GND 1 —o—/;
O
—0—] 14 VRer N ANA. GND 22 |—0—)
13 VREF OUT =
12 5018 ouTPUT
Vour 18
22pF
SuM 20
DAC x«
COMP. AMP 21
16 17 15 COMP. 1N914
L l Impr = =
0.014F T 0.14F
vee-~
Figure 2

AC PARAMETRIC TEST CONFIGUTATION

19999111 h

E
i 98765432 19
10 DIG. GND 1 ;—-097
14 ANA. GND 22 |—0-—
C: 13 =
o—q 12 5018 ouTPuT

Vour 18
22pF
SuM 20
DAC 2
COMP. AMP 21
16 17 15 COMP. N9 14

1000F = =

ro—'
||H

0.01F T 0.14F

vee-~

Figure 3

FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V)

iy

98765432 19
0 DIG. GND 1‘—0—97
14 VREF IN ANA. GND 22 —01
13 VREF OUT -
ok 5018
+MA—0—] 12 VRer Aoy ouTeuT
10T 80K Vour 18
22pF
SUM 20
= DAC 2
COMP. AMP 21
E
Fu:.:_.f,‘;:" 16 17 15 COMP. Mo1e
T W=
vee+
0.01,F T 0.1,F 20K ™
vee—— 10T <" zERO SCALE
vee ADJUST

Figure 4

BIPOLAR OUTPUT OPERATION (-5 to +5V)

P

98765432 19
10 DIG.GND 1 —o?
14 VREFIN ANA. GND 22 |—0—)
13 VREF OUT =
5018
1% S —AMA—0—] 12 Vaer Dy ouTPuT
107 Vour 18
80K 220F
SuM 20
= DAC 2K
COMP. BIP. OFFSET AMP 21
i6 17 15 COMP. N4
% Iwunﬁ' =
Ve +
0.01,F 0.1,F t
"y T ™
Vee = 20K
cc- 107 ¢ ZERO SCALE
Figure § Veen AbJjust

SETTLING TIME AND PROPAGATON DELAY,
LOW TO HIGH DATA

OuTPUT

Figure 6

SETTLING TIME AND PROPAGATION DELAY,
HIGH TO LOW DATA

DATA x

D——

TSHL =

OuTPUT

Figure 7
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8-BIT 4P-COMPATIBLE D/A CONVERTER

- SE/NES019

OUTPUT

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

—\

S

ov

Figure 8

OuTPUT

PROPAGATION'DELAY, LATCH ENABLE TO OUTPUT

B
\

N —

1ov

ov

Figure 9

LATCH ENABLE PULSE WIDTH, SET-UP.AND HOLD TIMES
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Figure 10
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DESCRIPTION

The NE5020 is a microprocessqr-compati-
ble monolithic 10-bit digital to analog con-
verter subsystem. This device offers 10-bit

10-BIT ,P-COMPATIBLE D/A CONVERTER

= ———————————}

FEATURES

® 10-bit resolution

Guaranteed monotonicity over
operating range

PIN CONFIG

 NE5020

URATION

F, N PACKAGE

resolution and +0.1% accuracy and ® *0.1% relative accuracy oiaiTaL GNo [T ] 24] ANALOG GND
monotonicity guaranteed over full operating  ® Unipolar (OV to +10V) and oeo wse) [Z] 73] awe come
temperature range. Bipolar (£ 5V) output range
Low loading latches, adjustable logic . -c9i¢ Pus compatible = g 2 same
! L] D82 +
thresholds and addressing capability allow Susec settling time E [21] +vee
the NESO020 to directly interface with most APPLICATIONS o83 [5] [20] vour
microprocessor and logic controlled sys- o84 6] 18] -vee
tems. ® Precision 10-bit D/A converters
¢ 10-bit Analog to Digital converters oes [7] 78] eoLar oFFseT A
The NE5020 contains internal voltage refer- e programmable power supplies o8s [5 ] [17] +vRer wPUT
ence, DAC switches and resistor ladder. e Test equipment o8 [5] E_VWINM
Also, the input buffer and output summing e Measurement instruments ose Vrgr oUT
amplifier are included. In addition, the [ic]} 7] ver
matched application resistors for scaling ei- 089 E [14] vRer ADY
ther unipolar or bipolar output values are & [iZ] .-‘_-3]:"
included on a single monolithic chip.
The result is a near minimum component ORDER NUMBERS
count 10-bit resolution DAC system. :E:ggg;
BLOCK DIAGRAM
[30)) (10) ® ®) m ® (8) O] (] @
oee DB8 oB7 DBs Dbas D84 D83 o082 D81 [
L (? Ls8
(13) E2 O] p————o &1 (12)
LATCHES AND SWITCH DRIVERS

(1) DIGITAL GND O-

(21) +vce Oﬁ

(15) VRerF OUT O——ef

DAC OUTPUT CURRENT

! —

INT VREF.

(14) VREF ADJ O]

DAC SWITCHES

(17) + VRer N

-

13331

—vee
19

RREF T
O AAA—
§"‘"’ :j o a8 o as a5
(18) BIPOLAR
OFFSET * K
(18)=VRer IN
R

ALL R VALUES EQUAL 5k{) AND ARE THERMALLY MATCHED

Figure 1

SUM (22)
° NODE

Rip

Vour (20)

AMP (23)
comp

ANALOG GND (24)
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LINEAR LSI PRODUCTS

10-BIT xP-COMPATIBLE D/A CONVERTER NE5020
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veet Positive supply voltage 18 v
Voeo— Negative supply voltage -18 v
VIN Logic input voltage Oto 18 v
VREfF IN Voltage at +VREgF input 12 v
VREF ADJ Voltage at VRgF adjust 0 to VREF v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VR OUT Continuous
louTtsc Short-circuit current to ground
or either supply at VoyTt Continuous
Pp Power dissipation*
-N package 800 mwW
F package 1000 mw
TA Operating temperature range
NE5020 0to +70 °C
TSTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75°C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vcc+ = +15V, Vog— = —15V, 0°C < Tp =<70°C unless otherwise specified."
Typical values are specified at 25°C
NE5020
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Resolution 10 Bits
Monotonicity 10 Bits
Relative accuracy +0.1 %FS
Vecet Positive supply voltage 11.4 15 16.5 v
Vee— Negative supply voltage —-11.4 -15 -16.5 \'
VIN(1) Logic “1” input voltage Pin 1 =0V 2.0 \"
VIN(O) Logic “0” input voltage Pin 1 = QV 0.8 v
INC1) Logic “1” input current Pin 1 =0V, 2V<V|Ny<18V 0.1 10 HA
lIN(O) Logic “0" input current Pin 1 = 0V, —6V<V|N<0.8V -2.0 -10 uA
VES Full scale output voltage Unipolar operation 9.5 9.9902 | 105 \Y
VREF IN = 5.000V, Tp = 25°C
VEs Full scale output voltage Bipolar operation 4.5 4.9902 5.5 v
VREF IN = 5.000V, Tp = 25°C -5.040 | —5.000 | -4.960
Vzs Zero scale voltage Unipolar operation -30 5 +30 mv
los Output short circuit Ta = 25°C +15 +40 mA
current Vour =0V
PSR+ (out) Output power supply V- = —15V, 13.5V=V+=<16.5V, .001 .01 %FS/
rejection (+) external VREF |N = 5.000V %VS
PSR- (out) Output power supply V+ = 16V, —13.5V<V—-<-16.5V, .001 .01 %FS/
rejection (—) external VRgfF IN = 5.000V %VS
TCrs Full scale temperature VREF IN = 5.000V 20 ppmFS
coefficient /°C
TCzs Zero scale temperature 5 ppmFS
coefficient /°C

NOTE
1. Refer to Figure 2.
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10-BIT ,P-COMPATIBLE D/A CONVERTER

NE5020

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voot = +15V, Vog— = —15V, 0°C < Tp =< 70°C unless otherwise specified. !
Typical values are specified at 25°C

NE5020
PARAMETER TEST CONDITIONS Min Typ Max UNIT
IREF2 Reference output current 3 mA
IREF sc  Reference short circuit Ta = 25°C 15 30 mA
current VREF OUT = OV
PSR+ReF Reference power supply V- = —156V, 13.5V < V+ =< 16.5V, .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—REF Reference power supply V+ = 16V, —13.5V = V- =< 16.5V, .003 .01 %VR/
rejection (—) %VS
VREF Reference voltage IREF = 1.0mA, Tp = 25°C 49 5.0 5.25 \Y
TCREF Reference voltage IREF = 1.0mA 60 ppm/°C
temperature coefficient
ZIN DAC VREgFIN input IREF = 1.0mA 5.0 kQ
impedance
lcc+ Positive supply current Vcet+ = 15V 7 14 mA
lcc— Negative supply current Vce— = —15V —-10 —15 mA
Pp Power dissipation IREF = 1.0mA, Voo = £ 16V 255 435 mwW
NOTE
1. Refer to Figure 2.
2. For Iggr OUT greater than 3mA, an external buffer is required.
AC ELECTRICAL CHARACTERISTICS 3 vgc = +15V, Tp = 25°C
NE5020
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time + % LSB Input All bits low to high4 5 us
TgHL  Settling time + % LSB Input All bits high to low5 5 us
tpih Propagation delay Output Input All bits switched low to high4 300 ns
tpm Propagation delay Output Input All bits switched high to low5 150 ns
tpisb  Propagation delay Output Input 1 LSB change4.5 150 ns
tplh Propagation delay Output LE low to high transition® 300 ns
tphl Propagation delay Output LE high to low transition” 150 ns
ts Set-up time LE Input 3,8 100 ns
th Hold time Input LE 3,8 50 ns
tow Latch enable pulse width 3,8 150 ns
NOTES
3. Refer to Figure 3.
4. See Figure 6.
5. See Figure 7.
6. See Figure 8.
7. See Figure 9.
8. See Figure 10.
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DC PARAMETRIC TEST CONFIGURATION
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I Iw= =

0.14F

I

vee=

Figure 2

AC PARAMETRIC TEST CONFIGURATION
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FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V)
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BIPOLAR OUTPUT OPERATION (-5 to +5V)
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SETTLING TIME AND PROPAGATION DELAY,
LOW TO HIGH DATA
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Figure 6
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Figure 7
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

DATA %
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Signetics
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Figure 8 Figure 9
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Figure 10
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VTH = VPIN 1 T 1.4V -
+15V CMOS, HTL, HNIL VTH = OV
TTL. OTL VTH = +7.6V
VIH = +1.4V
+12V TO +15V +15v
INa148
NES020 10K 9.1KQ
1 PIN 1 PIN 1 PIN 1
DIG GND (PIN 1) z:é: 6.2KQ 0.1uF 10KQ
/l -5V 7O - 10V
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VTH = +2.8V VTH = +5.0V V= -1.29v
+5V
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Figure 11
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CIRCUIT DESCRIPTION

The NES020 provides ten data latches, an
internal voltage reference, application resis-
tors, and a scaled output voltage, in addition
to the basic DAC components (see block
diagram, figure 1).

Latch Circuit

Digital interface with the NE5020 is readily
accomplished through the use of two latch
enable ports (LE¢ and LEp) and ten data
input latches. LE controls the two most sig-
nificant bits of data (DBg and DBg) while
ﬁ1 controls the eight lesser significant bits
(DB7 through DBgy). Both the latch enable
ports (LE) and the data inputs are static and
threshold sensitive. When the latch enable
ports (LE) are high (Logic ‘1') the data in-
puts become very high impedances and es-
sentially disappear from the data bus. Ad-
dressing the LE with a low (Logic ‘0’) the
latches become active and adapt the logic
states present on the data bus. During this
state, the output of the DAC will change to
the value proportional to the data bus value.
When the latch enable returns to a high
state, the selected set of data inputs (i.e.,
depending on which LE goes high) memo-
rize’ the data bus logic states and the output
changes to the unique output value corre-
sponding to the binary word in the latch.

The data inputs are inactive and high imped-
ance (typically requiring —2uA for low (.8V
max) or 0.1uA for high (2.0V min)) when the
LE is high. Any changes on the data bus with
LE high will have no effect on the DAC
output.

The digital logic inputs (LE and DB) for the
NES5020 utilize a differential input logic sys-
tem with a threshold level of +1.4 volts with
respect to the voltage level on the digital
ground pin (Pin 1). Figure 11 details several
bias schemes used to provide the proper
threshold voltage levels for various logic
families.

To be compatible with a bus orientated sys-
tem the DAC should respond in as short a
period as possible to insure full utilization of
the microprocessor, controller and 1/0 con-
trol lines. Figure 10 shows the typical timing
requirements of the latch and data lines.
This figure indicates that data on the data
bus should be stable for at least 50nsec
after LE is changed to a high state.

The independent LE (LE and LEj) lines al-
low for direct interface from an 8 bit data bus
(see figure 12). Data for the two MSB's is
supplied-and stored when ﬁg is activated
low and returned high according to the
NES5020 timing requirements. Then EE1 is
activated low and the remaining eight LSB’s
of data are transferred into the DAC. With
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EE, returning high the loading of ten bit data
word from an eight bit data bus is complete.

Occasionally the analog output must change
to its data value within one data address
operation. This is no problem using the
NES020 on a 16 bit bus or any other data
bus with 10 or greater data bits.

This can be accomplished from an 8 bit data
bus by utilizing an external latch circuit to
preload the two MSB data values. Figure 13
shows the circuit configuration.

After preloading (via LE pre-load) the  exter-
nal latch with the two MSB values, LEp is
activated low and the eight LSB's and the

BO

NES020 »P INTERFACE 8-BIT DATA BUS EXAMPLE

DATA BUS

B6
B7

L]

DB 9 8 7 6 5 4 3 2 1 o
MSsB LSB
E2 —II.ATCHES
i€y 1 LATCHES J
| L 1 1 1
OUTPUT
DAC
Figure 12

PRELOADING THE 2 MSB’S TO PROVIDE A SINGLE STEP OUTPUT

8-BIT-DATA BUS

1 2
4
10 74L874

13 12

3 1 5 9

CEPRE-LOAD ‘ch—l—[

INVERTER "

12

tELoaD ——————E 23]
13 __
| e

LSB

NE5020

Figure 13
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two MSB's are concurrently loaded into the
DAC in one address operation. This permits
the DAC output to make its appropriate
change at one time.

Reference Interface

The NE5020 contains an internal bandgap
voltage reference which is designed to have
a very low temperature coefficient and ex-
cellent long term stability characteristics.

The internal bandgap reference (1.23V) is
buffered and amplified to provide the 5 volt
reference output. Providing a VRgFADJ (pin
14) allows trimming of the reference output.
Utilization of the adjust circuit shown in fig-
ure 16 performs not only VRgF adjustment
but also full scale output adjust. Notice that
the VRerADJ pin is essentially the sum
node of an op amp and is sensitive to exces-
sive node capacitance. Any capacitance on
the node can be minimized by placing the
external resistors as close as possible to
the VREFADJ pin and observing good layout
practices.

The VREF out node can drive loads greater
than the DAC VREF input requirements and
can be used as an excellent system voltage
reference. However, to minimize load ef-
fects on the DAC system accuracy, it is rec-
ommended that a buffer amplifier is used.

Input Amplifier

The DAC reference amplifier is a high gain
internally compensated op amp used to con-
vert the input reference voltage to a preci-
sion bias current for the DAC ladder net-
work.

Figure 1 details the input reference amplifier
and current ladder. The voltage to current
converter of the DAC amp will generate a
1mA reference current through QR with a 5
volt VRgF. This current sets the input bias to
the ladder network. Data bit 9 (DBg)(Qg),
when turned on, will mirror this current and
will contribute 1mA to the output. DBg (Qg)
will contribute ' of that value or 0.5mA and
so on. These current values act as current
sinks and will add at the sum node to
produce a DAC ladder to sum node function
of:

2v,
lour = VREE (2_33+ DB | DB7 |

RREF 2 4 8

DB6 + DBS + DB4

16 32 64
DBO

+ 1024)

Becauseé of the fixed internal compensation

of the reference amp, the slew rate is limited

to typically 0.7V/usec and source

impedances at the VRef INPUT 9reater than
5k(2 should be avoided to maintain stability.

DB3
128

DB2
256

DB1
512

The —VREF INPUT Pin is uncommitted to al-
low utilization of negative polarity reference
voltages. In this mode +VREF INPUT is
grounded and the negative reference is tied
directly to the —VRgfF INPUT- The —VREF
INPUT contains a 5kQ resistor that matches
a like resistor in the +VREF INPUT to reduce
voltage offset caused by op amp input bias
currents.

Output Amplifier and Interface

The NE5020 provides an on chip output op
amp to eliminate the need for additional ex-
ternal active circuits. Its two stage design
with feed forward compensation allows it to
slew at 15V/usec and settle to within
+ %LSB in 5usec. These times are typical
when driving the rated loads of R|_ = 5k and
CL =< 50pF with recommended values of
Cgg = 1nF and Cpg = 30pF. Typical input
offset voltages of 5mV and 50k open loop
gain insure an accurate current to voltage
conversion is performed when using the on
chip Rp resistor. Rpp is matched to RRgF
and Rpp to maintain accurate voltage gain
over operating conditions. The diode shown
from ground to sum node prevents the DAC
current switches from saturating the op amp
during large signal transitions which would
otherwise increase the settling time.

The output op amp also incorporates output
short circuit protection for both positive and
negative excursions. During this fault condi-
tion loyT will limit at + 15mA typical. Recov-
ery from this condition to rated accuracy will
be determined by duration of short circuit
and die temperature stabilization.

Bipolar Output Voltage

The NE5020 includes a thermally matched
resistor, Rg|p, to offset the output voltage
by 5 volts to obtain —5V to +5V output volt-
age range operation. This is accomplished
by shorting pins 18 and 22 (see figure 14).
This connection produces a current equal to
(VREF IN ~ Vsum node) *+ RBip, (1mA nomi-
nal), which is injected into the sum node.
Since full scale current out is approximately
2mA (1.9980mA), (2mA — 1mA)5k = 5V will
appear at the output. For zero DAC output
currents, 1mA is still injected into sum mode
and Voyt = —(5k)(1mA) = —5V. Zero scale
adjust and full scale adjust are performed as
described below, noting that full scale volt-
age is now approximately +5 volts, zero
scale adjust may be used to trim VoyT =
0.00 with the MSB high or VoyT = —5.0V
with all bits off.

Zero Scale Adjustment

The method of trimming the small offset er-
ror that may exist when all data bits are low
is shown in figure 15. The trim is the result of
injecting a current from resistor Ry that
counteracts the error current. Adjusting po-
tentiometer Ry until Voyrt equals 0.000
volts in the unipolar mode or —5.000 volts in
the bipolar mode (see bipolar section) ac-
complishes this trim.

Full Scale Adjustment

A recommended full scale adjustment circuit
when using'the internal voltage reference is
shown in figure 16. Potentiometer R3 is
adjusted until Voyt equals 9.99023V. In
many applications where the absolute accu-

5K

VREF IN AN

BIPOLAR OUTPUT

an
IREF 5K

/" OFFSET (18)
| JUMPER FOR
\  BIPOLAR OPERATION

SUM
NODE  (22)

Ip  DAC
<— CURRENT

(16)
! BIPOLAR

FROM
CURRENT
SWITCHES

To R-2R Ladder

DAC
Amp

-Vee

<——(Ip - IREF)
K

Vour

+ Output
Amp.

Figure 14
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racy of full scale is of low importance when
compared to the other system accuracy fac-
tors, then this adjustment circuit is optional.

As resistors RRgF, Rfp and Rgjp shown in
figure 1 are integrated in close proximity,

they match and track in value closely over
wide ambient temperature variations. Typi-
cal matching is less than +0.3% which im-
plies that typical full scale (or gain) error is
less than +0.3% of ideal full scale value.

ZERO SCALE ADJUSTMENT

R1=20K, 10T POTENTIOMETER
-vee +Vee

Ra = 1MQ

(22)

DAC
<e— CURRENT OUTPUT

NODE
(OPTIONAL)

.

(20)

(24) —

Figure 15

VREF Out

18)

VRet
Out

VREF ADJ

REFERENCE ADJUST CIRCUIT

INT
REF

R3= 10K
10T POT

Figure 16

5K
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“8-BIT ,P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NE5118

DESCRIPTION FEATURES PIN CONFIGURATION

The NE5118 is a high-speed 8-bit digital to 8-bi
-bit lution
analog converter subsystem on one mono- : Inputrlea::h:s F,N PACKAGE
lithic chip. The data inputs have input Low-loading data inputs
latches, controlled by a latch enable pin. e On-chip voltage reference DiG GND/vLe [T [22] aNALOG GND
;':‘:I:::’ainanf‘;::::: ?;Z?::J,’;pu“it::l'l‘gria' « Fast settling output current—200ns 080 (s8) [Z 1] tour
9 V! ing w 9'C o Accurate to +1/2 LSB (.19%) 081 [3 73] Rout
systems. The latches appear transparent o Monotonic to 8 bits
w_hen the LE input is in the low state. When « Reference short-circuit protected D82 [4 [19) vee
LE goes high, the input data present at the =, compatiple with 8086, 6800 and many osa [5] €] rour:
moment of transition is latched and retained other uP’s o8e [E] 7] v
until LE again goes low. This feature allows ce-
easy compatibility with most micro- oss [7] [16] nac come.
processors. APPLICATIONS D86 [E E REF R
The chip also comprises a stable voltage 087 wse) [7] 2] iner N
reference (5V nominal). The voltage refer- : :r/e;l:‘m:'-z:som converters e [0 @ ~VREF IN
enc_e may be externally trimmed with a po- « Programmable power supplies veer aou [T hi] VRer out
tentiometer for easy adjustment of full scale, o Tost i t
while maintaining a low temperature co-effi- o Meeas:t:ll:-n:nesr;ruments TOP VIEW
cient.
ent o Analog-digital multiplication Ng;‘::: ""'g:::“ssF
The output has high voltage compliance in- e CRT display drivers NE5118N
creasing versatility. ¢ High-speed modems
BLOCK DIAGRAM
(R}
(10} 9) (8 (7)) (6) (5 (4) (3) (2) DIGITAL
LE DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO GND VLC
MSSTTTTTTTTLSB
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Ve * SWITCH DRIVERS R
R
RouT1(20)
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IREIIAL L, Sa— —Q lout (21)
out |
26k
4 DAC CURRENT
a v:DgIo_ QUTPUT
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b3
(22)
ANALOG O——t
GND L DAC SWITCHES

R
(15) REF R O—AAA~Y
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(13)-VREF IN
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“un

All R values equal 5k{2 and are thermally matched

Figure 1
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ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Voot Positive supply voltage 18 v
Vece- Negative supply voitage —-18 )
VIN Logic input voltage Oto 18 v
VREFIN Voltage at RRgF input 12 "
VREFADJ  Voltage at VRgF adjust 0 to VREf v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgr OUT Continuous
IREF|y Reference input current (Pin 14) 3 mA
Pp Power dissipation*
-N package 800 mW
-F package 1000 mWwW
TA Operating temperature range
SE5118 —56to +125 °C
NE5118 Oto +70 °C
TsTG Storage temperature range —65 to +160 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vgg+ = +15V, Voo— = —15V, SE5118. —55°C < Tp < 125°C,
NE5118. 0°C =< Tp =< 70°C unless otherwise specified.
Typical values are specified at 26°C
SE5118 NE5118 )
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.19 +0.19 | %FS
Vcet Positive supply voltage 114 15 11.4 15 v
Vee— Negative supply voltage —-114 | —15 -114 | —15 \"
VINC1) Logic “1” input voltage Pin 1 = OV 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = OV 0.8 0.8 v
INC1) Logic “1” input current Pin 1 = 0V, 2Vv<V|y<18V 0.1 10 0.1 10 uA
liNn(O) Logic “0” input current Pin 1 = 0V, =5V <V|Ny<0.8V -2.0 -10 -20 =10 uA
IFs Full scale output current Unipolar operation 1.0 1.992 | 2.10 1.90 | 1.992 2.10 mA
VREF IN = 5.000V, Tp = 25°C
Izs Zero scale current -6 1 +6 -6 1 +6 uA
VREF Reference IREF = 1mA 4.9 5.0 5.25 4.9 5.0 5.25 \
voltage TA = 25°C
PSR+(out) Output power supply V= = —15V, 13.6V<V+=16.5V, .001 | .01 .001 | .01 %FS/
rejection (+) external VRgf |N = 5.000V %V8
PSR—(out) Output power supply V+ = 18V, —13.5V<V—<—16.5V, .001 .01. .001 | .01 %FS/
rejection (—) external VREF N = 5.000V %VS
TCrs Full scale temperature VREF)y = 5.000V' 20 20 ppm/°C
coefficient
TCzs Zero scale temperature IREF)y = 1.00mA? 5 5 ppm/°C|
coefficient
NOTES

1. This is for voltage out only. See Unipolar Voltage Output schematic.

2. This is for current output mode.
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Vog+ = +15V, Voo— = —15V, SE5118. =556°C < Tp < 125°C,
NE5118. 0°C < Tp =< 70°C unless otherwise specified.

Typical values are specified at 25°C

SE5118 NE5118
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
IREF Reference output current Note 1 3 3 mA
IREFSC Reference short circuit Ta = 25°C 15 30 15 30 mA
current VREF OouT = 0V
PSR+(REF) Reference power supply | V— = —15V, 13.5V < V+ < 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—(REF) Reference power supply [ V+ = 15V, —13.5V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) IREF = 1.0mA %VS
TCREF Reference voltage IREF = 1.0mA 60 60 ppm/°C
temperature coefficient
ZIN DAC RREgFIN input 5.0 5.0 kQ
impedance
Icct Positive supply current Vcet = 15V 7 14 7 14 mA
Icc— Negative supply current Veg— = —15V -10 -15 —10 | —15 mA
Pp Power dissipation IREF = 1.0mA, Vcc = 15V 255 435 255 435 mw
AC ELECTRICAL CHARACTERISTICS V(g = + 15V, TA = 25°C
SE/NE5118
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time + % LSB Input All bits Low-to-high 200 ns
TgHL Settling time + % LSB Input All bits High-to-low 200 ns
tpLH  Propagation delay Output Input Al bits switched Low-to-high 60 ns
tpHL  Propagation delay Output Input All bits switched High-to-low 60 ns
tpLsB Propagation delay Output Irﬂn 1 LSB change 60 ns
tpLH Propagation delay Output LE Low-to-high transition 60 ns
tpHL  Propagation delay Output LE High-to-low transition 60 ns
ts Set-up time LE input 100 ns
th Hold time Input LE 50 ns
tow Latch enable pulse width 150 ns
NOTES
1. For reference currents > 3mA, use of an external buffer is required.
Signetics 4-83
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BIPOLAR OUTPUT OPERATION (~1mA TO +1mA) UNIPOLAR VOLTAGE OUTPUT (0 —+10V)
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LA T TS T T R T ov -10V ce
Pin 20 tied to +10V | Pin 20 tied to OV

4-84

Signetics



LINEAR LSI PRODUCTS

e ———
8-BIT xP-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NES119
DESCRIPTION FEATURES PIN CONFIGURATION
The SE/NE5119 is a high-speed 8-bit digitalto o g-pit resolution
analog converter subsystem on one mono- o |nput latches F.N PACKAGE
lithic chip. The data inputs have iput latches, o | ow-loading data inputs
controlled by a latch enable pin. The data a{\d e On-chip voltage reference iG GND/vLC [ 3] ANALOG GND
latch _enable.mput_s are ultrglow loading for o Fast settling output current—200ns 080 1s8) [ 1 tour
easy interfacing with all logic systems. The o Accurate to + 1/4 LSB (.1%)
latches appear transparent when the LE input ¢ Monotonic to 8 bits oB1 |3 [20] RouT+
Es in he low state. When LE goes high, the o Reference short-circuit protected os2 [} 19] vee +
input data present atthe moment or transition ¢ Compatible with 8086, 6800 and many o83 [5 58] Aours
is latched and retained until LE again goes other uP’s
low. This feature allows easy compatibility oea e [17] vec-
with most microprocessors. oss [7] [16] Dac come.
. . APPLICATIONS DB6 [E E] REF R
The chip also comprises a stable voltage
reference (5V nominal). The voltage refer- ® Precision 8-bit D/A converters 087 se) [2] [14] tnern
ence may be externally trimmed with a po- ® A/D converters & [0 BRL
tentiometer for easy adjustment of full scale, ~® Programmable power supplies vRer aps [11] [72] vaer our
while maintaining a low temperature co-effi- ® Test equipment Tor View
cient. e Measuring instruments
e Analog-digital multiplication ORDER NUMBERS
The output has high voltage compliance in- e CRT display drivers NESn:‘FEsﬁgsNesngF
creasing versatility. e High-speed modems
BLOCK DIAGRAM
)
(10) 9 @ (M (6 (5 (4 (3 (2 DIGITAL
LE DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO GND/VLC
(? MSBTTTTTTTTLSB
19 LATCHES AND Rout2 (18)
vee+ SWITCH DRIVERS R
R
Rour1 (20
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o —0 tour @

> 26K
<
2

DAC CURRENT
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Ali R values equal 5k{) and are thermally matched.

Figure 1
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8-BIT 1P-COMPATIBLE D/A CONVERTER— CURRENT OUTPUT SE/NE5119
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Veet Positive supply voltage 18 \"
Vce- Negative supply voltage -18 Vv
VIN Logic input voltage Oto 18 v
VREfrIN Voltage at RRgF input - 12 v
VREfFADJ Voltage at VRgF adjust 0 to VRer v
Vsum Voltage at sum node 12 v
IREFSC Short-circuit current
to ground at VRgg OUT Continuous
'REF|N Reference input current (Pin 14) 3 mA
Pp Power dissipation*®
-N package 800 mW
-F package 1000 mwW
TA Operating temperature range
SE5119 —55to +125 °C
NE5S119 Oto +70 °C
TsSTG Storage temperature range —65 to +150 °C
TsoLD Lead soldering temperature
(10 seconds) 300 °C
*NOTES
For N package, derate at 120°C/W above 35°C
For F package, derate at 75° C/W above 75°C
DC ELECTRICAL CHARACTERISTICS vgg+ = +15V, Vog— = —15V, SE5119. —55°C < Tp < 125°C,
NE5119. 0°C = Tp = 70°C unless otherwise specified.
Typical values are specified at 25°C
SE5119 NE5119
PARAMETER TEST CONDITIONS - - UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy +0.1 +0.1 %FS
Veet Positive supply voltage 11.4 15 11.4 15 Vv
vVece— Negative supply voltage -11.4 | —15 =114 | —15 v
VIN(1) Logic “1” input voltage Pin 1 = 0V 2.0 2.0 v
VIN(O) Logic “0” input voltage Pin 1 = OV 0.8 0.8 v
INC1) Logic “1" input current Pin 1 = 0V, 2V<V|N<18V 0.1 10 0.1 10 uA
lINO) Logic “0" input current Pin 1 = 0V, —5V<V|N<0.8V -2.0 | —10 -2.0 -10 uA
IFs Full scale output current Unipolar operation 1.90 1.992 | 2.10 1.90 | 1.992 | 2.10 mA
VREF IN = 5.000V, Tp = 256°C
Izs Zero scale current 1 1 uA
VREF Reference IREF = 1mA 49 5.0 5.25 4.9 5.0 5.25 v
voltage TA = 25°C
PSR+ (out) Output power supply V- = —15V, 13.6V=V+=16.5V, 001 | .01 001 | .01 | %Fs/
rejection (+) external VRgfg |N = 5.000V %VS
PSR=(out) Output power supply V+ = 15V, —13.5V=V—<-16.5V, 001 | .of 001 | .01 | %FS/
rejection (—) external VRgfg |N = 5.000V %VS
TCfrs Full scale temperature VREFy = 5-000V' 20 20 ppm/°C|
coefficient
TCzs Zero scale temperature IREF|y = 1.00mA? 5 5 ppm/°C
coefficient
NOTES

1. This is for voltage out only. See Unipolar Voltage Output schematic

2. This is for current output mode

4-86

Signetics




LINEAR LSI PRODUCTS

8-BIT ;,P-COMPATIBLE D/A CONVERTER— CURRENT OUTPUT

SE/NES119

DC ELECTRICAL CHARACTERISTICS (Cont'd) Voc+ = +15V, Voo— = —15V, SE5119. —55°C < Tp < 125°C,
NE5119. 0°C < Tp =< 70°C unless otherwise specified.

Typical values are specified at 25°C

SE5119 NE5119
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
IREF Reference output current Note 1 3 3 mA
IREFSC Reference short circuit TA = 25°C 15 30 15 30 mA
current VREF OUT = 0V
PSR+(REF) Reference power supply | V— = —15V, 13.5V < V+ < 16.5V, .003 .01 .003 .01 %VR/
rejection (+) IREF = 1.0mA %VS
PSR—(REF) Reference power supply | V+ = 15V, —13.5V < V— < 16.5V, .003 .01 .003 .01 %VR/
rejection (—) IREF = 1.0mA %VS
TCREF Reference voltage IREF = 1.0mA 60 60 ppm/°C
temperature coefficient
ZIN DAC RREgfIN input 5.0 5.0 kQ
impedance
Icct Positive supply current Vet = 15V 7 14 7 14 mA
lcc— Negative supply current Vee— = —15V —10 —15 —10 —15 mA
Pp Power dissipation IREF = 1.0mA, Vo = =15V 255 435 255 435 mwW
AC ELECTRICAL CHARACTERISTICS Vg = +15V, Tp = 25°C
SE/NE5119
PARAMETER ) FROM TEST CONDITIONS UNIT
Min Typ Max
TsLH  Settling time + % LSB Input All bits Low-to-high 200 ns
TsHL  Settling time L % LSB Input All bits High-to-low 200 ns
tpLH  Propagation delay Output Input All bits switched Low-to-high 60 ns
tpHL  Propagation delay Output Input All bits switched High-to-low 60 ns
tpLsg Propagation delay Output Input 1 LSB change 60 ns
tpLH Propagation delay Output LE Low-to-high transition 60 ns
tpHL  Propagation delay Output LE High-to-low transition 60 ns
ts Set-up time LE Input 100 ns
th Hold time Input LE 50 ns
tow Latch enable pulse width 150 ns
NOTES
1. For reference currents > 3mA, use of an external butfer is required.
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LINEAR LSI PRODUCTS

8-BIT ,P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT

SE/NE5119

BIPOLAR

OUTPUT OPERATION (—1mA TO +1mA)

Veet

.47uF
T -

10K
10T

i

SCALE
ADJusT 80K

15 REFR ANA. GND 22

19
10 DIG. GND 1 }—'Ojn

12 VReF OUT
5118/9
20 RouT1
11 VREF ADJ
DAC COMP.
67

lout 21O

o,ou“{;}_i

0.47,F

UNIPOLAR VOLTAGE OUTPUT (0 —+10V)

vVeet
Ls8
0.47,F
S 876543 2 BIEC)
—1"° DIG. GND 1 —O—’L’
15 REFR ANA. GND 22 _01_
12 VREF oUT o
10K 511
o9 ROUT2|—O NC
107 "'\m'O— 11 VREF ADJ rours 2
= out 20 20pF
FULL SCALE
ADJUST DAC COMP. lout 21
16 17 14 NES30

cl}—o—ia
o
%

v
ZERO SCALE
‘°T§ Me ADJUST

vee

L‘ "ij NC
0.01,F 0.47:F
vee L

FAST VOLTAGE OUTPUT

veet+

0.47,F

I

P [P
]

ANA. GND 22 ——Ol

5118/9 ROUT2 f—ONC

SEE
Rout120 “-O—ro
20pF NOTE

lout 21

NOTE
DATA INPUT CODE VOLTAGE OUTPUT (PIN 21)
000O0O0O0COGO +10V ov

111t 1 1 111 ov —-10V

Pin 20 tied to +10V | Pin 20 tied to OV

BASIC UNIPOLAR CURRENT OUTPUT (0 ——2mA)

Lo |
e !

15 REFR |
10K 12 VREF OUT s/
107 11 VREF ADJ ONe
80K
FULL SCALE
ADJUST DAC COMP.
16 17

0.01 u!.?l 0.47,F
v T

ZERO SCALE ADJUST
Vee-
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DESCRIPTION

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

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

APPLICATIONS

FEATURES

¢ Pin-and-function compatible with
MC3410

10-bit resolution and accuracy
(%0.05%)

Guaranteed differential non-linearity
over temperature

Wide compliance voltage range— — 2.5
to +2.5V

Fast settling time—250ns typical

¢ Digital inputs are TTL and CMOS
compatible

High-speed multiplying input slew rate
—20mAlys

Reference amplifier internally
compensated

Standard supply voltages + 5V and

- 15V

PIN CONFIGURATION
F PACKAGES
Vee [1 @ VRer *
GND Ij 18] Vher ~
outPuT (3] 73] Vee
0y (MsB) [4] [13] 010 (LSB)
0z (5] [12] g
D3 [€] [17] 08
D4 [T] [10] 07
D5 [&] 5106
TOP VIEW

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

* Successive approximation A/D SYMBOL AND PARAMETER RATING UNIT
converters
v Power Supp! +7.0 Vdc
* High-speed, automatic test equipment Vg: upply “18 Vde
* High-speed modems Vv, Digital Input Voltage +15 Vdc
* Waveform generators Vo Applied Output Voltage +4, —5.0 vde
* CRT displays lrerns Reference Current 2.5 mA
* Strip CHART and X-Y plotters Vegr  Reference Amplifier Inputs Voo, Vee Vdc
* Programmable power supplies Vrerp Reference Amplifier Differential Inputs 0.7 Vde
* Programmable gain and attenuation Ta Operating Temperature Range
SE5410 -55to +125 °C
NE5410 Oto +70 °C
T, Junction Temperature
Ceramic Package +175 °C
Plastic Package + 150 °C
BLOCK DIAGRAM
MSB LsB
Dy D2 D3 Dy Ds Dg D7 Dg Dg Dyg
IS AAAANDA
2o
CURRENT SWITCHES -
HEEEREEEN
LADDER TERMINATORS
HREERRNEERE
R-2R LADDER [-—4
16
VReF( +) O— -
15
VRer(~-)0—
S
H cinouiTay
REFERENCE 14
CURRENT —o0 Ve
AMPLIFIER
5 12
Vee GND
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LINEAR LSI PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NES410

DC ELECTRICAL CHARACTERISTICS Vo= +5.0Vdc, Vge= — 15Vdc, lggr = 2.0mA, all digital inputs at high logic level.

SE5410: To= —55°C to + 125°C, NE5410 Series: T,=0°C to +70°C
unless otherwise noted.

NE/SE5410
SYMBOL AND PARAMETER TEST CONDITIONS w T m UNIT
n yp ax
Relative accuracy (Error +0.025 +0.05 %
Er relative to full scale Ip) Over temperature +1/4 +1/2 LSB
.02 .
Differential non-linearity Over temperature i+01145 fﬂ?: LOS/OB
Settling time to within _oRe
ts + 12 LSB (all bits low to high) Ta=25°C 250 ns
teLn Propagation delay time Ta=25°C 35 ns
tPHL 20
TClg Output full scale current drift 20 40 ppm/°C
Digital Input Logic Levels
(All bits)
Vi High Level, Logic “1” 20 Vde
Low Level, Logic “0” 0.8
Digital Input Current (All bits)
" High Level, Vjy=5.5V 20 uA
I Low Level, V| =0.8V -20
Reference Input Bias Current
Iner(s) (Pin 15) P -1.0 -50 WA
lon Output Current (All bits high) Vgﬁ:: fb%%onv' 3.937 3.996 4.054 mA
loL Output Current (All bits low) Ta=25°C 0 0.4 rA
Ta=25°C _25
Vo Output Voltage Compliance E, < 0.05% +2'5 Vdc
relative to full scale i
SR lngr :z{:rence Amplifier Slew 20 mAus
ST Iner _l?;f;rence Amplifier Settling 0to 4.0mA, +0.1% 20 us
Output Current Power Supply
PSRR(-) Sensitivity 0.003 0.01 %1%
Co Output Capacitance Vo=0 25 pF
Digital Input Capacitance
G (Al bits high) 4.0 PF
lec Power Supply Current +2 +4 mA
lee (All bits low) -12 -18
Vee To=25°C +4.75 +5.0 +5.25
Vee Power Supply Voltage Range Vo= 1495 _15 —15.75 Vdc
Power Consumption 190 300 mw
4-90 Signetics




LINEAR LSI PRODUCTS

40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410

TYPICAL PERFORMANCE CHARACTERISTICS

4.0
is.o
e Vee= +6.0V
& 20 Vee= —15.0V _|
E Ta=25°C
3 IRer=2 mA —
5 1.0
-9
=
>
° o
-1.0
-5 -3 -10 1 3 5

COMPLIANCE VOLTAGE (VOLT)

Figure 1. Output Current vs. Output Compliance Voltage

4.0

3.0
2.0

Vec= +6V
~Vee= - 15V
) ReF=2mA |

1.0

+

-1.0

-20

-3.0

-4.0

~75-50-25 0 25 50 75 100 125
Ta(°C)

OUTPUT COMPLIANCE VOLTAGE (VOLTS)

Figure 2. Maximum Output Compliance
Voltage vs. Temperature

FIRE! I

| )

E 12 E

£ 1

2

o

> 10 Vee = +5V —]
7 -Vgg= —-15V

s 4 IRgF =2 mA——
"

g 3

o 2 +lcc

a

&

]

L

0
~75-50-25 0 25 50 75 100 125
Ta(°Q)

Figure 3. Power Supply Currents vs. Temperature

18.0 7T
16.0 R15=R16=1.0k
14.0 | B CURVE VRer(=)=0V
12.0 | SMALL-SIGNAL BW

10.0 o= 1000
8.0 [VRer(+)=50 mVp,
6.0 | CENTERED AT +200mV,

RELATIVE OUTPUT (dB)
~
o

4.0 H
B

, L

o ™
=20 — A CURVE
—40 | ARGE SIGNAL BW
~6.0 [, =200
-80 VRer(+)=2Vpp )_
=10 [T CENTERED AT + 1.0V, I

01 020305 1.0 2083.050 10
f, FREQUENCY (MHz)

Figure 4. Reference Amplitier Frequency Response
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LINEAR LSI PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

CIRCUIT DESCRIPTION

The NE5410 consists of four segment cur-
rent sources which generate the 2 Most
Significant Bits (MSBs), and an R/2R DAC
implemented with ion implanted resistors
for scaling the remaining 8 Least Signifi-
cant Bits (LSBs). (See Figure 5. This
approach provides complete 10-bit accur-
acy without trimming.

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

An on-chip high-slew reference current
amplifier drives the R/2R ladder and seg-
ment decoder. The currents are scaled in
such a way that, with all bits on, the max-
imum output current is two times 1023/
1024 of the reference amplifier current, or
nominally 3.996mA for a 2.000mA refer-

ence input current. The reference amplifier
allows the user to provide a voltage input:
Out-board resistor R16 (see Figure 6) con-
verts this voltage to a usable current. A cur-
rent mirror doubles this reference current
and feeds it to the segment decoder and
resistor ladder. Thus, for a reference
voltage of 2.0 Volts and a 1kQ resistor tied
to Pin 16, the full scale current is approx-
imately 4.0mA. This relationship will remain
regardless of the reference voltage polarity.

Connections for a positive reference volt-
age are shown in Figure 6a. For negative
reference voltage inputs, or for bipolar
reference voltage inputs in the multiplying
mode, R15 can be tied to a negative volt-
age corresponding to the minimum input
level. For a negative reference input, R16
should be grounded (Figure 8b). In addi-
tion, the negative voltage reference must
be at least 3V above the Vgg supply volt-

age for best operation. Bipolar input sig-
nals may be handled by connecting R16 to
a positive voltage equal to the peak posi-
tive input level at Pin 15.

When a dc reference voltage is used,
capacitive bypass to ground is recom-
mended. The 5V logic supply is not recom-
mended as a reference voltage. If a well
regulated 5.0V supply, which drives logic,
is to be used as the reference, R16 should
be decoupled by connecting it to the
+5.0V logic supply through another
resistor and bypassing the junction of the
two resistors with a 0.1uF capacitor to
ground.

The reference amplifier is internally com-
pensated with a 10pF feed-forward capac-
itor, which gives it its high slew rate and
fast settling time. Proper phase margin is
maintained with all possible values of R16
and reference voltages which supply

%

@) (13)
MSB (5) ) @ (®) ©) (10) (1) (12) LSB
D4 D2 D3 D4 Ds Dg D7 Dg Dy Do
Q (o] T Q Q ? Q Q (o] Q GND
2
1
11d] PLéd T
s ) $ d & S o ®
SEGMENT - _ — JE L S R SO - -
DECODER
VBias
| | (INTERNAL)
—o
—
2R 2R 2R 2R 2R 2R 2R 2R
l Lé (LI R R R R R R
i} _ 41 I

Vee (1)

Figure 5. NE5410 Equivalent Circuit

CODE SELECTED 0111110011
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LINEAR LS| PRODUCTS

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

VR(+)

D1 THROUGH
D1o

o—-
1
R1g+ R1=Rq5=RRerF

= Rt << Ryg
lo F.S.=2 Ig = VRer/RREF

a) POSITIVE REFERENCE VOLTAGE

Va(-)

D1 THROUGH
D1o

o—i

Ris+Rr=Rqg
L Rr< <Ris

= VRer = VEg+3V

b) NEGATIVE REFERENCE VOLTAGE

Figure 6. Basic Connections

Signetics

2.0mA reference current into Pin 16. The
reference current can also be supplied by
a high impedance current source of
2.0mA. As R16 increases, the bandwidth
of the amplifier decreases slightly and
settling time increases. For a current
source with a dynamic output impedance
of 1.0MQ, the bandwidth of the reference
amplifier is approximately half what it is in
the case of R16 = 1.0k, and settling time
is =10us. The reference amplifier phase
margin decreases as the current source
value decreases In the case of a current
source reference, so that the minimum ref-
erence current supplied from a current
source is 0.5mA for stability.

OUTPUT VOLTAGE
COMPLIANCE

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

ACCURACY

Absolute accuracy is a measure of each
output current level with respect to its
intended value. It is dependent upon rela-
tive accuracy and full scale current drift.
Relative dccuracy, or linearity, is the
measure of each output current with re-
spect to its intended fraction of the full
scale current. The relative accuracy of the
NE5410 is fairly constant over tempera-
ture due to the excellent temperature
tracking, of the implanted resistors. The
full scale current from the reference
amplifier may drift with temperature caus-
ing a change in the absolute accuracy.
However, the NE5410 has a low full scale
current drift with temperature.

The SE5410 and the NE5410 are accurate
to within +1/2 LSB at 25°C with a refer-
ence current of 2.0mA on Pin 16.

MONOTONICITY

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

10-BIT HIGH-SPEED MULTI

PLYING D/A CONVERTER

SE/NE5410

SETTLING TIME

The worst case switching condition
occurs when all bits are switched “on,”
which corresponds to a low-to-high transi-
tion for all bits. This time is typically 250ns
for the output to settle to within + 1/2 LSB
for 10-bit accuracy, and 200ns for 8-bit
accuracy. The turn-off time is typically
120ns. These times apply when the output
swing is limited to a small (<0.7 Volt)
swing and the external output capacitance
is under 25pF.

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

If a load resistor of 625 Ohms is con-
nected to ground, allowing the output to
swing to —2.5 Volts, the settling time in-
creases to 1.5us.

Extra care must be taken in board layout
as this is usually the dominant factor in
satisfactory test results when measuring

settling time. Short leads, 100.F supply by-
passing, and minimum scope lead length
are all necessary.

A typical test set-up for measuring set-
tling time is shown in Figure 7. The same
set-up for the most part can be used to
measure the slew rate of the reference
amplifier (Figure 9) by tying all data bits
high, pulsing the voltage reference input
between 0 and 2V, and using a 500Q load
resistor R|.

Vce
0.14F
— +2Vdc
14 -
4 6K
5 l
[ s 1k 0.14F RISE AND FALL TIMES = 10ns
7 o—VW l | 24V
< =3 4V
8 =5003 RL vi 4
9]  NEsat0 0.4V
10
$—O Vo 0.5V
11
12 v
13 _F Co = 25pF o
Vi@ 50 7 3 0 ts — 250ns TYPICAL
= TO =1/2LSB
0.14F USE R TO GND FOR TURN-OFF MEASUREMENT
FOR SETTLING TIME
= = MEASUREMENT.,
- = (ALL BIT SWITCHED
Ve LOW TO HIGH)
Figure 7. Settling Time
Vce
0.14F
14 =
16 1k +2Vde
RISE AND FALL TIMES = 10ns
i 2.4V [—
1k 0.14F Vi l S
15 & I
Flo—w— T oav N
NE5410
3
Vo
—
. -
20 OV oy
e o X
= - 80mV
1 L=
0.14F - et BN na
&1 tPLH tPHL
e FOR PROPAGATION
- DELAY TIME
Vee
Figure 8. Propagation Delay Time
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NES410

= VRer(+)
[

NE5410

Vee

Figure 9. Reference Amplifier Settling Time and Slew Rate

—2v
Iy

VRer(+)

2.0v

0.5v

Vo

V ts=2us TYPICAL
TO £01%

USE R =200 TO GND FOR
SLEW RATE MEASUREMENT

Ro=Rr+ Rp=2.5k2

F.S. ADJ
sV Rt << Rf
REF Rr "
2.5k —A—A
MW +15V
Vce o

-15V

a) Bipolar Output (-10 to +10V)

5V

REF

RRer

16

1

2.

5

2.5k

Figure 10. Voltage Output Circuits

Ro=Rr +Rp =2.5k0

F.S. ADJ Rt << RF

—15V
b) Unipolar Positive Output (0-10V)
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

SE/NE5410

+5Vde
10-BIT CONVERSION TIME = 3.3ys WITH 3MHz CLOCK.

THIS CONVERTER USES A 2504 12-BIT SUCCESSIVE APPROXIMATION
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE

5V
REF
S ANALOG
S 24 INPUT
F.S. +5Vde ©-109) 20k +5Vdc
ADJ :: 2000 jw -Vo—MW—o+V 9
< q
16 2.5k ZERO S s00k 1 |14
25K 15 3 ADJ ¢ [ Viv Va+
_[—-'\Nv— NE5410 INA
= NES529
1 2.5k
—15Vde = INB OUTA
Dour LT = 6 |10
A .
-10Vde
I
e 2504 SAR S|—o START
cLock o—{cp Qi o}—o EoC

TIMING SEQUENCE

Eq

Ez
DATA £

DBo,1 DB2.g
WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO

THE DAC UNTIL UPDATED WITH THE E2 PULSE. TIMING WILL DEPEND
THE PROCESSOR USED.

Figure 12. 8-Bit 4P Bus Interface

SAR (Q1).
Figure 11. Successive Approximation A/D Converter
1 -
. 19 OE
7
18
6 15
8 12
)4 9| Lsara
BUS | 3
2 6 NE5410
5
4
2
Lo
CONTROL | E,
SIGNALS {
FROM 4P | E1
1 2 Eza _ |11
—1Do Qo Q2 p— \/
112 LS375 1/2 LS375 1
D Q Q
1 EO,! 1 3

ON
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410

Vin +5V
0

Vce Vee
5V
REF T14 T1
2.5k 16
2.5k 45 NE5410

- LSB [13]12{11]10|9 |8 [7 |6

Doyt < 1

Qo

START —OfRST 10-BIT COUNTER

Vin FULL SCALE = 4 mA (Rq +Ry) (]%})

Figure 13. Staircase A/D
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—————————————————

GENERAL DESCRIPTION

The TDA1540 is a monolithic integrated 14-bit digital to analogue converter (DAC). It incorporates a
14-bit input shift register with output latches, binary weighted current sources with switches and a
reference source.

The IC features an improved switch circuitry which eliminates the need for a deglitcher circuit at the
output. This results in a signal-to-noise ratio of typical 85 dB in the audio band.

QUICK REFERENCE DATA

Supply voltages

pin 4 Vp1 typ. 5V

pin 7 VN1 typ. -5 V

pin 11 » VN2 typ. -17 Vv
Signal-to-noise ratio (full scale sine-wave)

at analogue output (pin 22) S/N typ. 85 dB
Non-linearity at Tamp = —20 to + 70 °C typ. % LSB
Current settling time tcs typ. 0.5 us
Maximum input bit rate

at data input (pin 1) BRmax min. 12 Mbit/s
Maximum clock frequency

at clock input (pin 28) fclmax min. 12 MHz
Full scale temperature coefficient

at analogue output (pin 22) TCgks  typ. +30-10° K-'
Operating ambient temperature range Tamb —20to +70 ©C
Total power dissipation Ptot typ. 350 mwW

PACKAGE OUTLINES

TDA1540D: 28-lead DIL; ceramic (cerdip) (SOT-135A).
TDA1540P: 28-lead DIL; plastic (SOT-117BE).
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44-BIT DAC. . . SERIAL OUTPUT TDA1540D,P

FUNCTIONAL DESCRIPTION

The binary weighted current sources are obtained by a combination of a passive divider and a time
division concept. Figure 1a gives the diagram of one divider stage. The total emitter current 4 | of the
passive divider is divided into four more or less equal output currents.

The output currents of the passive divider are now interchanged during equal time intervals generated
by means of a shift register. The average output currents are exactly equal as a result of this operation.
A ripple on the output current, caused by a mismatch of the passive divider, is filtered by an a.c.
low-pass filter, requiring an external filter capacitor.

The outputs of the dividers are combined to obtain the output currents | (I1), 1 (1) and 21 (i3)
(see Fig. 1b). The current of the most significant bit is generated by an on-chip reference source.
A binary weighted current network is formed by cascading the current division stages (see Fig. 2).

The interchanging pulses are generated by an on-chip oscillator and a 4-bit shift register. The binary
currents are switched to the current output (pin 22) via diode-transistor switching stages; therefore,
the voltage on the output pin must be 0 V £ 10 mV. The output current can be converted into a
voltage by means of a summing amplifier.

Figure 3 represents the data input format, and an application circuit is given in Fig. 4.

lA2| l
' | e | e
|.i|:t?__f; __A R
e R S S S Aslt Tag
REGISTER
12
e t,
cLocK 1I+A1| 1|+A2I l|+A3| lI+A4I LA1I+A2I
13
e
A3I+A4Ir
|
- 4/f —_—
7289039
Fig. 1a Circuit diagram of one divider stage. Fig. 1b Waveforms showing output

currents |1, o and 13 of Fig. 1a.
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14-BIT DAC. . . SERIAL OUTPUT - TDA1540D,P
DATA —
5o SHIFT REGISTER
Yt vyt oytorororototoy
LE—L LATCH |<_
] ] ] T i 1 i 1 i ] 1 7 7 7 ‘4‘,22
L L T L L T T T L ] enetosue
| ' i 10utput
X ILRVERY %;' ) beﬂ REVRERIE Jéx;o =
[ q g t g 4 4 b
S } S L L
[171:2:4a:8]32 3 2 3 % 3 3 3 %
' 2o
‘E 240
i 235 4]
21
’—[1 e 2' 203i
1 19
1 1 @2 o—H
18
14°—|I~
PR el
120—”-*
v 1 . 2 ~0—|}—
ENERIRE iy
amplifier

OSCILLATOR &

4-BIT
SHIFT REGISTER

7289083.1

Fig. 2 Functional diagram showing cascading of current division stages.

>40ns

-

oata __ fussl XX - YOO Xose\ . fuss)—

>15ns >10ns
—| | -—— — |-—

== r
CIVAVAVAVAY. }_/1
f— -— — - l——
>35ns >35ns >5ns( __J1>10ns

LE

>40ns

7289038.1

Fig. 3 Format of input signals.
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14-BIT DAC. . . SERIAL OUTPUT TDA1540D,P
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Supply voltages
with respect to GND (pin 6)
atpin4 Vp1q max. 12V
at pin 7 VN1 max. =12V
at pin 11 VN2 max. -20 V
at pin 4 with respect to pin 11 Vp1—-VN2 max. 32V
at pin 7 with respect to pin 11 VN1-VN2 -1to+20 V
Total power dissipation Ptot max. 600 mW
Storage temperature range Tstg —b5to+ 125 °C
Operating ambient temperature range Tamb —251to0o +80 OC
CHARACTERISTICS (see application circuit Fig. 4)
Tamb = 25 OC; at typical supply voltages; unless otherwise specified
parameter symbol min. typ. max. unit
Supply voltages
with respect to GND (pin 6)
at pin 4 Vp1 3 5 7 \
at pin7 VN1 —4.7 -5 -7 \
at pin 11 VN2 -16.5 -17 -18 \Y
Supply currents
at pin 4* Ipq - 12 14 mA
atpin 7 IN1 - —20 —24 mA
at pin 11 IN2 - -1 -13 mA
Power dissipation
Total power dissipation Piot - 350 410 mwW
Temperature
Operating ambient temperature range | Tamp -20 - +70 oc
* When the output current is ¥%Igg (% full scale output current).
Signetics 4-101
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14-BIT DAC. . . SERIAL OUTPUT TDA1540D,P

parameter symbol min. typ. max unit
Data input DATA (pin 1)
Input voltage HIGH ViH 2.0 - 7.0 \
Input voltage LOW ViL 0 - 0.8 \
Input current HIGH at V|H lIH - - 50 A
Input current LOW at V| —hL - - 0.2 mA
Maximum input bit rate BRmax 12 - - Mbits/s
Latch enable input LE (pin 2)
Clock input CP (pin 28)
Input voltage HIGH ViH 2.0 - 7.0 Y
Input voltage LOW ViL 0 - 0.8 Vv
Input current HIGH at V| lH - - 50 HA
Input current LOW at V| =L - - 0.2 mA
Maximum clock frequency fcPmax 12 - - MHz
Oscillator (pins 8 and 9)
Oscillator frequency

at Cg.g =820 pF fosc 100 160 200 kHz
Analogue output lg¢ (pin 22)
Output voltage compliance Voc -10 — +10 mV
Full scale current IFs 3.8 4.0 4.2 mA
Zero scale current tlzg - - 100 nA
Full scale temperature coefficient

Tamb = —20 to + 70 °C TCFs - +30x10—6 | — K—1
Settling time to + %2LSB

all bits on or off tcs - 0.5 - us
Signal-to-noise ratio* S/N 80 85 - dB

* Signal-to-noise ratio within 20 Hz and 20 kHz of a 1 kHz full scale sinewave, generated at a sample

rate of 44 kHz.
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14-BIT DAC. . . SERIAL OUTPUT TDA41540D,P
+5V -5V -17V
1nF
——
10nF 273 820pF 2'3;
— K
j—j: I—-<| Iﬁm 22pF
4 6 3 7 1110 8 9
DATA —] 1 22 :°”: h ~ Lo
P —|28 15 |:f; p 20kHz | output
£ — | -
bk TDA1540 i JOe o
(5% S 05%) afilt-e:/pe
16 Iref2 | ] metal-film
1213 14 18 19 20 21 23 24 25 P
) R A A A A A
470 1220 [100 [47 '['22 TionF [10nF [10nF [10nF [10nF
an lnF;—LnF lnF lnFlnln ln :?[ n;[ " 7289082.2A
Fig. 4 Application circuit.
PINNING
1 DATA  datainput DATA [1 U 28] cF
2 LE latch enable input )
3 Vief1 voltage reference Le 2 [27] ic.
4 Vpyq positive supply Veet1 [ 3 26] i.c.
5 i.c.* frequency compensation v
on-chip operational amplifier P14 E co
6 GND ground ic. E E co
7 V negative suppl
8 OSC1 preReY oo [¢] 23] cs
oscillator capacitor
9 OSC2 VN1 E E lout
10 Vief2 voltage reference TDA1540
11 VN2 negative supply osc1[] 2a1jc7
12 C1 L degoupling binary osczE 7] c6
13 C2 weighted current
14 C3 J sources Vref2[10 [19] c5
15 lrefq N2 [11 18] ca
16 lref2 l current reference sources E :|
17 lref3 J c1 2] [17] ret3
18 C4 :
|
19 C5 l decoupling binary weighted cz[13] [16] trer2
20 C6 I current sources c3[i [15] ref1
21 ¢ 7286851.A
22 oyt analogue output
23 C8 decoupling binary Fig. 5 Pinning diagram.
24 C9 } weighted current
25 C10 sources
26 i.c.* voltage reference
27 ic.* voltage reference
28 CP clock pulse input

*

i.c.: internally connected.

Signetics
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SELECTOR GUIDE

COMPARATORS
max. INp. | MOX NP COMMON | ourpuT voLTAGE VOLTAGE MAX. DIFF.
OFFSET SUPPLY RESPONSE| MODE GAIN INPUT
COM- TEMP. voLT BIAS OFFSET VOLTAGE TIME VOLTAGE | Vg Max. Vo, Min.| OUTPUT (Typ.) TTL VOLTAGE

DEVICE | PLEXITY |RANGE* | (mV) (A)  (uA) ) (Typ.) (ns) |RANGE (V)| (V) (V) |STRUCTURE| V/mV [FANOUT )
LM Single M 4.00 015  0.02 +15 200 +14 0.4 o.C. 200 5 +30
Lm211 Single | 4.00 0.15 0.02 to 200 t14 04 ocC. 200 5 +30
LM311 Single [¢] 10.0 0.30 0.07 +5and GND~ 200 +14 0.4 o.C. 200 5 30
NE5272 Single Cc 10.0 4.00 1.0 +5t0 £10 16 +5 05 27 TTL 5 t5
SES27 Single M 6.00 4.00 1.00 and GND 16 5 05 25 TTL 5 5
NE5295 Single [+ 10.0 50.0 16.0 +5t0 10 12 +5 05 27 TTL 5 5
SE529 Single M 6.00 36.0 9.00 and GND 12 5 05 25 TTL 5 t5
LM1193 Dual M 7.00 100 0.10 +15 80 +13 0.4 oc. 40 2 +5
LM219 Dual I 7.00 1.00 0.10 to 80 +13 04 ocC 40 2 5
LM319 Dual ¢} 10.0 1.20 0.30 +5 and GND 80 +13 0.4 o.cC 40 2 5
LM1933 Dual M 9.00 0.30 0.10 t1to £18 1300 0toVg-2 07 o.cC. 200 2 36
LM293 Dual | 9.00 0.40 0.15 or 1300 0toVg-2 0.7 ocC. 200 2 36
LM393 Dual o] 8.00 0.40 0.15 +21to0 +36 GND 1300 OtoVg=-2 0.7 ocC. 200 2 36
LM2903 Dual | 15.0 0.50 0.20 1300 OtoVg-2 07 0o.C. 100 2 36
SE/NES5214 Dual M/IC 15/10.0 40.0 120 +5, -5 GND 8 3 0.5 27 TTL 12 t6
SE/NES22 Dual MIC 15/10.0 40.0 12.0 +5, -5 GND 10 +3 0.5 0.C 12 +6
LM13g8 Quad M 9.00 0.30 0.10 1300 OtoVg-2 07 o.cC. 200 2 36
LM239 Quad | 9.00 0.40 0.15 t110 £180r 1300 OtoVg-2 07 o.C. 200 2 36
LM339 Quad c 9.00 0.40 0.15 +21t0 +36 1300 OtoVg-2 07 ocC. 200 2 36
LM2901 Quad I 15.0 0.50 0.20 1300 OtoVg=-2 0.7 0.C. 100 2 36
MC3302° Quad | 40.0 1.00 0.30 +21to +28 GND 2000 0toVg-2 07 ocC. 100 2 28

Notes:

1. With strobe, will work from single supply.
2. Complementary output gates with individi'al strobes.
3. Will operate from single or dual supplies.
4. Ultra-high speed.
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 VOLTAGE COMPARATOR

DESCRIPTION

The LM111 series are voltage comparators
that have input currents approximately a
hundred times lower than devices like the
nA710. They are designed to operate over a
wider range of supply voltages; from
standard 15V op amp supplies down to
the single 5V supply used for IC logic. Their
output is compatible with RTL, DTL, and
TTL as well as MOS circuits. Further, they
can drive lamps or relays, switching volt-
ages up to 50V at currents as high as 50mA.

Both the inputs and the outputs of the
LM111 series can be isolated from system
ground, and the output can drive loads
referred to ground, the positive supply or
the negative supply. Offset balancing and
strobe capability are provided and outputs
can be wire OR’ed. Although slower than
the wA710 (200ns response time vs 40ns)
the devices are also much less prone to
spurious oscillations. The LM111 series has
the same pin configuration as the uA710
series.

FEATURES

e Operates from single 5V supply
e Maximum input blas current: 150nA

APPLICATIONS

.

Zero crossing detector
Precision squarer

Positive/negative peak detector
Low voltage adjustable reference

supply
Switching power amplifier

LM1141/211/311

PIN CONFIGURATION

D,

FE, N PACKAGE

GND 7]

v-4

v+

NpuT 2} 7] outPuT
INpUT (8] [6] BALISTROBE

[5] BALANCE

LM11

ORDER PART NO.

LM211N/LM311N
LM311D

1FE/LM211FE/LM311FE

EQUIVALENT SCHEMATIC

BALANCE/
STROBE BALANCE

R8 R8
750 800

Q10

<
(LM311 - 250nA) [aN
* Maximum offset current: 20nA (LM311 - y 10 i
50nA) ) 13 ouTPUT
¢ Differential input voltage range: +30V e a4
* Power consumption: 135mW at =15V _’j
* High sensitivity—200V/mV R17 :1;01
INPUTS a2 021>1—< Q16
:‘;02
o——FKa {/1 022 010‘\4‘
R19 S R18
250 2 200 Ri3
a
ov- =
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Total supply voltage 36 Vv
Output to negative supply voltage:
LM111/LM211 50 \
LM311 40 v
Ground to negative supply voltage 30 \
Differential input voltage +30 Vv
Input voltage? +15 \
Power dissipation2 500 mw
Output short circuit duration 10 sec
Operating temperature range
LM111 -55to +125 °C
LM211 -25to +85 °C
LM311 0to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C
(soldering, 10sec)
Signetics 4-105
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VOLTAGE COMPARATOR

LM144/241/311

DC ELECTRICAL CHARACTERISTICS 123
LM111/LM211 LM311
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Input offset voltage4 Ta = 25°C, Rs < 50kQ 0.7 3.0 2.0 7.5 mV
Input offset current4 Ta=25°C 4.0 10 6.0 50 nA
Input bias current Ta=25°C 60 100 100 250 nA
Voltage gain Ta=25°C 200 200 V/mV
Response time5 Ta=25°C 200 200 ns
Saturation voltage VIN < -5mV, louT = 50mA
Ta=25°C 0.75 1.5 0.75 1.5 Vv
Strobe on current Ta=25°C 3.0 3.0 mA
Output leakage current VIN = 5mV, Vout =35V
Ta = 25°C, IsTROBE = 3mA 0.2 10 0.2 50 nA
Input offset voltage4 Rs < 50k} 4.0 10 mV
Input offset current4 20 70 nA
Input bias current 150 300 nA
Input voltage range V=115V (Pin7may goto5V)| —-145 [13.8,~14.7 13.0 |[-14.5 [13.8,-14.7| 13.0 \
Saturation voltage V+=45V,V-=0
VIN < -BmV, Isink < 8mA 0.23 0.4 0.23 04 \Y
Output leakage current VIN = 5mV, Vout = 35V 0.1 0.5 uA
Positive supply current Ta=25°C 5.1 6.0 5.1 75 mA
Negative supply current Ta=25°C 4.1 5.0 4.1 5.0 mA
NOTES
1. This rating applies for £15V supplies. The positive input voltage limit is 30V above the 3. These specifications apply for Vs = +15V and 0°C < Ta < 70°C unless otherwise

negative supply. The negative input voltage limit is equal to the negative supply
voltage or 30V below the positive supply, whichever is less.

specified. With the LM211, however, all temperature specifications are limited to
-25°C < Ta< 85°C and for the LM111 is limited to -55°C < Ta < 125°C. The offset

2. The maximum junction temperature of the LM311 is 110°C. For operating at elevated voltage, offset current and bias current specifications apply for any supply voltage
temperatures, devices in the TO-5 package must be derated based on a thermal from a single 5V supply up to £15V supplies.
resistance of 150°C/W, junction to ambient, in the N package, a thermal resistance of 4. The offset voltages and offset currents given are the maximum values required to drive
162°C/W, and °C/W for the Ceramic package. The maximum junction temperature of the output within a volt of either supply with 1mA load. Thus, these parameters define
the LM111 is 150°C, while that of the LM211 is 110°C. For operating at elevated an error band and take into account the worst case effects of voltage gain'and input
temperatures, devices in the TO-5 package must be derated based on a thermal impedance.
resistance of 150°C/W, junction to ambient. The thermal resistance of the Cerdip 5. The response time specified is for a 100mV input step with 5mV overdrive.
package is 110°C/W, junction to ambient. 6. Do not short the strobe prin to ground; it should be current driven at 3mA to 5mA.
TYPICAL APPLICATIONS
TTL INTERFACE WITH HIGH
LEVEL LOGIC
ZERO CROSSING DETECTOR DETECTOR FOR MAGNETIC
DRIVING MOS LOGIC TRANSDUCER vtasy
' O V* sv R3
R 82K
240K
INPUT "O—AAA-
v+ 5V l TO TTL
INPUT O = T LOGIC
TO MOS O output c1
LOGIC R2
a7K
0 =
v-=-t0v " MAGNETIC
PICKUP
“Values shown are for a 0 to 30V logic swing and
a 15V threshold
tMay be added to control speed and reduce
susceptability to noise spikes.
. .
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DUAL VOLTAGE COMPARATOR

LM119/219/319

DESCRIPTION

The LM119 series are precision high speed
dual comparators fabricated on a single
monolithic chip. They are designed to oper-
ate over a wide range of supply voltages
down to a single 5V logic supply and
ground. Further, they have higher gain and
lower input currents than devices like the
uAT710. The uncommitted collector of the
output stage makes the LM119 compatible
with RTL, DTLand TTL as well as capable of
driving lamps and relays at currents up to
25mA.

Although designed primarily for applica-
tions requiring operation from digital logic
supplies, the LM119 series are fully speci-
fied for power supplies up to £15V. It fea-
tures faster response than the LM111 at the
expense of higher power dissipation. How-
ever, the high speed, wide operating voltage
range and low package count make the
LM119 much more versatile than oider de-
vices like the uA711.

The LM119 is specified from -55°C to
+125°C, the LM219 is specified from -25°C
to +85°C, and the LM319 is specified from
0°C to +70°C.

FEATURES

Two independent comparators
Operates from a single 5V supply
Typlcally 80ns response time at +15V
Minimum fan-out of 3 (each side)
Maximum input current of 1.A over
temperature
Inputs and outputs can be isolated from
system ground

High common mode slew rate
MIL-STD-883 A, B, C avallable

PIN CONFIGURATIONS

LM119F LM219F LM319D.FN

D,F,N PACKAGE

TOP VIEW
ORDER NUMBERS

H PACKAGE*
v+

ORDER NUMBERS
LM118H LM219H LM319H

*Metal cans (H) not recommended for new designs

EQUIVALENT SCHEMATIC
Ry 3.5k
A | —O v+
< 1L (’
R2 4k :: :: R3 4k Re 3k & (: Ry 3k
| G
V7
Qq [o!
N
7
™ o L]
{ O— Qz
INPUTS q P <
< >
- o A 3‘(: :; Ri1 13k :, R12 13k
<
Q1o 13 FT»
\ Q Ris 300
<
Q22
Q14 —Q OUTPUT
Ryg 18k R13 600 ‘) ' 1 F.{
\l Q18
an Q12
el LA S Are
S S 600
SR1a 2
TO OTHER
HALF Y
R25 600 R24 250
R17 3
[}
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DUAL VOLTAGE COMPARATOR

LM119/219/319

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Total supply voltage 36 Vv
Output to negative supply voltage 36 v
Ground to negative supply volitage 25 Vv
Ground to positive supply voltage 18 v
Differential input voltage 15 v
Input voltage? *15 Vv
Power dissipation2 500 mw
Output short circuit duration 10 s
Operating temperature range

LM119 -55 to +125 °C

LM219 -25 to +85 °C

LM319 0to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 10sec) 300 °C

NOTES

1.

2.

DC ELECTRICAL CHARACTERISTICS Vs =15V, for

supply voltage.

derated as follows:
K package—150° C/watt above 75°C

F package

—110°C/watt above 95°C

For supply voltages less than 15V, the absolute maximum rating is equal to the

The absolute maximum junction temperature is 150°C. Device dissipation must be

LM119, -55°C < Ta < 125°C
LM219, -256°C < TA < 85°C

LM319, 0°C<Ta<70°C

unless otherwise specified.

LM119/219 LM319 UNIT
PARAMETER TEST CONDITIONS
Min | Typ | Max | Min Typ | Max
Vos Input offset voltage?.2 Rs < 5KQ, Ta =25°C 0.7 4.0 2.0 8.0 mV
Over temp. 7 10 mV
los Input offset current1.2 Ta=25°C 30 75 80 200 nA
Over temp. 100 300 nA
I} Input bias current? Ta=25°C 150 500 250 | 1000 nA
Over temp. 1000 1200 nA
Av Voltage gain Ta =25°C 10 40 8 40 V/mV
VoL Saturation voltage VIN=5mV, lout=25mA, TA=25°C 0.75 15 v
VIN=10mV, lout=25mA, TaA=25°C 0.75 1.5 v
V+2=>45V,V-=0
VIN = 6mV, lout = 3.2mA
Ta=0°C 0.23 04 \
Ta<0°C 0.6
ViN = 10mV, louT = 3.2mA 0.3 0.4 Vv
loH Output leakage current V-=0V, ViN = 5mV
Vout =35V, Ta = 25°C 0.2 2 uA
Over temp. 1 10 uA
V-=0V, Vin =10mV
Vout = 35V, Ta = 25°C 0.2 10 uA
VIN Input voltage range Vs = 15V +13 *13 \"
V+ =5V, V- = QV 1 3 1 3 Y
Vip Differential input voltage 15 +5 Y
I+ Positive supply current V+ =5V, V-=0V, Ta=25°C 4.3 4.3 mA
I+ Positive supply current Vs =15V, Ta =25°C 8.0 115 8.0 12,5 mA
- Negative supply current Vs = +15V, Ta = 25°C 3.0 4.5 3.0 5.0 mA
NOTES

1

Vos, los and Ig specifications apply for a supply voltage range of Vs =+15Vdowntoa

single 5V supply.
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2. The offset voltages and offset currents given are the maximum values required to drive

the output to within 1 volt of either supply with a TmA load. Thus these parameters
define an error band and take into account the worst case effects of voltage gain and
input impedance.
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DUAL VOLTAGE COMPARATOR

LM119/219/319

AC ELECTRICAL CHARACTERISTICS TEST CIRCUIT
LIMITS RESPONSE TIME
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max MEASUREMENT
Response time* Vs==*15V, Ta=25°C 80 ns .
RL = 5001} (see test figure) T o .
5V
*NOTE
The response time specified is for a 100mV step with SmV overdrive. L
. e e V
our
=7
-|5VI _L

TYPICAL PERFORMANCE CHARACTERISTICS

TRANSFER FUNCTION
40 T T 1 8.0
vsr. =l15v' V*+ =38V
> 35 | RL=1.4KQ 7.0 o
| Ta=25°C / <
x 30 6.0 g
g virasov| §
2 — 505
g 4 g
s 20 7 4.0 H
[<} L m
> 15 30
= / =}
2 E
3 10 20,
s 10°
0 0
-10 -06 -02 0.2 06 1.0
DIFFERENTIAL INPUT VOLTAGE — V
INPUT CHARACTERISTICS
400 T T 7
(Vs= =15V i
< Ta=25°C
€ 300 t +
| | |
- t
E | |
E 200 T T
& | |
o ; T
123
< 100 [ I
o I |
: ' |
z 0 ' i
| TIAL INPUT VOLTAGE |
~100 ’ h
-10 -60 -20 20 6.0 10
DIFFERENTIAL INPUT VOLTAGE — V

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES

> 6.0 T
5 T i Vg=5.0V
wo RL = 5000
Eg 40 AN VE+ =50V
35 Ta=25°C
3 30 \ A
>
20 20mv
\ \somv \2omv
10—
0
: 2 =
| 0
5w
-50
22
5 -100
<)
>
0 50 100 150 200 250 300 350
TIME —ns
RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES
6.0 L
50 Vs= 215V |
> 5 Ry = 5000
=1 a0 \\ V*+ =50V
2w [T2omv\[\ Y2omv [ Ta=25°C
5% 30 —t
oF \"\\S.Omv
3 20 \ \
>
1.0
: o
—~ >
54 °
?-2.2 -50
5 -100
3]
>

0 50 100 150 200 250 300 350
TIME — ns

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES

> 80
SJJ 5.0
G40 20mv [ 5.0mv
= mv /i .0m
©3 30 7 IL
>
2.0
7
10 //} 2.0mv
% J
0
e | Vg= 15V <>
2100 Ry = 5000
2z o V450V
g TA=25°C
X =

0 50 100 150 200 250 300 350
TIME — ns

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES

6.0
> 50 /,
'5;,', 4.0 7
X 20mvV / / 2.0mv
85 XTI/ ]
-
9 20 P
> [ [7Ts0mv
1.0 f
) =é
t Vs =5.0V
. | 100 Ry = 5000
Sw g v+ +=50v_|
ze Ta=25°C
2z —
g 1
e 1

0 50 100 150 200 250 30C 350
TIME — ns
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DUAL VOLTAGE COMPARATOR

LM119/219/319

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
OUTPUT SATURATION VOLTAGE SUPPLY CURRENT OUTPUT LIMITING
CHARACTERISTICS
% T 12 — 120 T 12
Ta=25°C Ta=25°C < Ta=25°C
[ 10 € 400 N\ | 10
i H / I SHORT CIRCUIT CURRENT 3|
| / | £ )
- 8 |—f— POSITIVE SUPPLY u g0 08 g
g1 E g \ 1 g
E E 6 8 60 0.6 E
: a ~ : <=~
5 10 > /] g 2
g / g e NEGATIVE SUPPLY £ 4 04 &
3 / H / I = POWER DISSIPATION H
s 2 Q 20 / 02 &
/ Vg= £15V % ’
INPUT OVERDRIVE = 5.0mV
0 L . . 0 0 0
0 02 04 06 08 1.0 0 5 10 15 20 0 5 10 15
OUTPUT VOLTAGE — V SUPPLY VOLTAGE — V OUTPUT VOLTAGE — V
INPUT CURRENTS COMMON MODE LIMITS SUPPLY CURRENT
(LM119/219) (LM119/219) (LM119/219)
250 v+ 12
T
Vg= %15V —04 \Q .,.SL_E,.TO\,VEEO_
< 200 T es SN ¢ '° [FOSITIVESUPPLY, Vs = = 16V
] N 2 1.2 Vg= =15V _ [ T~
s BIAS = -1 s —
Eﬁo -y 2 e l J T N~ é T
=1 T T T
H T~ 8 REFERRED TO SUPPLY VOLTAGES £ 6 [ SoSITIVE SUPPLY, Vs * =5.0V,
© 100 E -20) 2 S Vs~ =0
= 2z rd 4 Z s — 4
g § B T
= Z 08 [vsc =15V, Vst =50V, V-= E IVE SUPPLY, Vg = 15V
50 ~—__OFFsET 8 , °] CUT 2 TEG i" \ ‘ Ve=x
4
o — e ,
-85 -15 5 a5 85 125 -85 -15 5 45 85 125 -85 15 § 4 8 125
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
INPUT CURRENTS SUPPLY CURRENTS COMMON MODE LIMITS
(LM319) (LM319) (LM319)
300 — 12 v+ ——
- Vg= =15V [ . _0.4’ L Vs*=50V,Vs~ =0
g 250 — g 10 I | —o08
| ——1 ; POSITIVE SUPPLY, Vs = = 15V 2 [ver o ——F—
£ L8 £ -2 =
g 200 z ‘ 3 e 1 l
g E s [ § | REFERRED TO SUPPLY VOLTAGES
2 3 _ o g -20
£ 180 s, POSITIVE SUPPLY, Vs * =50V, V- =0 : 217 2
£ - § =
- 0. = —
100 e orrser 2, NEGATIVE SUPPLY, Vs = = 15V 3 " Ve== 18V, Va7 =50V, Ve~ =0
o LT Vol I
0 10 20 3 40 50 60 70 0 10 20 3 4 5 60 70 0 10 20 30 40 50 60 70
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
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LINEAR LS| PRODUCTS

DUAL VOLTAGE COMPARATOR LM119/219/319

TYPICAL APPLICATIONS
RELAY DRIVER WIDE RANGE VARIABLE
OSCILLATOR
1900 *
INPUTS
s ineta
NS4 27kg 1k
= =
+58V
M Q
WINDOW DETECTOR iy
9
3k %; 3500
12v v——-|< 2N2222
9 \
2 (19 | K SQUARE WAVE OUTPUT
= 8 7 | inota 1kHz to 1MHz
- TRIANGLE WAVE OUTPUT
1
3 I.Mgw 2
1 S {
500pF T |
e FREQUENCY ADJUST
xS 1Ne14 MUST BE BUFFERED
$ FORR, = 100
== o
-5V
Vout =5V for Vir<ViN<VuT
Vour =0 for Vi<Vt or ViN>VuT
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LINEAR LSI PRODUCTS

DESCRIPTION

The LM139 series consists of four inde-
pendent precision voltage comparators
with an offset voltage specification as low as
2.0mV max for each comparator which were
designed specifically to operate from a
single power supply over a wide range of
voltages. Operation from split power sup-
plies is also possible and the low power
supply current drain is independent of the
magnitude of the power supply voltage.
These comparators also have a unique
characteristic in that the input common
mode voltage range includes ground, even
though operated from a single power supply
voltage.

The LM139 series was designed to directly
interface with TTL and CMOS. When oper-
ated from both plus and minus power sup-
plies, the LM139 series will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard com-
parators.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ Wide single supply voltage range 2.0Vdc
to 36Vdc or dual supplies =1.0Vdc to
+18Vdc

* Very low supply current drain (0.8mA)
independent of supply voltage (1.0mW/-
comparator at 5.0Vdc)

¢ Low Input blasing current 25nA

¢ Low Input offset currrent +5nA and offset
voltage

¢ Input common-mode voltage range in-

cludes ground

Ditferential input voltage range equal to

the power supply voltage.

Low output 250mV at 4mA saturation

voltage

Output voltage compatible with TTL,

DTL, ECL, MOS and CMOS logic sys-

tems.

APPLICATIONS

e A/D converters

¢ Wide range VCO

* MOS clock generator

* High voltage logic gate
* Multivibrators

PIN CONFIGURATION

D,F,N PACKAGE

outpuT 2 [1] N~ —T5) oureurs
ouTPUT 1[Z] 73] ouTPUT 4
v+ 3] 72] aND
INPUT 1- 7] [71] INPUT 4 ¢
INPUT 1+ [5 ] [70] INPUT 4 -
INPUT 2- 6] [9] wpuTa+
npuT 2+ [7] BOEE
TOP VIEW

ORDER NUMBERS
LM 139/239/339F N LM2901F,N
MC33020,FN  LM339D

PARAMETER RATING UNIT
Vcce supply voltage 36 or +18
Differential input voltage 36
Input voltage -0.3 to +36
Power dissipation?
N package 570 mW
F package 900 mW
Output short circuit to ground2 Continuous
Input current (V|N < -0.3Vdc)3 50 mA
Operating temperature range
LM139/A -55 to +125 °C
LM239/A -25 to +85 °C
LM339/A 0to +70 °C
LM2901/MC3302 -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C

EQUIVALENT CIRCUIT

(1 Comparator Only)

v+
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DC ELECTRICAL CHARACTERISTICS V+ =5Vdc, LM139A/LM139: —55°C < T, < 125°C unless otherwise specified
LM239: —25°C < T, =< 85°C unless otherwise specified
LM339: 0°C =< T, =< 70°C unless otherwise specified

V4 =5Vdc, LM339A: °C < T, =< 70°C unless otherwise specified
LM239A: —25°C < T, =< 85°C unless otherwise specified
LM2901/LM3302: —40°C < T, =< 85°C uniess otherwise specified

TEST LM139A LM239A/339A LM139 LM239/339 LM2901 MC3302
PARAMETER UNIT
CONDITIONS Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max
Vos Input offset Ta=25°C +10] =20 +10| =20 +20 +50 %20 +50 +20 +7.0 +3.0 +20 mV
voltage5 Over temp. 40 +40 9.0 9.0 %9 +15 +40
Vem  Input common Tp=25°C 0 V+-15} 0 V+-15 0 V+-15 0 V+-15 0 V+-15 V+-15
mode voltage Over temp. 0 V+-20| O V+-201 0 V+-20 0 V+-20 0 V+-20 V+-20f v
range®
VipR Differential input® Keep all Vi v v+ V4 V4 ve |V
voltage ViNs = 0Vde
(or V- if need)
g Input bias IING+) OF TINg-)
current’ with output in
linear range
Ta=25°C 25 100 25 250 25 100 25 250 25 250 25 500
Over temp. 300 400 300 400 200 500 1000 nA
los Input offset NG+~ ING-)
current Tao=25°C +30] =25 +£50| =50 +30 +25 *50 +50 +5 +50 +5 +=100 | nA
Over temp. + 100 *+150 +100 +150 +50 =+ 200 + 300 nA
loL Output sink VIN(-) = 1Vde, | 6.0 16 6.0 16 6.0 16 6.0 16 6.0 16 6 mA
current ViINg+)=0,
Vo = 15Vdc,
Ta=25°C
Vo =800mV,
over temp. 20
lo4 Output leakage VIN(+) = 1Vdc,
current ViNE)=0
Vo =5Vde,
Tp=25°C 0.1 0.1 0.1 0.1 0.1 0.1 nA
Vo =30Vde,
over temp. 1.0 10 1.0 1.0 10 1.0 rA
lcc  Supply current V+ =28V 8 18
Ry = on
comparators,
Ta=25°C 0.8 20 08 20 0.8 20 08 20 038 20 mA
V+ =30V 1.0 25
Ay Voltage gain RL = 15kQ,
V+ =15Vdc 50 200 50 200 50 200 50 200 25 100 2 100 Vimv
VoL Saturation voitage | Vin(—) = 1Vdc,
ViN(+)=0,
ISINK = 4mA
Ta=25°C 250 400 250 400 250 400 250 400 400 150 400 mv
Over temp. 700 700 700 700 400 700 700
TLsR Large signal ViN=TTL logic
response time swing,
VR = 14Vdc,
VR =5Vdc,
Ry = 5.1k,
Ta=25°C 300 300 300 300 300 300 ns
TR Response time8 VR =5Vvdc,
R =5.1k2,
Ta=25°C 13 13 13 13 13 13 1S

See notes on following page.

~N
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

LM1 39A/239A/ 339Al LM1 39/239/33 094

NOTES
1. For operating at high temperatures, tha LM339/339A LM20801 and MC3302 must be
derated based ona 125°C and a thermal
of 175°C/W which applies for the device soldered in a printed circuit board,
operating in a atlll alr embient. The LM139/139A/239/239A must be derated on a
150°C . The low power dissipation and the “On-Off"’
characteristics of the outputs keep the chip dissipation very small (Pp < 100mW),
p the output are allowed to saturate.
. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approxl 20mA of
the magnitude of V+.
This input current will only exist when the voltage at any of the Input leads s driven
negative. It is due to the collector-base junction of the input PNP transistors
becoming forward biased and thereby acting as input diode clamps. In addition to
this dlode action, there is aiso lateral NPN parasitic transistor action on the IC
chip. This transistor action can cause the output voltages of the comparators to go
to the V + voltage level (or to ground for a large overdrive) for the time duration that
an Input is driven negative. This is not destructive and normal output states will re-
establish when the input voltage, which was negative, again returns to a value
greater than - 0.3vdc.

~

@

4-114

4.

o

Ld

~N

®

Positive excursions of Input voltage may exceed the power supply level by 17 voits.
As long as the other voltage within the range, the com-
parator will provide a proper output state. The low input voltage state must not be
less than - 0.3Vdc (or 0.3Vdc below the magnitude of the negative power supply,
If used).

At output switch point, Vg = 1.4Vdc, Rg =00 with V+ from 5Vdc to 30Vdc; and
over the full input common-mode range (0Vdc to V + — 1.5Vdc).

The Input common-mode voltage or either input signal voltage should not be
allowed to go negative by more than 0.3V. The upper end of the common-mode volt-
age range Is V+ — 1.5V, but either or both inputs can go to 30Vdc without damage.
The direction of the Input current la out of the IC due to the PNP input stage. This
current Is y di of the state of the output so no
loading change exists on the re!arence or input lines.

The response time specified Is for a 100mV input step with a 5mV overdrive. For
larger overdrive signals, 300ns can be obtained, see typical performance character-
istics section.
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR LMA39AI239AI339AILMA 39/239/339]

TYPICAL APPLICATIONS
TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR
v+ v+
+
100k v* (2voc)
1ooka . e L 3.0k
. VWA~ 5.1k0 3.0k0
FanuEn‘t’:s 10 JeLM33 W .
CONTROL ©—¢ . + 0.01F |y ma0) —0 OUTPUT 1 VREF HI O
TAGE 0.
vo‘iN‘PUT 'A'A“ vt p (s LAMP
< OUTPUT 2
‘:20kn:: 20kn N +Vin
50k23. Tover &
J/ALM339 - 2N2222

V+=+30Voc N +v WO

+250mVpc < Ve < +50Vpe REFLO =

700Hz < fo < 100kHz

VISIBLE VOLTAGE INDICATOR

*SVpe

CRYSTAL CONTROLLED OSCILLATOR

<
200kQ f: 100ko < 2.0k2

OJuF'E:D‘ mx“

I, | h
—i[]

200k <
3

NOTE:
Inputs of unused comparators should be grounded.
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LINEAR LSI PRODUCTS

QUAD VOLTAGE COMPARATOR

LM4 39A/239A/339A/LM1 39/239/339/ .
M2901/MC3302

TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE
1.0 T T 80 10
TA -55°C — _ I /”
:'mc:) - oS 3 SATURATION
< 08 TA=0°C g 5 I l
E L—] < s ™
5 P B — g Ta= -55°C £ s
E 06 Ta= *25°C é S Ta= t125c SV
z .
> Ta- 70C 3 o § o //J
g 0.4 - | | g h ::_‘p //// Ta TEC
J Ta= *125° Tz :\ 5' /[/
- = 2 — o 001
Ta= +125°C TA= *25°C B
2 TAA=' +70°C ////x TAT *25
I T
l wannlA
0 10 20 30 20 ) 10 20 30 40 001 0.1 1.0 10 100
V' —SUPPLY VOLTAGE—Vp ¢ Vv +—SUPPLY VOLTAGE—Vpc 10—OUTPUT SINK CURRENT (mA)
RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES— INPUT OVERDRIVES—
NEGATIVE TRANSITION POSITIVE TRANSITION
w I u |NF’IUT OIVEHl!RlVE‘: 100mvV
g . L]L SV = INPUT cv‘ssv:/nmvs| § . j ( /
o 7
:){; \ H— 20mv :)Io ‘I
* 1 3 RN
5 vin 5.1K 5 20mV smv
N N e
1 !L JE P Vour 1 +5V
EE < —; J l i < EE < v 51K 2
gL 0 i ovsnoanve{ gL N
§>750 1 §> 50 Taz 25°CT— Vout—
" 100 Ta= 25°C = o ==
OVERDRIVE | |
o 05 1.0 15 20 0 0.5 1 15 2
TIME— 4 sec TIME— usec
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LINEAR LSl PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

DESCRIPTION

The LM193 series consists of two independ-
ent precision voltage comparators with an
offset voltage specification as low as 2.0mV
max for two comparators which were de-
signed specifically to operate from a single
power supply over a wide range of voltages.
Operation from split power supplies is also
possible and the low power supply current
drain isindependent of the magnitude of the
power supply voltage. These comparators
also have a unique characteristic in that the
input common mode voltage range includes
ground, even though operated from asingle
power supply voltage.

The LM193 series was designed to directly
interface with TTL and CMOS. When oper-
ated from both plus and minus power sup-
plies, the LM193 series will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard com-
parators.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Wide single supply voltage range 2.0Vdc
to 36Vdc or dual supplies +1.0Vdc to
+18Vdc

® Very low supply current drain (0.8mA)
independent of supply voltage (2.0mW/-
comparator at 5.0Vdc)

¢ Low Input biasing current 25nA

* Low Input offset current +5nA and offset
voltage *2mv

* Input common-mode voltage range in-
cludes ground

¢ Difterential input voltage range equal to

the power supply voltage.

Low output 250mV at 4mA saturation

voltage

¢ Output voltage compatible with TTL,
DTL, ECL, MOS and CMOS logic sys-
tems.

APPLICATIONS

A/D converters

Wide range VCO

MOS clock generator
High voltage logic gate
Multivibrators

LM193/A/293/AI393/A/2903

PIN CONFIGURATIONS

D,N,FE PACKAGE

outputa [ 8] v
INVERTING
INPUT A A/ [7] outeut B
NON-INVERTING = 1+1 [+ INVERTING
INPUT A 6] INPUT B
NON-INVERTING
ano [ 5J INpuT B
TOP VIEW
ORDER NUMBERS
LM193FE LM393FE
LM293FE LM393AFE
LM293AFE LM393N
LM293N LN393AN
LM293AN LM2903N
LM393D

PARAMETER RATING UNIT

Vcc supply voltage 36 or +18 Vdc
Differential input voltage 36 Vdc
Input voltage -0.3 to +36 Vdc
Power dissipation?

N 570 mw

FE 900 mW
Output short circuit to ground? Continuous
Input current (VN < -0.3Vdc)3 50 mA
Operating temperature range

LM193/193A -55 to +125 °C

LM293/293A -25 to +85 °C

LM393/393A 0to +70 °C

LM2903 -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C

EQUIVALENT CIRCUIT

(One Comparator Only)
v+

Signetics
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/293/A/393/AI2903

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5Vdc, LM193/193A:

-55°C < Ta < +125°C unless otherwise specified.

LM293/293A: -25°C < Ta < +85°C unless otherwise specified.
LM393/393A: 0°C < Ta < +70°C unless otherwise specified.
LM2903: -40°C < Ta < +85°C unless otherwise specified.?
LM193 LM293/393
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltage5 Ta=25°C *2.0| 5.0 2.0 | 50 | mVv
Over temp. +9.0 +9.0
Vem Input common mode voltage Ta=25°C 0 Vt-1.5| 0 Vt-1.5| V
range$,10 Over temp. 0 v+-2.0| 0 V+-2.0)
VibR Differential input voltage4 Keep all Vin's = 0Vde V+ V+ Vv
(or V-if need)
I} Input bias current8 ling+) or Iin=) with output in
linear range
Ta=25°C 25 | 100 25 250
Over temp. 300 400 nA
los Input offset current liNg) = IING=)
Ta=25°C $3.0| +25 50| 50 | nA
Over temp. +100 +150 | nA
loL Output sink current VING-) = 1Vdce, ViNg#) =0,
Vo < 1.5Vdc,
Ta=25°C 60| 16 60| 16 mA
loH Output leakage current VING#) 2 1Vde, Vine) =0
Vo = 5Vdc,
Ta=25°C 0.1 0.1 nA
Vo = 30Vdc, over temp. 1.0 1.0 uA
Icc Supply current RL = = on both comparators
Ta=25°C 0.8 1 0.8 1 mA
V+ = 30V, over temp. 25 25
Av Voltage gain RL = 15K, V+ = 15Vdc .50 | 200 50 | 200 V/mV
VoL Saturation voltage VIN(-) 2 1Vdc, ViN#) =0, i
: ISINK < 4mA
Ta=25°C 250 | 400 250 | 400
Over temp. 700 700 | mV
TLSR Large signal response time VIN = TTL logic swing,
VRerF = 1.4Vdc, VRL = 5Vdc,
RL = 5.1kQ,
Ta=25°C 300 300 ns
TR Response time® VgL = 5Vdc,
RL = 5.1kQ,
Ta=25°C 13 1.3 us
NOTES 4. Positive excursions of input voltage may exceed the power supply level by 17 Volts.

1. For operating at high temperatures, the LM393/393A and LM2903 must be derated
based on a 125°C maximum junction temperature and a thermal resistance of
175°C/W which applies for the device soldered in a printed circuit board, operating in
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C
maximum junction temperature. The low bias dissipation and the “On-Off"
characteristics of the outputs keeps the chip dissipation very small (Pp < 100mW),
provided the output transistors are allowed to saturate.

. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 20mA independent of the
magnitude of V+. ’

. This input current will only exist when the voltage at any of the input leads is driven
negative. It is due to the collector-base junction of the input PNP transistors becoming
forward biased and thereby acting as input diode clamps. In addition to this diode
action, there is also lateral NPN parasitic transistor action on the IC chip. This
transistor action can cause the output voltages of the comparators to go to the V+
voltage level (or to ground for a large overdrive) for the time duration that an input is
driven negative. This is not destructive and normal output states will re-establish when
the input voltage, which was negative, again returns to a value greater than -0.3Vdc.

[N}

2]
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As long as the other voltage remains within the common-mode range, the com-
parator will provide a proper output state. The low input voltage state must not be
less than -0.3Vdc (Vdc below thé magnitude of the negative power supply, if used).

. Atoutput switch point, Vo = 1.4Vdc, Rs = 00} with V+ from 5Vdc to 30Vdc; and over the

full input common-mode range (0Vdc to V+ -1.5Vdc).

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage.

. With the LM293/293A, all temperature specifications are limited to -25°C < Ta <

+85°C and the LM393/393A, all temperature specifications are limited to 0°C < Ta<
+70°C. The LM2903 is limited to -40°C < Ta <85°C.

. The direction of the input current is out of the IC due to the PNP input stage. This

current is essentially constant, independent of the state of the output so no loading ’
change exists on the reference or input lines.

. The response time specified is for a 100mV input step with a 5SmV overdrive.
. For input signals that exceed Vcc, only the overdriven comparator is affected. With a

5V supply, VN should belimited to 25V max., and a limiting resistor should be used on :
all inputs that might exceed the positive supply.
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LINEAR LS| PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/A/I293/A/393/A/2903

DC ELECTRICAL CHARACTERISTICS V+ = 5Vdc, LM193/193A:
LM293/293A:

LM393/393A: 0°C < Ta < +70°C unless otherwise specified.
LM2903: -40°C < Ta < +85°C unless otherwise specified.”

-55°C < Ta < +125°C unless otherwise specified.
-25°C < Ta < +85°C unless otherwise specified.

LM193A LM293A/393A LM2903
PARAMETER TEST CONDITIONS UNIT
Min| Typ | Max [Min| Typ | Max [Min| Typ | Max
Vos Input offset voltages Ta=25°C +1.0 | £2.0 +1.0| 2.0 +2.0| 7.0 mV
Over temp. +4.0 +4.0 +9 | %15
Vcm  Input common mode Ta=25°C 0 V+-1.5{ 0 V+-1.5] 0 V+-1.5 v
voltage range$.10 Over temp. 0 V+-2.0] 0 V+-2.01 0 V+-2.0
Vior Differential input Keep all ViN's = 0Vdc V+ v+ V+ Y
voltage4 (or V-if need)
[[:] Input bias current8 ling+) or liN-) with output in
linear range
Ta=25°C 25 | 100 25 | 250 25 250
Over temp. 300 400 200 | 500 nA
los Input offset current IINg+) = TINg)
Ta =25°C +3.0| *25 +5.0| +50 +5 | £50 nA
Over temp. +100 +150 +50 | £200 nA
loL  Output sink current VinG) = 1Vdce, ViNg) =0,
Vo < 1.5Vdc,
Ta=25°C 6.0| 16 60| 16 60| 16 mA
lon Output leakage ViNG+) = 1Vdc, Vine-) =0
current Vo = 30Vdc
Over temp. 1.0 1.0 1.0 nA
Vo = 5Vdc, Ta = 25°C 0.1 0.1 0.1 na
lcc  Supply current RL = = on both comparators.
Ta=25°C 0.8 1 0.8 1 0.8 1 mA
V+ = 30V, over temp. 1 2.5 1 2.5 1 25
Av  Voltage gain RL = 15kQ), V+ = 15Vdc, Ta =25°C | 50 | 200 50 | 200 25 | 100 V/mv
VoL Saturation voltage VIN(-) = 1Vde, ViNg =0,
ISINK < 4mA
Ta=25°C 250 | 400 250 | 400 400
Over temp. 700 700 400 | 700 mV
TLsr Large signal VIN = TTL logic swing, 300 300 300 ns
response time VRer = 1.4Vdc,
VRL = 5Vdc, RL = 5.1k(},
Ta=25°C
Tr  Response time® VRL = 5Vdc, RL = 5.1k(, 1.3 1.3 1.3 us
Ta=25°C
Signetics 4-119



LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/AI293/A/393/A/2903

TYPICAL APPLICATIONS
TWO-DECADE HIGH-FREQUENCY VCO
v+ v+
100kQ
100k0
*ve M 3.0k0
FREQUENCY U
CONTROL % OUTPUT 1
VOLTAGE >
INPUT OUTPUT 2
B4 M
b
V+ = +30Vge +

+25mVpcsVes +50Vpe
700Hz<f, < 100kHz

VISIBLE VOLTAGE INDICATOR

*5Vpe

LIMIT COMPARATOR

v*12vpe)

TTL TO MOS LOGIC CONVERTER

*5Vpe

(*1.4vpe)

~12Vpc=

10kQ

n

-12v

CRYSTAL CONTROLLED OSCILLATOR

>
200k0 &
P

V+

3

>
>

100ka $ 2.0k

0.14F

200kQ &

am

I

>

>
>

AAA
\ A4

1

CRYSTAL
t = 100kHz

All pins of any unused comparators should be grounded.
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LINEAR LSI PRODUCTS

LOW POWER DUAL VOLTAGE COMPARATOR

LM193/AI293/AI393/AI2903

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT CURRENT

1N—INPUT CURRENT—nApc

v oV
IN(CM 0C —
R u:cu)z 10k2
TA= -55°C
Ta= 0°C
»
AN
e
20 \
TA= *125°C TAS *25°C
TA= *70°C
[ 10 20 30 40

V +—SUPPLY VOLTAGE—Vpc

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—
NEGATIVE TRANSITION

6
5 L [ 111
K SmV = INPUT OVERDRIVE
37 o
s
o —20mv
5> 3 —
: \
5 2 | ViN S|
o T \7
100mv
N Vour
R EEt = =
2> £
> p-
SE 4
o1 o
>z
55
3750
z
100 Tp= 25°C
o 0.5 1.0 15 2.0
TIME— 4 sec

OUTPUT VOLTAGE,

INPUT VOLTAGE,

VO-—~SATURATION VOLTAGE (Vcc)

OUTPUT SATURATION VOLTAGE

o
o

0.001

T 1 7]
OUT OF
SATURATION /]]
A
Ta= +125°C
) // Ta= -55°C
)/
N Ax Ta+25°C
A
0.01 0.1 1.0 10 100
10—OUTPUT SINK CURRENT (mA)

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES—

POSITIVE TRANSITION

! I T T ¥
INPUT OVERDRIVE = 100mV
5
1 [
: Dl /
>3
] Izomv jva
2 ] i
1 l l } 5V
—
> £ P p.
7 7 Vino— [ALSrd
z v
> 50 Ta= 25°cH s . ouT
0 05 1 15 2
TIME— Lisec
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LINEAR LSI PRODUCTS

FEATURES

* 12ns maximum guaranteed propagation
delay

20uA maximum input bias current

TTL compatible strobes and outputs
Large common mode input voltage
range

Operates from standard supply voltages
Military qualifications pending

e e

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS

o MOS memory sense amp
e A-to-D conversion

¢ High speed line receiver

‘PIN CONFIGURATION
D,F,N PACKAGE
eut1a [ (4] v
npuT 18 [Z] (73] v-
ne [3] (12] nPuT 24
outpuT 1y [} 77] vpuT 28
sTRoeE 16 [B] mEs
stRoBEs [ ] (9] outeur 2y
Grouno [7] " [E] stroee 26
TOP VIEW
ORDER NUMBERS
NES21D,F,N SES21F

PARAMETER RATING UNIT
Supply voltage \
V+ Positive +7
V- Negative -7
VIDR Differential input voltage 6 v
VIN Input voltage \%
Common mode 15
Strobe/gate +5.25
Pp Power dissipation 600 mW
T A Operating temperature range
NE521 0to 70 °C
SES521 -55 to +125
Tstg Storage temperature range -65 to +150 °C
Lead temperature +300 °C
(solder, 60 sec)

BLOCK DIAGRAM

31

INPUT 1A Z»
2)

INPUT 18

[
OUTPUT 1Y

2)
INPUT 2A

(RAd)
INPUT 2B

i
STROBE 1G

(9)
O OUTPUT 2Y

(8)

(8)
STROBE S

STROBE 2G

EQUIVALENT SCHEMATIC

"

Ve
14 O—
‘P ‘Pn
:;n. 3
Ko
2 Q, Q,

:T‘l 01&

—

Qs
-G
Qe Q,:
R,
R,

D,
o
g
0
Q,;
D,

EE
b

Ko
N

v+ O-
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NES521

DC ELECTRICAL CHARACTERISTICS V+=+5V, V- = -5V, T 5 = -55 to +125°C unless otherwise specified

SE LIMITS
TEST CONDITIONS UNITS
PARAMETER Min Typ Max
Vos Input offset voltage V+ = +4.5V, V- = -45V mv
At25°C 6 7.5
Over temperature range 15
'BIAS Input bias current V+ = +5.5V, V- = -55V A
At 25°C 7.5 20
Over temperature range 40
Ios Input offset current V+ = +5.5V, V- = -5.5V MA
At25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4.5V, V- = -4.5V +3 v
ViL Low level input voltage Vv
At 25°C 0.8
Over temperature 0.7
ViH High level input voltage 2.0 \
Input current V+ = +5.5V, V- = -5.5V
||H High ViH = 2.7V
1G or 2G strobe 50 A
Common strobe S 100 MA
e Low ViL=05v
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
Output voltage Vi(s) = 2.0v v
VoH High V+ = +4.5V, V- = -4.5V, |LOAD = -1mA 25 34
Voo Low V+ = +4.5V, V- = -4.5V, ILoaD- 10mA 05
Ta = 25°C, ILoaD = 20mA 0.5
Supply voltage v
V+ Positive 4.5 5.0 5.5
V- Negative -4.5 -5.0 -5.5
Supply current V+ =55V, V-=-55V, TA=25°C mA
lce+ Positive 27 35
Ice- Negative -15 -28
I'sc Short circuit output current -35 -115 mA
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LINEAR LSI PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NE521

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = +5V, V- = -5V, T 5 = 0 to 70°C unless otherwise specified

NE LIMITS NITS
TEST CONDITIONS U
PARAMETER Min Typ Max
Vos Input offset voltage V+ = +4.75V, V- = -4.75V mV
At 25°C 6 7.5
Over temperature range 10
IBIAS Input bias current V+ = +5.25V, V- = -5.25V HA
At25°C 7.5 20
Over temperature range 40
IOS Input offset current V+ = +5.25V, V- = -5.25V KA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +4.75V, V- = -4.75V £3 \
Input current V+ = +5.25V, V- = -5.25V
K High VIH = 2.7V
1G or 2G strobe 50 UA
Common strobe S 100 MA
e Low ViL=05v
1G or 2G strobe -2.0 mA
Common strobe S -4.0 mA
v Output voltage Vis) =2.0v %
VOH High V+ = +4,75V, V- = -4.75V, | LOAD =-1mA 2.7 34
oL Low . V+ = 45,25V, V- = -5.25V, |LOAD = 20mA 0.5
Supply voltage \
V+ Positive 4.75 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+=5.25V,V-=-525V, TA=25°C mA
lcc+ Positive 27 35
lec- Negative -15 -28
Isc Short circuit output current -40 -100 mA
AC ELECTRICAL CHARACTERISTICS Ta=25°C,R|_=2800 C| =15pF V+=+5V V-=-5V
LIMITS
PARAMETER FROM TO UNIT
INPUT OUTPUT Min Typ Max
Large Signal Switching Speed
Propagation delay ns
tPLH(D) Low to high! Amp Output 8 12
tPHL(D) High to low! Amp Output 6 9
tPLH(S) Low to high? Strobe Output 45 10
tPHL(S) High to low? Strobe Output 3.0 6
Maximum operating frequency 40 55 MHz
NOTES

1. Response time measured from OV point of £100mV p-p 10MHz square wave to the 1.5V point of the

output

2. Response time measured from 1.5V point of input to 1.5V point of the output
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LINEAR LSI PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NE521

TYPICAL PERFORMANCE CHARACTERISTICS

RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVES
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LINEAR LSI PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

SE/NES522

FEATURES

* 15ns maximum guaranteed propagation
delay

20uA maximum input bias current

TTL compatible strobes and outputs
Open collector output for wire-OR’'d ap-
plications

Large common mode input voltage range
Operates from standard supply voltages

o o o

ABSOLUTE MAXIMUM RATINGS

APPLICATIONS
¢ MOS memory sense amp
e A-to-D conversion
o High speed line receiver

PARAMETER RATING UNIT
Supply voltage v
V+ Positive +7
V- Negative -7
VIDR Differential input voltage +6 \"
VIN Input voltage \
Common mode 15
Strobe/gate +5.25
PD Power dissipation 600 mW
TA Operating temperature range NE 0to 70 °C
SE -55 to +125
Tstg Storage temperature range -65 to +150 °C
Lead temperature +300 °C
(solder, 60 sec)

PIN CONFIGURATION

D,F,N PACKAGE

nput 18 [1] (4] v+
weut 18 [2] 73] v-
ne [3 2] INPUT 24
OUTPUT 1Y E [17] npuT 28
STROBE 16 [5] [10] nc
STROBE § E (9] outeur 2v
GROUND |z [8] strosE 26

TOP VIEW

ORDER NUMBERS
NES522D,F,N SES22F

BLOCK DIAGRAM

1)
INPUT 1A

{
INPUT 1B

12)
INPUT 2A

(11)

(
OUTPUT 1Y INPUT 2B

(6}
STROBE 1G
(8) (9)
STROBE § OUTPUT 2Y
(8)
STROBE 2G

EQUIVALENT SCHEMATIC

v+
140~
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

DC ELECTRICAL CHARACTERISTICS 5V £10%, Ta = -55to 125°C unless otherwise specified
SE LIMITS
PARAMETER UNIT
TEST CONDITIONS Min Typ Max
Vos Input offset voltage V+ = +4.5V, V- = -4.5V mV
At 25°C 6 7.5
Over temperature range 15.
1BIAS Input bias current V+=+55V, V- = -55V HA
At 25°C 75 20.
Over temperature range 40.
los Input offset current V+ =455V, V- = -55V MA
At 25°C 1.0 5.
Over temperature range 12.
Vcm Common mode voltage range V+ = +4.5V, V- = -4.5V +3 \
ViL Low level input v
Voitage at 25°C 0.8
over temperature 0.7
ViH High level temperature 20 "
Input current V+ = +5.5V, V- = -56.5V
™ High Vg = 2.7V
1G or 2G strobe 50 MA
Common strobe S 100 MA
he Low VL =05V
1G 2G strobe -2 mA
Common strobe S -4 mA
Output voltage Vv
VoL Low V+ =445V, V- = -4.5V
loL =20mA, Ta = 25°C 5
loL = 10mA 5
Output current LA
loH High Vee+ = +4.5, Vec- = -4.5V, VoH = 5.5V
250
Supply voltage . v
V+ Positive 4.5 5.0 5.5
V- Negative -45 -5.0 -5.5
Supply current V+ =55V, V- =-55V mA
lcc+ Positive 27 35
lcc- Negative -15 -28
Signetics 4127




LINEAR LSI PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

DC ELECTRICAL CHARACTERISTICS (Cont'd) +5V +5%, Ta = 0 to 70°C unless otherwise specified
NE LIMITS
PARAMETER UNIT
_ TEST CONDITIONS Min Typ Max
Vos Input offset voltage V+ = +4.75V, V- = -4.75V mV
At 25°C 6 7.5
Over temperature range 10
IBIAS Input bias current V+ = +5.25V, V- = -5.25V MA
At 25°C 7.5 20
Over temperature range ) 40
los Input offset current V+ = +5.25V, V- = -5.25V MA
At 25°C 1.0 5
Over temperature range 12
Vem Common mode voltage range V+ = +475V, V- = -4.75V +3 \
Input current V+ = +525V, V- = -5.25V
IH High ViH = 2.7V
1G or 2G strobe 50 MA
Common strobe S 100 MA
L Low VL =05V
1G 2G strobe -2.0 mA
Common strobe S -4.0 mA
Output voltage V+ = 4525V, V- = -5.25V, V| (g, = 2.0V v
VOL Low ILoAD = 20mA 0.5
Output current A
- loH High Vee+ = +4.75,
Veg- = -4.75V, Vou = 5.25V 250
Supply voltage \
V+ Positive 475 5.0 5.25
V- Negative -4.75 -5.0 -5.25
Supply current V+ =525V, V- = -5.25V, Tp =25°C mA
lcc+ Positive 27 50
lcc- Negative -15 -28
AC ELECTRICAL CHARACTERISTICS Tp =25°C, R = 28002, C_ = 15pF
FROM TO Limirs UNIT
PARAMETER INPUT OUTPUT Min | Typ | Max
Input resistance 4 kO
Input capacitance 3 pF
Large Signal Switching Speed
Propagation delay ns
tpLH(D) Low to high? Amp Output 10 15
tPHL(D) High to low? Amp Output 8 12
tPLH(S) Low to high? Strobe Output 6 13
tPHL(S) High to low? Strobe Output 5 9
Maximum operating frequency 25 35 MHz
NOTES

1.

Response time measured from 0V point of £100mV p-p 10MHz square wave to the 1.5V point of the

output

2. Response time measured from 1.5V point of input to 1.5V point of the output
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LINEAR LS| PRODUCTS

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP

NE/SE522

TYPICAL PERFORMANCE CHARACTERISTICS
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LINEAR LS| PRODUCTS

VOLTAGE COMPARATOR

DESCRIPTION

The SE/NES527 is-ahigh speed analog vol-
tage comparator which, in the first time
mates state-of-the-art Schottky diode tech-
nology with the conventional linear proc-
ess. This allows simuitaneous fabrication
of high speed T2L gates with a precision
linear amplifier on a single monolithic chip.
The SE/NE527 is similar in design to the
Signetics SE/NE529 voltage comparator
except that it incorporates a “Emitter Fol-
lower” input stage for extremely low input
currents. This opens the door to a whole
new range of applications for analog vol-
tage comparators.

FEATURES

* 15ns propagation delay
Complementary output gates

TTL or ECL compatible outputs

Wide common mode and differential vol-
tage range

o Mil std 883A,B,C available

¢ Typical Gain of 5000

APPLICATIONS

* A/D conversion

® ECL to TTL interface
e TTL to ECL interface
* Memory sensing

¢ Optical data coupling

BLOCK DIAGRAM

e o 0

SE/NES27

PIN CONFIGURATIONS

D,F,N PACKAGE

Vi W v*a
e [7] 3] sTROBE A
weut a (3] [2] ne
weur 8 1] 7] ouTPuT A
e [ %] GROUND
vi & [FJouteur e
ne 0] (7] sTrose 8
TOP VIEW
ORDER NUMBERS
NE527D,N,F SES27F
H PAQKAGE *

vy

STROBE A
(7 \7%
OUTPUT A
INPUT A
INPUT B
OUTPUT B
outroT B
Y = ORDER NUMBERS
STROBE B SEINES27H
*Metal cans (H) not recommended for new designs
EQUIVALENT SCHEMATIC
v STROBE A v, *
o— ‘ .
20K ® 3 aK > 550
3
315K S 15K é OUTPUT A
o

75003 37500

INPUT A

’20K

2000

STROBE B

GROUND

o
OUTPUT B
—0
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LINEAR LS| PRODUCTS

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Positive supply voltage (V1+) +15 v
Negative supply voltage (V1-) -15 Vv
Gate supply voltage (V2+) +7 "
Output voltage +7 v
Differential input voltage +5 Vv
Input common mode voltage +6 )
Power dissipation 600 mwW
Operating temperature range
NE527 0 to +70 °C
SES527 -55to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C
DC ELECTRICAL CHARACTERISTICS Vi = 10V, Vi- = -10V, Vz* = +5.0V
SE527 NES527
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max Min Typ | Max
INPUT CHARACTERISTICS
Input offset voltage @ 25°C 4 6 mv
Over temperature range 6 10 mvV
Input bias current @ 25°C 2 2 uA
Over temperature range 4 4 A
Input offset current @ 25°C 0.5 0.75 uA
Over temperature range VIN =0V 1 1 uA
Common mode +5 \"
voltage range
GATE CHARACTERISTICS
Output voltage
“1" State V2+ = 4.75V, IsSOURCE = -1mA 25 3.3 2.7 33 \"
“0" State Va* = 4.75V, Isink = 10mA | 0.5 0.5 Vv
Strobe inputs
“0” Input current’ Va+ = 5.25V, VsTROBE = 0.5V -2 -2 mA
“1” Input current @ 25°C'| V* =5.25V, VsTRoBE = 2.7V 50 100 uA
Over temperature range Va2t = 5.25V, VsTROBE = 2.7V 200 200 uA
“0” Input voltage Va+ = 4.75V 0.8 0.8 v
“1" Input voltage Vot = 4,75V 2.0 2.0 Vv
Short circuit
Output current Va+ = 5.25V, Vourt = 0V -18 -70 -18 -70 mA
POWER SUPPLY REQUIREMENTS
Supply voltage .
Vi+ 5 10 5 10 v
Vi- -6 -10 -6 -10 Vv
Va+* 4.5 5 5.5 4.75 5 5.25 Vv
Supply current Vit =10V, Vi- = -10V
Vot = 5.25V
11+ Over temp. 5 5 mA
- Over temp. 10 10 mA
I2+ Over temp. 20 20 mA
NOTES
1. See logic function table.
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LINEAR LSl PRODUCTS

.

VOLTAGE COMPARATOR

- SEINE527

AC ELECTRICAL CHARACTERISTICS Ta=25°C unless otherwise specified.

LIMITS

PARAMETER TEST CONDITIONS - ~UNIT
Min Typ Max
Transient response propagation delay time ViN = £100mV step v ) ‘
tPLH 16 26 ns
tPHL 4. 24 ns
Delay between output A and B 2 5 ns
Strobe delay time .
ton Turn-on time 6 ns
totf Turn-off time 6 ns
TYPICAL PERFORMANCE CHARACTERISTICS ;
INPUT CURRENTS vs SUPPLY CURRENT vs POWER DISSIPATION vs.
TEMPERATURE TEMPERATURE SUPPLY VOLTAGE
3.0 160
25 N 15 ! P ¥s:z=5§‘gv
< 20 AN R — E 150 Ao
| BIAS CURRENT | ~ |
o 18 13 3 Z 10
2 o g, Vot =50v$ ]
E o5 N g 6 R L] L v % 130 /
3 o o 5 o
° 03] 4 > Vi- = - 10V 8 42
g 02 L] _[OFFSET cURRENT g 4 JIV g Y
= - N 2 3 ] ] o 110
0.1 = 2 Vit = +10V] &
o —— | 100
-50~25 0 25 50.75 100 125 -50-25 0 25 50 75 100 125 £5 6 x7 8 .9 =10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V4 +,Vy~) — VOLTS
SUPPLY CURRENT vs OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
SUPPLY VOLTAGE VARIOUS INPUT
OVERDRIVES
8 Ta=25°C > Vit =10V,Vy~ = =10V > Vit =10V,Vy~ = =10V
7 ’ Va+ =50V 5 | 5 Va2t =5.0V 5 | 5 Vot =50V —
g, 1= £§ o [OUIRUTR 28 4 fourruta —
I P I 35 3 \ 35 s ummvmw W ’:%_
= 5 ot — g 2 \ g 2 ) “'ﬁ‘ o\ % G
g, ] ! \/ ) overprive N |\3 2 \=
3 ] z OUTPUTB ) z AN
> 3 4 ol 0 ;o
a L - L
g 2 §§+100 INPUT A ;Ig+100 OVERDRIVE _
2 28 o E2 o T INPUT B
1 g ¥ | overoRIvE _| S 100
0 -100 A I [ 1
£5 %6 =7 8 9 =x10 0 5 10 15 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE V4 *+,Vy~) — VOLTS TIME —ns TIME — ns
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR

SE/NES27

RESPONSE TIME TEST CIRCUIT

CR1 — CR4=IN914

R1 SELECTED FOR 15:1 DIVIDER
R2,3 SELECTED FOR 100mV AT PIN 4

Vi+) —o (V2+)
+w°‘l—,1_ lbon
INPUT PROBE 50/50V 4 :»m A 50550V QuTPUT
o I]_: :_[I PROBE g
IT“’“ e —
- R
INPUT. WA— N
Rz
510 5109 +50— WA |
R3
v1-) l

INPUT
PRR=1MHz

Pw =50ns
Tr=Tf=2ns
AMPLITUDE = 3.00V

APPLICATIONS

One of the main features of the device is that

a maximum of *6 volts as supply voltages

are increased.

Itisalso important to note that Output Aisin
phase with Input A and Output B is in phase

supply voltages (V1+, V1-) need not be with Input B.
balanced, as indicated in the following dia- NES527 LOGIC FUNCTION
grams. For proper operation, however, neg-
ative supply (V1-) should always be at least A‘YINB' STR‘A’ STR ‘B’ OUT ‘A’ ouT ‘B’ COMMENT
six volts more negative than the ground (A*,B7)
terminal (pin 6). Input Common Mode range > Vo X h/l H I/h Read Iy g, i4a
should be limited to values of two volts less
: <=V, hil ilh H R lieas !
than the supply voltages (V1+and V1-)upto off ! X ead hin s
TYPICAL APPLICATIONS
PHOTODIODE DETECTOR ECL TO TTL INTERFACE
N +5V +5V
\/\,—% :: nz
] 1 14 Q 14 Q
3 1mpb—-o " of
LS
527N 521N OUTPUTS
a‘ .
9 p—0
— 4 . 0 9H—o0 10 Q
RiSRag l _L J_
= = -8V = =
MOS MEMORY SENSE AMP TTL TO ECL INTERFACE
VREF +5V O +5V
1 14 [ f:“' I “‘% x =
1103 TTLINPUT T R
MOS RAM 3 " ° 3 BL] yg
527N 527N
Q
4 9p—©° —— 4 9 E 33
L 10 L ] 10
1000 1000 l J. SRy l l
= = -8V = == —10v -5.2v
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LINEAR LS| PRODUCTS

VOLTAGE COMPARATOR

DESCRIPTION

The SE/NE529 is a high speed analog volt-
age comparator which, for the first time
mates state-of-the-art Schottky diode tech-
nology with the conventional linear proc-
ess. This allows simultaneous fabrication of
high speed T2L gates with a precision linear
amplifier on a single monolithic chip.

ABSOLUTE MAXIMUM RATINGS

FEATURES

e 10ns propagation delay

e Complementary output gates

® TTL or ECL compatibie outputs

* Wide common mode and differential volt-
age range

e Typical Gain 5000

APPLICATIONS

e A/D conversion

e ECL to TTL interface

¢ TTL to ECL interface

* Memory sensing

e Optical data coupling

* Mil std 883A,B,C available

PARAMETER RATING UNIT
Positive supply voltage (V1+) +15 "
Negative supply voltage (V1-) -15 v
Gate supply voltage (V2+) +7 \
Output voltage +7 Vv
Differential input voltage +5 \"
Input common mode voltage *6 Vv
Power dissipation ' 600 mwW
Operating temperature range

NE529 : 0 to +70 °C

SE529 -55 to'+125 °C
Storage temperature range -65 to +150 °C
Lead temperature

(soldering, 60 sec) +300 °C

- SEINE529

PIN CONFIGURATION

D,F,N PACKAGE

vi* [ [ vo*

e [7] 3] STROBE A
INPUT A [3] 2] NC
NpuT B [+ (1] ourPuT A

Ne E 5] GROUND

Vi~ [ (] outputB

ne [7 [+] stRoBE B

TOP VIEW

ORDER NUMBERS
SE/NE529F, NE529N,D

H PACKAGE*

OUTPUT B
ORDER NUMBERS
SE/NE529H
*Metal cans (H) not recommended for new designs

BLOCK DIAGRAM .

STROBE A
OUTPUT A
INPUT A

INPUT B
OUTPUT B

STROBE B

EQUIVALENT SCHEMATIC

Yy

STROBEA

R, & 20K

0y

0,
1.5K

Dy

1K 1K
Riz R

INPUT A

STROBE B.

Rys 2 4K
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LINEAR LSI PRODUCTS

VOLTAGE COMPARATOR SE/NES29

DC ELECTRICAL CHARACTERISTICS Vi+=+10V, Vo+ =+5.0V, V1-=-10V

PARAMETER TEST CONDITIONS SES29 NES29
Min | Typ Max | Min Typ | Max uNIT
INPUT CHARACTERISTICS
Input offset voltage @25°C 4 6 mV
Over temperature range 6 10 mV
Input bias current @25°C 5 12 5 20 kA
Over temperature range ViN =0V 36 50 kA
Input offset current @25°C 2 3 2 5 uA
Over temperature range ViN = 0V 9 15 wA
Common mode voltage range 0 +5 0 +5 v
GATE CHARACTERISTICS
Output voltage
“1" state Vo+ = 4.75V, Isource = -1TmMA 2.5 3.3 2.7 3.3 \
“0" state Va+ = 4.75V, Isink = 10mA 0.5 0.5 \
Strobe inputs
“0” Input current’ Va+ = 5.25V, Vstrobe = 0.5V -2 -2 mA
“1” Input current @ 25°C’ Va+ = 5.25V, Vstrobe = 2.7V 50 100 uA
Over temperature range Vo+ = 5.25V, Vstrobe = 2.7V 200 200 A
“0” input voltage Vot = 4.75V 0.8 0.8 \%
“1" input voltage Vo+ = 4,75V 2.0 2.0 Vv
Short circuit
Output current Vaz+ = 5.25V, Vout = 0V -18 -70 -18 -70 mA
POWER SUPPLY REQUIREMENTS
Supply voltage
Vit 5 10 5 10 \
Vi- -6 -10 -6 -10 Vv
Vot 4.5 5 5.5 4.75 5 5.25 \
Supply current Vi+ =10V, Vi- = =10V
Vo+ = 5.25V
1+ Over temp. 5 5 mA
- Over temp. 10 10 mA
o+ Over temp. 20 20 mA

NOTES
1. See logic function table.

AC ELECTRICAL CHARACTERISTICS Ta=25°C

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Transient response VIN = £100mV step
Propagation delay time
tPLH 12 22 ns
tPHL 10 20 ns
Delay between output 2 5 ns
A and B
Strobe delay time
ton turn-on time 6 ns
torF turn-off time 6 ns
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VOLTAGE COMPARATOR ' SE/NE529

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT CURRENTS SUPPLY CURRENT POWER DISSIPATION

vs TEMPERATURE vs TEMPERATURE vs SUPPLY VOLTAGE
12
160 T
10 N\ 15 | Vot =5.0V
~—_ 2" 3 Ta=25°C
« 8 g 1a ke e~ E 150 7
T 6 BIAS CURRENT I 1 Vot =50V T 1 /
- = | 4 g 140
z 4 g 7 t £ /
w T~ « - g /
E 2 4 6 ] Q.
[ —— £ 130
3 o 3 Vi~ =10V [ ] 2 /
= + 9 > ] 8 yd
2 06 g 4 } c 120 4
£ o4 e — H LM 5
- | OFFSET CURRENT a3 Vi =0y 8w |-A
M — . |
[} 100
-50-25 0 25 50 75 100 125 -50-25 0 25 50 75 100 5 6 7 8 9 10
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V1 *, V4 ~) — VOLTS
SUPPLY CURRENT OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR
vs SUPPLY VOLTAGE VARIOUS INPUT OVERDRIVES
8
T > T T T T > 1 Vit =10V, V4~ = — 10V
7 Ta=25°C ] | 5 Vit =10V, V4~ = =10V | 5 Vo+ =50V
< Vo+ =5,0V Sw Vo + =5.0V 5 I
] - 86 a4 loutpPuta w4 lOUTPUTA
6 1 5x Pa (3]
! = 35 3 » 52 3 Avvuul
55 | ) \ / °a \ \ 2\, OVERDRIVE
AR
] i 2 > 2 A\ B\
& 4 t2* . 1 v 1 3 ‘\ \
3 E 0U'IPUT|B P z 0 ANANAN
> 3 |
] - |
a tyt 5w +100 I 5 W +100 ]
3 o INPUTA| | g3 Y OVERDRIVE
7 =g o ‘ = ; 0 T INPUT B
1 g -100 OVERDRIVE g -100
0 A ] | N
5 6 7 8 9 10 0 5 1015 20 25 30 0 5 10 15 20 25 30
SUPPLY VOLTAGE (V;+, V4~) — VOLTS TIME — ns TIME — ns
RESPONSE TIME TEST CIRCUIT v1 :‘; T l4 ‘V“’
+ l I
INPUT PROBE soisov = == 1 <E K | 50150V outPUT
I I ‘ I I PROBE 5
'ETSWH = = 4= = .
INPUT <—o—g ,5} . 3l N
Rz 4
5190 5103 +5 O—A—¢ |
Rz%

vi-)
-10

CR1 — CR4=IN914 INPUT

R1 SELECTED FOR 15:1 DIVIDER PRR = 1MHz
R2,3 SELECTED FOR 100mV AT PIN 4 Pw =50ns
Tr=Tf=2ns

AMPLITUDE = 3.00V
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VOLTAGE COMPARATOR SE/NE529

APPLICATIONS NE529 LOGIC FUNCTION

One of the main features of the device is that Vin ns . ns s

supply voltages (V1+, V1-) need not be (A+,B") STR'A STR'B OUT‘A OuT*B COMMENT
balanced, as indicated in the following dia-

grams. For proper operation, however, neg- > Vot X hil H I’h Read I, lina
ative supply (V1-) should always be at least < = Vg hil X IIh H Read | a, ivg

six volts more negative than the ground
terminal (pin 6). Input Common Mode range
should be limited to values of two volts less
than the supply voltages (V1+and V1-) up to
a maximum of *6 volts as supply voltages
are increased.

Itisalsoimportantto note that Output Aisin
phase with Input A and Output B is in phase

with Input B.
TYPICAL APPLICATIONS
PHOTODIODE DETECTOR ECL TO TTL INTERFACE
N +5V 5V
K tng
1 14 Q 14 Q
3 ] o 1 ——-——4?
520N 520N TTL OUTPUTS
a |
— 4 9 0 9 —20
6 10 10 Q
R13RIS l _L I
= -_]:- —8v = =
MOS MEMORY SENSE AMP TTL TO ECL INTERFACE
VReF 5V O +5V
2KS S 2K =
1103 1 14 Q TTL INPUT 14
MOS RAM ’ 3 1 }—o0 3 1 Eyg
520N 528N
a
4 9}——o 4 ] { 33
] 10 ] 10
1000 1000 J_ Ry l l
= = -6V = == o -10v -5.2V
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DISPLAY DRIVER—SYMBOLS AND DEFINITIONS

Absolute Maximum Rating

Operating safe zones. Exceeding these limits could cause permanent
damage to the device and are not meant to imply that devices can
operate at these limits.

BCD

Binary Coded Decimal.

BIIRBO

Blanking Input or Ripple Blanking Output.

CE
Chip Enable.

CLR

Clear. Clear command will preset all internal circuits to a pre-
determined state.

Duty Cycle
Ratio of time on to time off. Generally expressed in percentage.

Fuax
The maximum clock frequency: the maximum input frequency at a

clock input for the predictable performance. Above this frequency the
device may cease to function.

lg
Input Bias Current. Current into an analog circuit input,
specified at a particular voltage level.

lec (= lce)

Supply Current. The current flowing into the + Vg (= Vgg) sup-
ply terminal of the circuit with specified input conditions and
open outputs. Input conditions are chosen to guarantee worst
case operation unless specified.

lcex

Output Leakage Current. The current flowing out of or into a
disabled (off) output with a specified High output voltage ap-
plied.

M
Input High Current. The current flowing into or out of an input
when a specified High level voltage is applied to that input.

I
Input Low Current. The current flowing out of an input when a
specified Low level voltage is applied to that input.

lon
Output Current Source the device can supply while maintaining
a specified voltage output level.

lov
Output Low Current. The current flowing into an output when it
is in the Low State.

los
Output Short-Circuit Current. The current flowing out of an output
which is in the High state when that output is shorted to ground.

Is
Source Current. Current flowing into the Vg supply terminal of
the device with specified operating conditions.

Isea
Segment Current. The amount of current supplied to each seg-
ment as a display. Current ratios are generally compared to seg-

LED

Light Emitting Diode.

Package Type Designation

See full package designations in Appendix.

Power Dissipation

The power that the device can safely handle at 15°C. The dissi-
pation must be derated as indicated for the individual package
type.

RBI

Ripple Blanking Input.

Segment Identification

Ta
Ambient temperature range. Allowable range of the surrounding
environment of the operating device.

i

Hold Time. The interval immediately following the active transi-
tion of the timing pulse (usually the clock pulse) or following the
transition of the control input to its latching level, during which
interval the data to be recognized must be maintained at the in-
put to ensure its continued recognition. A negative hold time in-
dirates that the cufrent logic level may be released prior to the
active transition of the timing pulse and still be recognized.

T,
Junction Temperature. The maximum temperature of the device.
150°C is standard for silicon devices.

thuL

Propagation Delay Times. The time between the specified refer-
ence points on the input and output waveforms with the output
changing from the defined HIGH level to the defined LOW level.

thLn

Propagation Delay Time. The time between the specified refer-
ence points on the input and output waveforms with the output
changing from the defined LOW level to the defined HIGH level.

trec

Recovery Time. The time between the reference point on the
trailing edge of an asynchronous input control pulse and the
reference point on the activating edge of a synchronous (clock)
pulse input such that the device will respond to the synchronous
input.

ts B
Setup Time. The interval immediately preceding the active tran-
sition of the timing pulse (usually the clock pulse) or preceding
the transition of the control input to its latching level, during
which interval the data to be recognized must be maintained at
the input to ensure its recognition. A negative setup time in-
dicates that the correct logic level may be initiated sometime
after the active transition of the timing pulse and still be
recognized.
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DISPLAY DRIVER—SYMBOLS AND DEFINITIONS

DISPLAY DRIVER DEFINITIONS (Cont'd)

Truth Tables

0 is logic level low

1is logic level high

X — don’t care condition — has no effect under circuit condi-
tions listed.

Typical Value

The typical value of a particular parameter at 25°C determined by
characterization of the device or sampling. Usually indicates that the
particular device is not 100% tested for the parameter because it
does not vary or can be determined by design and other tested varia-
bles. Occasionally typical values are given rather than min-max
values because 100% testing would raise the cost of the product to a
prohibitive level. If a typical value must be guaranteed to ensure spe-
cific operation, custom testing can often be provided at an additional
cost to the user.

Ver

Output Breakdown Voltage. Maximum voltage applied to a
disabled (off) output to ensure a leakage current less than the
specified value.

Vee (= Veo)

Supply Voltage. The range of power supply voltage over which
the device will operate safely.

Ve

Forward voltage drop of a device at a specified current level.
Vin

Input High Voltage. The range of input voltages recognized by
the device as a logic high.

Signetics

Vi
Input Low Voltage. The range of input voltages recognized by
the device as a logic low.

Vin
The range of voltage on any input which the device can safely
handle or a specified input voltage to the device.

Vou

Output High Voltage. The minimum guaranteed High voitage at
an output terminal for the specified output current g, and at the
minimum Vg value.

Voo

Output Low Voltage. The maximum guaranteed low voltage at an
output terminal sinking the specified load current lg,.

Vour

The range of voltage on any output which the device can safely
handle or a specified output voltage to the device.

Vs

Source Voltage. A separate V¢ line depending on part type.

XX

Negate Bar — when it appears over a function indicates that the
“true” or valid condition of that function is a logic low level.
i.e. LE — would require a logic high level to cause a latch enable

LE — would require a logic low level to cause a latch enable.
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QUAD LINE DRIVER

DESCRIPTION

The MC1488 is a quad line driver which
converts standard DTL/TTL input logic lev-
els through one stage of inversion to output
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24.

ABSOLUTE MAXIMUM RATINGS

FEATURES

e Current limited output: +10mA Typ
® Power-off source Impedance: 300() Min
e Simple slew rate control with external

capacitor

® Flexible operating supply range
® Inputs are DTL/TTL compatible

APPLICATIONS

e Computer port driver

¢ Digital transmission over long lines
¢ Slew rate control

e TTL/DTL to MOS translation

PARAMETER RATING UNIT
Supply voltage V+ +15 \
V- -15 v
Input voltage (VIN) -16<VINET.0 \"
Output voltage +15 Vv
Power dissipation:
F package 1000 mw
N package 800 mwW
Operating temperature range 0to +75 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 10sec) 300 °C
CIRCUIT SCHEMATIC
O V4
R1
8.2K
D1
INPUT
INPUT
D2
D3 R8
3000
D4 OuTPUT
R4
3.6K
[}l
oo
~N
a5 %
S Rs S R6 SR7
$ 10k $ 7 $ 700
O V-
1/4 CIRCUIT
4-140 Signetics

MC1488

PIN CONFIGURATION

D,F,N PACKAGE

vee [0 4] Ve
INPUT 1 {Z@ 73] INPUT 4B
OUTPUT 1 [3] @1__2] INPUT 4A
INPUT 2A [4] [11] outPuTa
INPUT 2B [{@ [10] INPUT 3B
ouTPUT2 6] @_T_] INPUT 3A
GND [7] 8] ouTPUT3

TOP VIEW

ORDER NUMBERS
MC1488D MC1488F, MC1488N




LINEAR LSI PRODUCTS

DC ELECTRICAL CHARACTERISTICS V+=+9.0V * 1%, V- = -9.0V * 1%, Ta = 0°C to +75°C
unless otherwise specified.
All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25°C.*
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Logic “0” input current VIN =0V -1.0 -1.6 mA
Logic “1” input current VIN = +5.0V .005 10.0 pA
MR 6.0 7.0 v
. RL = 3.0k V- =-9.0V : .
High level output voltage Vin = 0.8V V4 = 13.0V 90 105 v
V- =-13.2V
V+ =9.0v 6 68 v
RL = 3.0kQ V-=-9.0V -6.0 -6.
Léw level output voltage Vin = 1.9V V4 =130V 9.0 105 v
V- =-13.2V
High level output Vour = 0V
Short-circuit current Vin = 0.8V -6.0 -10.0 -12.0 mA
Low level output Vour = 0V
Short-circuit current Vin = 1.9V 5.0 10.0 12.0 mA
. V+=V-=0V 300 Q
Output resistance Vout = 2V
V+ =9.0V, V- =-9.0V 15.0 20.0 mA
ViN = 1.9V V+ =12V, V- = -12V 19.0 25.0 mA
+ = -= -
Positive supply current V+ =15V, V- = 15V 25.0 34.0 mA
(output open) V+=9.0V, V- =-9.0V 45 6.0 mA
Vin = 0.8V V+ =12V, V- = -12V 5.5 7.0 mA
V+ =15V, V- = -15V 8.0 12.0 mA
V+ =90V, V- =-9.0V -13.0 -17.0 mA
ViN = 1.9V V+ =12V, V- = -12V -18.0 -23.0 mA
. V+ =15V, V- = -15V -25.0 ~-34.0 mA
Negative supply current
(output open) V+=9.0V, V-=-9.0V -1 -15 uA
ViN = 0.8V V+ =12V, V- = -12V -1 -15 wA
V+ =15V, V- = -15V -.01 -25 mA
P dissipati V+=9.0V, V- = -9.0V 252 333 mw
ower dissipation V4 =12V, V- = =12V 444 576 mw
Propagation delay to “1” (tpq1) RL = 3.0k}, CL = 15pF, Ta = 25°C 275 560 ns
Propagation delay to “0” (tpgo) RL = 3.0k}, CL = 15pF, Ta = 25°C 70 175 ns
Rise time (t;) RL = 3.0k}, CL = 15pF, Ta =25°C 75 100 ns
Fall time (tf), RL = 3.0k}, CL = 15pF, Ta =25°C 40 75 ns
NOTE
*Voltage values shown are with respect to network ground terminal. Positive current is
defined as current into the referenced pin.
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QUAD LINE DRIVER

MC1488

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE AND
CURRENT-LIMITING
CHARACTERISTICS

RS232C DATA TRANSMISSION

*Ct includes probe and jig capacitance.

SWITCHING WAVEFORMS

— = - 3,0V
_/_”T—\_.
tpd 0 ov

tpd 1

vom_—\l;__/—

NOTE

tr and tr are measured
between 10% and 90%
of the output waveform

4-142

where C is the required capacitor, Isc is the
short circuit current value, and AV/AT is the
slew rate.

RS232C specifies that the output slew rate
must not exceed 30V per microsecond.
Using the worst case output short circuit
current of 12mA in the above equation,
calculations result in arequired capacitor of
400pF connected to each output.

Signetics

2 1aMC1489 2
. I ::.:T 1/4 MC1488 MC1489A _‘:-LIDTL
z 12 v+r=1§vv =i P D I R"o ==
- = -12
E o/ — \v‘
2 ¢\ N INTERCONNECTING I
- 114 MC1489/ ABLE -
E s A iy :v\ A\ uot "Moyason T2UDTL
o o ——— ————
-— [ —q -
§ -3 AN -\ o — S
E \ \ R I SIGNAL GROUND 114 MC1488
o
-9 INTERNAL DATA
| 12 TERMINAL ; = =
o O‘D‘.HH—_L EQUIPMENT MODEM
-15[0 1 i
-6 -12 -8 -4 0 4 8 12 16 NOTE
Vo OUTPUT VOLTAGE (V) *Optional for noise filtering
AC LOAD CIRCUIT APPLICATIONS TYPICAL APPLICATIONS
By connecting a capacitor to each driver
v . output the slew rate can be controlled utiliz- DTL/TTL-TO-MOS TRANSLATOR
IN out ing the output current limiting characteris- 12V
3K tics of the MC1488. For a set slew rate the
15pF* appropriate capacitor value may be calcu- bTU 1/4MC1488 gl.ol‘?PUT
I lated using the following relationship TTL -10V TO
= INPUT -0.4v
C = Isc (AT/AV)
NOTE

—12v

-12v

DTL/TTL-TO-HTL TRANSLATOR

+12V
114 MC1488
oTU HTL
by OUTPUT
INPUT -07vT0
+10V
—12v -

DTL/TTL-TO-RTL TRANSLATOR

+12v
1/4 MC1488
RTL
oL OUTPUT
L
NPT ~07vTO
+37V
12V +30V
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QUAD LINE RECEIVERS

MC1489/MC1489A

DESCRIPTION

The MC1489/MC1489A are quad line re-
ceivers designed to interface data terminal
equipment with data communications
equipment. They are constructed on a
single monolithic silicon chip. These de-
vices satisfy the specifications of EIA stand-
ard No. RS232C.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Four totally separate receivers per pack-
age

Programmable threshold

Built-in input threshold hysteresis

“Fall safe” operating mode

Inputs withstand =30V

APPLICATIONS

¢ Computer port inputs

¢ Modems

¢ Eliminating noise in digital circuitry
e MOS to TTL/DTL translation

PIN CONFIGURATION

INPUT Y | 1 14 | vee

2 @ 13 | INPUT 4
RESPONSE
outeuT1 | 3 ?.— 12 | SonTROL ¢
INPUTZ | 4 1 | outPuT4

F—

5 10 | INPUT 3
A g | RESPONSE
CONTROL 3

L

MC1489F, MC1489AF, MC1489N, MC1489AN

D, F, N PACKAGE

I] outeuTs

TOP VIEW
ORDER NUMBERS
MC1489D, MC1489AD

VOLTAGE WAVEFORMS

PARAMETER RATING UNIT

Power supply voltage 10 Vv
Input voltage range +30 Vv
Output load current 20 mA
Power dissipation-

F package 1 Y%

N package 800 mwW
Operating temperature range 0to +75 °C
Storage temperature range -65 to +150 °C

INPUT

ouTPUT

EQUIVALENT SCHEMATIC

AC TEST CIRCUIT

Vee
(1:4 OF UNIT SHOWN)
9K 5K 2K
RESPONSE Re
controL ©- —AAMA- O ouTPuT CONTROL
ax
INPUT O AAA~ —
GENERATOR
<
< 10K
<>
O GND
MC1489: Rr = 10k
MC1489A: Rr = 2k

RESPONSE

= OPEN ouTPUT Vee

oI}—

15pF
INCLUDING
JIG AND PROBE

Signetics
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QUAD LINE RECEIVERS

- MC1489/MC1489A

DC ELECTRICAL CHARACTERISTICS Vcc=5.0V + 1%, 0°C < Ta < +75°C unless otherwise specified.1.2

MC1489 MC1489A
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min | Typ | Max
Input high threshold voltage Ta =25°C, Vout < 0.45V, 1.0 1.5 1.75 2.25 \"
. lout = 10mA .
Input low threshold voltage Ta =25°C, Vour < 2.5V, 0.75 125 | 0.75 1.25 v
lout = -0.5mA
VIN = +25V +36 | +56 | +83 | +36 | +56 | +8.3 mA
VIN = -25V -36 | -5.6 -83 | -36 | -5.6 -8.3
Input current ViN = +3V +0.43 | +0.53 +0.43 | +0.53 mA
ViN = -3V -0.43| -0.53 -0.43 | -0.53
Output high voltage ViN =0.75V, lout = -0.5mA 26 3.8 5.0 2.6 3.8 5.0 \
Input = Open, lout = -0.5mA 2.6 3.8 5.0 2.6 3.8 5.0 v
Output low voltage ViN = 3.0V, lout = 10mA 0.33 0.45 0.33 0.45 \
Output short circuit current Vin = 0.75V 3.0 3.0 mA
Supply current ViN = 5.0V 20 26 20 26 mA
Power dissipation ViN = 5.0V 100 130 100 130 mwW
NOTES
1. Voltage values shown are with respect to network ground terminal. Positive currentis
defined as current into the referenced pin.
2. These specifications apply for response control pin = open.
AC ELECTRICAL CHARACTERISTICS Vcc =50V + 1%, Ta = 25°C unless otherwise specified.12
MC1489 MC1489A
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min Typ | Max
Input to output “high” RL = 3.9k} (AC test circuit) 25 85 25 85 ns
Propagation delay (tpd1)
Input to output “low” RL = 3900 (AC test circuit) 20 50 20 50 ns
Propagation delay (tpdo)
Output rise time RL = 3.9k} (AC test circuit) 110 175 110 175 ns
Output fall time RL = 3900 (AC test circuit) 9 20 9 20 ns

NOTES

1. Voltage values shown are with respect to network ground terminal. Positive current is

defined as current into the referenced pin.

2. These specifications apply for response control pin = open.

TYPICAL APPLICATIONS

TTL/OTL 1/4MC1488

RS232C DATA TRANSMISSION

1/4MC1489/
MC1489A TTL/DTL

——r—
—

=B an D

1/4MC1489/

TTL/DTL MC1489A

INTERCONNECTING
CABLE

-4 -
T

H

TTL/OTL

_—
A=

SIGNAL GROUND

e T =

1/4MC1488

INTERFACE DATA
TERMINAL
EQUIPMENT

Il

*Optional for noise filtering

MODEM

MOS TO TTL/DTL TRANSLATOR

5V

TTL/DTL

| -
' MOS LOGIC _'._E \
-
L !
174 MC 1489/ | E “
MC 1489A If' -

%
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ADDRESSABLE RELAY DRIVER

DESCRIPTION

The NE5090 addressable relay driver is a
high current latched driver, similar in func-
tion to the 9934 address decoder. The device
has 8 open collector Darlington power out-
puts, each capable of 150mA load current.
The outputs are turned on or off by respec-
tively loading a logic “1” or logic “0” into the
device data input. The required output is
defined by a 3 bit address. The device must
be enabled by a CE input line which also
serves the function of further address
decoding. A common clear input, CLR, turns
all outputs off when a logic “0” is applied.
The device is packaged in a 16 pin plastic or
CERDIP package.

BLOCK DIAGRAM

FEATURES

8 high current outputs

Low-loading bus compatible inputs
Power-on clear ensures safe operation
Will operate in addressable or
demultiplex mode

Allows random (addressed) data entry
Easily expandable

Pin compatible with 9334

APPLICATIONS

¢ Relay driver

¢ Indicator lamp driver

e Triac trigger

e LED display digit driver
* Stepper motor driver

a‘ao-D&

CE

JICONTROL|

m— O

—{Etoe
02

GATE

MHD:LD,,_"«'

g Sa—

INPUT STAGE
vee

°'{>’L>°_ ]

00

LATCH [—O Qg

OUTPUT STAGE

i

LATCH Q,

ABSOLUTE MAXIMUM RATINGS
Ta=25°C unless otherwise specified.

PARAMETER RATING UNIT
Vee Supply voltage -05to+7 \"
Vin Input voltage -05to+ 15 '
Vour  Output voltage 0to+30 v
legnp Ground current 500 mA
loyr  Output current 200 mA
Each output
Po Power dissipation’ 1 W
Ambient temperature range °C
Ta NES090 0to+70
T, Junction 150
Tstg  Storage ~65to+ 150
Tsolg  Lead soldering temperature 300 °C
(10 sec max)

Signetics

NES090

PIN CONFIGURATION

D',F,N PACKAGE

A Evcc
A ] %) cth
A, 3] [14) CE
Q, [7] 3] D
O‘E EQ,
Q, (6] [71] Q,
QJ[Z Eos
GND [3] 9] q,

TOP VIEW

ORDER NUMBERS
NES5090N
NES5090F

NES5090D!

NOTES:

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

3. SO and non-standard pinouts.
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NE5090

PIN DESIGNATION

PIN NO. | SYMBOL | . NAME AND FUNCTION

1-3 AO-A2 A 3-bit binary address on these pins defines which of the 8 output latches is to receive the data.

4-7, 9-12 Qo0-Q7 The 8 device outputs.

13 D The data input. When the chip is enabled, this data bit is transferred to the defined output such that:

’ “1” turns output switch “ON”
“0” turns output switch “OFF”

14 | CE The chip enable. When this input is low, the output latches will accept data. When CE goes high, all
outputs will retain their existing state, regardless of address of data input conditions. .

15 . CLR The clear input. When CLR goes low all output switches are turned “OFF”. The high data input will
override the clear function on the addressed latch.

TRUTH TABLE

INPUTS OUTPUTS MODE
CLR CE D Ao A1 A2 | Qo Q1 Q2 Q3 Q4 Q5 Qg Q7

L H X X X X H H H H H H H H Clear

L L L L L L H H HH HH H H

L L H L L L L H HHHH H H

L L L H L L H H H H H H H H | Demultiplex
L L H H L L H L HH H H H H

L L L H H H H H HH H H H H

L L H H H H H H HH H H H L

H H X X X X QN-1 = | Memory

H L L L L L H aoNn-tf————————

H L H L L L L aN-j——

H L L H L L Qn-1 H QNej———————

H L H H L L Qn-1 L QNet Addressable
H L L H H H QN-1 — H | Latch

H L H H H H QN-1 > L

X-= Don't care condition

Qn-1 = Previous output state

L = Low voltage level/"ON" output state
H = High voltage level/"OFF" output state

DC ELECTRICAL CHARACTERISTICS Vv =4.75V t0 5.25V, 0°C < T, =< 70°C unless otherwise specified (NE5090)2.

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Input voltage
Vi High 2.0 v
ViL Low 0.8
Output voltage :
VoL Low loL=150mA, T, =25°C 1.05 1.30 v
Over temperature 1.50
Input current )
IIH High VIN=VCC <1.0 10 ”’A
I Low Vin=0V -3.0 - 250
lon Leakage current Vout =28V, 5 250 rA
Supply current )
locL All outputs Io.w Veo=5.25V NES5090 35 60 mA
leoH All outputs high 22 50
NOTES

1. Derate power dissipation as indicated above threshold ambient temperature
NES090 N at 9.3mW/°C above 85°C
NES090 F at 7.5mW/°C above 65°C

2. Al typical values are at Voo =5V and Tp =25°C
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LINEAR LSI PRODUCTS

ADDRESSABLE RELAY DRIVER NE5090

SWITCHING CHARACTERISTICS V=5V, T,=25°C, Vour=5V, loyr = 100mA, V) = 0.8V, V= 2.0V

PARAMETER TO FROM Min Typ Max UNIT

Propagation delay time
tpLH Low to high! = 900 1800
ton, High to low Output CE 130 260 ns
tpLn Low to high? 920 1850
tor High to low? Output Data 130 260 ns
teLn Low to high?® 900 1800
tore High to low? Output Address 130 260 ns
[ Low to high? = 920 1850
tor High to low* Output CLR ns
SWITCHING SETUP REQUIREMENTS
tomy’ Chip enable High data 5 20 ns
ts)® Chip enable Low data 10 30
tsa)® Chip enable Address 0 20 ns
th® Chip enable High data +10 0 ns
th® Chip enable Low data +10 0
towg' | Chip enable pulse width' 0 20 ns

NOTES

1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram.
2. See Turn-On and Turn-Off Delays, Data to Output timing diagram.

3. See Turn-On and Turn-Off Delays, Address to Output timing diagram.

4. See Turn-Off Delay, Clear to Output timing diagram.

5. See Setup and Hold Time, Data to Enable timing diagram.

6. See Setup Time, Address to Enable timing diagram.

TIMING DIAGRAMS

TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT
AND ENABLE PULSE WIDTH

teLH H

Other Inputs: CLR=H, A= Stable, Other Inputs: CE=L, CLR= H, A =Stable
TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT TURN-OFF DELAY, CLEAR TO OUTPUT
A
CLR
A tpLH
teHL tpLH a
Q
Other Inputs: CE = L, CLR =L, D=H Other Inputs: CE ~ H,
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ADDRESSABLE RELAY DRIVER

NES090

TIMING DIAGRAMS (Cont'd)

SETUP AND HOLD TIME, DATA TO ENABLE

Y

Other Inputs: CLR=H, A= Stable,

SETUP TIME, ADDRESS TO ENABLE

Other Inputs: CLR = H,

TYPICAL APPLICATIONS

INTERFACING WITH A
MICROPROCESSOR SYSTEM

uP

3
3

00000000
NPABWN 4O

CE &R CE &R
110
CONTROL

CLEAR

Ao, A1, Az, may be connected to the
address bus if permitted by system design.

DATA
BUS

DRIVING SIMPLE LOADS

+ 5VT +5VTO28V
RL +28V
-

RELAY
LOAD

|

00000000
NBRELRNO

m

——ooo

o ——0 0,

Ag 00,

3.81T ——o00

b COUNTER A1 5000 o 0:
A2 —o0a;

CE_ 00

CLR —=o>00;
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ADDRESSABLE RELAY DRIVER NES090

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE VS LOAD CURRENT

. |
/

=

N

08

OUTPUT VOLTAGE (V)

\

0 50 100 150 200
OUTPUT LOAD CURRENT (mA)
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LINEAR LSI PRODUCTS

LED DECODER/DRIVER

- NES87

DESCRIPTION

The NE587 is a latch/decoder/driver for 7-
segment common anode LED displays. The
NES87 has a programmable current output
up to 50mA which is essentially independent
of output voltage, power supply voltage, and
temperature. The data (BCD) inputs and LE
(latch enable) input are low-loading so that
they are compatible with any data bus sys-
tem. The 7-segment decoding is implement-
ed with a ROM so that alternative fonts can
be made available.

FEATURES

® Latched BCD inputs

® Low loading bus-compatible inputs

e Ripple-blanking on leading and/or trail-
ing edge zeros

APPLICATIONS

® Digital panel meters

® Measuring instruments
* Test equipment

® Digital clocks

e Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS Tp = 25°C unless otherwise specified

PARAMETER RATING UNIT
Vce Supply voltage —0.5to +7 v
VIN Input voltage —0.5to +15 Vv
(Do - D3, LE, RBI)
Vour Output voltage —0.5to +7 v
(a-g, RBO)
Pp Power dissipation (25°C)’ 1000 mwW
TA Ambient temperature range Oto70 °C
Ty Junction temperature 160 °C
TsTG Storage temperature range ~65 to +150 °C
TsoLD Soldering temperature 300 °C
(10 sec. max)
NOTE
Derate power dissipation as indicated
N package - 95°C/watt above §5°C
F package - 100°C/watt above 50°C
BLOCK DIAGRAM
. 1
| : O RBO/BI (4)
l |
vec(t) o—— .. |
I |
' Y |
' |
| |
I (5) o : : [
|
) o—:——- I
01 (1) O———— 8CD TO )
D2 (2) o——:—— LATOHES 3 vl {
D3 (6) - |
|
o 11
E(3) :
| O a(15)
| O b(14)
l ———I————o ¢ (13)
e () ! REFERENCE zﬁ?\’n‘:{g I—-—O d(12)
: DRIVER I o (11)
] : I ——‘—-——o 1(17)
GND (9) I . __I__o a(16)

POWER GND (10)

PIN CONFIGURATIONS
F,N PACKAGE
o1 [1] [78] vee
o [Z] mp
i [3] 76] 5
BI/RBO E E a
] I
o3 [6] [13]
0o [7] [12] o
w 2] [T1] e
Dia GNo 9] 10] PONER
TOP VIEW
ORDER NUMBERS
NE587F NES87N
D2 PACKAGE
Dy [T] ~ [20] Vee
0, [2] 78]
€ [3] 18] ¢
sireo. [4] [77] a
RBI [5] [16] b
NC [E] [15] NC
D [T 12] ¢
Do [&] [13] d
p (5] 12] o
DIG GND [10] [11] Pw GND
TOP VIEW
NE587D2
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LINEAR LS| PRODUCTS

LED DECODER/DRIVER

NES587

DC ELECTRICAL CHARACTERISTICS

Voo = 4.75 t0 56.25V, 0°C < Tp < 70°C.

Typical values are at V¢ = 5V, Tp = 25°C, Rp = 1kQ (+ 1%) unless otherwise stated.

NES587
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
Vece Operating supply voltage 4.75 5.00 5.25 v
VIH Input high voltage All Inputs except Bl 2.0 15 v
Bl 2.0 5.5
ViL Input low voltage 0.8 v
Vic Input clamp voltage IIN = —12mA, Tp = 25°C -1.5
IH Input high current Inputs Dg —Dg3, LE, RBI uA
VIN = 2.4V 1.0 10
VIN_= 158V 15 15
Input BI (pin 4) 10 100 HA
RBI = H
VIN = Vcc = 5.25V
liL Input low current VIN = 0.4V, Inputs Dg — D3 -5 uA
LE, RBI —200
Input BI -0.7
Vce = 56.26V
RBI = H, V|y = 0.4V mA
VoL Output low voltage Output RBO
loyt = 3.0mA .2 5 v
VOH Output high voltage Output RBO
lout = —50uA 3.5 4.5 v
RBI =H
i louTt Output segment Outputs “a” thru “g” 20 25 30 mA
“ON" current VouTt = 2.0V
Alout Output current ratio With reference to “b” segment 0.90 1.00 1.10
(all outputs ON) VouT = 2.0V
lOFF Output segment Outputs “a” thru “g” 20 250 KA
“OFF" current Vour = 5.0V
lcco Supply current Vee = 6.26V 33 55 mA
All outputs “ON"
Vout > 1V
Iccl Supply current Vog = 5.2V 50 70 mA
All outputs blanked
NOTE
NE587 PROGRAMMING
The NES587 output current can be programmed, provided a program resistor, Rp, be
connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant
(=~1.3V). Thus, a current through Rp is Ip =~ ﬁp . @8 shown in Figure 5. % is20inthe
15 to 50mA output current range.
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LED DECODER/DRIVER NE587

AC ELECTRICAL CHARACTERISTICS vge = 5V Tp = 26°C. R = 130Q, C = 30pF including probe.capacity.

NES587
PARAMETER TEST CONDITIONS Min Typ Max UNIT

DLy, Propagation delay From data to output 135 ns
Figure 2

tDav. Propagation delay From LE to output 135 ns
Figure 3

tw Latch enable pulse width 30 ns
Figure 4

ts Latch enable setup time From data to LE 20 . ns
Figure 4 .

tH Latch enable hold time From LE to data 0 ns
Figure 4

NOTE

tpg,, = % (HL + tuw)

TRUTH TABLE

BINARY INPUTS OUTPUTS

INPUT LE [RBI [D3 [Dy D1 [Do | a [ b |c[d|e [t [q [RBO DISPLAY
- Hl - | x| x| x| x STABLE - STABLE
0 A EATO AT TR AR T VIR IV VI BVIN RVIR RVI VI ) BLANK
0 Ll || lo ool e le ol ]nn 0
1 clx | lolofmrlalelclnlnla|n]|mn 1
2 L X L L H L L L H L L H L H 2
3 cix o lotmulmloelce]lelclalule|mn 3
4 P OS2 IRV VN O AN VIR AT U I VI T T A 4
5 clix o |w{ilmlolw || |nlce | |H 5
6 clx o mwlwmlololw ool |H 6
7 Llix |l lmnlulo || |nlalnln]ln 7
8 clx|wm oo jefo oo le o]l |mn 8
9 L X H L L H L L L L H L L H 9
10 Lix | H|L|H]|L|w|H|n|n]|H]|nr|L]|H -
1" Lix | H e lulwuloelw|wloloe o] s E
12 Llx|w | nlololm]ololnloe]le]L|s H
13 Clx | ol lwululwloelolenln L
14 Clx|wlw|nloeloeiolwlnwlole]e|mn P
15 L x| H|H|H|H|RH|AH|H|H|H|H|H]|H blank
Bl X | X | X | X | X | X |H|H|H]|H|H|H]H |- blank

NOTES

H = HIGH voltage level, output is “OFF"
L = LOW voltage level, output is “ON"
X = Don't care

* The RBI will blank the display only if a binary zero is stored in the latches.

** RBO/BI used as an input overrides all other input conditions.

SEGMENT IDENTIFICATION

a

d
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LED DECODER/DRIVER

NES87

NES587 PROGRAMMING

NES87 output current can be programmed
by using a programming resistor, Rp, con-
nected between rp (pin 8) and Gnd (pin 9).
The voltage at rp (pin 8) is constant
(=1.40V). A partial schematic of the volt-
age reference used in the NES87 is shown in
figure 1.

Output current to program current ratio,
lo/Ip, is 20 in the 15mA to 50mA range.
Note that |p must be derived from a resistor
(Rp), and not from a high impedance source
such as an loyT DAC used to control display
brightness.

r
i

i

BAND GAP H
REFERENCE | 1
1

1

]

1

]

1

e e e o

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

X

X

|— 1] —
OUTPUT . PLH

’4— tPHL —

_

LE=L

|

Figure 2

I<— tPLH ~»|

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

|<- 1PHL =
i _\——/_\__-/—

Do-Da

X

ouTPUT

_/

X

Figure 3

Signetics

POWER DISSIPATION
CONSIDERATIONS

LED displays are power-hungry devices,
and inevitably somewhat inefficient in their
use of the power supply necessary to drive
them. Duty cycle control does afford one
way of improving display efficiency, pro-
vided that the LEDS are not driven too far
into saturation, but the improvement is mar-
ginal. Operation at higher peak currents has
the added advantage of giving much better
matching of light output, both from segment-
to-segment and digit-to-digit.

An output current of 10 to 50mA was chosen
so that it would be suitable for multiplexed
operation of large size LED digits. When de-
signing a display system, particular care
must be taken to minimize power dissipation
within the IC display driver. Since the output
is a constant current source, all the remain-
ing supply voltage, which is not dropped
across the LED (and the digit driver, if
used), will appear across the output. Thus,
the power dissipation will go up sharply if
the display power supply voltage rises.
Clearly, then, it is good design practice to
keep the display supply voltage as low as
possible consistent with proper operation of
the supply output current sources. Inserting
a resistor or diode in series with the display
supply is a good way of reducing the power
dissipation within the integrated circuit seg-
ment driver, although, of course, total sys-
tem power remains the same.

Power dissipation may be calculated as fol-
lows. Referring to figure 6, the two system
power supplies are Vgc and Vg. In many
cases, these will be the same voltage. Nec-
essary parameters are:

Vee, Supply voltage to driver

Vs, Supply voltage to display

lcc Quiescent supply current of
driver

ISEG) LED segment current

VE, LED segment forward voltage at
Iseg

Kpg, % Duty cycle

VE, the forward LED drop, depends upon the
type of LED material (hence the color) and
the forward current. The actual forward volt-
age drops should be obtained from the LED
display manufacturer's literature for the
peak. segment current selected; however,
approximate voltages at nominal rated cur-
rents are: .

Red 1.6 to 2.0V
Orange 2.0to 2.6V
Yellow 2.2 to 3.5V
Green 2.6 to 3.5V
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LED DECODER/DRIVER

NES87

TIMING DIAGRAMS (Cont'd)

i
t
I W

Figure 4

i S
////////////////////////

TYPICAL PERFORMANCE CURVES

These voltages are all for single diode dis-
plays. Some early red displays had 2 series
LEDS per segment; hence the forward volt-
age drop was around 3.5V.

Thus a maximum power dissipation calcula-
tion when all segments are on, is:

P4 =Vce Xlcc + (Vs — VE) X 7 X Igeg X Kpc
mw .

Assuming Vg = Vgg = 5.25V
VE = 2.0V
Kpg = 100%
P4 max =5.25 X 50 + 3.26 X 7 X 30 mW
=945 mW

NE587

40.0

1T
Rp=1k0

Voyr=2V
ALL OUTPUTS “ON|

35.0

(0°C) "

1

(25°C) %
1 A

30.0

Icc
(Ma) L~

\
A\

20.0
4.0 4.4 4.8 5.2 5.6 6.0 6.4

Vee (VOLTS) —

NORMALIZED OUTPUT CURRENT

VS SUPPLY VOLTAGE
Vo=2V
Ta=25°C
108
102
f\ NE587
1o (Rp = 1K)
(’:‘)1100 \ /

IS

95
4.0 45 5.0 5.5 6.0

VeC (VOLTS) i

SUPPLY CURRENT VS SUPPLY VOLTAGE

OUTPUT CURRENT VS OUTPUT VOLTAGE

NE587
Rp = 1Kohms

[T

o]
<

1 700C
20.0

lout
(Ma)

10.0

[ 1.0 20 30 40 50

VouT (VOLTS) —»

MAXIMUM POWER DISSIPATION

VS TEMPERATURE
1000
E Ny
£ o
° 400
200
° ] 25 50 75

TA (C) —>

NORMALIZED OUTPUT CURRENT
VS TEMPERATURE
Vg =5.0V
110.0
105.0
1 NES87
lout (Rp = 1K)
(%) - j
100.0 =i k\\
95.0
90.0
10 20 30 40 50 60 70 80
TEMP (°C) ——ei
OUTPUT CURRENT
VS PROGRAM RESISTOR
50.0
Vee=5.0V
40.0 Ta=25°C —rf
Vour=2v
30.0 \
20.
TN
10.0 \
\\\_
0.0
0 2.0 4.0 6.0 8.0 10.0
Rp (KOhMS) et
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS

vee

0y O0—mMmmm c

DRIVING A SINGLE DIGIT

03 O— a
02 O b————l

pp O———— NESSB7 d

—

ABl O-

|||r—

NOTE

Decoupling capacitor on Ve should be 0.01 uF ceramic

Figure 6

O RBO

However, the average power dissipation will
be considerably less than this. Assuming 5
segments are on (the average for all output
code combinations), then

Pgay = 5.0 X 30 + 3.00 X § X 26 mW
=525 mW

Operating temperature range limitations can
be deduced from the power dissipation
graph. (See Typical Performance Charac-
teristics).

However, a major portion of this power dissi-
pation (P4 max) is because the current
source output is operating with 3.25 V
across it. In practice, the outputs operate
satisfactorily down to 0.5V, and so the extra
voltage may be dropped external to the inte-
grated circuit.

Suppose the worst case Vo /Vs supply is
4.75 to 5.25V, and that the maximum Vg for
the LED display is 2.25V. Only 2.75V is re-
quired to keep the display active, and hence
2.0V may be dropped externally with a resis-

tor from Vo to Vg. The value of this resis-
tor is calculated by:

2.0

Rg = =~ 10Q (% W rating)

7 Xlgeg
assuming worst case lggg of 30 mA
Hence now Py max = Voc Xlcc + (Vg = Vy —
Rx X7 X lggg) X 7 X XIggg

X Kpc
=5.25X50+1.25 X7 X 30
mwW
=525 mW
and Pg gy =5.0X 30+ 1.25 X5 X 25
= 306 mW

If a diode (or 2) is used to reduce voltage to
the display, then the voltage appearing
across the display driver will be indepen-
dent of the number of “ON" segments and
will be equal to

Vg = VF —nVq,Vp =~ 0.8V

Where n is the number of diodes used, pow-
er dissipation can be calculated in a similiar
manner.

Signetics

In a multiplexed display system, the voltage
drop across the digit driver must also be
considered in computing device power dissi-
pation. It may even be an advantage to use a
digit driver which drops an appreciable volt-
age, rather than the saturating PNP transis-
tors shown in figure 9. For example a dar-
lington PNP or NPN emitter follower may be
preferable. Figure 8 shows the NE591 as
the digit driver in a muitiplexed display sys-
tem. The NE5S91 output drops about 1.8V
which means that the power dissipation is
evenly distributed between the two integrat-
ed circuits.

Where Vg and Vg are two different sup-
plies, the Vg supply may be optimized for
minimum system power dissipation and/or
cost. Clearly, good regulation in the Vg sup-
ply is totally unnecessary, and so this supply
can be rnade much cheaper than the regu-
lated 5V supply used in the rest of the sys-
tem. In fact a simple unsmoothed full-wave
rectified sine wave works extremely well if a
slight loss in brightness can be tolerated. A
transformer voltage of about 3-4.5V rms
works well in most LED display systems.
Waveforms are shown below:

Vs

/s Yanianl

The duty cycle for this system depends upon
Vs, VF and the output characteristics of the
display driver.

With
Vg = 4.9V pk.
VE = 2.0V

The duty cycle is approximately 60%.
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LED DECODER/DRIVER

NE587

TYPICAL APPLICATIONS (Cont'd)

Vs O

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL
AND LEADING EDGE RIPPLE BLANKING

vee ©

Bl | |8 |6 |6
o | [l | el | o

h
H

03 O—

-Ilr—] iH
=
ey
=
T

NES87 NES87 NES87 NES587

B

ey

D2 O-

D1 O

Do O-

Ag O—

A

DIGIT
DECODE

Ay O—

LE O——] BRIGHTNESS CONTROL  O——

C =.01uF
Figure 7 i

INTERFACING 8-DIGIT LED DISPLAY WITH P BUS

DATA BUS

ADDRESS BUS

ADDRESS
DECODE

NE591

Do [ D2 D3 D4 Ds De

b7

R —

O1u

I

NES587

||l—

% Rp
= Figure 8
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LED DECODER/DRIVER

NES87

TYPICAL APPLICATIONS (Cont'd)

4-DIGIT MULTIPLEXED LED DISPLAY

vs O—

DIGIT 1 O

biaIT2 O

DIGIT3 O

oiaIr 4 O_M

g

>°_W“_K

g 4| |4

vee
[ e ——
o—
D2 01y

D1 O}

Do O

NE587

1

e L.

Figure 9

For additional information, refer to the Applications Section.
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LED DECODER/DRIVER

DESCRIPTION

The NES89 is. a latch/decoder/driver for 7-
segment common cathode LED displays.
The NE589 has a programmable current out-
put up to 50mA which is essentially indepen-
dent of output voltage, power supply volt-
age, and temperature. The data (BCD)
inputs and LE (latch enable) input are low-
loading so that they are compatible with any
data bus system. The 7-segment decoding
is implemented with a ROM so that alterna-
tive fonts can be made available.

FEATURES

® Latched BCD inputs

® Low loading bus-compatible inputs

© Ripple-blanking on leading and/or trail-
ing edge zeros

APPLICATIONS

® Digital panel meters

® Measuring instruments
® Test equipment

e Digital clocks

e Digital bus monitoring

ABSOLUTE MAXIMUM RATINGS T4 = 25°C unless otherwise specified

PARAMETER RATING UNIT
Vce: Vs Supply voltage —0.5to +7 \'
VIN Input voltage -0.5t0 +15 v
(Do - D3, LE, RBI)
Vour Output voltage —0.5to +7 v
(a-g, RBO)
Pp Power dissipation (26°C)’ 1000 mw
Ta Ambient temperature range 0to 70 °C
Ty Junction temperature 150 °C
TSTG Storage temperature range —65 to +150 °C
TsoLD Soldering temperature 300 °C
(10 sec. max)
NOTE
Derate power dissipation as indicated
N package - 95°C/watt above 55°C
F package - 100°C/watt above 50°C
BLOCK DIAGRAM
;‘ _____________________ l
| : —0 REG/BI (a)
' |
vee (18) o—————'—-——— .. |
' |
' |
' |
! |
FEI (5) O~ ; |
|
Do (7) o———:-— :
01{1) O] 8C0 TO ’
D2 (2) o——:— LA‘:'?:I:ES 3 7;:2%::’ :
D3 (6) O I |
| |
SO - g
| .0 a(15)
| O b (14)
| |
| -0 ¢(13)
e (8) O— ' REFERENCE CURRENT - camm
| DRIVER _l___o o (11)
|I _—_ol 1(17)
GND (9) O—-l-i i i —-———o: g (16)
I _l_____l
Vs (10)
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NE589

PIN CONFIGURATION

F,N PACKAGE

o [ 78] vee
q [
=[] of
Bi7ABO [4] B
i [5 | mp
o3 [€] 3] ¢
%] 2] o
w [3] Ee
Gno [7] [10] vs
TOP VIEW
ORDER NUMBERS
NES89F  NE589N
D2 PACKAGE
o [ ~ 20] Ve
D, [2] I
E [E] 18] o
Bi/RBO [4] [17] a
mBi [5] 6] b
ne [6] [15] NC
oy 7] 4] o
py [E] i3] o
i [2] [12] o
ano [0 11 v,
TOP VIEW
NES589D2

NOTES:

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

NE589

DC ELECTRICAL CHARACTERISTICS

Vce = 4.7510 6.26V, 0°C < Tp < 70°C. Typical values are at Vo = Vg=5V, TA =25°C,Rp = 7kQ (£ 1%) unless otherwise stated.

NES589
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
Vce, Vs Operating supply voltage 4.75 5.00 5.25 Vv
ViH Input high voltage Al Inputs except BI 2.0 15 v
Bl 2.0 5.5
viL Input low voltage 0.8 v
Vic Input clamp voltage IIN = —12mA, Tp = 25°C =15
H Input high current Inputs Dg —D3, LE, RBI
VIN = 2.4V 0.1 10 uA
VIN = 16V 10 15 uA
H Input high current Input BI (pin 4) 10 uA
RBI =H
VIN = Vg = 5.25V
i, Input low current VIN = 0.4V, Inputs Dg — D3 -5
LE, RBI —200 HA
I8 Input low current Input Bl -0.7
__Vec =528V
RBI =H, V|N = 0.4V mA
VoL Output low voltage Output RBO
loyT = 3.0mA 0.2 05 v
VoH Output high voltage Output RBO
'0UT_= —50uA 3.5 4.5 v
RBI =H
lout Output segment Outputs “a” thru "g"” 20 25 30 mA
“ON" current Vout = 2.0V
Aloyt Output current ratio With reference to “b” segment 0.90 1.00 1.10
(all outputs ON) VouT = 2.0V
lOFF Output segment - Outputs “a” thru “g” 20 250 uA
“OFF" current
Icco Supply current Vge = 5.25V 25 55 mA
All outputs “ON”
Vout > 1V
[leYe]] Supply current Vge = 5.25V 30 65 mA
All outputs blanked
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AC ELECTRICAL CHARACTERISTICS vog=Vg=5V Ta=25°C, Rl = 1308, C|_ = 30pF including probe capacity.
NES589
PARAMETER TEST CONDITIONS Min Tvp Max UNIT
tDqay. Propagation delay From data to output 135 ns
: Figure 2
tDay Propagation delay From LE to output 135 ns
’ Figure 3
tw Latch enable pulse width 856 ns
Figure 4
tg Latch enable setup time From data to LE 75 ns
Figure 4
tH Latch enable hold time From LE to data 0 ns
Figure 4
NOTE:
tpay, = Max (L + L)
TRUTH TABLE
BINARY INPUTS OUTPUTS
INPUT LE | RBI D3 [ D2 | Dy | Do a T b T c rd r ) | f ( g 'ﬁiﬁ DISPLAY
- H . X X X X STABLE STABLE
0 (R IO T I T A R I T R T B R T R BLANK
o] L H L L L L H H H H H H L H o]
1 L X L L L H L H H L L L L H 1
2 L X L L H L H H L H H L H H 2
3 L X L L H H H H H H L L H H 3
4 L X L H L L L H H L L H H H 4
5 L X L H L H H L H H L H H H 5
6 L X L H H L H L H H H H H H 6
7 L X L H H H H H H L L L L H 7
8 L X H L L L H H H H H H H H 8
9 L X H L L H H H H H L H H H 9
10 L X H L H L H H H L H H H H a
11 L X H L H H L L H H H H H H b
12 L X H H L L H L L H H H L H [+
13 L X H H L H L H H H H L H H d
14 L X H H H L H L L H H H H H e
15 L X H H H H H L L L H H H H f
**Bl X X X X X X L L L L L L L L** blank

NOTES
H = HIGH voltage level, output is “ON"
L = LOW voltage level, output is “OFF"
X = Don't care
* The RBI will blank the display only if a binary zero is stored in the latches.
** RBO/BI used as an input overrides all other input conditions.

SEGMENT IDENTIFICATION

d
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LED DECODER/DRIVER

NES89

NES589 PROGRAMMING

NES89 output current can be programmed
by using a programming resistor, Rp, con-
nected between rp (pin 8) and Gnd (pin 9).
The voltage at rp (pin 8) is constant
(= 1.3V ). A partial schematic of the volt-
age reference used in the NE589 is shown in
figure 1.

Output current_to program current ratio,
lo/lp, 18120 in the 10mA to 50mA range.
Note that I must be derived from a resistor
(Rp), and not from a high impedance source
such as an loyT DAC used to control display
brightness.

Vee

T

BAND GAP
REFERENCE

hrmemm————————

r
'
1
1
1
1
1
1]
1
[l
[

PIN8

15

oy

Figure 1

TIMING DIAGRAMS

PROPAGATION DELAY, DATA TO OUTPUT

Do-D3

X

X

L— tPLH —

OUTPUT

lq.— tPHL ~|

7

E-L

|

Figure 2

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT

|<- tPLH |<— tPHL.
- w

X

QUTPUT

I

| W

Figure 3

Signetics

POWER DISSIPATION

CONSIDERATIONS

LED displays are power-hungry devices,
and inevitably somewhat inefficient in their
use of the power supply necessary to drive
them. Duty cycle control does afford one
way of improving display efficiency, pro-
vided that the LEDS are not driven too far
into saturation, but the improvement is mar-
ginal. Operation at higher peak currents has
the added advantage of giving much better
matching of light output, both from segment-
to-segment and digit-to-digit.

An output current of 10 to 50mA was chosen
so that it would be suitable for multiplexed
operation of large size LED digits. When de-
signing a display system, particular care
must be taken to minimize power dissipation
within the IC display driver. Since the output
is a constant current source, all the remain-
ing supply voltage, which is not dropped
across the LED (and the digit driver, if
used), will appear across the output. Thus,
the power dissipation will go up sharply if
the display power supply voltage rises.
Clearly, then, it is good design practice to
keep the display supply voltage as low as
possible consistent with proper operation of
the supply output current sources. Inserting
a resistor or diode in series with the display
supply is a good way of reducing the power
dissipation within the integrated circuit seg-
ment driver, although, of course, total sys-
tem power remains the same.

Power dissipation may be calculated as fol-
lows. Referring to figure 5, the two system
power supplies are Vgc and Vg. In many
cases, these will be the same voltage. Nec-
essary parameters are:

Ve, Supply voltage to driver

Vs, Supply voltage to display

Icc: Quiescent supply current of
driver

ISEG, LED segment current

VE, LED segment forward voltage at
Iseg

Kpc.. % Duty cycle

VE, the forward LED drop, depends upon the
type of LED material (hence the color) and
the forward current. The actual forward volt-
age drops should be obtained from the LED
dispiay manufacturer’s literature for the
peak segment current selected; however,
approximate voltages at nominal rated cur-
rents are:

Red 1.6 to 2.0V
Orange 2.0to 2.5V
Yellow 2.2to 3.5V
Green 2.5 t0 3.5V
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LED DECODER/DRIVER

NES589

TIMING DIAGRAMS (Cont'd)

These voltages are all for single diode dis-

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES
1

plays. Some early red displays had 2 series
LEDS per segment; hence the forward volt-

tw

X/

{

i

age drop was around 3.5V.

Thus a maximum power dissipation calcula-
tion when all segments are on, is:

Pg=Vcc X lgc + (Vg = VE) X 7 X Igeg X Kpc
mw
Assuming Vg = Vgg = 5.26V

VE = 2.0V
Kpg = 100%

S —

Pd max =5.25 X 50 + 3.26 X 7 X 30 mW
= 945 mW

Figure 4

TYPICAL PERFORMANCE CURVES

OUTPUT CURRENT VS OUTPUT CURRENT VS NORMALIZED OUTPUT CURRENT
PROGRAM RESISTOR OUTPUT VOLTAGE VS TEMPERATURE
50 0 12 ——
| :CCg=7VKSn=5-° voLrs n Vee=Vs=5.0 VOLTS
2 ¥:°:255;%V°“s =Vs © OVER TEMP. RANGE 108
Vour=2V 104
g > g g
E T 2 < 00
A\ ; \
= \ \ 96
0 N 10
N 94
— \
[} 0 92
0 12 22 48 9 192 0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80
Rp (Kohms) Vout (VOLTS) TEMPERATURE (°C)
NORMALIZED OUTPUT CURRENT SUPPLY CURRENT VS
VS SUPPLY VOLTAGE SUPPLY VOLTAGE
" Vs]= oy | I Vs=5.0 VOLTS
108 Vour=2.0V —| 60 "":Ul s ;-%0'-75 4
. TEMP =25 \c % ALL OUTPUT ON
g -] H
T 100 E == 25°C
3 8 0°C //
9% _._/ 30 %470'@
94 [— 20
92 10
a0 45 50 55 60 40 45 50 55 60 7.0
Vec (VOLTS) Vec (VOLTS)
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LED DECODER/DRIVER

NE589

TYPICAL PERFORMANCE CURVES (Cont'd)

SUPPLY CURRENT VS SUPPLY VOLTAGE
NE589

T T T 17

Py
aft'outeuts “on-
|

fcc

P. #2(25°C)

P.#1(0°C) Lo
g

1

"

(Ma) 300

A\N
AW\

P. #3(70°C)

20.0

4.0 4.4 48

52 56 60 6.4
Ve (VOLTS) —

TYPICAL APPLICATIONS

vee

DRIVING A SINGLE DIGIT

vs

NE589 d

RTaIO——————-—-I

NOTE

T T
Bl————oﬁﬁﬁ

Decouoling capacitor on Ve should be 0.01 uF ceramic

Figure 5

However, the average power dissipation will
be considerably less than this. Assuming 5§
segments are on (the average for all output
code combinations), then

Pgay = 5.0 X 30+ 3.00 X § X 25 mW
= 526 mW

Operating temperature range limitations can
be deduced from the power dissipation
graph in figure 9.

However, a major portion of this power dissi-
pation (P4 max} is because the current
source output is operating with 3.25 .V
across it. In practice, the outputs operate
satisfactorily down to 0.5V, and so the extra
voltage may be dropped external to the inte-
grated circuit.

Suppose the worst case Vo /Vg supply is
4.75 to 5.25V, and that the maximum Vg for
the LED display is 2.25V. Only 2.75V is re-
quired to keep the display active, and hence
2.0V may be dropped externally with a resis-
tor from Vo to Vg. The value of this resis-
tor is calculated by:
2.0

7 X lgeg

assuming worst case lggg of 30 mA

Hence now Py max =Vgoe Xlgc + (Vg = Vy —
Ry X 7 X Igag) X 7 X XIgaq
X Kpc
=56.25X50+1.25 X7 X 30
mw
= 525 mW

and Py qy =5.0X 30+ 1.25 X § X 25

= 306 mW

Signetics

Rg = ~ 10Q (% W rating)

If a diode (or 2) is used to reduce voltage to
the display, then the voltage appearing
across the display driver will be indepen-
dent of the number of “ON" segments and
will be equal to

Vg = VE = nVq4, Vp =~ 0.8V

Where n is the number of diodes used, pow-
er dissipation can be calculated in a similiar
manner.

In a multiplexed display system, the voltage
drop across the digit driver must also be
considered in computing device power dissi-
pation. It may even be an advantage to use a
digit driver which drops an appreciable volt-
age, rather than the saturating PNP transis-
tors shown in figure 8. For example a dar-
lington PNP or NPN emitter follower may be
preferable. Figure 7 shows the NE591 as
the digit driver in a multiplexed display sys-
tem. The NES91 output drops about 1.8V
which means that the power dissipation is
evenly distributed between the two integrat-
ed circuits.

Where Vg and Vcc are two different sup-
nlies, the Vg supply may be optimized for
ninimum system power dissipation and/or
cost. Clearly, good regulation in the Vg sup-
ply is totally unnecessary, and so this supply
can be made much cheaper than the regu-
lated 5§V supply used in the rest of the sys-
tem. In fact a simple unsmoothed full-wave
rectified sine wave works extremely well if a
slight loss in brightness can be tolerated. A
transformer voltage of about 3-4.5V rms
works well in most LED display systems.
Waveforms are shown below:

Vs

WA WERT

ISEG

The duty cycle tor this system depends upon
Vs, VF and the output characteristics of the
display driver.

With
Vg = 4.9V pk.
VE = 2.0V

The duty cycle is approximately 60%.
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LED DECODER/DRIVER NES89

TYPICAL APPLICATIONS (Cont'd)

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL
AND LEADING EDGE RIPPLE BLANKING
vee O '—|_=
g | |6 | 8] |H
ol | [ | el | e
L [1] |
°1] Py ] <
jn s NES89 = NE589 X NES89 X NES89
Iieaennnalfanennnsall anll T
03 O
D2 O
D1 O—
Do O